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Abstract Arterio-arterio and arterio-venous vasculatures in the gills of eel Anguilla japonica,
carp Cyprinus carpio, and yellowtail Seriola quinqueradiata were examined by resin-replica
method. Their ampullae and anastomotic capillaries of secondary lamellae exhibited species

differences in the structural features.

In the infusion of resin into the eel gills for 2, 5, and 10 min,

the replica of afferent companion vessels, central venous sinus, efferent companion vessel, and
afferent artery was produced, but that of the capillaries in secondary lamellae and efferent artery

was not recognizable.

Teleostean gills function as respiratory, excre-
tory, and osmoregulatory organs. The vascular
system in gills must be closely related to these
functions. Recent studies on the vascular sys-
tem of gills using the resin-replica method have
revealed that the teleostean gills have two principal
blood pathways, arterio-arterio and arterio-
venous vasculatures (Fromm, 1974; Boland and
Olson, 1979; Dunel and Laurent, 1980; Farrell,
1980a; Olson, 1981; Laurent, 1982). However,
the structural difference among various species in
the two vasculatures is still unknown. The pres-
ent study was performed to reveal the features
of the vascular system in some teleostean gills.

Materials and methods

Eight specimens of the eel Anguilla japonica
(body weight 140-200 g), 6 specimens of the carp
Cyprinus carpio (body weight 110-230 g), and 3
specimens of the yellowtail Seriola quinqueradiata
(body weight 970-1210g) were used in this
study. Each fish was anesthetized with ethyl
carbamate and placed ventral side up. The
aortic bulb was exposed and cannulated. The
gills were perfused via the aortic bulb with phys-
iological saline solution, which contained 0.125%;
sodium heparin and 1.59% ethyl carbamate, for
20-30 min. Methyl methacrylate resin was in-
fused directly into the gills of yellowtail and carp
until the resin grew rigid. In gills of the eel, the
resin was infused for 2, 5, and 10 min, and also
until the resin hardening. The resin was prepared
by the method of Murakami (1971). The perfu-

This finding suggests more abundant blood circulation in the arterio-
venous vasculature than in the arterio-arterio one.

sion pressures of the physiological saline and
resin were maintained at 30-40 mmHg. After
perfusion, the head was removed and immersed
in warm water (50-70°C) for 1 hr, promoting
polymerization of the resin, and was then placed
in 10-15% NaOH solution (50-60°C). After
the resin replica became free from the surrounding
tissues, it was rinsed by distilled water and al-
lowed to air dry. The dried replica was coated
with gold in an ion sputter (JEOL JFC-1100) and
observed with a JEOL JSM T-20 scanning elec-
tron microscope.

Results and discussion

Arterio-arterio vasculature. An afferent bran-
chial artery and an efferent branchial artery were
observed in a gill arch of all the fish examined.
In lateral view, the afferent branchial artery gave
off many afferent arteries of primary lamellae at
intervals. In dorsal view, the afferent branchial
artery was branched into two afferent arteries of
primary lamellae. The afferent artery had am-
pulla at a distance of one third from the base, as
reported in catfish, bowfin, and rainbow trout
(Fromm, 1974; Boland and Olson, 1979; Olson,
1981). The ampullae of the eel and carp were
well developed compared to that of the yellowtail
(Figs. 1, 2). Fromm (1974) suggested that the
ampulla serves as a branchial heart to pump the
blood into the afferent artery during the adduc-
tion of the primary lamella. The large ampulla
in the eel and carp is probably related to the well
developed branchial pump system in these fish.
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Fig. 1.

They are well developed. x 180.
Fig. 2. Ampulla (A) in the afferent artery of primary lamella of yellowtail Seriola quinqueradiata in dorsal
view. It is poorly developed in comparison with that of eel. % 108.
Fig. 3. Sinus-like vessel (arrow) joining neighboring afferent arteries (AA) of the primary lamellae of
carp Cyprinus carpio in lateral view. x36.
Fig. 4. Afferent arterioles (AO) of the primary lamella of carp in dorsal view. They diverge to connect

the capillaries (C) of secondary lamellae.
X 162.

Only in the carp, the afferent artery connected with
the neighboring arteries by a sinus-like vessel
(Fig. 3). The same finding was reported by
Hughes (1980). In transverse section, the two

AA exhibits the afferent artery of primary lamellae.

afferent arterioles branched from the afferent
artery of the primary lamella of all fishes ex-
amined. In dorsal view, the afferent arteriole
diverged to join to several capillaries of the
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Fig. 5. Capillaries of secondary lamella of yellowtail in transverse section. The most peripheral capil-
laries are larger in diameter than the other ones. X 360.

