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ABSTRACT

The spore morphology of 14 species and 9 varieties of Osmund- 

aceae ferns has been analysed to determine which morphologic characters 
are constant and which are variable. The length of the rays of the 

Y-mark, exine thickness, spore diameter, and the ornamentation were 

studied in detail. On the basis of 1337 measurements it has been deter
mined that the length of the rays of the Y-mark may range from 1/2 to 
1/1 the radius of the spore. The thickness of the exine overlaps, be
tween genera and.species such that this character can not be used as a 

taxonomic indicator; Analysis of 2960 diameter measurements indicates 
that diameter is variable within and between species.

On the basis of ornamentation it is possible to divide Osmund- 

aceae spores into four morphologic categories: Osmunda cinnamonea-type, 

0. claytoniana-type, 0. regalis-type, and 0. bulbosa-type.

0. cinnamonea-type spores compare with the fossil organ-genus 
Baculatisporites, Ou regalis-type with Rugulatisporites, jO. claytoniana- 

type with Osmundacidites. Osmunda bulbosa-type spores are not known, to 

the author to have been described from the fossil record.

It is suggested that Todisporites found within the sporangia 

of Todites may be morphologically immature specimens, and dispersed 

Todisporites-like spores may not have osmundaceous affinities.

vii



INTRODUCTION

Assemblages of fossil spores and pollen grains are more than 
seemingly endless geometric varieties of microscopic bodies. Rather, 
each fossil records what was once a propagation dissemule within the 

life cycle of its parent plant. Since a spore or pollen grain, once 

dispersed by its parent plant has no means of identification other 
than its own characteristic external morphology, classification must 

be based on this morphology. Before the geographic and chronologic 

distribution of fossil sporae dispersae can be determined and applied 
to stratigraphic problems each morphologic type must be classified.

In compliance with the rules of the International Botanical 

Congress, fossilized spores are placed in organ-genera and organ- 

species. If haphazardly erected, such a system may represent little 

more than "morphologic pigeon holes" and be of little stratigraphic 
value. However, as pointed out by Krumbein and gloss (1963), "...the 

closer the approach between a morphologic species and a true bio

species, the greater is the usefulness of the species to the strati- 
grapher in terms of chronologic and ecologic interpretation."

A stratigraphic palynologist is confronted with two basic 

problems in attempting to construct organ-genera and organ-species 

as closely as possible to true biospecies.
First, do sporae dispersae of identical morphology represent 

dissemules of a single interbreeding population--a natural species?
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It is reasonable to assume that morphologically identical specimens 
macerated from a single rock sample represent a single, or closely 
related natural species. Less certain are natural affinities, based 
on morphology, between contemporaneous but geographically isolated 

samples. Even more difficult to evaluate is the botanic relationship 
of fossil spores between chronologically isolated assemblages.

Second, do sporae dlspersae of slightly different morphology 

(size, length of Y-mark, character of ornamentation) represent differ
ent taxa or only the morphologic variation within the taxa? Char

acters which constitute genetic affinity have been termed emphytic by 
Wodehouse (1935). Morphologic characters which are due to a spore’s 

contact and other relationships with its neighbors within the sporan

gium during growth were refered to as. haptotypic characters by Wode
house (1935). It is difficult to verify whether morphologic variation 

between fossil assemblages is due to emphytic differences or only 

haptotypic variation. Variability is the tendency of one individual 

to differ from others in the same population (Burma, 1948).
However, "Investigations of morphologic characteristics of 

living biospecies by statistical methods have shown that these meth
ods are applicable to fossil morphologic species and remove much of 

the subjective interpretation from the definition of such species" 

(Krumbein and gloss, 1963). This thesis is a study of the morpholog

ical behavior of extant Osmundaceae spores.
The Osmundaceae were chosen for several reasons: the family 

is geologically old (Permian to present), cosmopolitan in modern dis



tribution, contain a relatively small number of natural species 
(approximately 24), and a large sample size was available (179 
preparations containing an estimated 90,000 spores)♦



OBJECTIVE OF STUDY

The principle objective of this study was to separate the 
spores of the extant Osmundaceae into distinct morphologic groups 

which approach, as nearly as possible, natural taxonomic units.

To resolve the principle objective it was first necessary 

to determine which morphologic characters of osmundaceous spores are 

constant and which are variable. It was also necessary to determine 
the frequency of qualitative (presence or absence) characters and the 

mean and standard deviations of quantitative characters.

A second objective was to compare the modern Osmundaceae 

spore morphology categories to established fossil organ-genera of 

inferred osmundaceous affinities.
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METHOD OF STUDY

The spores used in this study were procurred from the herb
aria of the University of Arizona, Pennsylvania State University, the 

University of Michigan, the San Diego Society of Natural History, the 

Sunoco Oil Company, and the Smithsonian Institute (The National Herb

arium) . One sample was obtained from the exchange center of the Amer

ican Fern Society at Fernwood, Michigan, All samples were collected 

by either Dr. G. 0. W. Kremp, Mr. Jack L. Ablauf, or myself.
The samples were collected in the following manner. A pinnule 

was removed from the herbarium sheet with the aid of a dissecting 

needle and a pair of tweezers and then sealed in a suitable manila 

envelope. The herbarium number, plant name, and original place and 

date of collection were recorded directly, on the envelope. In addition, 
each sample was assigned a University of Arizona, Geochronology Lab

oratories Modern Spore and Pollen Reference Collection Number.

The acetolysis procedure of Erdtman (1943) was utilized to pre
pare the specimens for study with the exception that a 5 percent NaOH 

solution was substituted for Erdtman"s 10 percent KOH solution. The 

spores were mounted in glycerine jelly. They are deposited perman

ently in the Geochronology Laboratories, University of Arizona, Tucson.

All observations and measurements were made with a Leitz Ortho

lux microscope. A 40 power. A.- 0.65 objective and 10 power paired 

oculars were utilized for the majority of spore diameter measurements;
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all other measurements were taken under oil with a 100 power, A.= 1,32 

objactive.
Appendix I lists each sample by species, Geochronology Lab

oratories reference number, source herbarium, source herbarium number, 

and the location of the plant collection site.



TAXONOMY OF THE OSMIMDACEAE

Pichi-Sermoli (1959) assigns subclass rank to the osmunda- 
ceous ferns, the Osmundidae, which contains one extant family, the 

Osmundaceae.

