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Fig. 23. Liver of 60 mm-long ammocoetes caught in January. Note bile ducts on the right. Dark cells are

mainly erythrocytes. % 280.

Fig. 24. Liver of immature adult (male) caught in January. x280.
Fig. 25. Kidney of 83 mm-long ammocoetes caught in June. Note hematopoietic activity in intertubular
tissue. g, glomerulus; iw, intestinal wall; n, neck segment; t, urinary tubule. X 280.

Fi

(t). x280.

The epithelial cells of the intestine were occasion-
ally ciliated, not only in ammocoetes, but also in
adults.

The typhlosole is a hematopoietic organ in
ammocoetes (Fig. 18) and may be regarded as
the primitive spleen. The hematopoietic stem
cells aggregated in a dense mass especially at the
region distal to the typhlosolar artery. The
hematopoietic activity as judged from density of
stem cells did not show distinct seasonal changes.
For detailed descriptions of the typhlosole,

g. 26. Kidney of stage 5 lamprey caught in October.

Note degeneration of glomerulus (g) and tubules

Tanaka et al. (1981) and Fujii (1982) may be
referred to.

During metamorphosis, especially after stage
3, the muscle layer of the intestine became disinte-
grated, the intestinal epithelium was folded, and
hematopoietic activity in the typhlcsole drasti-
cally decreased (Fig. 19). The diameter of the
intestine also decreased. The epithelial infold-
ing was still prominent in immature adults caught
in November (Fig. 20), but was inconspicuous
in adults caught in later seasons (Fig. 21).
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Fig. 27. Fat column of 60 mm-long ammocoetes caught in February. Note “foamy cells” init. Two sides
of the fat column triangle are surrounded by parietal muscles. < 140.
Fig. 28. Fat column of 82 mm-long ammocoetes caught in May. Slight hematopoietic activity is seen

among adipose tissue. sc, spinal cord. X 70.

Fig. 29. Fat column of 95 mm-long ammocoetes caught in June. Note the absence of hematopoietic

activity. X 70.

Fig. 30. Fat column of immature adult caught in November. Hematopoietic activity is prominent among

adipose tissue. X% 70.

Although the gut contents of winter am-
mocoetes mainly consisted of detritus, those of
spring and summer ammocoetes contained many
diatoms such as Navicula, Gomphonema, Cym-
bella, and Cocconeis (Fig. 22).

Liver. The liver of ammocoetes was a tubular
gland (Fig. 23). Smaller bile ducts gradually
drained into larger bile ducts and finally into the

hepatic duct. The change from tubular gland to
the structure typical of adult vertebrates oc-
curred between stages 2 and 3. The hepatic
cells of individuals older than stage 4 contained
brown granules. Such granules were especially
abundant in livers of some male animals. These
granules might be related to degradation of bile.
Melanophores were occasionally found in some
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adult livers, but not in others (Fig. 24). The
relative length of the liver (liver length x 100/TL)
was significantly longer in females (8.0+0.4,
n=9) than males (4.44-0.4, n=5) (P<0.01).

Kidney. The kidney was a bilateral structure.
It was located lateral to the gonad, and each
renal lobe flanked the intestine. In each renal
lobe, the dorsal part was occupied by adipose
tissue, and the ventral part by urinary tubules.
The ureter (mesonephric duct or opisthone-
phric duct) occupied the ventral tip of the lobe,
and the glomerulus occupied the ventro-medial
aspect (Fig. 25). The adipose tissue became
larger as the ammocoetes grew. The inter-
tubular space was occupied by hematopoietic
tissue in ammocoetes. The density of hemato-
poietic stem cells was variable, apparently with-
out relation to the season or the size of ammoco-
etes. As an exception, some small ammocoetes
caught in January contained only a few stem
cells in the kidney.