Fig. 6. Capillaries of secondary lamella of eel in transverse section. The anastomoses are well developed
compared to those of yellowtail. X 720.

Fig. 7. Efferent arterioles (EO) of the primary lamellae of yellowtail in dorsal view. They are scarcely
converged. EA and C indicate the efferent artery of primary lamellae and the capillary of secondary
lamellae, respectively. x162.

Fig. 8. Central venous sinus (CVS) and two afferent companion vessels (arrows) of the primary lamella of
eel in transverse section. AA and C show the afferent primary lamellae and the capillary of sec-
ondary lamellae, respectively. X 14.

secondary lamellae (Fig. 4). The capillaries of (Vogel et al., 1976; Boland and Olson, 1979;
the secondary lamella exhibited many anasto- Farrell, 1980b; Farrell er al., 1980; Olson, 1981).
moses, which have been observed in many species In the present study, the anastomosis was more
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Fig. 9. Efferent companion vessel (arrow) of primary lamella of eel in the lateral view.

x216.

Fig. 10. Vascular system made by the infusion of resin for 10 min.
perfectly formed, but the capillaries (arrows) of secondary lamellae are hardly produced.

Branchial vein (BV) of eel in the infusion of resin for 2 min.

The central venous sinus (CVS) connects the branch at the base (arrow).

artery (EA) and central venous sinus.

Fig. 11.
branches.

conspicuous in the eel and carp than in the yel-
lowtail (Figs. 5, 6). In all the species examined,
the capillaries in the most peripheral region were
larger in diameter than those in the other regions.
The capillaries of the secondary lamella con-
verged to an efferent arteriole. In dorsal view,

It joins the efferent

The central venous sinuses (CVS) are
X 54.

The branchial vein gave off many
X 54.

the most efferent arterioles join individually an
efferent artery of the primary lamella (Fig. 7).
The efferent arteries connected with an efferent
artery in the gill arch.

Arterio-venous vasculature. In a gill arch of
the eel, a branchial vein gave off many branches.
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The branch was separated into two afferent com-
panion vessels which ran parallel along the two
afferent arteries of different primary lamellae.
In transverse sections of the primary lamella,
therefore, the two afferent companion vessels
were observed near the afferent artery (Fig. 8).
The two afferent companion vessels connected
with a central venous sinus by their many branches.
The central venous sinus showed sinus-like struc-
ture and extended the whole length of primary
lamella, as seen in ling cod (Farrell, 1980a). In
Perca and Salmo, however, their central venous
sinuses are known to exhibit a compartment-like
structure (Dunel and Laurent, 1980). An effer-
ent companion vessel ran parallel along the ef-
ferent artery of the primary lamella and closed at
the both ends. The efferent companion vessel
anastomosed frequently with the efferent artery
and central venous sinus (Fig. 9). The infusions
of resin for 2, 5, and 10 min produced a replica
of afferent companion vessels, central venous
sinus, afferent artery, afferent arterioles, branchial
vein, and afferent branchial artery, but did not
form that of capillaries of the secondary lamellae,
efferent arterioles, efferent artery, efferent com-
panion vessel, and efferent branchial artery (Fig.
10). Laurent (1982) reported that the central
venous sinus communicated with the efferent
artery in many teleosts. Vogel er al. (1973)
described that the blood in central venous sinus
came from the efferent artery. In the eel, how-
ever, the communication between the efferent
artery and central venous sinus is lacking, or
even if it is present, the blood circulation through
it seems to be scarce, because the replica of efferent
artery was not made by the infusion of resin for
2, 5, and 10 min. From the replica of the in-
fusion for 2 min, it appears that the central venous
sinus of the eel joins directly to the branchial vein
at the base (Fig. 11). The connection between
the central sinus and branchial vein was also
reported in the European eel (Dunel and Laurent,
1980). In the eel, therefore, the blood in the
central venous sinus flows probably from the
afferent companion vessel and branchial vein. In
addition, the early formation of the central
venous sinus in the present observation suggests
more abundant blood circulation in the arterio-
venous vasculature than the arterio-arterio one,
at least, under the anesthetized condition of the
eel. In the carp and yellowtail, however, the

replica of arterio-venous blood vasculature was
scarcely formed, although the resin was infused
perfectly into the arterio-arterio blood vascula-
ture. Accordingly, these fish may not have a
developed arterio-venous blood vasculature.
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