The following criteria are given by Pichi-Sermoli (1959) as 

characteristic of the Osmundaceae, setting these ferns apart from 

others.
The leaves have a winged base with expansions covered with 

glandular hairs. The stem is massive, complex, and formed by 
a small stele, surrounded by a thick dark-coloured cortex of 
sclerenchyma, and by persistent leaf bases showing the char
acteristic G-shaped bundles in cross section. The development 
of the sporangium is inconsistant: it may originate from a 
single cell, or from several, the initials being either con
ical or cubical. The sporangia are non-soral, exindusiate, 
large, globose or pyriform, and without a true annulus, but; 
with a mere cluster of thick-walled cells near the distal end. 
They dehisce by a longitudinal slit running from these cells 
across the top to the ventral side. The tapetum has two or 
three layers, the spores are very numerous and chlorophyll- 
bearing, and they soon lose their power of germination.

The gametophyte, according to Pichi-Sermoli (1959) has the 

following characteristics:
The gametophyte is large, fleshy, flat, with a projecting 

thickened midrib on the lower side, long-living, and often 
bearing adventitious buds. The antheridia are large, complex, 
very numerous, and borne on the margin as well as on the dorsal 
surface of the prothallus.

All genera of the Osmundaceae are characterized by a chromo

some number of n=22, and by a lack of a polyploid series (Manton, 

1958; Ninan, 1956; and Brownlie, 1958).
Copeland (1947) assigns three genera to the family: Osmunda,
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composed of about 14 species (the exact number depending on how 

many are reduced to 0. regalia); Leptopteris containing six species; 

and Todea barbara.

The following species and varieties were available for this

study:

Leptopteris fraseri 0. iavanica

L. hymenophylloides 0. lancea

L. superba 0. nudicaule

L. wilkesiana 0. resalis

Osmunda banksiifoLia 0. regalis var. gracilus

0. bulbosa 0. recalls var. interupta

0. cinnamonea 0. regalis var. obtusifolia

0. cinnamonea var. fokiens 0. regalis var. orbiculata

0. cinnamonea var. frondosa 0. regalis var. palustris

0. claytoniana 0. regalis var. spectabilis

0. claytoniana var. vera-whery Todea barbara

0. crotalsphoroides



IMMATURITY OF SPECIMENS

Because fern spores undergo a final stage in morphologic devel
opment (Harris, 1955), spores from herbaria sheets may contain spec

imens that are morphologically immature« This situation is the result 

of cessation of growth of the plant at the time of its collection. Of 

44 samples procurred from the University of Arizona herbarium, only 

14 (37 percent) yielded mature spores.

Harris (1955) attributed the variation in the size of Schizae 

fistulosa spores to the degree of maturity of the spores obtained 

from laboratory specimens, or to the conditions under which the spores 

mature within the sporangium. He also points out that if variation is 

due to the degree of maturity, there would be less variability in 

fossil or subfossil populations.
On the basis of time-lapse sampling from living plants of 

Bennstaedtia rubiginosa (Cyatheaceae), Pteris longifolia (Polypod- 

iaceae) and Anemia phyllitides (Schizaeceae), Rybakova (1960) demon

strated that the morphology of immature and mature spores from each 

of these species is different. A similar situation exists in the 

development of the morphology of osmundaceous spores.
Immature specimens are not included within the range of var

iation, therefore it is necessary to morphologically distinguish 

mature from immature spores. To determine immature from mature 

spores on the basis of morphology alone, requires the recognition of
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the relationship of spore characters to stages in the development of 

the spore. This point has been emphasized by Harris (1955), V]ode- 

house (1935), Knox (1938), and Rybakova (1960).

Within the sporangium, the daughter cells formed from the 

meiotic division of the original spore mother cells are surrounded 

in a liquid plasmodium (Bower, 1929). Because the most conspicuous 

morphologic character, the ornamentation, is derived from the ^dep

osition^ of the plasmodium; various stages in the morphologic devel

opment of osmundaceous spores can be easily recognized. For this 

study three stages were used: early immature, transitional, and

mature.

Early immature spores are characterized by the absence of 

ornamentation. The spore wall is extremely thin (less than one 

micron). The Y-mark is distinct but frequently sinuous rather than 

straight. The contortions of the Y-mark are probably not an original 

condition but are due to the inability of the thin spore wall to 

retain its original shape during acetolysis. The shape of early 

immature spores is also distorted by acetolysis. Although many 

specimens retain their circular outline (when viewed in optical cross- 

section), most early immature specimens become elliptical, egg-shaped, 

or subtriangular as the result of acetolysis. An example of an early 

immature spore is shown in Figure 1:A.

The first stage of ornamentation development is manifested 

by a slight undulated appearance of the exine (Fig. 1:B~G); when this 

condition is present the spores are then considered as transitional.



Examples of Immature, Transitional, and Mature 
Osmundaceae Spores

A. An immature specimen showing a thin spore wall, 
faint Y-mark, and absence of ornamentation.

IX and C. Transitional specimen showing deposition 
of plasmodium material over Y-mark and a slight
increase in thickness of the spore wall.

D. Transitional specimen with thicker spore wall,
outer surface of spore wall smooth.

E. and F . Transitional specimens beginning to
develop ornamentation.

G. Ornamentation is further developed, height of 
projections less than one micron.

H. Mature specimen of Osmunda regaiis.
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As "deposition1* of the plasmodium continues the undulations become 

smalls discrete, irregular, wart-like projections. These projections 

continue to increase in height and begin to take on definite geo

metric forms as the spore matures. In addition to contributing to 

the development of the ornamentation, the plasmodium is also depos

ited over the primary tetrad scar. In some cases it is deposited in 

such a manner as to give the Y-mark a "ropey" appearance (Fig. 1:B, C). 

While the ornamentation is developing, the outer spore wall, the 

exine, increases in thickness from less than one micron up to four 

microns (cf. Fig. 1:A with Fig, 1:D).
Because of the depositional process of the ornamentation develop

ment is a continuous process, an arbitrary cut off point for determin

ing morphologically mature from immature spores of herbarium specimens 

is necessary. If the height of the ornamentation was greater than one 

micron I considered the spore mature.

