Tsuneki: Circumventricular Organs of Osteoglossomorphs

Fig. 13. A sagittal section of the paraphysis (pa) and saccus dorsalis (sd) of Arapaima gigas. X 85.

Fig. 14. A transverse section of the paraphysis (pa) of Xenomystus nigri. ch, cerebral hemisphere. x110.

Fig. 15. A sagittal section of the paraphysis (pa) of Gymnarchus niloticus (24 cm in total length). This
represents a rostral component of the paraphysis and is located under the skull. X 280.

Fig. 16. A sagittal section of the epithalamic circumventricular organs of Takifugu niphobles. dcp,

diencephalic choroid plexus; h, habenula: p, pineal; pa, paraphysis.

parapineal as clearly identified as such (for in-
stance as seen in Anguilla) is not observed in these
species.

The paraphysis. The paraphysis is found in
Arapaima, Notopterus, Xenomystus, Gymnarchus,

X 110.

Leiognathus, Pagrus, Girella, Pseudolabrus, Para-
percis, and Takifugu (Table 1). It is absent in
Pantodon, Pungtungia, Zacco, Cobitis, Re-
pomucenus, Acanthogobius, and Leucopsarion.

In Arapaima, Notopterus, and Xenomystus, the
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paraphysis is relatively large and consists of many
saccules (Figs. 13, 14). Sastry and Sathyanesan
(1981) also noted the occurrence of the paraphysis
in Notopterus chitala. In Gymnarchus, the para-
physis consists of the rostral and caudal parts.
The caudal part is represented by ependymal
saccules on the membranous roof of the cerebral
ventricle. The rostral part is represented by
ependymal saccules extended far rostrodorsally,
under the rostral part of the skull (Fig. 15). Ina
small gymnarchus (18 cm), the paraphysis is in-

Table 1.

distinct, but in a large gymnarchus (54 cm) the
paraphysis is large and consists of many saccules.

In non-osteoglossomorphs, the paraphysis is
usually a small pouch which is evaginated from the
ependymal roof of the cerebral ventricle. It is
not conspicuously folded. In Takifugu, the para-
physis is a large dorsal evagination in front of
the diencephalic choroid plexus (Fig. 16).

Among the species studied in the previous paper
(Tsuneki, 1986), Lepisosteus and Amia (holosteans)
possess a well developed paraphysis, and Osteo-

The presence or absence of epithalamic ependymal structures in various teleost species®.

Paraphysis

Velum
transversum

Saccus

Diencephalic
dorsalis

choroid plexus

Osteoglossomorpha
Osteoglossum bicirrhosum*
Arapaima gigas
Pantodon buchholzi
Notopterus chitala
Xenomystus nigri
Gnathonemus petersi*
Gymnarchus niloticus

Elopomorpha
Anguilla japonica*

Clupeomorpha
Sardinella zunasi* —

Euteleostei

Salmoniformes

Hypomesus nipponensis* —
Cypriniformes

Pungtungia herzi -

Zacco temmincki -

Cobitis biwae —
Siluriformes

Silurus asotus* -
Cyprinodontiformes

Poecilia reticulata*
Perciformes

Leiognathus nuchalis

Pagrus major

Girella punctata

Pseudolabrus japonicus

Parapercis sexfasciata

Repomucenus richardsoni

Odontobutis obscura*

Acanthogobius flavimanus —

Leucopsarion petersi —
Tetraodontiformes

Takifugu niphobles +
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D The presence is indicated by + and the absence by —.

The diencephalic choroid plexus of Silurus and

Poecilia is not conspicuously folded and thus actually represents an intermediate between velum trans-

versum and choroid plexus.

* Species examined in a previous paper (Tsuneki, 1986).
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Fig. 17.
stalk. X 110.

Fig. 18.

Fig. 19.
the absence of the pineal.
X 85.

Fig. 20. A transverse section of the pineal (p) and saccus dorsalis (sd) of Pantodon buchholzi.
capillaries between the pineal and the saccus dorsalis.

Fig. 21.

sco, subcommissural organ; vt, velum transversum.

glossum, Gnathonemus, and Anguilla also have
the paraphysis. On the contrary, Sardinella,
Hypomesus, Silurus, Poecilia, and Odontobutis do
not possess the paraphysis. Therefore, it could
be suggested that the paraphysis is a primitive
character of teleosts. However, the present study

A transverse section of the saccus dorsalis (sd) of Xenomystus nigri.
A transverse section of the saccus dorsalis (sd) of Gymmnarchus niloticus.

A sagittal section of the epithalamic circumventricular organs of Gymmnarchus niloticus.
sco, subcommissural organ; sd, saccus dorsalis; vt, velum transversum.

A sagittal section of the epithalamic circumventricular organs of Arapaima gigas.
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% 280.

p, pineal;
X 85.

showed that the paraphysis occurs in several
perciform teleosts and a highly advanced teleost
(Takifugu). Thus, trend (3) (see Introduction,
the presence of the paraphysis is a primitive
character state of teleosts) cannot be verified,
although the large folded paraphysis consisting
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Fig. 22. Diagrammatic figures of epithalamic circumventricular organs in teleosts.

represents the subcommissural organ.

The hatched area

The stippled area above the subcommissural organ represents

the posterior commissure, and the stippled area rostral to the subcommissural organ represents

the habenular commissure.

