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Pretectum and Posterior Tuberculum

INTRODUCTION

The pretectum and the posterior tuberculum both lie
in a transitional region between the diencephalon and the mes-
encephalon. The pretectum lies between the dorsal thalamus
and the optic tectum. The posterior tuberculum is in the area
that is ventral to the pretectum. The degree of development
varies markedly in both the pretectum and the posterior tuber-
culum in different vertebrate radiations.

In this chapter, we will first consider the pretectum, a
structure related primarily to the visual system and involved in
visuomotor behaviors. We will then discuss the accessory op-
tic nuclei, which are a set of nuclei that do not anatomically
belong to the pretectum but are functionally interrelated with
it. Although the accessory optic nuclei actually lie in the tegmen-
tum, their connections and functions can best be understood
in relation to the pretectal nuclei. In the final part of the chapter,
we will discuss the migrated part of the posterior tuberculum,
which is present in some vertebrates and is involved in relaying
sensory information to the telencephalon.

PRETECTUM

The pretectal nuclei receive afferents primarily from the
retina and the optic tectum and are involved in modulating
motor behavior in response to visual input. In some Group I
vertebrates as well as in Group Il vertebrates, lateral migration of
pretectal neurons occurs during development. In these animals,
three pretectal zones, or sets of nuclei, can be identified: super-
ficial, central, and periventricular. The periventricular zone
curves around a caudally running fiber tract that originates in
the habenula and is called the fasciculus retroflexus. This

tract does not carry pretectal fibers but serves as a convenient
landmark in the pretectal region.

Group |

In lampreys, the pretectum is an area of unmigrated neu-
rons caudal to the dorsal thalamus (Fig. 20-1). It receives an
input from the retina, but its other connections have not been
studied. In squalomorph sharks, some migration of neurons
occurs during the development of the pretectum. A superficial
pretectal nucleus lies in a lateral position, and a central
pretectal nucleus is present lateral to the posterior commis-
sure. These two nuclei receive retinal projections (Fig. 20-2).
A cell group medial to the central pretectal nucleus constitutes
a periventricular pretectal nucleus. The optic tectum pro-
jects to all three pretectal nuclei.

In the pretectum of nonteleost ray-finned fishes, some
neuronal migration also occurs during development. Pretectal
nuclei are present in the superficial, central, and periventricular
zones, that is, superficial to deep regions that are in continuity
with similarly named zones of the optic tectum (see Chapter 18).
In reedfishes and sturgeons, one pretectal nucleus is present in
the superficial zone and is characterized by small cells: the
parvocellular superficial pretectal nucleus. In gars and the
bowfin Amia, and also in teleosts, as we will discuss below,
several superficial nuclei are present (Fig. 20-3). It is possible
that one or two of these nuclei (particularly nucleus corticalis)
more properly belong in the central zone, but we will consider
them all here due to their functional relationships and connec-
tions.

In gars and in Amia, the parvocellular superficial pre-
tectal nucleus, a nucleus with large, widely scattered cells
called the magnocellular superficial pretectal nucleus, and
a more medially lying nucleus called the posterior pretectal
nucleus are present in the superficial zone. In Amia, and possi-
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Fasciculus retroflexus
Rostral part of optic tectum
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FIGURE 20-1. Transverse hemisection with mirror-image drawing
through the pretectum of a lamprey (Petromyzon marinus). Adapted from
Kennedy and Rubinson (1977).
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bly in gars, an additional nucleus, called nucleus corticalis,
is present in this region. The parvocellular superficial pretectal
nucleus and nucleus corticalis receive retinal projections, and
the magnocellular superficial pretectal nucleus receives tectal
projections. Additional connections of these nuclei have been
studied in teleosts, and it is known that they are involved in
linking visual input to motor behaviors related to feeding.

A central pretectal nucleus lies in the central pretectal
zone of nonteleost ray-finned fishes. Dorsal and ventral peri-
ventricular pretectal nuclei occupy the periventricular pre-
tectal zone. The retina projects to the central pretectal nucleus
and to the ventral and dorsal periventricular pretectal nuclei.
The optic tectum projects to the central pretectal nucleus and
the dorsal periventricular pretectal nucleus.