Osmundaceous spores may also increase in diameter during the 

development of the ornamentation. Three samples were measured that 

contained both mature and immature spores from the same plant. In 

each case the mean diameter of the mature spores was greater than that 

of immature specimens (Table 1), However, the overlap of the standard 

deviation is such that diameter alone can not be used for recognition 

of maturity.
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Table 1. The Difference in Diameter between Immature and 
Mature Spores of the Same Preparation.

Species Sample No. Immature Mature
Mean S.D. Mean S.D.

(microns) (microns) (microns) (microns)
Osmunda regalis
var. spectabilis 2889* 67.9 8.6 77.8 8.4

Osmunda regalis
var. spectabilis 2873** 73.3 7.8 83.8 10.4
Osmunda cinnamonea
var. frondosa 3525* 57.2 6.1 66.1 6.8

*N=50 **N=200



MORPHOLOGY OF OSMUNDACEAE SPORES

The following morphologic characters of Osmundaceae spores 

were investigated; color, shape, appearance and length of Y-mark, 
thickness of exine, size, and ornamentation. Each is considered 

separately.

Color

The color of fresh untreated osmundaceous spores is green.

After acetolysis, which destroys the inner living reproductive parts 

of the spore, the remaining spore wall is a light yellowish-brown.

The spores are then easily stained by basic fuchsin.

Shape
The basis shape when seen in optical cross section through the 

polar axis is circular. Deviations from this shape may occur. Sub

rounded, elliptical, and egg shaped specimens are somewhat common, but 

such distortions can be attributed to chemical treatment during pre

paration of the spores for study, A check on untreated spore revealed 

only circular specimens.
One noticeable deviation from the spherical tendancy occurs in 

spores of Osmunda cinnamonea var. frondosa. In this group, approx

imately 10 percent of the spores (46 out of 450 spores from three plants) 

were triangular, 15 percent roundly triangular (67 out of 450), and 

the remaining circular.

14
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Appearance of Y-mark 

The Y-mark on the spores assigned to the genus Osmunda is 
usually visible, but in Osmunda cinnamonea there is a tendancy for 

the ornamentation to obscure it. Spores of Todea and Leptopteris 
may not exhibit a Y-mark (Harris, 1950), but it was present in all 
specimens encountered in this study.

Length of Rays of Y-mark 
The length of the rays of the Y-mark of spores in this family 

are variable. The result of 1337 measurements of Y-mark length from 

proximal-distally orientated specimens is summarized in Table 2. The
measurements are recorded as the ratio of the length of the Y-mark ray
to the radius of the spore •

Table 2. Ratio of Length of Y-mark to Radius of Spore

Species 1/3 1/2 2/3 3/4 1/1 Total Specimens

Osmunda regalis 6 52 511 71 36 676

0. regalis var. 
spectabilis 0 0 64 162 87 313

0. cinnamonea 0 16 127 3 0 146

0. claytoniana 0 0 21 68 2 91

Leptopteris spp. 0 0 2 13 96 111

Thickness of Exine
The exine of the Osmundaceae averages 2 to 3 microns in
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thickness, but thicknesses of 3 1/2 to 4 microns are not uncommon. The 

thinnest exines are found in the genus Leptopteris where it is approx

imately 2 microns, the thickest in Todea barbara where the exine is 

approximately 4 microns. This feature is used in recent sediments 

of the southern hemisphere to distinguish between the two genera (Dr.

A. R. H. Martin, personal communication, January, 1964). However, the 

exine thickness of spores of Osmunda overlap the above values so as to 

eliminate exine thickness as a cosmopolitan generic indicator.

Size Analysis
In undertaking size analysis of spores, two sources of varia

tion must be considered: exogenous and endogenous. Exogenous varia
tion may be due to such factors as chemical preparation and storage. 

Endogenous refers to natural size variation within a particular taxon. 

No literature concerning exogenous causes of size variation in fern 
spores is known to the author and only a limited amount of information 

concerning such variation in pollen is available; none the less, it 

must be considered.

Exogenous variation
Christensen (1946) showed that the size of pollen can change 

due to chemical treatment. According to Christensen, the size of 

Corylus pollen decreases if treated with hydrofluoric acid before boil

ing in 10 percent potassium hydroxide and acetolysis. Faegri and 

Deuse (1960) found that the size of Betula pollen is changed very lit

tle by prolonged boiling with 10 percent potassium hydroxide, but 
acetolysis caused swelling of the grains. No increase in size between
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acetolysised and untreated osmundaceous spores was observed in this 
s tudy.

Expansion of pollen grains due to storage in glycerine jelly 
has been pointed out by Erdtman and Praglowski (1959), Andersen (I960), 
and Aytug (1960). Furthermore, Cushing (1961) noted that the expan
sion of pollen in glycerine jelly slides is also dependent on the thick
ness of the glycerine jelly separating the cover slip from the slide. 
Apparently, when the thickness of the mounting medium is greater than 

the pollen size, the size of the pollen grains remains constant even 
after prolonged storage. In thinner preparations, pollen grains tend 
to swell after various periods of time (Cushing, 1961).

To negate expansion due to storage, Tsukada (1963) recommends 
that size measurements be performed immediately after preparation. This 
suggestion was not taken into consideration at the outset of this 

study. However, two preparations were available in which diameter 
measurements were taken within 24 hours after preparation and after 
14 months storage (Table 3). This set of measurements, plus the range 
of endogenous variation from sample to sample within a species, suggests 
that expansion due to storage of Osmundaceae spores is not meaningful.

Table 3. Means of Two Samples of Osmunda claytoniana Stored 
in Glycerine Jelly for 14 Months.

Sample No. Measured 11/5/62 Measured 1/26/64
Mean (microns) S.D. (microns) Mean (microns) S.D. (microns)

2476 42.6 4.7 44.3 4.8
2477 44.0 4.6 44.5 4.6



Endogenous variation
The endogenous variation of size (the diameter measured from 

outer spore wall to outer spore wall when seen in maximum optical 
cross-section) of Osmundaceae spores has been studied from two 
approaches. First, the observed range in size, and second, the mean 
and standard deviation of spores in a given population (a single prep
aration) .

The range is considered as the difference in diameter between 
the largest and smallest spores observed in a population. The ranges 
of three species of Osmunda are enumerated in Table 4, Two features 
of this table are particularly noticeable.

