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ABSTRACT

Afferent pathways to the optic tectum in the longnose gar were deter-
mined by unilateral tectal injections of HRP. Retrogradely labeled cells
were observed in the ipsilateral caudal portion of the rostral entopeduncular
nucleus and bilaterally in the rostral half of the lateral zone of area dorsalis
of the telencephalon. The following diencephalic cell groups were also la-
beled following tectal injections: the ipsilateral anterior, ventrolateral, and
ventromedial thalamic nuclei, the periventricular pretectal nucleus, and
the central pretectal nucleus (bilaterally); the ventromedial thalamic and
central pretectal nuclei revealed the largest number of labeled cells. At
midbrain levels, retrogradely labeled cells were seen in the ipsilateral torus
longitudinalis, nucleus isthmi, and accessory optic nucleus; cells were la-
beled bilaterally in the torus semicircularis and a rostral tegmental nucleus.
Only a few cells were labeled in the contralateral optic tectum, suggesting
that few of the fibers of the intertectal commissure are actually commissural
to the tectum. At hindbrain levels, retrogradely labeled cells were seen
bilaterally in the locus coeruleus, the superior, medial, and inferior reticular
formations, the eurydendroid cells of the cerebellum, and the nucleus of the
descending trigeminal tract; the contralateral dorsal funicular nucleus also
exhibited labeling. Clearly, the tectum in gars receives a substantial num-
ber of nonvisual afferents from all major brain areas, most of which have
been reported in other vertebrates. The functional significance of these
afferent sources and their probable homologues in other vertebrate groups

are discussed.

Ray-finned fishes constitute the largest radiation of liv-
ing vertebrates: some 20,000 species, representing several
grades of organization. Teleosts comprise the most ad-
vanced grade and the largest number of species, whereas
the more primitive grades (polypteriforms, chondrosteans,
and holosteans) are represented by only a few extant spe-
cies. Gars are living holosteans whose brain organization
is more simple than that of teleosts and may serve as a
model of the primitive ray-finned stock. A better under-
standing of brain organization in gars should help to iden-
tify evolutionary trends within ray-finned fishes and how
this radiation differs from land vertebrates.

Gars, like most teleosts, are highly visual predators with
large, well-laminated optic tecta. The retinal projections
and tectal efferents in gars have been examined experi-
mentally (Northcutt and Butler, ’76, ’80); however, non-
visual inputs to the optic tectum have not been deter-
mined.

Horseradish peroxidase (HRP) injections into the optic
tectum of gars were used to identify the sources of tectal
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afferents and reveal visually related brain regions. We
can now compare these regions to those in teleosts, for
which experimental information is now available (Grover
and Sharma, ’81), and to other vertebrates.

MATERIALS AND METHODS

Ten juvenile specimens (21-27 cm total length) of Lep-
isosteus osseus ( = Lepidosteus osseus) received unilateral
tectal injections of HRP (Sigma VI). Animals were anes-
thetized by immersion in 0.1% methanesulfonate solution;
the dermal bone overlying the neurocranium and optic
tectum was removed by dental drill, and a window was
cut through the cartilagineus neurocranium overlying the
optic tectum. Volumes of 100-300 nl of 20% HRP solution
were delivered by micropipette pressure injections (three
cases), or the tectum was inoculated with HRP paste on
the tip of a “00” insect pin (seven cases). The surface of
the tectum was then flushed with saline solution to remove
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any excess HRP and the wound closed with Gelfoam and
dental zinc cement.

Following survival times of 4-16 days at 27°C, the an-
imals were reanesthetized and perfused transcardially
with cold 0.1 M phosphate buffer (pH 7.4), followed by 2%
glutaraldehyde in 0.1 M phosphate buffer. The brains were
removed and allowed to fix for 1 additional hour in a so-
lution of 2% glutaraldehyde in 0.1 M phosphate buffer
with 10% sucrose added. The brains were then washed in
10% sucrose phosphate buffer; the meninges were re-
moved; and the brains were embedded in gelatin blocks
and fixed for an additional 4 hours in 2% glutaraldehyde
in sucrose buffer. Thirty-five-micron transverse sections
were cut on a sled microtome with a freezing attachment,
collected in phosphate buffer, and stored at 7°C.