Degeneration of the larval kidney at the mid-
trunk region started about stage 2 or 3 of me-
tamorphosis, although incipient degeneration
was noticed even in some large ammocoetes.
In stage 4 and 5 individuals, degenerative pro-
cesses were evident (Fig. 26). The number of
tubules decreased, the tubular epithelium be-
came flat, brown granules appeared in the cyto-
plasm of tubule cells, some tubules were sur-
rounded by a prominent thick basement mem-
brane, and urine cast was found in the tubule
lumen. The glomeruli also degenerated, showing
abnormally dilated Bowman’s capsules. Al-
though the larval kidney degenerated, inter-
tubular space was occupied by hematopoietic
stem cells even in adults caught in February.

Fat column. In some ammocoetes smaller
than 60 mm in TL, the fat column consisted of
“foamy cells” enmeshed in a fibrous network
(Fig. 27). These cells were characterized by a
round nucleus and abundant cytoplasm of den-
sely flocculent appearance. They might be im-
mature adipose cells. In the other small am-
mocoetes and larger ammocoetes, the fat column
consisted mainly of adipose tissue (Figs. 28, 29).
Hematopoietic stem cells were rare, but were
found in small numbers in some ammocoetes
caught in late spring and summer (Fig. 28).
After stage 3 of metamorphosis, abundant stem
cells were observed in the fat column (Fig. 30).

Eye. Although the eye was not visible ex-
ternally, it was formed subcutaneously in all
ammocoetes studied. In the 36 mm-long am-
mocoetes, the pigment layer of the retina (stratum
pigmenti retinae) was already distinct on the
dorsal side (Fig. 31). A thin epithelium directly
covered the outer surface of the lens. The lens
lumen was indistinct. The vitreous body was
very small. From 45 mm- to 64 mm-long am-
mocoetes, no fundamental changes occurred,
although photoreceptor processes (rods and
cones) became distinct. In 70 mm-long am-
mocoetes, stratification of the retina into inner
and outer granular layers proceeded further.
In 82 mm-long ammocoetes, the vitreous body
became larger. In 98 mm-long ammocoetes,
the epithelium covering the lens (corneal endo-
thelium) became very flat. In 119 mm-long
ammocoetes, the outer (distal) zone of the lens
was occupied by cells arranged in a monolayer.
At this stage, crystalline structure was first
observed in the lens (Fig. 32). The retina could
be subdivided topographically into three re-
gions: perilenticular, intermediate and central
regions. The photoreceptive processes were
found only in the central region close to the optic
nerve. The inner plexiform layer was prominent
in the central region. However. the boundary
of these three regions was not distinct. The
clearly tripartite retina shown in Fig. 32 may
be partly due to artifact. In 125 mm-long
ammocoetes, the anterior chamber space was
evident. In 146 mm-long ammocoetes, the in-
ner plexiform layer was prominent also in the
intermediate region of the retina. In 138, 146
and 152 mm-long ammocoetes, photoreceptive
processes were seen in the intermediate region in
addition to the central region, although they were
poorly differentiated in the former. In 179 mm-
long ammocoetes, the corneal endothelium be-
came indistinct (Fig. 33).

At stage 2 of metamorphosis, the pigments
were distributed all over the entire pigment layer
of the retina, although the amount was much
smaller in the ventral side of the eyeball. 1In the
retina proper, the inner plexiform layer was well
developed. The anterior chamber became larger.
At stage 3, the dermis (corneal stroma) was
thinner and looser (about 40 xm as compared
with about 60 1m at stage 2 and about 100 um in
large ammocoetes). The epidermis (corneal
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Figs. 31-34. Eyes. Left side is dorsal. The space between retina proper (r) and pigment layer of retina
(p) is artifact. Note a gradual decrease of magnification from Fig. 31 to 34. e, epidermis; d, dermis;
i, iris; 1, lens; on, optic nerve; v, vitreous body.

Fig. 31. 36 mm-long ammocoetes caught in August. X 370.

Fig. 32. 119 mm-long ammocoetes caught in January. X [40.

Fig. 33. 179 mm-long ammocoetes caught in May. x95.