First, the ’’absolute1’ range within a species is variable. For 

example, spores of 0. cinnamonea (sample number 2861) range from a 

minimum of 67,5 microns to a maximum of 97.2 microns, whereas in a 

second population (sample number 2459) the ”absolute" range is from 

40,5 microns to 60,7 microns. Thus, the largest spore observed in one 
sample is less than the smallest of the second. Spores of 0. clay- 

toniana and 0. regalis show a similar variation in "absolute" range.
The "relative” range is considered as the smallest diameter 

divided into the largest. As shown by the right hand column of 
Table 4 the "relative" range is not variable but in normal populations 

consistently approaches a value of 1,5,
In all populations the "relative" range in diameter of osmund- 

aceous spores does not behave in such an orderly manner, As shown in 
Table 5 the "relative" ranges of three preparations of Osmunda regalis 

greatly exceeds the value of 1.5. In sample numbers 2835 and 2843



2861
3859
2839
2862
2457
2841
2450
2453
2459

2477
2476
2281
2474
2879
2882
2880
2884
3524
2412
2473
2470
2847
2336
2840
2826
2831
2827
2829

Table 4. ‘'Absolute’1 Range and "Relative" Range of 
Diameters of Osmunda cinnamonea, 0. 
claytoniana, and 0. regalis.

Species 

0. cinnamonea

0. claytoniana

0. regalis

Smallest Largest
(microns) (microns)

67.5 97.2
56.7 82.3
58.0 83.7
47.2 82.3
47.2 73.7
44.5 63.4
35.1 60.7
36.4 62.1
40.5 60.7
51.3 74.2
47.2 67.5
44.5 78.3
45.9 62.1
44.5 63.4
37.8 60.7
41.8 59.4
39.1 55.3
43.2 58.0
40.5 64.8
35.1 55.3
36.4 58.0
60.7 102.6
64.8 94.5
54.0 81.0
59.4 91.8
52.6 78.3
50.8 78.3
51.3 75.6

N

50
50
50
50
50
50
50
50
50
90
90
50
50
50
50
50
50
50
50
50
50
50
50
50
100
50
100
50
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the value is close to 2.0, and in sample number 2828 the largest ob
served spore is almost three times the smallest.

Table 5. Three Populations of Osmunda regalis in which the 
"Relative" Range Exceeds the Value of 1.5.

Sample No. N Smallest
(microns)

Largest
(microns)

Largest
Smallest

2835 50 48.6 95.8 1.97
2834 50 47.2 93.1 1.97
2828 200 36.4 105.3 2.89

This extreme range in diameter is attributed to the abnormal
growth of daughter cells produced by the original spore mother cells. 
Following meiotic division some daughter cells may be formed (or dev

elop) larger than the median of the remaining spores produced by the 
plant. Furthermore, the larger cells are formed (or develop) at the 
expense of one or more of the remaining three daughter cells of the 

tetrad. This results in extremely small spores in the population 

(Fig. 2:F and G).
In addition to individual spores of varying size, sample number 

2828 contains specimens of a few tetrads which have failed to com

pletely separate. These specimens are, in a sense, "frozen" in the 
process of cell division. Examples of such tetrads are illustrated 

in the photomicrographs of Figure 2.
If spores resulting from abnormally formed daughter cells 

are a rare occurrence (less than 3 percent) the probability of their



Fig. 2. Photomicrographs of Abnormal Growth in Tetrads

A. Tetrad showing all four daughter spores of 
approximately equal size (250X).

B. One large and two smaller spores still 
joined (250X).

C. Specimen in which the cell wall failed to 
develop (250X).

D. Three daughter cells of different size (250X)
E. Two daughter cells of different size (250X).
F. Large spore in population (250X).
G. Small spore in population (250X).
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recovery in the fossil record would be negligible. On the other 
hand, if spores develop in moderate amounts (10-15 percent), abnor
mal growth would be of considerable importance in fossil spore in
terpretation. The results of samples available in this study are 
inconclusive (Table 6).

In sample 2828, as shown in Table 6, the frequency of abnor
mal specimens (both large and small) is considerable, whereas in 
samples 2834 and 2835 the percentage of the total population is 

very low.

Table 6. Frequency Distribution of Size Abnormality in 
Three Populations of Osmunda regalis.

Diameter in Sample Number
Microns 2828

(N=200)
2834
(N=50)

2835
(N=50)

35-40 0.5% -% -%
41-47 12.5 2 2
48-54 30.0 2 0
55-60 10.5 4 4
61-67 10.0* 32 12
68- 74 21.0 34* 34
75-81 16.5 20 22*
82-87 8.0 4 10
88-94 2.0 2 14
95-101 3.5 - 2
102-105 0.5 - -

*mean
The second approach in the analysis of endogenous size and 

size variation was the determination of the mean, standard deviation, 

coefficient of variation, and standard error of the mean. The mean 

size (M) of a population of spores is an index of the central tendency 

of the diameter. The standard deviation (S.D.) is used as a measure
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of the dispersion of the spores of a population about the mean. The 
standard error of the mean (S.E.H.) is useful as a measure of the 
probable extent to which a mean is apt to vary on future samplings.
The coefficient of variation (CV) allows for the comparison of the 
variability of two or more different groups.

The analysis of 2960 diameter measurements of 14 species and 

varieties is shown in Table 7. Whenever possible a sample size of 
N=50 or more was used. If a preparation yielded less than 50 spec
imens only the mean has been determined. The procedures for compu

tation given by Snedecor (1956) and Franzlaue (1958) have been fol

lowed.
Several conclusions regarding the size and size variation can 

be drawn from Table 7.
First, size is somewhat variable within a population. Standard 

deviations are, for the most part, on the order of 5 to 10 microns. 

Therefore, 95 percent (two standard deviations) of the specimens of 

a population of Osmundaceae spores can be expected to be between 10 

to 20 microns on each side of the mean of the population.
Second, within a species the mean is variable from population 

to population. This is demonstrated in Table 7 by Osmunda regalis,

0. cinnamonea and 0, claytoniana where a larger number of populations 
were available.

Third, size can not be used for species identification. There 
is a continuous range and overlap of spore size in the Osmundaceae.

Fourth, the coefficient of variation, for the most part, falls 

between the values of 0,07 to 0.12. This suggests that size var
iation between and within species is constant. For example, pop-



Slid.
Numb.