The sections were reacted with o-dianisidine, following
the method of Coleman et al. (76), or with tetramethyl-
benzidine (TMB), following the method of Mesulam (’79),
mounted on subbed slides using alcoholic gelatin solution,
and air dried. Most sections were counterstained with 1%
neutral red; an occasional series was mounted directly out
of phosphate buffer, air dried, and transferred directly to
xylene, without counterstaining or dehydration through
graded alcohols, in order to check for potential reduction
of reaction products.

RESULTS

All survival times yielded positive results, although sur-
vival times of 8 days or longer revealed far more retro-
gradely labeled cells. The TMB method of Mesulam ("79)
was more sensitive and provided more complete filling of
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cells; frequently very fine second- and third-order dendritic
processes were revealed (Fig. 6). Both anterograde and
retrograde labeling were observed, and the tectal efferents
were as well defined by the HRP methods as those revealed
by the Fink-Heimer method in an earlier study of tectal
efferents in gars (Northcutt and Butler, ’80).

Introduction of HRP by the inoculation method did not
produce larger injection sites within the tectum than did
the pressure injections and resulted in more densely filled
cells as well as more consistent results from case to case.
In many of the cases, HRP was taken up by the ependymal
cells immediately beneath or adjacent to the injection
sites. However, these cases did not reveal additional
sources of retrogradely labeled neurons when compared
to cases that did not involve ependymal uptake.

Two different types of retrograde labeling were observed
in the TMB preparations. More frequently, the labeled
cells exhibited complete filling of the cell bodies; fine den-
dritic processes were revealed, and a Golgi-like picture
was evidenced. Less frequently, the cell bodies contained
distinct, dense granules of reaction product, rather than
complete filling, a type of labeling seen most commonly
among cells of the lateral zone of area dorsalis of the te-
lencephalon, eurydendroid cells of the cerebellum, and in-
ferior raphe nucleus. This second type of reaction is, how-
ever, interpreted as retrograde labeling by HRP, rather
than the reaction of other endogenous peroxidases, or the
presence of normally occurring pigment granules. Horse-
radish peroxidase injections into other brain regions do
not result in granules in these cells (unpublished obser-
vations), nor are granules seen in these cells in nonex-
perimental material.

Abbreviations
A Anterior thalamic nucleus oT Optic tectum
AO Accessory optic nucleus Ot Optic tract
AU Auricle of the cerebellum P Periventricular tectal zone
C Central nucleus of torus semicircularis PA Preoptic area
cC Cerebellar crest PC Central pretectal nucleus
CO Corpus cerebelli PG Preglomerular complex
CcP Central posterior thalamic nucleus PPd Pars dorsalis of the periventricular pretectal nucleus
DF Nucleus diffusus of the inferior lobe PPv Pars ventralis of the periventricular pretectal nucleus
Dl Lateral zone of area dorsalis PSp Pars parvocellularis of superficial pretectal nucleus
Dm Medial zone of area dorsalis PT Pretectal nuclei
DN Descending octaval nucleus Pa Pallium of telencephalon
DpP Dorsal posterior thalamic nucleus Pi Pituitary gland
DV Descending trigeminal nucleus and tract RT Rostral tegmental nucleus
E Rostral entopeduncular nucleus sC Spinal cord
EN Eurydendroid neurons of cerebellum SM Somatic motor column
FN Dorsal funicular nucleus SR Superior raphe nucleus
FR Fasciculus retroflexus SRF Superior reticular formation
G Glomerular complex T Telencephalon
H Habenular nuclei TL Torus longitudinalis
HY Hypothalamus TLa Nucleus of the torus lateralis
1 Intermediate thalamic nucleus TP Nucleus of the posterior tuberculum
IL Inferior lobe TS Torus semicircularis
IP Interpeduncular nucleus VA Valvula of the cerebellum
IR Inferior raphe nucleus VL Ventrolateral thalamic nucleus
IRF Inferior reticular formation VM Ventromedial thalamic nucleus
L Laminar nucleus of torus semicircularis vO Nucleus of the ventral optic tract
LC Locus coeruleus vd Dorsal nucleus of area ventralis
MN Magnocellular octaval nucleus Vi Lateral nucleus of area ventralis
MON Medial octavolateralis nucleus Vn Nucleus 'nother of area ventralis
MRF Medial reticular formation Vv Ventral nucleus of area ventralis
NI Nucleus isthmi ZL Zona limitans
NS Nucleus solitarius vII Facial motor nucleus
nMLF  Nucleus of the medial longitudinal fasciculus VIII Octaval nerve
OB Olfactory bulb X Vagal motor nucleus

oC Optic chiasm
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Fig. 1.
in Figures 2-5. Bar scale equals 5 mm.

