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Spore morphology of Ceratopteris thalictroides *

Norio SAHASHI**

It is well known that Ceratopteris thalictroides (L.) Brongn. is an aquatic or subaquatic fern and has large
homospores with beatufiful striate patterns reminiscent of the ornamentation of Anemia spores.

Past studies of Ceratopteris spores have been limited in scope, dealing with the spore wall structure.
Concerning the perine of Ceratopteris spores, Erdtman (1957), Lugardon (1974) and other several authors
recognized thin perine on the surface of the mature spores. However, tetrahedral, trilete spores usually
have thin perine which can not observe easily under the light microscope. Recently, Mitui (1978) found
the usuful and the simple techniques for the identification of the perine.

The present study deals with the spore morphology of Ceratopteris thalictroides and its ontogenetical

observations under the light and the scanning electron microscopes (SEM).
Materials and Methods

The spores of twelve materials were observed in this study. Most materials were collected in the
herbaria of the institution of Department of Botany, the National Science Museum, Tokyo (TNS). They
are as follows: 1). Niigata Pref. : T. Suzuki, Oct. 1958 (TNS). 2). Tochigi Pref.: S. Ogawa, Sept. 1964
(TNS). 3). Ibaragi Pref. : T. Kuramoto, Nov; 1970 (TNS). 4). Chiba Pref. : N. Sahashi, Nov. 1975 (TOHO)*.
5). Kanagawa Pref. : H. Kazami, Oct. 1970 (TNS). 6). Shizuoka Pref. : M. Watanabe, Oct. 1966 (TNS). 7).
Mie Pref. : A. Nakajima, Dec. 1975 (TNS). 8). Kyoto Pref. : M. Tagawa, Nov. 1955 (TNS). 9). Tottori
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This fresh plants were used for the ontogenetical study.
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Pref. : A. Tanaka, Oct. 1945 (TNS). 10). Fukuoka Pref. : T. Osada, Oct. 1947 (TNS). 11). Saga Pref. : A.
Baba, Nov. 1974 (TNS) and 12). Okinawa Pref. : N. Sahashi, Mar. 1973 (TOHO).

For the scanning electron microscopy, both unacetolyzed spores and acetolyzed ones were spattered with
gold. For the light microscopy, spores were mounted with glycerin-jelly after Ikuse's method (1956). The
preparation for the section was made by Dr. K. Mitui, Nippon Dental University, Niigata, for the present

study. The section method follows Mitui (1978).
Observations and Discussion

Spores of Ceratopleris thalictroides are tetrahedral, trilete, only rarely transitional forms to monolete
ones. The outline in polar view is nearly round or rounded triangular (Figs. 1, 3, 5). In equatorial view,
they show two different patterns projecting from the surface (Fig. 2, 4, 6). The proximal side is nearly
flat to convex, and the distal side 1s hemispherical to subconical. Fifty randomly selected spores were
measured in each material, and polar diameter X equatorial diameter was found to average 86X 97 ,m, with
a range of 65-125X75-140 ,m. After the acetolysis, the average size was 118X 130 ,m, showing that a
large swelling had resulted from the treatment.

They say that the mature spores of Ceratopteris has by far some of the largest spores among homospo-
rous ferns. However, Ceratopteris spores are variable in size (Nayar et al, 1964 ; Hires, 1965 ; Erdtman &
Sorsa, 1971 ; Sohma, 1973). Perhaps this may be derived from the successively maturation of sporangia in
the same fronds.