2847
2836
2488
2835
2824
2840
2834
2826
2831
2479
2825
2828
2827
2829

2890
2522
2509
3859
2838
2862
2861
2457
2841
2450
2459
2453

3863
2863
3525
2864
2860
2498

Table 7. Analysis of 2960 Diameter Measurements of 13 
Species of Osmundaceae Spores.

Species N

Osmunda regalis 50
50
15
50
15
50
50
100
50
15
14

200
100
50

0. regalis var.
spectabilis 14

100 
100

0. cinnamonea 50
50
50
50
50
50
50
50
50

0. cinnamonea var. 
frondosa 50

21
17 
20 
10
18

M S.D. C.V.
84.8 8.6 0.10
79.8 7.8 0.09
77.5-------  —  —
75.7 9.5 0.12
72.9 -- ---
71.8 6.3 0.08
70.1 7.3 0.14
69.4 5.8 0.08
68.2 6.1 0.09
67.6 —  ---
66.4 --  —  —
66.0 15.2 0.23
64.2 5.6 0.09
60.1 5.9 0.09

76.4 — — — — — — —
74.0 7.4 0.10
63.5 8.3 0.13

70.6 6.7 0.09
69.8 5.9 0.08
67.6 6.7 0.09
58.4 8.1 0.10
58.0 5.8 0.09
53.2 4.4 0.08
52.9 5.2 0.09
49.3 4.9 0.10
49.1 5.6 0.11

65.5 6.4 0.09
64.7 --  ---
5 8.3 - — ------ ---
49.8 --  ---
48.5 —  ---
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Table 7>. Continued

2477 0. claytoniana 50 59.6 4.6 0.07 0.65
2476 50 56.9 4.8 0.08 0.67
2879 50 54.7 5.3 0.09 0.74
2474 50 54.2 4.4 0.08 0.62
2881 50 54.1 5.2 0.09 0.73
2882 50 51.9 5.7 0.11 0.81
2880 50 51.3 4.5 0.08 0.63
2884 50 50.4 4.1 0.08 0.59
3524 50 49.3 3.2 0.06 0.46
2412 50 49.4 4.4 0.09 0.62
2473 50 46.1 5.1 0.11 0.72
2470 50 45.3 5.8 0.12 0.82

2843 0. banksiifolia 50 65.2 5.7 0.08 0.80

2853 0. bromeleaefolia 50 76.1 8.2 0.10 1.17

2510 0. bulbosum 50 59.88 2.4 0.04 0.34
2511 50 54.4 3.1 0.05 0.43

2502 0. iavanica 50 75.5 7.3 0.09 1.03
2849 50 62.5 6.5 0.10 0.92

2848 0. lancea 50 86.5 7.8 0.09 1.10
2859 50 73.5 7.9 0.10 1.25

2870 Leptopteris
superba 50' 45.3 5.6 0.12 0.80

2515 15 41.1 - w - -  --- --
2516 15 42.6 -- --- ---

2871 Leptopteris
hymenophylloides 50 54.0 5.8 0.10 0.83

2869 50 51.3 4.4 0.08 0.62
2518 9 47.5 -- --- w - w -
2517 12 44.5 - — - --- - - - w

2868 L. wilkesiana 50 63.9 7.6 0.12 1.08

2867 Todea barbara 50 92.4 10.6 0.11 1.49
3546 50 70.2 7.2 0.10 0.11
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illations with a large mean diameter are not more variable than 
populations with a smaller mean.

Fifth, the standard error of the mean, in all but a few 

populations, is less than 1.0. Therefore, a sample size of N=5Q 

is adequate,
r '

Ornamentation
The ornamentation of Osmundaceae spores consists of outward 

projecting processes. To properly describe the ornamentation it is 

necessary to distinguish between the ornamentation pattern formed, 
as seen in plan view under LO analysis, and the types of individual 
projecting elements (ornamentation elements). To determine the 
ornamentation patterns it is necessary to focus on the uppermost 
(or lowermost) surface of the spore. The ornamentation elements 

are best seen in optical cross section around the equatorial outline 
of the spores. Ornamentation elements are considered first.

Ornamentation elements
Several geometric distinct ornamentation elements have been 

encountered on Osmundaceae spores (Fig. 3). To distinguish between 

the various types it is generally necessary that high magnification 

(1000X) be employed. For convenience each type has been designated 
by a letter (A, B, etc.).

Type A, the basic ornamentation type, is the most common, 
and all other types of ornamentation elements are considered as 
geometric varieties of this type. It is a rod-shaped projection, 

the sides being parallel, terminating in a round or blunt tip.
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The relationship between type A and type B is discussed 

under ornamentation patterns. However, the critical point is that 
in each the sides of the projection are parallel, and they terminate 
in a round or blunt tip. The relationship between the height and the 
width is immaterial,

Type G differs from A in that the sides of the elements are 
not parallel, however, the tip is still rounded. This ornamentation 

type has only been observed in the genus Leptopteris. and when pre
sent, may be of taxonomic value. It is not present on all specimens 
of the genus, types A and B being more commonly present.

Type D is a further modification of type C. Here the projec-
\

tion terminates in a point. Its occurrence is restricted to Leptop
teris and has only been observed on less than a dozen spores.

Type E differs from ornamentation element type C and type F 
differs from B in that the tip of the projection is globular. Each 
type has been observed on several species and is extremely rare.

Type G differs from type A in that the rod shape is terminated 

flatly. In type H the ends of the rod are jagged, probably the result 

of physical abrasion during preparation, or incomplete deposition of 

the liquid plasmodium. Both G and H are extremely rare and are 
taxonomically nondiagnostic.

Types I and J are less than one micron in height and are 

considered as indicators of immaturity.

Ornamentation patterns
Two major groups of ornamentation patterns may be recognized
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(Fig. 4); those that are composed of individual symmetrical elements, 
and those where the elements form irregular ridges over the surface 
of the spore.

Furthermore, within a population of spores on a single slide, 
individual symmetrical patterns may vary in such a manner that the 

surface of the spore consists of radially symmetrical elements (pat
tern 1 of Fig. 4), elongated, usually bilateral elements (pattern 2 

of Fig. 4), or a combination of 1 and 2 (pattern 3 of Fig. 4),

Ornamentation patterns 4 and 5 of Figure 4 are irregular 

ridges rather than symmetrical individual elements, and morpholog
ically represent a fusing of the individual elements. Pattern 5 

differs from 4 in the complexity of the ridges. In pattern 5 the 

ridges are so densely compacted that the surface of the spores takes 
on the appearance of irregularly placed pits rather than true out

ward projecting elements.
When seen in optical longitudinal cross section, the sides of

\
the ridges of both pattern types 4 and 5 are parallel and terminate 
in a round or blunt tip. The width of the projection depends on the 

location of the optical section. This relationship is illustrated 
in Figure 5.