Fig. 34. Immature adult caught in November. X 70.
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epithelium) also became gradually thinner (about
50 um as compared with about 75 um at stage
2 and about 100 ym in large ammocoetes). In
metamorphosing individuals, photoreceptive
processes were developed all around the retina,
but those located peripherally (perilentic region)
were short. In adults, the thickness of the cor-
neal epithelium was about 50 um, and that of the
corneal stroma was about 20 yum. The corneal
stroma was dense again in adults. In adults, the
corneal epithelium contained very few special-
ized epidermal cells such as thread cells and
granular cells (Fig. 34), which were abundant in
the epidermis of the other regions.

Discussion

The observation that in all ammocoetes the
gonad is first an ovary-like structure is in ac-
cordance with the situation in the European
brook lamprey, Lampetra planeri (Hardisty,
1965, 1971, 1979). The testis appeared to ori-
ginate from undifferentiated germ cells surviving
among a large number of growing oocytes (large
cells in meiotic prophase) which ultimately de-
generate. This is also a finding made in L.
planeri (Hardisty, 1979). In L. reissneri, female
ammocoetes larger than 120 mm in TL possessed
a definite ovary, but male ammocoetes of com-
parable sizes possessed a very small testis. The
observation that the ovary differentiates earlier
than the testis was also made in the parasitic L.
japonica (Fukayama and Takahashi, 1982).
The development both of the testis and the ovary
was very rapid during metamorphosis. This is
easily understood, because the brook lamprey
spawns only a few months after the completion
of metamorphosis.

The histological organization of the am-
mocoetes intestine is unique among vertebrates.
It lacks a distinct lamina propria mucosae. More-
over, the inner muscular layer is composed of
longitudinal fibers, and the outer layer of circular
fibers. The orientation of muscle fibers is just
the opposite to the situation in the muscular
layer of other vertebrate intestines. However,
it may be possible to assign the inner longitudi-
nal muscles to lamina muscularis mucosae.
In any case, the intestinal wall does not possess
only lamina propria mucosae, but also tela sub-
mucosa. Nutrients absorbed might be delivered
to capillaries located among muscle fibers.

The degeneration of the intestine in metamor-
phosing and adult animals is obviously related
to the cessation of feeding.

In L. reissneri, the adult liver of males and
females was different both in size and in the
amount of brown granules present. Since the
liver is generally considered to be a site of vitel-
logenesis in lower vertebrates, and estrogen
stimulation on liver vitellogenesis has been de-
monstrated in L. fluviatilis (Pickering, 1976),
the larger liver in female lampreys may be related
to active vitellogenesis. Sexual difference of the
liver was noted also in spawning sea lamprey
(Kott, 1970).

The main hematopoietic organs of the lamprey
are typhlosole, kidney, and fat column. In
ammocoetes of L. reissneri, the main hemato-
poietic sites were the typhlosole and the inter-
tubular tissue of the kidney. In metamorphosing
and adult animals, the fat column was the main
site. The typhlosolar contribution was very
small in metamorphosing animals, and negligible
in adults, as judged from density of stem cells.
These schemes are concordant with the observa-
tions made in P. marinus (George and Beamish,
1974), and L. planeri and L. fluviatilis (Percy and
Potter, 1977). 1In L. reissneri, however, the larval
fat column was not always necessarily non-
hematopoietic. In some ammocoetes caught in
late spring and summer, a weak hematopoietic
activity was apparent in the fat column. Ano-
ther discrepancy is a renal contribution to hema-
topoiesis in adults. In L. planeri, the kidney
does not contribute to adult hematopoiesis
(Percy and Potter, 1977). In L. reissneri,
however, a renal contribution as judged from
density of stem cells was apparent, at least in
those adults caught in December and February.

The observation that retinal differentiation
started around the optic nerve was also made in
P. marinus (Dickson and Graves, 1981). The
retina was rather well differentiated in large am-
mocoetes in which the eye was not yet externally
visible. However, the biological significance of
the larval eye may be negligible, since the am-
mocoetes is totally a burrowing animal. Har-
disty (1979) considered that the larval stage is a
secondary introduction to the lamprey life cycle.
If so, the eye once formed might be somehow
arrested in its further development until the onset
of metamorphosis.
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