Among amphibians, the pretectum is somewhat more dif-
ferentiated in anurans than in urodeles. In anurans (Fig. 20-4),
at least five pretectal nuclei are present: the posterior tha-
lamic nucleus, the posterodorsal division of the lateral

Central pretectal nucleus

Superficial pretectal nucleus

Fasciculus retroflexus

Periventricular pretectal nucleus

Central pretectal nucleus
Nucdleus profundus mesencephali

Fasciculus retroflexus
Posterior lateral thalamic nucleus

Posterior tuberculum

FIGURE 20-2. Transverse hemisections with mirror-image drawings through the pretectum of a shark
{Squalus acanthias). The more rostral section is at the top. Adapted from Northcutt (1978) with additional data
from Smeets and Northcutt (1987).
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FIGURE 20-3. Transverse hemisections with mirror-image drawings through the pretectum of a bowfin
(Amia calva). The more rostral section is at the top. Adapted from Butler and Northcutt (1992). Used with

permission of S. Karger AG.

nucleus, nucleus lentiformis mesencephali, the nucleus
of the posterior commissure, and the pretectal gray. The
first two of these nuclei have sometimes been grouped as a
posterior part of the dorsal thalamus, but since they do not
project to any part of the telencephalon, they are included in
the pretectum here.

A number of the connections of the various pretectal nuclei
have been described. Nucleus lentiformis mesencephali con-
tains large cells and receives the heaviest retinal input. Addition-
ally, it receives projections from the optic tectum, the dorsal

thalamus, and the accessory optic nucleus. Dendrites of neurons
in the posterior thalamic nucleus extend into nucleus lentiformis
mesencephali and may thus also receive these inputs. Nucleus
lentiformis mesencephali projects reciprocally to the optic tec-
tum and the accessory optic nucleus and projects to more caudal
sites in the brainstem, including the ventral part of the hindbrain
and the abducens (VI) oculomotor nucleus.

The posterior thalamic nucleus receives input from the
retina, optic tectum, ventral hypothalamus, dorsal thalamus,
striatum, and a variety of other sources. It projects to more
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FIGURE 20-4. Transverse hemisections with mirror-image drawings through the pretectum of a frog (Rana
catesbeiana). The most rostral section is at the top and the most caudal at the bottom. Adapted from Neary (1983).
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FIGURE 20-5. Transverse hemisection with mirror-image drawing through the pretectum of a hagfish
(Eptatretus stouti). Adapted from Wicht and Northcutt (1992). Used with permission of S. Karger AG.

rostral thalamic nuclei, including nucleus anterior, and to the
optic tectum and torus semicircularis. It may project to the
brainstem and spinal cord as well. The posterodorsal division
of the lateral nucleus is known to project to the optic tectum
and brainstem. The pretectal gray relays hypothalamic input to
the brainstem.

Group Il

In hagfishes, relatively limited migration of pretectal neu-
rons occurs during development. Two nuclei (Fig. 20-5) have
been identified in the pretectum and lie in the central to periven-
tricular region: the pretectal nucleus, which lies lateral to
the posterior commissure, and the nucleus of the posterior
commissure, which lies ventral to the pretectal nucleus. The
pretectal nucleus receives a substantial retinal projection.

In Group II cartilaginous fishes, the pretectum has superfi-
cial, central, and periventricular zones (Fig. 20-6). All three
zones receive both retinal and tectal projections. The superficial
pretectal zone (or nucleus) projects to the cerebellum. No part

Posterior commissure

Hypothalamus

of the pretectum gives rise to telencephalic projections, but
most of the efferent projections of the pretectum to nuclei in
the brainstem remain to be studied.

In teleosts (Fig. 20-7), the pretectal nuclei are more numer-
ous and distinct than in other ray-finned fishes or in cartilagi-
nous fishes. In fact, a marked hypertrophy of the pretectal and
posterior tubercular regions is one of the hallmarks of teleosts,
in direct contrast to the hypertrophy of the dorsal thalamus in
amniotes that we will consider in Chapter 22. The periventricu-
lar pretectal zone contains two nuclei: a ventral periventricu-
lar pretectal nucleus (PPv) and a dorsal periventricular
pretectal nucleus (PPd). (The dorsal periventricular pretectal
nucleus is also frequently called the optic nucleus of the
posterior commissure.) In some teleosts, including ostario-
physans and percomorphs, a third periventricular pretectal nu-
cleus is present: the paracommissural nucleus. When pres-
ent, it lies dorsal to the dorsal periventricular pretectal nucleus.

The central pretectal zone is an area of scattered cells
called the central pretectal nucleus (PC). The borders of this
nucleus are often difficult to distinguish. Both the central and
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Lateral posterior
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FIGURE 20-6. Transverse hemisection with mirror-image drawing through the pretectum of a skate (Raja
eglanteria). Adapted from Northcutt (1978) with additional data from Bodznick and Northcutt (1984).
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FIGURE 20-7. Drawings of transverse sections through the pretectum of a teleost (Clupea harengus). The
more rostral section is at the top. Adapted from Butler and Northcutt (1993).
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periventricular pretectal zones of teleosts are similar to those
in other fishes.