A similar situation is encountered when dealing with bilat
erally symmetrical patterns (also illustrated in Fig. 5),

In summary, the ornamentation of Osmundaceae spores consists 

of outward projecting elements which are either symmetrical processes 

or irregular ridges when seen in plan view. In both cases, when viewed 

in transverse optical section the sides of the processes are parellel 
and terminate in a round or blunt tip.
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Fig. 3. Schematic Morphologic Variation of Osmundaceae 
Ornamentation Elements and Inferred Geometric 
Relationships
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Fig. 4. Osraundaceae Ornamentation Patterns

Dark areas represent projecting surfaces
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Fig. 5. Relationship between Width of Element and 
Location of Optical Cross Section



KEY TO MORPHOLOGICAL SPORE TYPES OF THE OSMUNMCEAE

On the basis of pattern type and height of ornamentation, 

spores of the Osmundaceae can be divided into four discontinuous mor
phologic groups. Since these groups are artificial categories or 

"pigeon holes" they are arbitrarily designated by the binomial name 

of a modern species which represents the group followed by the word 

"type".
The following is a key to the four morphological categories.

A, Ornamentation composed of individual rod-like elements (pattern 

types 1, 2, and 3 of Figure 4)

1. Height of elements greater than 2 microns...  ...... .
  .......................       Osmunda cinnamonea- type

2. Height of elements less than 2 microns .

.......................         Osmunda claytoniana- type

B. Ornamentation consisting of irregular ridges (rugulae)

3. Rugulae not dense (pattern type 4 of Figure 4)........ .
.......      Osmunda regalis- type

4. Rugulae dense so as to give a somewhat, pitted appearance 

when viewed at low or medium magnification. ...........

              Osmunda bulbosa- type

Osmunda cinnamonea-type consists of the following taxa: Osmunda 

cinnamonea. jO. cinnamonea yar. frondosa. jO. cinnamonea var. fokiensa,
0. bromeleafolia. Leptopteris fraseri, L. hymenophylloides, _L. superba.

32
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L. wilkesiana, and Todea barabara.
Osmunda claytoniana-type contains only' the spores from Osmunda 

claytoniana.

Osmunda regalis-type includes spores from J3. regalis, 0;= regalis 

var. gracilis. _0. regalls var. interupta. _0. regalis var. obtusifolia,

0. regalis var. orbiculata, 0. regalis var, palustris, jO. regalis var. 

spectabilis, jO. iavanica. JD. banksiifolia, jO. lancea, 0.. nudicaule, 

and jO, crotalsphoroides.
Osmunda bulbosa-type consists only of spores from CL bulbosa. 

Representative photomicrographs of each of the four types are 

illustrated in Figure 6.



Fig. 6. Photomicrographs of the Four Osmundaceae 
Morphologic Spore Types

A. Osmunda claytoniana-type (0. claytoniana, 
sample number 2874) (2SOX).

B. 0. claytoniana-type (0. claytoniana, sample 
number 2460) (250X).

C. 0. cinnamonea-type (0. cinnamonea var. frondosa, 
sample number 2360) (250X).

D. 0. cinnamonea-type (0. cinnamonea, samnle number 
2455) (250X).

E. 0. cinnamonea-type (Todea barbara, sample number 
3546) (250X).

F . 0. regalis-type (Osmunda j avanica, sample number 
2851) (250X).

G. 0. regalis-type (o. banksiifolia, sample number
2342) (250X).

H. 0. regalis-type (0. regalis var. spectabilis.
sample number 2509) (250X).

I. 0. regalis-type (0. regalis. sample number 2836)
(250X).

J. 0. regalis-type 
(250X).

(0. lanceae. s amp1e"number 2359)

K. 0. regalis-type 
(250X).

(0. regalis. sample number 2391)

L. 0. bulbosa-type 
(250X).

(0. bulbosa. sample number 2510)

n. 0. b uIbosa-1ype (0. bulbosa, s amp1e number 2511)
(250X).



B 

H 

~ 

c 

.I 

. ' ' ;_· ·. ,. . ·t "(.,.. ' . ' .•. \ 
~ •"·: . .. . . " ,- .... . . .. , ... • IJa.-.,,. '"""' ..... . :", •, ~.;. 

34 

D 

G 

.J 



DISCUSSION

Dispersed spores of inferred Osmundaceae affinity are placed 

in the organ-genera: Osmundacidites (Gouper, 1953) Couper, 1958,
Rugulatisporites Thompson and Pflug, 1953, Baculatisporites Thompson 
and Pflug, 1953, and Todisporites Couper, 1958, Three of these 
organ-genera compare favorably with the spore morphology of modern 
Osmundaceae, one organ-genus is not represented by a modern equiv
alent, and one modern morphologic category is not known to the writer 

to have been described from the fossil record, A comparison between 

osmundaceous organ-genera, based on the original authors6 descriptions 
and illustrations, to the nearest extant morphologic equivalent is 
shown in Table 8. The type species diagnosis of each fossil organ- 

genus is given in Appendix II,

Table 8, Comparison between Fossil Osmundaceous Organ-Genera 
and Modern Morphologic Categories.

Organ-genus Modern Morphologic Equivalent
Osmundacidites Osmunda claytoniana-type
Rugulatisporites Osmunda regalis-type
Baculatisporites Osmunda cinnamonea-type
Todisporites no equivalent (osmundaceous 

affinities possibly based on 
immature in situ material)

no equivalent Osmunda bulbosa-tvne

35
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Osmundacidltes was established by Couper (1953) "for the 

reception of spores of osmundaceous affinities which cannot be more 
accurately placed-" His revised description and photomicrographs 
(1958, 1960) of fossil material compares most closely with the morph
ology of extant Osmunda cinnamonea-type spores.