Case 5 (8 days survival time) was typical of the more
successful cases and is charted in Figures 2-5. The levels
of the transverse sections are illustrated in Figure 1. The
nomenclature is that introduced in earlier reports (North-
cutt and Butler, 76, ’80; Northcutt and Braford, ’80; Bra-
ford and Northcutt, ’81).

Unilateral tectal injections resulted in retrogradely la-
beled cells in all major brain divisions (Figs. 2-5); their
sites are discussed below according to brain region.

Forebrain

Retrograde label was seen bilaterally in the larger cells
occupying the center of the rostral half of the lateral zone
of area dorsalis (D]) of the telencephalon (Fig. 2A). Slightly
more labeled cells were observed contralateral than ipsi-
lateral to the injected tectum. None of the labeled cells in
DI revealed the complete Golgi-like filling seen in many
areas, but dense granular deposits in their cytoplasm were
consistent in those cases that received tectal inoculation
of HRP. Cells so labeled were not observed following pres-
sure injections of HRP into the tectum or in control cases.

Only one additional group was labeled in the telence-
phalon following tectal injections of HRP (Fig. 2B): a few
cells in the caudal portion of the ipsilateral rostral ento-
peduncular nucleus of the telencephalon medium. These
cells exhibited the typical Golgi-like filling observed in
most retrogradely labeled cells.

Retrogradely filled cells were observed in several nuclei
in the thalamus and pretectum (Figs. 2B, 3A). In the thal-
amus, the largest population of labeled neurons was re-
stricted to the ipsilateral ventromedial thalamic nucleus
(VM, Fig. 2B,C); more sparse labeling occurred among
cells of the ipsilateral anterior (Fig. 2C) and ventrolateral
(Fig. 2C) thalamic nuclei. All three of these nuclei also

Dorsolateral view of the brain of Lepisosteus osseus. Numbered lines indicate the levels of the transverse sections

receive a direct retinal input (Northcutt and Butler, 76)
as well as projections from the optic tectum (Northcutt and
Butler, ’80). In several cases, an occasional labeled cell
was also found in the ipsilateral dorsal posterior thalamic
nucleus (Fig. 3A). However, the contribution of this nu-
cleus to a tectal projection appears to be extremely small
compared to that of other thalamic nuclei.

The pretectum of gars consists of superficial (PSP, Fig.
2C), central (PC, Fig. 3A), and periventricular (PP, Fig.
3A) pretectal nuclei (Northcutt and Butler, *76). A large
number of retrogradely labeled neurons were seen bilat-
erally in the central pretectal nucleus (Fig. 3A) and some-
what fewer in the ipsilateral periventricular pretectal nu-
cleus (Fig. 3A). Thus two of the three pretectal nuclei
appear to project to the optic tectum. All three pretectal
nuclei also receive direct retinal (Northcutt and Butler,
*76) and tectal (Northcutt and Butler, '80) inputs.

Labeled neurons were also observed in the ipsilateral
accessory optic nucleus (AO, Fig. 3A,B). It is not clear from
its topographical position whether this nucleus is a dien-
cephalic or mesencephalic nucleus, but it also receives
direct retinal and tectal inputs (Northcutt and Butler, '76,
'80).

Midbrain

Large numbers of retrogradely labeled cells were seen
in the ipsilateral torus longitudinalis (TL, Fig. 3B,C) fol-
lowing tectal injections of HRP. The toral cells were
densely filled, and labeling was coextensive rostrocaudally
with the core of the HRP injection sites. Thus it appears
that the cells of the torus longitudinalis project topograph-
ically upon the ipsilateral tectum.