The superficial pretectal zone is markedly expanded in
teleosts and contains a number of nuclei. The most rostral
of these nuclei is the parvocellular superficial pretectal
nucleus (PSp). This nucleus lies at a point of bifurcation of
the optic tract into dorsal and ventral optic tracts. It receives a
substantial retinal projection and a tectal projection as well.
The parvocellular superficial pretectal nucleus has frequently
been identified incorrectly as the retino-recipient nucleus of
the dorsal thalamus, and hence called the dorsal lateral genicu-
late nucleus.

The superficial zone of the pretectum in teleosts also con-
tains a magnocellular superficial pretectal nucleus (PSm),
which receives a tectal projection, and a nucleus corticalis
"(NC), which receives retinal and, probably, tectal projections.
In three of the four groups of teleost fishes, one additional
nucleus, the posterior pretectal nucleus (PO), is also present.
In the fourth and largest group of teleosts, the euteleosts, two
additional nuclei are present, which are homologous as a field
to the posterior pretectal nucleus of the other ray-finned fishes.
These nuclei are called the intermediate superficial pretec-
tal nucleus (PSi) and nucleus glomerulosus (G).

Visual information is relayed through some of these super-
ficial pretectal nuclei to part of the hypothalamus, and this
pathway is thought to be involved in orienting the fish’s body
to the location of a food object. In most groups of ray-finned
fishes, this pathway is from the parvocellular superficial pretec-
tal nucleus and nucleus corticalis to the posterior pretectal nu-
cleus, and hence to the inferior lobe of the hypothalamus
(L1, Fig. 20-8(A)]. In euteleosts [Fig. 20-8(B)], the parvocellular
superficial pretectal nucleus and nucleus corticalis project to
the intermediate superficial pretectal nucleus (PSi), which, in

A

tectum

turn projects to nucleus glomerulosus. The latter projects to the
inferior lobe of the hypothalamus. The parvocellular superficial
pretectal nucleus also has more direct projections to motor
system structures, including the trochlear nucleus (IV) and
the inferior raphe (IR), the latter projecting, in turn, to the
spinal cord.

The posterior pretectal nucleus, where present, varies
greatly in its size among different species. In gars and in Amia,
as discussed above, it is small. Among teleosts, the size of the
nucleus varies from very small to extremely large. In euteleosts,
two nuclei have differentiated in place of the single posterior
pretectal nucleus, and the morphology of one of these nuclei,
nucleus glomerulosus, is particularly complex, with concentric
layers of cells and fibers. The particular demands of different
feeding behaviors in various groups of ray-finned fishes have
resulted in these marked differences in the nuclear structure of
the pretectal region.

Another nucleus, the magnocellular superficial pretectal
nucleus (PSm), may have different connections in two groups
of euteleosts or, in one group or the other, may have been
lost and replaced by a different cell population. This nucleus
receives input from the optic tectum. In sunfishes (Zepomis
cyanellus) and filefishes (Navodon modestus), which are per-
comorph euteleosts [Fig. 20-9(A)], it projects to two nuclei that,
in turn, project back to the optic tectum. One of these nuclei
is nucleus isthmi (I; see Chapter 16), which also projects to the
corpus cerebelli (Cb). The second nucleus is called the lateral
thalamic nucleus (LT); it is discussed below with the migrated
nuclei of the posterior tuberculum. In goldfishes (Carassius
auratus), which are ostariophysan euteleosts [Fig. 20-9(B)], PSm
projects to two different nuclei—a cerebellar nucleus called
nucleus lateralis valvulae (NLV), which projects to the cerebel-
lum (Cb) and is also reciprocally connected with the inferior

B

tectum

FIGURE 20-8. Diagram of pretectal pathways by which visual information reaches the inferior lobe of the
hypothalamus in most groups of ray-finned fishes (A) and euteleosts (B). Abbreviations are given in the text.
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FIGURE 20-9. Diagram of the differing connections of nucleus pretectalis superficialis pars magnocellularis
in percomorph euteleosts (A) and ostariophysan eutelosts (B). Abbreviations are given in the text.

lobe (D) of the hypothalamus and another nucleus called the
mammillary body (M), which is part of the posterior tuberculum.
In both percomorphs and goldfishes, projections from PSm
are relayed to the cerebellum, albeit by different routes. The
pathways through PSm may modulate the visuomotor orienting
behavior that is achieved with the pathways through PSp.

More studies are needed to determine which set of projec-
tions of PSm are present in most euteleosts and what the
changes have been in one group or the other. Whatever the
outcome, this part of the pretectum exhibits the potential for
marked variation of central nervous system structure among
species, whether in the cell populations present and/or in
changes of their connections.

In monotremes, the pretectum is not a well differentiated
area, in contrast to the pretectum in other mammals and in
diapsid reptiles, birds, and turtles. Only a small pretectal nucleus
is present in monotremes, called the area pretectalis.