The laesura usually known as the triradiate streak is conspicuously projected, as is also the external
sculpture of the exine, about 6-8 ,m high, 3-5 4m wide, and 25-40 nm long (Figs. 1, 3, 5, 7). Freshly
collected spores are pale yellow, translusent, and in the herbarium materials are almost tan in color. The
exine including perine is about 4 xm thick excluding projections, and is conspicuously striate in the transi-
tional zone between the distal and the proximal face (Figs. 4, 6). Slightly undulated parallel ridges are
running along the spore surface all around, except in the contact area, and are occasionally fused the ends
of laesura arms (Figs. 1, 2, 5). These ridges are about 3-5 ;m high and almost as wide as the base. Very
often, the ridges show dichotomous-like branching (Figs. 1, 2). The valleys (grooves) between the parallel
ridges were 6-9 ;m wide on the distal face. So that the valleys are about twice as wide as the ridges.
But several previous papers (Tardieu-Blot, 1966 ; Welman, 1970 ; Erdtman & Sorsa, 1971) showed that the
valleys are about equal in breadth or narrower than the ridges. From these results and the present
observations, the ornamentation is termed rivulate also can be used for striate (Kawasaki, 1973).

The unique filamentous projections or lanate ones can be seen all over the surface of the spores (Figs. 7,
11, 12). After acetolysis, the surface of both laesurae and ridges were cracked and peeled off partially or
entirely stripped off all over the surface, and almost smooth exine is visible (Figs. 8, 9). This external
membrane should be equal to the perine as pointed out by Erdtman (1957) and Lugardon (1974).

Spore material of No. 11) showed somewhat immature by the light microscopic observation. One of
these unacetolyzed spores under the SEM can not observe well developed filamentous projections as

shown in Fig. 11, but very faint sculptures are recognized on the surface (Fig.9).
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The early developmental stage of tetrad is covered with somewhat thick granular-like layer under the
light microscope (Fig. 13, arrow). While in sections, tetrad is surrounded with thick, laminate layer which
is stained in dark blue by giemsa solution (Fig. 19, arrow). In the SEM observations, comparable stages as
in Figs. 13 and 19 are shown in Figs. 14 and 20. The outer thick layer is closely attached mainly on the
distal side (Figs. 14, 20, arrows). In sections, in the more growing younger sori, the tapetal deposition is
clearly deposited on the young spore surface (Fig. 21. arrow). Comparative stages as in Fig. 21, the fairly
hyaline layer adheres on the spore surface in the optical views of the light microscope (Fig. 15, 17, arrows).
In the SEM observations, almost samely stages as in Figs. 15 and 17, the immature spores are covered
with semitransparent layer, but this layer cracks and is worn off in places (Figs. 16, 18, 22, arrows).

In sections, the more advanced younger spores can be also observed somewhat hyaline, laminate layeron
the ridges or on the valleys of the spore surface (Fig. 23, arrow). In the SEM, almost on the same stage
as in Fig. 23, the outer layer is fairly cracked and detached here and there from the surface (Fig. 24,
arrow). Furthermore, being advanced spores in the SEM observations, the abraded outer layer is almost
detached from the surface, and both on the ridges and valleys are seen to be nearly smooth or faintly
granular as seen in the proximal face (Figs. 25, 26). And just before mature spores, they have somewhat
faintly filamentous projections on valleys in the distal face or on the contact area in the proximal face.
This stage reminds the surface pattern as in Fig. 9. Very often some remains of the abraded outer layer is
deposited on the surface of the filamentous projecting layer (Figs. 27, 28). Finally, the faintly filamentous
projections or lanate ones are developed into unique filamentous projections as shown in the distal and
proximal face of the mature spores (Figs. 29, 30).

Within the author’s knowledge, the ontogenetical studies have not been employed on the Ceratopleris
spores by the SEM. R. Tryon and A. Tryon (1973) investigated the outer spore layer which was regarded
as perine originated from tapetal deposition by the SEM. Furthermore, they clarified the outer perine
layer and inner echinate perine layer in the spore of Pellaca ternifolia var. wrightiana. The similar results
have been obtained in the spores of Adiantum pedatum by Mitui (1978).

From these results and the present study, it is concluded that the outer layer of the immature spores of
Ceralopteris thalictroides should be equal to the outer perine layer and the filamentous or lanate layer
enveloping the mature spores should be equal to the inner perine layer which clarified by R. Tryon and A.
Tryon (1973).

