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Fig. 4. A, Cross section of the whole body of Disceus thayeri
embryo of 20 mm disk width. IN: intestine, N: neural
tube. x10; B, Enlarged view of the intestine of Fig.
4A. Note, no yolk-like substances are observed in the
epithelial cells. x200; C, Histology of the second block
tissue in Fig. 2B. Some luminal spaces (Is) were seen
between the intestinal spiral folds. x50. D. thayeri
embryo of 123 mm disk width; D, Enlarged view of
Fig. 4C. Note, the large numbers of yolk-like substances
(arrows) in the epithelial cell. x200; E, Histology of
the fourth block tissue in Fig. 2B. The intestine was
filled with numerous cells similar to parenchymatous
organ. x20. D. thayeri embryo of 123 mm disk width;
F, Enlarged view of Fig. 4E. Each of the epithelial cells
was filled with yolk granules (arrows). x100.

5A and C) and a large number of yolk-like substances (arrows)
that appeared to be stored in each of the intestinal epithelial cells

(Fig. 5B and D).

Discussion

It is clear and natural that the smaller embryos have larger yolk
sacs, and the larger embryos have smaller ones, indicating that
the yolk has been used as nutrients through embryonic
development (Tablel). The surprising phenomenon uncovered in
this investigation was the very presence of an enormous amount
of yolk (or yolk derived/originated substances) in the intestinal
epithelial cells in the later stage of embryos (Tablel). Most of
the intestine, especially posterior parts, was quite solid, similar
macroscopically to that found in parenchymatous organ such as
the liver. It is not clear whether or not the chemical composition
of intraepithelial yolk (or yolk derived/originated substances) is
exactly identical to yolk in the yolk sac, because the occurrence

of intracellular chemical modification cannot be ruled out.
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Fig.5. A, Histology of the fourth block tissue in Fig. 3E. The
intestine was filled with numerous cells similar to
parenchymatous organ. x20. Potamotrygon magdalenae
embryo of 65 mm disk width; B, Enlarged view of Fig.
SA. Note, each of epithelial cells was fully filled with
yolk-like substances (arrows). x200; C, Histology of
the posterior portion of the intestine. The intestine was
filled with numerous cells similar to parenchymatous
organ. x20. P. motoro embryo of 80 mm disk width; D,
Enlarged view of Fig. 5C. Note, yolk granules (arrows)
filled in the epithelial cells. x200.

Therefore, here we describe the accumulated intraepithelial

substances as “yolk-like substances” .

Among elasmobranchs, embryos of non-placental species have
been reported to be nourished mainly by yolk in the yolk sac®®.
Yolk absorption in elasmobranch embryos may be accomplished
by endodermal epithelial cells of the yolk sac during the early
stage of embryonic development and by intestinal epithelial cells
during the late stage of embryonic development™®. Thus, it is
reasonable to believe that the intestine of elasmobranchs plays a
certain role in yolk absorption. However, the discovery of
accumulated yolk (or yolk derived substances) in the intestine in
this study, expands the functional concept of the intestine. It
strongly suggests that the intestine of freshwater stingray is not
only absorbing the yolk, but also storing the yolk. We speculate
that the biological significance of yolk being stored in the
intestine might be as a nutritional source after birth (Fig. 6),
providing a possible adaptation to threatening environmental
conditions in the evolution of this group of animals.

Since some of the freshwater stingrays were listed as one of the
IUCN Red List of Threatened Species” ", further investigations

of the ecology and reproductive biology of the freshwater

stingray may be important for the conservation of these species.
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