In placental mammals, terminology for the pretectal nuclei
varies, particularly between primate and nonprimate species.
Six pretectal nuclei generally can be recognized: the nucleus
of the optic tract, the olivary pretectal nucleus, the nucleus
of the posterior commissure, and the anterior, posterior,
and medial pretectal nuclei. Five of these nuclei are shown
in a tree shrew in Figure 20-10 with other nuclei of the caudal
part of the dorsal thalamus in the same region. The retina
projects to the olivary pretectal nucleus, the nucleus of the
optic tract, and the posterior pretectal nucleus in most placental
mammals. It may also project to either the medial or the anterior
pretectal nucleus, depending on the species. There is some
indication of topographical order in the retinal projections to
the pretectum.

In cats and monkeys, striate (visual) cortex projects to the
nucleus of the optic tract, while in tree shrews, striate cortex
projects to the posterior and anterior pretectal nuclei. Tectal
projections also terminate in the pretectum,; in cats, these reach
the nucleus of the optic tract and olivary pretectal nucleus. Also
in cats, somatosensory projections have been found to. parts of
the anterior and posterior pretectal nuclei that do not receive
retinal input. These projections have two sources: the somato-
sensory cortex and the dorsal column nuclei. The anterior pre-
tectal nucleus also receives a projection from the principal and
spinal sensory trigeminal nuclei. Projections from the deep cere-
bellar nuclei and from the inferior colliculus terminate in the
same areas of these nuclei as the somatosensory projections.

The pretectum in mammals is also involved in motor path-
ways. The nucleus of the posterior commissure receives a pro-
jection from the pallidum and projects to the superior colliculus,
and some of the pretectal nuclei project to the oculomotor
nuclear complex. Projections to the cerebellum, similar to those
in diapsid reptiles, birds, and turtles as discussed below, have
not been found, however. Among amniote vertebrates, the pre-
tectum is relatively larger in nonmammalian amniotes than in
mammals.

In most squamate reptiles and turtles, five to seven pretectal
nuclei have been recognized, depending on the species (Fig.
20-11). The three pretectal nuclei that receive retinal input are
nucleus geniculatus pretectalis, nucleus lentiformis mes-
encephali, and nucleus posterodorsalis. Nuclei lentiformis
mesencephali and geniculatus pretectalis also receive tectal
input, and telencephalic input has been found to nucleus pre-
tectalis. Nucleus geniculatus pretectalis is known to project to
the cerebellum.
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FIGURE 20-10. Drawing of a transverse hemisection through the pretectum of a tree shrew (Tupaia glis).
Lateral is toward the right, and the midline is on the left. Adapted from Weber (1985). Used with permission

of S. Karger AG.

Additional pretectal nuclei lie more caudally and can be
grouped as subdivisions of one larger area termed nucleus
lentiformis thalami. The subdivisions include a pars plicata,
a pars extensa, the dorsal pretectal nucleus, and the medial
pretectal nucleus. The pars plicata and pars extensa of nucleus
lentiformis thalami lie in the periventricular zone of the pretec-
tum, while the dorsal and medial pretectal nuclei occupy the
central zone. A ventral pretectal nucleus has also been recog-
nized in some species. Where present, this nucleus lies in the
superficial part of the pretectum. A nucleus called nucleus
pretectalis in crocodiles, which may correspond to at least
part of the nucleus lentiformis thalami of squamate reptiles, is
known to project to a dorsal thalamic nucleus, nucleus ro-
tundus, which receives a major ascending visual projection from
the optic tectum.

In birds, pretectal nuclei similar to those in diapsid reptiles
and turtles are present, although the nomenclature varies. Some
of these nuclei are shown in Figure 20-12. Three nuclei receive
a heavy retinal input: nucleus lentiformis mesencephali,
the tectal gray, and the area pretectalis. Nucleus lentiformis
mesencephali can be subdivided into a pars medialis and a
pars lateralis. The tectal gray lies caudal to nucleus lentiformis
mesencephali, at a level intermediate to the two levels shown
in Figure 20-12. The retina has been found to project topograph-
ically to both parts of nucleus lentiformis mesencephali and to
the tectal gray. A fourth nucleus, called nucleus pretectalis
diffusus lies rostral to the area pretectalis at the level of the
tectal gray and receives a sparser retinal input. Two more ven-
trally lying nuclei in the pretectal region (not included in Fig. 20-
12), nucleus subpretectalis and nucleus interstitio-pretectalis-
subpretectalis, which are collectively called the subpretectal
complex, have been found to project to nucleus rotundus in

the dorsal thalamus, as does the nucleus pretectalis in croco-
diles.