Unilateral tectal injections of HRP revealed large num-
bers of filled fibers coursing through the deep white zone
of the optic tectum and decussating to the contralateral
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Fig. 2. Transverse sections through the rostral telencephalon (A) and  tion into the optic tectum. In this and Figures 35, the injected side of the
diencephalon (B and C) of the longnose gar illustrating the position of  brain is illustrated as the right half of the charting. Bar scale in Figures
retrogradely labeled neurons (triangles) following a unilateral HRP injec- 25 equals 1 mm.
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Fig. 3. Transverse sections through rostral (A) to caudal (C) midbrain  indicated by solid black and stippled areas, respectively. Rectangles in B
levels of the longnose gar illustrating the position of retrogradely labeled  and C indicate the orientation and extent of photographed field of Figure
neurons (triangles) following a unilateral HRP injection into the optic 6B and C, respectively.
tectum. Position and extent of the core and annulus of the injection are
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tectum via the intertectal commissure. Although some of
these fibers exit from the ventrolateral edge of the tectum
and can be traced into the contralateral torus semicircu-
laris, the bulk of the labeled fibers are confined to the
medial half of the contralateral tectum. Considering the
large number of labeled fibers crossing the intertectal com-
missure, there were suprisingly few retrogradely labeled
cells in the contralateral tectum. In any given transverse
gection, it was rare to observe more than two or three
clearly labeled neurons, even after large injections that
involved the deep white zone of the injected tectum. Two
classes of labeled neurons were observed in the contralat-
eral tectum following such injections; pyriform cells of the
periventricular gray zone, and fusiform neurons of the
central zone. The pyriform cells constituted the bulk of the
labeled neurons, and fusiform cells were seen only rarely.

In contrast, large numbers of cells were labeled bilat-
erally in the torus semicircularis (Figs. 3B,C, 6C) following
tectal injections. The torus semicircularis of gars is divided
into ventricular laminar (L, Fig. 3B) and central (C, Fig.
3B) nuclei. Whereas the central nucleus was labeled bi-
laterally, labeling was observed only in the ipsilateral
laminar nucleus. The large number of bilaterally labeled
cells in the torus semicircularis—compared to the small
number of labeled neurons in the contralateral tectum—
suggests that many of the “intertectal fibers” located in
the intertectal commissure may, in fact, be commissural
or efferents of the torus semicircularis instead.

Two additional midbrain cell groups reveal retrogradely
labeled cells following tectal injections: a rostral tegmen-
tal nucleus (RT, Fig. 3B) and a caudal tegmental nucleus
(NI, Fig. 3C) that may be homologous to nucleus isthmi
in other vertebrates.

In the rostral tegmentum, lateral to the nucleus of the
MLF, there is a distinct finger-shaped group of scattered
medium-sized fusiform neurons that I have termed the
rostral tegmental nucleus (RT, Fig. 3B). Large tectal in-
jections resulted in essentially complete retrograde label-
ing of cells in the ipsilateral nucleus, as well as a few
labeled cells in the contralateral nucleus. This rostral teg-
mental nucleus was clearly the most heavily labeled cell
group in the tegmentum.

More caudally, a migrated group of medium-sized neu-
rons (NI, Fig. 3C) occurs on the lateral edge of the teg-
mentum or isthmus, scattered among the exiting, un-
crossed tectobulbar fibers. Many of the cells of the
ipsilateral nucleus isthmi appeared to be labeled by tectal
injections, but this was difficult to establish due to the
massive labeling of the descending tectal efferents.

Hindbrain

A small group of large spindle-shaped neurons, lying
lateral to the sulcus limitans at the level of the caudal
isthmus (Fig. 4A), is bilaterally labeled following tectal
injections. These are probably cells of the locus coeruleus,
as scattered cells in this region in gars contain catechol-
amines (Parent and Northcutt, '81) and have also been
demonstrated to project to the telencephalon in other
fishes (Echteler and Saidel, ’81; Northcutt, '81).

The brainstem reticular formation in gars, as in other
fishes, consists of a column of scattered, large neurons that
form three distinct rostrocaudal aggregates: the superior,
medial, and inferior reticular formations (Fig. 4). Follow-
ing tectal injections, retrogradely labeled cells were seen
bilaterally in all three reticular aggregates, but counts of

R.G. NORTHCUTT

the filled cells (a total of 74 among three different cases)
revealed no obvious laterality.

A median brainstem reticular formation, consisting of
superior (Fig. 4A) and inferior (Fig. 4C) raphe nuclei, also
occurs in gars. The cells of the inferior raphe (Fig. 4C)
were retrogradely labeled following most tectal injections.
Labeling of the inferior raphe neurons was dense, as in
most labeled cell groups, and granular filling of the cy-
toplasm was frequently seen in these cells as well.