In 1953 Thompson and Pflug described and illustrated fossil 
spores which they named Baeulatisporites and Rugulatisporites.
Concerning the botanical affinities of Rugulatisporites, Thompson 
and Pflug (1953) remark "...Osmunda has been often designated as Spor. 
primarius Wolf... . However, Wolf illustrates under this a baculate 
Pteris-type." Similarly, under the organ-genus Baeulatisporites. Thomp
son and Pflug (1953) state "The name is falsely related [by Wolf] to 
Osmunda-types. The later one is rugulate." They further relate Bac- 
ulatisporites to "cf, Pteridium."

As shown by this study, the ornamentation of Osmunda spores may 
be either baculate (Osmunda cinnamonea-type) or rugulate (Osmunda reg- 
alis-type). Therefore, the diagnoses of Baeulatisporites and Rugulat

isporites each include spores of possible osmundaceous affinities.
Couper (1958) proposed Todisporites for "... the reception of 

fossil spores of the type met within Todites williamsonii and _T. prin- 
ceps." Spores obtained from within the sporangia of the fossil fronds 
of JT. undans, JT. williamsonii, _T. princeps and JT, goeppertianus are 
characterized by a smooth or finely granular surface. However, spores 
from within the fossil sporangia of JT. hartzi and JT. recurvatus are 
of the granular-papillate Osmundaceae type (Couper, 1958).



37
No mature Osmundaceae spores are characterized by a smooth 

or finely granular surface; but, immature spores can be recognized by 
their absence of or reduced ornamentation.

Possibly the fronds of JE. williamsonii, JT. undans, T* princeps,

and jCe goeppertianus were fossilized before the spores within the

sporangia acquired their ornamentation. T. hartzi and T» recurvatus 

may represent examples where the frond was fossilized after the com
plete morphologic development of the spores. If this is so, then the 

spore morphology of Mesozoic Osmundaceae was not drastically different 
between taxa (as it would be if the spores of T. williamsonii are 
compared with those of JT. hartzi) and there has been little change of 

spore morphology in the Osmundaceae since the Triassic Period.
Todisporites may, as suggested by Gouper (1958), represent 

sporae dlspersae from equisetalian or pteridospermous plants, however, 
it remains to be verified that they also are dissemules from the Osmund

aceae.
The closer the approach between a morphologic species and a

true biospecies, the greater is the usefulness of the species to the

stratigrapher as was mentioned in the Introduction. Table 9 shows 

the relationship between the organ-genera Osmundacidites, Rugulati- 
sporites, and Baculatisporites to 13 of the approximately 21 species 

of the extant Osmundaceae.

On the generic level, there is no correlation between Osmund- 
aceous organ-genera and extant natural genera. Each organ-genus is re

presented by one or more extant species of Osmunda. Furthermore, the
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organ-genus Baculatisporites is represented by each of the extant
natural Osmundaceae genera: Osmunda, Todea, and Leptopteris

Table 9. Relationship between Inferred Osmundaceae Organ 
Genera and 13 Extant Species.

Organ-genus Extant species
Osmundacidites Osmunda claytoniana
Rugulatisporites 0. regalis

0. regalis var. gracilis 
j). regalis var. interupta 
JO. regalis var. obtusifolia 
0. regalis var. orbiculata 
0. regalis var. palustris 
0. regalis var. spectabilis 
jD. javanica 
0. banksiifolia 
P.. lancea 
C). nudicaule
0. crotalsphoroides

JO. cinnamonea var. frondosa 
JD. cinnamonea var. fokiensa 
(). bromeleafolia 
Leptopteris fraseri 
L. hymenophylloides 
L. superba 
L. wiIkesiana

Baculatisporites 0. cinnamonea

Todea Barbara



CONCLUSIONS

The following conclusions are drawn regarding the morphology 

and morphologic variation of Osmundaceae spores.
1. Immature spores morphologically differ from mature spec

imens by their faint Y-mark, very thin spore wall (less than one 

micron in thickness), and lack of ornamentation.

2. A transitional stage in the development of the morphology 
can be recognized. Deposition of the plasmodium material increases 

the thickness of the spore wall and forms a "ropey-looking" protective 

covering over the primary tetrad scar. The height of the ornamenta
tion can be used to distinguish transitional from mature spores. If 

the height of the ornamentation is greater than one micron the spore 
can be considered morphologically mature.

3. Mature Osmundaceae spores show the following character

istics s free (do not form polyads), trilete, equatorial contour cir
cular to subtriangular, the thickness of the spore wall ranges from 

one to four microns, spore diameter ranges from about 20 to about 100 
microns, the ornamentation consists of either outward projecting pro

cesses which may be symmetrical rod-like elements or irregular ridges.
4. Exine thickness, length of rays of the Y-mark, and size 

are variable between and within species and can not be used as taxon

omic criteria*
5. On the basis of the ornamentation it is possible to separ-

39
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ate the spores of the Osmundaceae into four morphologic categories: 

Osmunda claytoniana-type, 06 cinnamonea-type, 0, regalis-type, and 

0. bulbosa-type„
6, There is no correlation between osmundaceous organ-genera 

and extant natural genera.



APPENDIX I 

SOURCE OF MATERIAL

Appendix I lists each sample by species, Geochronology Labora
tories reference number, source herbarium, herbarium number, and place 

of plant collection. The source herbaria are designated in the follow

ing manner: A--University of Arizona, S--San Diego Society of Natural 

History, SO— Sunoco Oil Company, NH— Smithsonian Institute (National 
Herbarium), M--University of Michigan, P--Pennsylvania State University.

Table 10. Source of Material.

Sample Species Source Source Geographic
Number Herbarium Herbarium

Number
Location

1581 Osmunda regalis P unknown Cumberland Co., Pa.
2298 SO 16288466 Zomba, Africa
2299 SO 942165 Wilmington, N. 0.
2478 A 115858 Loraine Co,, Ohio
2479 A 115807 Dade Co., Fla.
2480 A 115866 Loraine Co., Ohio
2481 A 103456 Washington, B.C.
2482 A 06933 Maryland
2483 A 06694 New Hampshire
2484 A 06934 Stanten Is., N.Y.
2485 A 06955 Pennsylvania
2486 A 06893 Ocean Beach, N.J.
2487 A 06892 Upper Montclair, N.J.
2488 A 72721 Iowa City, Iowa
2490 A 127567 Gary, Ind.
2491 A 141111 Scarsdale, N.Y.
2492 A . 115865 Naples, N.Y.
2503 S 19396 Beverly, Mass.
2505 s 18876 England
2506 s 29873 Ausable, N.Y.
2507 s 19344 Kyeshu, Japan

41
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Table 10. Continued.