ACCESSORY OPTIC SYSTEM

The movements of images across an animal’s retina affect
visuomotor behaviors, some of which are critical for survival.
Such movements may be very similar whether they are pro-
duced (1) by the animal itself moving through a stationary
space, (2) by movement of the animal’s eyes while the animal
is stationary, or (3) by movements of objects in the environment
while both animal and eyes are stationary. Similar visual stimuli
also result when the animal (stationary or moving) visually
tracks an object, keeping the object’s image in approximately
the same location on the retina. Each of these similar retinal
images may call for a different response; the visual system must
therefore distinguish among them and send appropriate signals
for action to the motor system in each case. Both pretectal and
accessory optic structures make critical contributions to the
solution of this problem.

The accessory optic system is a set of nuclei that is involved
in regulating movements of the eyes in relation to the visual
world. This system plays an important role in differentiating
perceptual situations such as those listed above. It keeps an
image stable on the retina as the eyes move, and it helps the
animal to differentiate retinal image movement due to the ani-
mal moving from retinal image movement due to the object
moving.

In teleosts, the functional partnership between the acces-
sory optic nuclei and many of the pretectal nuclei is based on
the common feature of a projection to the cerebellum, and
thence to oculomotor nuclei and the vestibular system. The
cerebellar projections of the pretectal nuclei in teleosts, which
are present in addition to the projections discussed above, as
well as the similar projections of the accessory optic nuclei,
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FIGURE 20-11. Transverse hemisections with mirror-image drawings through the pretectum of a lizard

(Tupinambis nigropunctatus) in rostral-to-caudal order. Adapted from Cruce (1974).

will be discussed together here. Direct cerebellar projections
from pretectal and/or accessory optic nuclei also are present
in some but not all amniotes. Variation in the connections of
these nuclei thus occurs to a marked degree in the different
radiations of vertebrates.

The pretectal and accessory optic nuclei are involved in
regulating movements of the eyes. A repeating pattern of
eye movements, called optokinetic nystagmus (OKN), can
be evoked by exposing an animal to patterns, such as black
and white stripes, that are continuously moved across the
visual field. The eyes first track the movement of the pattern
in its direction and then return with a saccade (rapid move-
ment) to fix on the next part of the pattern entering the
visual field. The OKN is related to the processes of visual
tracking and discriminating target movement from observer
movement. Pretectal nuclei projecting to the cerebellum ap-
pear to be involved in OKN in the horizontal plane, while
the accessory optic nuclei are involved in OKN in the verti-
cal plane.

In most nontetrapod vertebrates, two accessory optic nu-
clei, dorsal and ventral, are present. These nuclei lie in the
tegmentum and receive a retinal projection. Their functional
interrelationship with the pretectum has been studied primarily
in teleosts. In tetrapods, a single accessory, or basal, optic
nucleus is present.

Group |

In lampreys, only a sparse retinal projection is present to
the lateral part of the tegmentum. In squalomorph sharks, retinal
projections terminate in two sites in the tegmentum (Fig. 20-
13). The more dorsal site is an unnamed neuropil area ventral
to the intercollicular nucleus. The more ventral site is called
the basal optic nucleus. In three of the four radiations of
nonteleost ray-finned fishes, only one tegmental retinal tar-
get is present, the basal (or ventral accessory) optic nu-
cleus. In Amia, as in teleosts as we will discuss below, two
accessory optic nuclei, dorsal and ventral, are present (Fig.
20-3).

In amphibians, a single basal optic nucleus is present that
lies in the lateral part of the tegmentum (Fig. 20-4). This nucleus
is usually referred to as the nucleus of the basal optic root
(nBOR), in reference to the fascicle (or root) of optic fibers that
innervates it. The nBOR receives a substantial retinal projection
and has reciprocal connections with nucleus lentiformis mes-
encephali, as discussed above. It projects to the medial part of
the tegmentum and to the oculomotor (III) and trochlear (IV)
nuclei. Dendrites of the nucleus of the medial longitudinal
fasciculus extend into nBOR and can thus relay information to
the vestibular system and spinal cord. A projection from nBOR
to the cerebellum is very sparse, if present at all. Similarly,
pretectal nuclei do not project to the cerebellum in amphibians.
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FIGURE 20-11. (Continued)

The roles of the pretectal and accessory optic nuclei in
visuomotor behaviors have been studied with some thorough-
ness in amphibians. The regulation of eye movements in prey
and predator detection, the detection of stationary objects such
as barriers to escape, and the stabilization of gaze are among
the functions of these nuclei.

Group lI

In hagfishes, no retinal projections have been traced to
the tegmentum. Retinal projections terminate in the pretectum

as discussed above. In galeomorph sharks, two accessory optic
nuclei have been found, one near the intercollicular nucleus
and one more caudal and ventral at the level of the oculomotor
nucleus. Only the former of these two nuclei has been found
in a skate.