The medial octavolateralis nucleus of gars is a nuclear
aggregate of several cell types, including large Purkinje-
like neurons whose dorsally directed dendrites enter an
overlying molecular layer termed the cerebellar crest. In
fishes, the medial octavolateralis nucleus is the primary
target of entering mechanoreceptive lateral line infor-
mation (McCormick, ’78, °81; Bodznick and Northcutt, ’80).
Following tectal injections, labeled Purkinje-like cells
(Figs. 4A, 6A) were frequently seen in the contralateral
medial nucleus. An occasional labeled neuron was also
seen in the contralateral descending octaval nucleus, but
these cells were rare.

In most vertebrates, few of the cerebellar Purkinje cells
send their axons outside of the cerebellum; instead, they
terminate on deep cerebellar nuclei which, in turn, give
rise to most extrinsic cerebellar efferents. Teleosts do not
appear to possess distinet, deep cerebellar nuclei. In these
fishes, the homologous cells (eurydendroid neurons) are
scattered as distinct groups of cells closely associated or
interdigitated with the cerebellar cell layers (Finger, '78a).
In gars, one such group lies embedded along the medial
edge of the corpus cerebelli; these cells are bilaterally la-
beled following unilateral tectal injections (Fig. 4B), with
more labeled cells contralateral to the injection. None of
these cells revealed Golgi-like filling but were densely
filled with granular reaction product following tectal in-
jections. Pragjection of “cerebellar cells” to the contralateral
tectum in gars has been confirmed by autoradiography
(unpublished observations), and a similar pathway has
been reported in teleosts (Finger, "78a).

Bilateral labeling of neurons in the nucleus of the de-
scending trigeminal tract (Fig. 4B,C), and contralateral
labeling of the dorsal funicular nucleus (Fig. 5) was also
observed following unilateral tectal injections. Labeled
cells in the nucleus of the descending trigeminal tract were
sparse and scattered along the medial edge of the tract.
Labeled cells were extremely dense in the contralateral
dorsal funicular nucleus, many with Golgi-like profiles.

Occasionally, lightly labeled cells were observed bilat-
erally in the dorsal horn of the cervical spinal cord; how-
ever, these cells were observed only after the largest tectal
injections, and labeling may have resulted from ventric-
ular spread of the HRP. For this reason, other experimen-
tal methods must be applied to determine whether gars
possess spinotectal pathways.

DISCUSSION

The cells of origin for the afferent pathways to the tec-
tum in gars, as revealed in this study, are summarized in
Figure 7. These data will now be compared with those for
other vertebrates and discussed in terms of the possible
types of afferent information reaching the tectum.

Telencephalic projections

Two widely separated telencephalic cell groups project
to the optic tectum in gars: large cells in the core of the



TECTAL AFFERENTS IN GARS 331

Fig. 4. Transverse sections through caudal tectal (A) and medullar (B and C) levels of the longnose gar. Rectangle in
C indicates orientation and extent of photographed field of Figure 6A.
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Fig. 5. Transverse section through the obex region of the longnose gar.

rostral half of the lateral zone of area dorsalis and cells
located in the caudal portion of the rostral entopeduncular
nucleus (Figs. 2A,B, 7). In teleosts, the central zone of area
dorsalis (Dc) is positioned similarly to the former and proj-
ects to the optic tectum (Ito and Kishida, *77; Bass, '79;
Grover and Sharma, '81). Gars do not possess a distinct
Dc complex, but the more centrally located cells of area
dorsalis have been homologized to the Dc cells of teleosts
on the basis of topological and histochemical similarities
(Northcutt and Braford, '80). The projection of these cells
to the optic tectum in gars reinforces these earlier obser-
vations. However, the lateral zone appears to project bi-
laterally in gars, whereas only ipsilateral projections to
the tectum in teleosts were reported in two of the earlier
studies (Ito and Kishida, 77, Bass, '79). Grover and
Sharma (81) did not comment on the laterality of the
retrogradely labeled cells of Dc in goldfish. The apparent
difference in laterality between gars and teleosts may
characterize different grades of ray-finned fishes or may
only reflect species variation. Additional species must be
examined before phylogenetic trends can be analyzed.