Type V was figured according to the author’s own preparation of the

glass catfish. dcp, diencephalic choroid plexus; p, pineal; pa, paraphysis; sd, saccus dorsalis; vt,

velum transversum.

of many saccules may be a primitive character.

It has been occasionally noted that teleosts do
not possess the paraphysis (Leonhardt, 1980,
among others), but the occurrence of the para-
physis in teleosts has been actually described in
old as well as recent literature (Haller, 1922;
Holmgren, 1959; Sastry and Sathyanesan, 1981;
Ariéns Kappers, 1982; and others) although the
description in some literature may need confirma-
tion. There is apparently no clear-cut relation
between the presence of the paraphysis and the
evolutionary position or habitat of teleosts pos-
sessing the paraphysis, although teleosts belonging
to a certain group (e.g. Gobiidae) may consistently
lack the paraphysis.

The saccus dorsalis, velum transversum, and
diencephalic choroid plexus. The saccus dorsalis
is well developed in all species belonging to the
Osteoglossomorpha and Cypriniformes studied
(Figs. 13, 17-20, Table 1). The saccus dorsalis
is especially well folded and sacculated in
Gymnarchus (Figs. 18, 19). In most species, the
saccus dorsalis is intimately associated with the
pineal with intervening capillaries (Figs. 17, 20).

Among the investigated perciforms, the saccus
dorsalis is present in Leiognathus, Pagrus, Girella,
Pseudolabrus, and Parapercis, while it is absent
in Repomucenus, Acanthogobius, and Leucopsarion.

Takifugu does not possess the saccus dorsalis
(Table 1).

In all species that possess the saccus dorsalis,
the velum transversum is also developed (Figs.
19, 21, Table 1). This is reasonable, because the
caudal ependymal sheet of the velum transversum
is actually the rostral ependymal sheet of the
saccus dorsalis. In Repomucenus, Acanthogobius,
Leucopsarion, and Takifugu, the velum transversum
is absent but the diencephalic choroid plexus is
well developed instead (Fig. 16, Table 1).

As to the ependymal organization in the epi-
thalamus of teleosts, four or five types can be
distinguished. Type 1 is characterized by the
presence of the paraphysis, saccus dorsalis, and
velum transversum. This type is found in
Arapaima, Notopterus, Xenomystus, Gymnarchus,
Leiognathus, Pagrus, Girella, Pseudolabrus, and
Parapercis. Type 1l is characterized by the pres-
ence of the saccus dorsalis and velum transversum
and by the absence of the paraphysis. This type
is found in Pantodon, Pungtungia, Zacco, and
Cobitis. Type 111 is characterized by the presence
of the diencephalic choroid plexus and by the
absence of the paraphysis and saccus dorsalis.
This type is encountered in Repomucenus, Acan-
thogobius, and Leucopsarion. Type IV is char-
acterized by the presence of the paraphysis and
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Notopteridae Mormyridae

Gymnarchidae

Pantodontidae

Osteoglossidae
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Fig. 23.
ventricular organs.

\ loss of pineal and
saccus vasculosus

loss of paraphysis

loss of saccus vasculosus

degeneration of saccus vasculosus

Possible phylogenetic relationships of osteoglossomorphs as estimated by diencephalic circum-
This diagram represents just one of several possibilities.

The Osteoglossidae,

Pantodontidae, and Notopteridae are usually united as the Osteoglossiformes, and the Mormyridae
and Gymnarchidae are united as the Mormyriformes.

diencephalic choroid plexus and by the absence
of the saccus dorsalis. This type is observed only
in Takifugu. There may be one more type
{type V) in which no ependymal specializations
are detected in the epithalamus. Examples of
this type are some silurids such as Plorosus
anguillaris and Arius coelatus (Friedrich-Freksa,
1932). However, the absence of any ependymal
specializations in some silurids may be secondary,
because the weakly developed diencephalic choroid
plexus is found in Silurus asotus (Tsuneki, 1986).

The functional significance of the diversity in
the ependymal structures in the epithalamus of
teleosts is not clear, but trend (4) itself (see In-
troduction; the saccus dorsalis and velum trans-
versum are primitive characters in teleosts, while
the diencephalic choroid plexus is an advanced
character) may be verified. The diencephalic
choroid plexus was also described in various
advanced teleosts such as Amphipnous cuchia
(Amphipnoidae), Blennius adriaticus (Blenniidae),
Glossogobius giuris (Gobiidae), and Tetraodon sp.
(Tetraodontidae) (Friedrich-Freksa, 1932; Sastry
and Sathyanesan, 1981). In Fig. 22, possible
evolutionary patterns of the epithalamic circum-
ventricular organs of teleosts are diagrammatically
illustrated.

Phylogenetic relationships within the Osteoglos-
somorpha. Phylogenetic relationships of osteo-
glossomorphs as estimated by circumventricular
organs are depicted in Fig. 23. This represents
just one of several possibilities. The Hiodontidae

is not included, because no information is available
for circumventricular organs of hiodontids. The
Mormyridae is the largest family in the Osteoglos-
somorpha, but the information is available only
in Gnathonemus (Tsuneki, 1986). Circumven-
tricular organs of many species of the Mormyridae
should be investigated to make more reliable
diagrams.
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