In teleosts, both dorsal and ventral accessory optic
nuclei are present (Fig. 20-7). The connections of the accessory
optic nuclei and the pretectum with the cerebellum and other
brainstem sites are extensive in comparison with other anamni-
ote vertebrates. These pathways are diagrammed in Figure 20-
14. The nuclei that receive retinal and/or tectal inputs are indi-
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FIGURE 20-12. Transverse hemisections with mirror-image drawings through the pretectum of a bird
(Columba livia). The more rostral section is at the top. The overlying telencephalon is not shown. Adapted from
Karten and Hodos (1967). Used with permission of The Johns Hopkins University Press.

cated in the figure. Four of the nuclei project to the optic
tectum—the central pretectal nucleus, the dorsal periventricular
pretectal nucleus, the ventral periventricular pretectal nucleus,
and the dorsal accessory optic nucleus—and other feedback
circuits also exist.

As shown in the figure, the parvocellular superficial
pretectal nucleus projects directly to the trochlear nucleus
(IV) and is thus the only pretectal nucleus known to project
to any of the oculomotor nuclei. The parvocellular superficial
pretectal nucleus does not project to the cerebellum, however.
Of all the pretectal and accessory optic nuclei, only the
dorsal accessory optic nucleus projects to both an oculomotor
nucleus (III in this case) and to the cerebellum. In the
superficial pretectal zone, the magnocellular superficial pretec-
tal nucleus projects either to nucleus isthmi (in percomorphs)
or nucleus lateralis valvulae (in goldfishes), as discussed in
detail above. Both the latter nuclei project, in turn, to the
cerebellum. The central pretectal nucleus, the dorsal periven-
tricular pretectal nucleus, and, where present, the paracommis-
sural nucleus, project to the cerebellum, as does the ventral
accessory optic nucleus.

The cerebellum (see Chapter 14) projects to oculomotor
nuclei and to the nucleus of the medial longitudinal fasciculus,
which is interconnected with the vestibular system. Hence,
these multiple pathways allow visual input to be integrated
with vestibular information. The motor output of the pretectal-
accessory optic system is involved in smooth pursuit move-
ments of the retina to track a moving image. Output to the
motor systems of the body, such as that from the parvocellular
superficial pretectal nucleus to the raphe and thence to the
spinal cord, would allow for neck and body tracking of an
image as well. Outputs to the inferior lobe of the hypothalamus
from the posterior pretectal nucleus (or the intermediate super-
ficial pretectal nucleus/nucleus glomerulosus in euteleosts) play
a role in orientation and feeding responses, although further
work on the efferent pathways is needed.

Mammals have three accessory optic nuclei, called the
dorsal, lateral, and medial terminal nuclei. The dorsal ter-
minal nucleus receives a projection from visual cortex, and
the medial terminal nucleus is reciprocally connected with the
nucleus of the optic tract in the pretectum. The mammalian
accessory optic nuclei project to the oculomotor complex but
not to the cerebellum.
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FIGURE 20-13. Transverse hemisections with mirror-image drawings through the midbrain of a shark (Squalus
acanthias), with the retinal projections to tegmental nuclei and the optic tectum indicated by dashed lines and
stippling. The more rostral section is at the upper left. Adapted from Northcutt (1979).

In diapsid reptiles and turtles a single nucleus of the
basal optic root (nBOR) is present in the lateral part of the
tegmentum. It receives retinal input and projects to the cerebel-
lum and other sites in the caudal part of the brainstem. In birds
(Fig. 20-12), this nucleus is also present and sometimes called
nucleus ectomamillaris. In birds with frontally placed eyes,
such as owls, a high proportion of nBOR neurons are binocu-
larly responsive, as is the case in many mammals with frontally
placed eyes. The high proportion of binocular neurons have
evolved independently in these two groups in correlation with
frontal vision and the utilization of depth cues in retinal im-
age stabilization.

EVOLUTIONARY PERSPECTIVE

The pretectum is better differentiated in teleost fishes than
in any other group of vertebrates. Among amniotes, it is better
differentiated, that is, more elaborated, in diapsid reptiles, birds,
and turtles than in placental mammals, and may have been
secondarily reduced in monotremes. Teleosts have dorsal and

ventral accessory optic nuclei, while nonmammalian amniotes
have only the latter (nBOR).

Cerebellar projections from pretectal and accessory optic
nuclei are present in two major groups of vertebrates, teleost
fishesand nonmammalian amniotes. On the basis of current data,
one must hypothesize that such cerebellar projections are apo-
morphic and were evolved independently in these two groups.

Pretectal and accessory optic pathways in teleosts and in
nonmammalian amniotes are different in the degree to which
they are elaborated. In nonmammalian amniotes, the pretectal
and accessory optic nuclei project to the oculomotor complex
and the cerebellum. In teleosts, the pretectal nuclei are charac-
terized by reciprocal connections with a number of structures
and by other multisynaptic, feedback pathways. These nuclei
influence motor behavior via major efferent pathways to the
hypothalamus, through the raphe to the spinal cord, to the
oculomotor nuclei, and to the cerebellum.