In gars, a few caudally located cells in the rostr.al en-
topeduncular nucleus project to the ipsilateral optic tec-
tum (Figs. 2B, 7). Entopeduncular projections to the optic
tectum were not reported in goldfish by Grover and
Sharma (’81); however, tectal projections from a similarly
located, similarly named nucleus in amphibians are
known (Wilczynski, ’78). In amphibians, this is the only
telencephalic nucleus that projects to the tectum, and fur-
ther experimental studies may reveal this pathway to be
widely distributed among anamniotes. In gars, the rqstral
entopeduncular nucleus also receives a bilateral input
from the tectum (Northcutt and Butler, ’80), and fibers of
the optic tract pass through this nucleus in route to form
the marginal optic tract (Northcutt and Butler,76). Echte-
ler and Saidel ('81) also reported entopedunuclar projec-
tions to telencephalic areas in the goldfish. At present, it
is not clear whether the entopeduncular nucleus in teleosts
is homologous to the larger complex in gars (Northcutt
and Braford, ’80), but these results suggest that the en-
topeduncular complex in ray-finned fishes is involved in
visual processing and may possess widely spread efferents.
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Thalamic projections

Three rostral thalamic cell groups give rise to projec-
tions to the ipsilateral optic tectum in gars: anterior, ven-
trolateral, and ventromedial thalamic nuclei (Figs. 2C, 7).
In gars, all three rostral thalamic nuclei receive direct
retinal and tectal projections (Northcutt and Butler, 76,
’80). The same three thalamic nuclei can be recognized in
teleosts (Braford and Northcutt, ’81) but have traditionally
been grouped under the terms nucleus dorsolateralis and
dorsomedialis (Schnitzlein, ’62). Grover and Sharma ('81),
using the more traditional names for these nuclei, reported
similar projections to the tectum in goldfish. The anterior
thalamic nucleus is believed to be a dorsal thalamic nu-
cleus, whereas the ventrolateral and ventromedial tha-
lamic nuclei are assigned to the ventral thalamus (Braford
and Northcutt, 81). The anterior thalamic nucleus also
projects to the telencephalon in other ray-finned fishes
(Echteler and Saidel, ’81; Northcutt, ’81). In amphibians,
a similarly located nucleus also receives direct retinal pro-
Jjections (Scalia and Gregory, *70; Fite et al., *77) and proj-
ects bilaterally to the medial pallium (Ronan and North-
cutt, ’79) and ipsilaterally to the optic tectum (Neary and
Wilczynksi, ’80).

Of the three rostral thalamic nuclei, the ventromedial
thalamic nucleus contains the largest number of retro-
gradely filled neurons following tectal injections and thus
appears to give rise to the largest tectal projection. The
ventromedial thalamic nucleus is also the major thalamic
target of the ascending cerebellar peduncle (unpublished
observations) and is thus involved as a relay nucleus link-
ing the cerebellum and optic tectum, in addition to re-
ceiving retinal and tectal inputs. In amphibians, a simi-
larly named and positioned nucleus projects to the tectum
(Neary and Wilczynksi, '80), but amphibians have not been
experimentally examined for possible cerebellar inputs to
the ventromedial thalamic nucleus.

In most vertebrates experimentally examined to date,
the rostral ventral thalamus contains a lateral complex
that receives retinal and tectal input and projects, in part,
to the optic tectum. In nonmammalian vertebrates, this
complex has many names (ventrolateral thalamic nucleus
in gars, lateral geniculate body and ventrolateral nucleus
in amphibians, pars ventralis of the lateral geniculate
nucleus and ventrolateral nucleus in reptiles, lateral ge-
niculate nucleus in birds), but all of these nuclei are likely
homologous to the ventral lateral geniculate nucleus of
mammals, as indicated by the experimentally determined
efferents for this complex among vertebrates (amphibians:
Trachtenberg and Ingle, "74; Neary and Wilczynski, '80;
reptiles: Gruberg et al., ’79; birds: Crossland and Uchwat,
*79; mammals: Grofova et al., *78).