[ would like to thank Emeritus Prof. K. Hisauchi, Prof. M. Ikuse, Toko University, and Dr. K. Mitui,
Nippon Dental University, Niigata, for their helpful advice. [ would also like to thank Dr. T. Nakaike,
National Science Museum, Tokyo, for providing spore materials, and Mr. J. R. Horrocks, a member of Los

Angeles International Fern Society, for reading the manuscript.
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Explanation of Figures 1-12

Figs. 1-12. Scanning electron micrographs of mature spores of Ceratopteris thalictroides.

Figs. 1-2. Material No. 12). (Okinawa Pref.) ; Fig. 1. Polar view, proximal face showing laesurae.
Fig. 2. Side view showing vertical ridges. Figs. 3-4. Material No. 8). (Kyoto Pref.) ; Fig. 3. Polar
view, proximal face. Fig. 4. Side view showing horizontal ridges. Figs. 5-6. Material No. 3).

(Ibaragi Pref.) ; Fig. 5. Polar view, proximal face. Fig. 6. Side view. Figs. 7-8. Material No. 8).

(Kyoto Pref.) ; Fig. 7. Unacetolyzed spore surface, a part of proximal face showing filamentous
projections. Fig. 8. Acetolyzed spore surface showing cracked and peeled off perine. Figs. 9-10.
Material No. 11). (Saga Pref.) ; Fig. 9. Unacetolyzed spore surface showing a little immature
perine. Fig. 10. Acetolyzed spore surface showing the surface of the exine. Fig. 11. Material No.
12). (Okinawa Pref.), unacetolyzed surface, a part of distal face. Fig. 12. Material No. 3). (Ibaragi

Pref.), unacetolyzed spore surface, a part of distal face.
Explanation of Figures 13-24

Figs. 13-24. Immature spore surface of C. thalictroides by the light and the scanning electron microscopes.
Figs. 13, 15 and 17. Optical views by the light microscope. Fig. 13. Early developmental tetrad
stage showing thick granular-like layer (arrow). Figs. 15 and 17. Young spores just after divided
from the tetrad showing fairly hyaline layer (arrow). Figs. 14, 16 and 18. Scanning electron
micrographs of young spores soon after divided from the tetrad. Fig. 14. Thick outer layer is
deposited on the distal side (arrow). Fig. 16. Proximal face showing semitransparent outer layer
(arrow). Fig. 18. Distal face showing semitransparent outer layer (arrow). Figs. 19, 21 and 23.
Sections of immature spores by the light microscope. Fig. 19. Tetrad is surrounded with thick
laminate layer (arrow). Fig. 21. Tapetal deposition is clearly deposited on the young spore surface
(arrow). Fig. 23. Somewhat thick and hyaline layer is closely adhered mainly on the valleys
(arrow). Figs. 20, 22 and 24. The feature of the outer layer by the SEM observations. Fig. 20.
Young spores just after divided from the tetrad showing thick outer layer mainly on the distal
side (arrow). Fig. 22. Thick and semitransparent outer laver is cracked and detached here and
there (arrow). Fig. 24. A part of distal face, outer layer is fairly cracked and peeled off at random

(arrow).
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Explanation of Figures 25-30

Figs. 25-30. Scanning electron micrographs of the process of formation of the unique filamentous projec-
tions from the surface of the perine.
Figs. 25-26. The surface of the fairly advanced immature spores. Fig. 25. A part of distal face
showing smooth perine surface, the abraded outer layer is almost detached on this stage. Fig. 26.
A part of proximal face, contact area showing nearly smooth perine surface with laesurae. Figs.
27-28. Just before mature spore surface. Fig. 27. A part of distal face showing faintly filamentous
projections and some remains of the abraded outer layer. Fig.28. A part of proximal face, contact
area showing faintly filamentous projections and some remains of adhered outer layer. Figs.
29-30. A part of mature spore surface. Fig. 29. A part of distal face showing thick filamentous

projections. Fig. 30. A part of contact area showing thick filamentous projections.
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