As we will discuss in Chapter 22, placental mammals have
the most highly differentiated and elaborate dorsal thalamus
among the various radiations of vertebrates. In contrast, the
pretectum and its associated accessory optic system is most
highly differentiated and elaborated in teleosts. As we will now
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FIGURE 20-14. Diagram of pathways to the cerebellum and oculomotor nuclei in teleosts. Retinorecipient
nuclei are indicated by a dot and tectorecipient nuclei by +.

discuss, teleosts also have migrated preglomerular nuclei that
relay sensory information to the telencephalon and have no
counterpart in mammals.

POSTERIOR TUBERCULUM

We have already encountered the unmigrated part of the
posterior tuberculum in the tegmentum (Chapter 17). As dis-
cussed there, it lies in the medioventral part of the tegmentum,
and some of its cells contain dopamine. The posterior tubercu-
lum may thus be homologous as a field, at least in part, to the
caudal diencephalic (A11) and/or rostral tegmental (rostral
A9/A10) dopaminergic cell groups of mammals.

In most ray-finned fishes, migrated nuclei of the posterior
tuberculum have been identified. The largest of these nuclei,
the preglomerular nuclear complex, relays sensory information
to the telencephalon. The pathways through the preglomerular
nuclear complex mimic sensory relay pathways through the
dorsal thalamus in their organization.

At least one migrated nucleus is also present in this caudal
region of the diencephalon in cartilaginous fishes and will be
discussed here. This nucleus has connections that are similar
to some of the connections of the preglomerular nuclear com-
plex of teleost fishes, and may be homologous as a field to it.

Group |

Migrated nuclei of the posterior tuberculum are not present
in some of the Group I animals with laminar brains. In squalo-
morph sharks, a nucleus called the posterior lateral thalamic
nucleus is present lateral to the periventricular part of the
posterior tuberculum (Fig. 20-2). This nucleus is known to
receive an electrosensory input in skates and rays. In a squalo-
morph shark, it has been found to project to the medial pallium
in the telencephalon. In gars and Amia, a preglomerular
nuclear complex is present lateral to the posterior tuberculum
(Fig. 20-3).

Group |

In hagfishes, a relatively large nucleus called the area
lateralis of the posterior tuberculum has been identified,
but its connections remain to be studied. In Group II cartilagi-
nous fishes, the posterior lateral thalamic nucleus (also
called the central thalamic nucleus) lies lateral to the periven-
tricular part of the posterior tuberculum (Fig. 20-6) and receives
an electrosensory input. Both this nucleus and the posterior
tuberculum project to the medial pallium in the telencephalon.

In teleosts, several migrated nuclei of the posterior tubercu-
lum are present, the largest and most prominent of which is
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FIGURE 20-15. Drawing of a transverse section through the posterior tuberculum of a teleost (Salmo

gairdneri). Data from Butler et al. (1991).

actually a group of nuclei that form the preglomerular nu-
clear complex (Fig. 20-15). Caveat emptor: unfortunately, the
terminology in the literature on the preglomerular nuclear com-
plex is particularly variable; many different terms, such as nu-
cleus prethalamicus, nucleus rotundus, thalamus, and nucleus
glomerulosus, have been used for all or part of the preglomeru-

lar nuclear complex. There is a similar array of terms for nucleus
glomerulosus of the pretectum, which we discussed above.
These terms have also been used for other nuclei in neighboring
regions of the brain in other species. Until a more uniform
terminology comes of age, the identity of any nucleus in this
region must be determined by the content of the particular

FIGURE 20-16. Diagram of some of the connections of the preglomerular nuclear complex. (A) Connections
present in most teleosts, including electroreceptive teleosts. (B) Additional connections present in most electro-
receptive teleosts. (C) Connections present in the electroreceptive mormyrid teleosts.
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paper that one is reading, such as comments on the connections
and location of the nucleus and on the terms others have used
for it. With this caveat in mind, we will attempt here to offer
a general survey of this area.

The cytoarchitecture and degree of development of the
preglomerular nuclear complex varies among different species
of teleosts. Boundaries between nuclei within the complex
are not consistently easy to recognize, but lateral and medial
divisions can be distinguished. Additional connectional studies
are needed to define the number and boundaries of nuclei
within the preglomerular complex in a variety of species.

Ascending sensory pathways that are relayed through parts
of the preglomerular complex have been found in the lateral
line and gustatory systems. While most teleosts have only a
mechanosensory lateral line system, electroreception has been
evolved independently in two groups of teleosts—some os-
teoglossomorphs and some ostariophysans. Differences in the
development and connections of the preglomerular nuclear
complex reflect this evolutionary history.