One additional thalamic nucleus, the dorsal posterior
thalamic nucleus, revealed occasional but dense labeling
of a few cells in several of the gar cases (Fig. 3A). This
nucleus is a major target of ascending tectal efferents in
gars, but it does not receive direct retinal input (Northcutt
and Butler, ’76, ’80) and is believed to be a dorsal thalamic
nucleus, on the basis of its topographical position in the
diencephalon (Braford and Northcutt, ’81). The dorsal pos-
terior thalamic nucleus was therefore proposed as a hom-
ologue of nucleus rotundus in amniotes (Northcutt and
Butler, '80; Braford and Northcutt, '81), a relationship
further indicated by its projection to the telencephalon in
polypteriform (Northcutt, ’81) and teleost (Echteler and
Saidel, '81) fishes.
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Fig. 6. Brightfield photomicrographs of neurons illustrating transport
C of HRP following a unilateral injection of the optic tectum. A. Purkinje-
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Pretectal projections

" - The pretectum in gars projects extensively to the optic
tectum (Figs. 3A, 7). Two of the three pretectal nuclei
) . supply afferents to the tectum: The periventricular pre-
tectal nucleus projects to the ipsilateral tectum, whereas
the central pretectal nucleus projects bilaterally to the
tectum.

Grover and Sharma ('81) reported similar retrogradely
labeled neurons in two pretectal cell groups, area pretec-
talis and nucleus pretectalis, following tectal injections of

X HRP in goldfish. Area pretectalis and nucleus pretectalis

r in goldfish appear to be homologous to the central and

periventricular pretectal nuclei in gars, based on similar-

ities in topographical position and visual and tectal effer-

ents (Sharma, ’72; Northcutt and Butler, ’78, '80; Graver

. and Sharma, ’79). Comparison of these pretectal nuclei

with those in other vertebrates is presently impossible due

to the lack of detailed information on pretectal nuclei
among different vertebrates.

It is noteworthy, however, that the superficial pretectal
nucleus of gars—a nucleus that receives the heaviest ret-
inal input of all pretectal nuclei-—does not project to the
tectum. Similar results are reported in goldfish (Grover
and Sharma, ’81), where the topographically indicated
homologous nucleus is termed the lateral geniculate nu-
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Fig.7. Schematic midsagittal section through gar brain illustrating the relative position of nuclei whose cells (triangles)
are retrogradely labeled following HRP injections into the optic tectum.

cleus. This nucleus is clearly misnamed in teleosts, as it
does not project to either the tectum or the telencephalon.
Lesions of the so-called lateral geniculate nucleus, or in-
jections of tritiated proline—either of which would include
nucleus rotundus—result in efferent projections to the ip-
silateral valvula of the cerebellum and corpus mamillare
(Northcutt and Braford, unpublished observations).

Midbrain projections

In gars, unilateral injections of HRP into the optic tec-
tum result in large numbers of retrogradely labeled neu-
rons ipsilaterally in the torus longitudinalis and bilater-
ally in the torus semicircularis (Figs. 3, 7). However, such
injections label few neurons in the contralateral tectum
(Fig. 3). There are labeled large pyriform cells in the per-
iventricular gray zone, and an occasional fusiform cell in
the central zone, but both types of labeled cells are sur-
prisingly rare considering the extensive size of the tectal
injections. A large number of labeled fibers exit the medial
edge of the injection site in the tectum and cross the in-
tertectal commissure; however, most of these fibers do not
reach the lateral half of the contralateral tectum, and
many of the fibers that do reach this site then exit the
tectum and can be traced into the more ventrally situated
torus semicircularis. Thus it seems likely that many, per-
haps a majority, of these fibers are anterogradely labeled
fibers that are terminating in the contralateral tectum
and torus semicircularis. The origin of these fibers is un-
certain. Although many of them may arise from cells in
the injected tectum, they could also arise from the ipsi-
lateral torus semicircularis and/or rostral tegmental nu-
clei. Grover and Sharma (’81) reported similar labeling of
cells bilaterally in the torus semicircularis in goldfish and
stated that HRP injections into the torus semicircularis
label toral efferents that do pass through the intertectal
commissure to terminate in the contralateral torus sem-
icircularis. Clearly, data from other tracing methods
whose interpretation is not compounded by axons of pas-
sage are needed to provide a more accurate picture of toral
and tectal interconnections.