In most teleosts, including electroreceptive teleosts, the
mechanosensory lateral line input to the torus semicircularis is

relayed to the lateral part of the preglomerular nuclear complex
(PGL). The PGL projects to the dorsal pallium and to the striatum
in the telencephalon [Fig. 20-16(A)]. Auditory projections to
PGL have also been found in some teleosts.

In electroreceptive teleosts, additional ascending pathways
through PGL are present. The electrosensory part of the torus
semicircularis in electroreceptive ostariophysans does not proj-
ectdirectly to PGL but to a nucleus in the region of the pretectum
called nucleus electrosensorius [Fig. 20-16(B)]. This nucleus
projects to PGL, which, in turn, projects to the dorsal pallium
and striatum in the telencephalon. Nucleus electrosensorius
also projects to the cerebellum.

In mormyrids and notopterids, the electroreceptive osteo-
glossomorphs, the preglomerular nuclear complex is markedly
enlarged and has more subdivisions than in other teleosts. In
mormyrids [Fig. 20-16(C)], the electroreceptive part of the torus
semicircularis projects to a dorsal part of the preglomerular
complex (PGd), which also receives inputs from the telencepha-
lon and the optic tectum. Instead of projecting to the telencepha-
lon, however, PGd projects to the cerebellum. Within PGL, a
ventral part (PGv) is the major source of ascending projections

/ X
cerebelium

“cerebellum

FIGURE 20-17. Diagram of the pretectal and accessory optic nuclear projections to the cerebellum in (A)

most teleosts and (B) mormyrid teleosts.
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to the telencephalon, but PGd does not project to PGv. Thus,
electrosensory information does not appear to be relayed to
the telencephalon in mormyrids.

In mormyrids and in some electroreceptive ostariophysans,
the superficial pretectal and accessory optic nuclei are markedly
reduced or absent. Electroreceptive inputs to the telencephalon
and/or to the cerebellum have been selected for over the course
of evolution in favor of visual pretectal/accessory optic path-
ways to the cerebellum. Five pretectal/accessory optic nuclei
[Fig. 20-17(A)] project to the cerebellum in most teleosts, includ-
ing the common goldfish (an ostariophysan)—in addition to
cerebellar projections from nucleus electrosensorius where
present. Only two of five cerebellar pathways of most teleosts
are well developed in mormyrids, but a new pathway to the
cerebellum from PGd is present [Fig. 20-17(B)]. This variation
in electrosensory pathways is one of the more striking examples
of the changes in nuclei and pathways that can occur in re-
sponse to selective pressures.

In addition to relaying lateral line information to varying
parts of the brain, the preglomerular nuclear complex relays
gustatory information to the telencephalon. The secondary gus-
tatory nucleus receives gustatory input from the facial lobes
(see Chapter 11); in sunfishes, the secondary gustatory nucleus
has been found to project to part of the preglomerular nuclear
complex. In catfishes, the secondary gustatory nucleus projects
to a nucleus called nucleus lobobulbaris, which lies just cau-
dal to the major part of the preglomerular nuclear complex and
is probably derived from it. Nucleus lobobulbaris projects to
the striatum.

In most teleosts, the migrated nuclei of the posterior tuber-
culum include several additional, smaller nuclei in the vicinity
of the preglomerular nuclear complex. These are nucleus sub-
glomerulosus, the lateral thalamic nucleus, and the poste-
rior thalamic nucleus. The lateral thalamic nucleus is known
to receive afferent fibers from the magnocellular superficial
pretectal nucleus and the secondary gustatory nucleus and to
project to the optic tectum in percomorph euteleosts. The poste-
rior thalamic nucleus projects to the telencephalon. More cau-
dally and medially, a larger nucleus frequently called the mam-
millary body is present.

EVOLUTIONARY PERSPECTIVE

In amniote vertebrates, no migrated nuclei of the posterior
tuberculum that relay ascending sensory information are pres-
ent. Such migrated nuclei have been identified only in cartilagi-
nous and ray-finned fishes. Whether the posterior lateral thala-
mic nucleus of cartilaginous fishes is homologous as a field to
the preglomerular nuclear complex of teleosts or whether these
nuclei have been evolved independently and are an example
of parallelism or convergence remains to be determined.

The preglomerular nuclei in cartilaginous and ray-finned
fishes appear to constitute an alternative to the dorsal thalamus
as a relay of sensory information to the telencephalon. A marked
degree of development of both the preglomerular nuclear com-
plex and the pretectal nuclei combined with minimal develop-
ment of the dorsal thalamus characterizes many fishes. This
condition contrasts with the reverse situation in amniotes—the
absence of migrated, sensory-relay nuclei derived from the

posterior tuberculum, only a moderately developed pretectum,
and an extensively developed dorsal thalamus.
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