The rostral tegmental and accessory optic nuclei are the
only tegmental nuclei that appear to project to the optic
tectum in gars (Figs. 3B, 7). Both prajections are almost
totally ipsilateral, but occasionally well-filled cells were
seen in the contralateral rostral tegmental nucleus (Fig.
3B). These cells may project to the tectum, but, again, the

labeling could be due to fibers interrupted in passage
through the tectum. In goldfish, Grover and Sharma ('81)
reported a similarly labeled nucleus which they termed
the nucleus of the rostral mesencephalic tegmentum.
These mesencephalic nuclei in gars and goldfish also re-
ceive tectal input (Grover and Sharma, 79, Northcutt and
Butler, ’80). At present there are insufficient data to iden-
tify the homologues of these nuclei in other vertebrates.
Sheldon ('12) suggested that these nuclei were homologous
to nucleus ruber, but Grover and Sharma ('81) questioned
this homology on the basis of their failure to find cerebellar
efferents to their nucleus of the rostral mesencephalic teg-
mentum following HRP injections into the cerebellum.

A poorly defined cluster of neurons embedded among the
descending tectobulbar fibers in gars (Fig. 3C) is probably
the homologue of nucleus isthmi in other vertebrates. This
cell group receives tectal efferents (Northcutt and Butler,
’80) and retrogradely labeled cells are seen following tectal
injections. An isthmotectal projection was reported for a
similarly located nucleus in goldfish (nucleus isthmi,
Grover and Sharma, ’81); however, an earlier study failed
to report tectal projections to this nucleus (Grover and
Sharma, ’79).

Cerebellar projections

Although earlier claims of direct tectocerebellar path-
ways in fishes (Ariéns Kappers et al., ’36) have not been
experimentally substantiated (Karten and Finger, '76;
Finger, '78a,b; Grover and Sharma, ’79; Northcutt and
Butler, ’80), extensive pathways from the cerebellum to
the tectum do exist. Eurydendroid cells of the cerebellum
are retrogradely labeled following tectal injections in gars
(Figs. 4B, 7). Similar projections have been demonstrated
in catfish (Finger, *78a) and are also seen in gars following
injections of tritiated proline into the corpus of the cere-
bellum (unpublished observations). Crossed cerebellar
projections also occur to the ventromedial thalamic nu-
cleus (Braford and Northcutt, '81), many of whose cells
project to the optic tectum (Fig. 2B), as demonstrated in
this study. Ito and Kishida (78) were the first to report a
third cerebellotectal pathway in fishes. These workers
demonstrated that the valvula of the cerebellum projects
to the torus longitudinalis which, in turn, projects to the
optic tectum to form the bulk of its superficially located
marginal fiber layer. Similar toral projections to the tec-
tum are reported in goldfish (Grover and Sharma, ’81) and
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are demonstrated here in gars. Thus, although valvular
projections to the torus have not yet been demonstrated
in gars, projections of the torus to the tectum strongly
suggest that a similar pathway exists.

Brainstem projections

This study has revealed afferent projections to the tec-
tum from the following brainstem nuclei: ipsilaterally
from the inferior raphe; bilaterally from the locus coeru-
leus, superior, medial, and inferior reticular formations,
and the nucleus of the descending trigeminal tract; and
contralaterally from the medial octavolateralis nucleus
and the dorsal funicular nucleus. Grover and Sharma ('81)
reported retrogradely labeled neurons only in the ipsilat-
eral superior reticular formation following tectal injec-
tions of HRP in goldfish. However, they did not utilize
tetramethylbenzidine as a substrate in their HRP reac-
tions and noted that their subsequent experience with this
chromagen indicated its greater sensitivity.

In addition, several of the data reported here for gars
are also substantiated in other vertebrates. Knudsen ("77)
and Boord and Northcutt ("79) reported direct projections
to the tectum in catfish and skates, respectively, from the
medial octavolateralis nucleus following lesions of this
nucleus or injections of tritiated proline. Wallenberg ('07)
reported experimentally determined projections to the tec-
tum from the nucleus of the descending trigeminal tract
in sharks; Molenaar and Fizaan-Oostveen ('80) reported
similar projections in pythons. Other projections reported
in gars—tectal projections from locus coeruleus, inferior
raphe, medial and inferior reticular formations, and the
dorsal funicular nucleus—await further experimental
studies to establish the extent of their existence among
other vertebrates.
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