2825 NH 218482 Jacksonvile, Fla.
2826 HH 238283 Oberlin, Ohio t
28^7 NH , 2161554 Fairfield Co., Ohio
2828 NH 828675 Garret Co., Mo.
2829 NH 2139577 Glynn Co., Ga.
2831 NH 386517 Pleasant Grove, Mo.
2832 NH 2201091 Malvern, Ark.
2833 NH 1083170 Covington, La.
2834 ; NH 619931 New Orleans, La.
2835 NH 1567238 Broward Co., Fla.
2836 NH 1315631 Costa Rica
2839 NH 1301392 Pinar del Rio, Cuba
2820 NH 1049747 Devonshire Swamp, Jam
2847 NH 1877322 Brazil'
2854' NH 2018868 Transvaal, S. Africa
2858 NH 481463 Glynn Co. Ga.
2886 NH 2255589 Trempleau Co., Wise.
2887 NH unknown Ipswich, Mass.
2891 NH 515844 Princeton, N.J.
2892 NH 2892 Stanten Xsl., N.Y.
2893 NH 828671 Lebanon Co., Pa.
3520 M unknown Texas
3522 M unknown Michigan
3523 M EGY6812 Michigan
3545 M COG1073 Lake Superior, Canada
3861 S 86166 Indiana
3886 s - 824473 Madagascar

1582 0. regalis var. 
spectabilis

p unknown Huntingdon Co., Pa.

1583 p unknown Pike Co., Pa.
2489 A 72724 Indiana
2493 A 122646 Ontario
2508 S 42094 White Co., Ind.
2509 s 44307 Ontario
2822 NH 12852884 Cayuga Co., N.Y.
2837 NH 2019128 Chiapus, Mexico
2887 NH 2084793 Humber Dst. Canada
2889 NH 1070328 Somerset Co., Me.
2890 NH 2201338 Tioga Co., N.Y.
3860 S C289886 Flint, Mich.

2830 0. regalis var. 
orbiculata

NH 2202211 cultivated



43

Table 10. Continued.

2857 0. regalis var. 
interrupta

NH 594477 unknown

2855 0. regalis var. 
obtusifolia

NH 2299971 Tangaj ika

2844 0. regalis var. 
palustrie

NH 69046 Montibidea, Uraguay

2845 NH 922233 Montibidea, Uraguay
2846 . NH 1516395 Parana, Brazil

1577 0. claytoniana e:: F-15 Forest Co., Pa.
1578 p. unknown Center Co., Pa.
2296 so 139 Ontario Co., N.Y,
2297 so 767 Vermont
2464 A 84381 Iowa
2465 A 10585.1 Washington, B.C.
2466 A 115866 Charlotte, N.Y.
2467 A ' 136620 Farmington. Me.
2468 A 06908 Ohio
4469 A 06909 Ohio
2470 A 06910 Sea Brook, N.H.
2471 A 06911 Sea Brook, N.H.
2472 A 06912 Sea Brook, N.H.
2473 A 06691 Lansing, Mich.
2474 A 06915 Minnesota
2475 A 06692 Summit Co., Ohio
2476 A 06693 Rowley, Mass.
2477 A 06930 Westmoreland Co., Pa.
2499 S 10073 Hartland, Vt.
2500 S 29870 Ausable, N.Y.
2501 S 43002 Indiana
2852 NH 1860372 Punj ah, India
2872 NH 2201576 Ottawa, Que.
2873 NH unknown Winona, Minn.
2874 NH 752092 Ft. Harvard, Wise.
2875 NH 515228 New itaven, Conn.
2876' NH 133170 . Sheboygan, Wise.
2877 NH 1224278 Malden, Mass.
2878 NH 1918052 Yonkers, N.Y.
2879 NH 667347 Delaware Co., N.Y.
2880 NH 1810977 Westmoreland Co., Pa.
2881 NH 2201318 Coshocton Co., Ohio
2882 NH 2201448 Madison Co., Va.
2883 NH 413229 Buncombe Co., N.C.
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Table 10. Continued.

2884 NH 1820761 Pennsylvania
2885 NH 1683648 Scioto Co., Ohio
3521 M C1315 Wisconsin
2524 M V5849 Michigan
3862 M C59299 Indiana

1580 0. claytoniana var. 
verawherny

P unknown Chester Co., Pa.

1572 0. cinnamonea P unknown Clearfield Co., Pa.
1573 ‘ P unknown Somerset Co., Pa.
1574 P 2753 Cumberland Co., Pa.
1575 P 3783 Aiken, S.C.
2450 A 06899 Ohio
2451 A • 115871 Childs, Fla.
2452 A 115867 Charlotte, N.Y.
2453 A 06899 Ohio
2454 A 06898 North Litchfield, N.Y.
2455 A 105852 Washington, D.C.
2456 A 06900 Pennsylvania
2457 A 06601 Montclair Heights, N.J.
2458 A 06903 Lansing, Mich.
2459 A 06904 Lansing, Mich.
2460 A 06905 Lancaster Co., Pa.
2461 A 06925 Ohio
2462 A 06928 Maine
2463 A 06929 Norfolk Co., Mass,
2494 S 42999 Porter Co., Ind.
2495 S 42096 Porter Co., Ind.
2496 S 29868 Clinton Co., N.Y.
2497 S 10066 Amherst, Mass.
2838 NH 600547 Brazilo
2841 NH unknown Cuba
2861 NH 2138539 Tucker Co., W.Va.
2862 NH 2259193 Augusta Co., Va.
2866 NH 2139579 Tatnall Co., Ga.
3526 M EGV8431 Michigan
3526 M EGV5820 Honduras
3864 - M C68832 Tolieston, Ind.
3865 M C140128 North Carolina

1576 0. cinnamonea var. 
frondosa

P SGL33 Phillipsburg, Pa.

2498 S 10064 Medford, Mass.
2860 NH 148665 Miller, Ind.
2863 NH 786838 Maine
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Table 10. Continued.

2864
3525
3863

NH
M
M

299517 Middletown, Conn.
unknown Vermont
C155002 Vermont

3885

2842
2843
2853
2510
2511

0. cinnamonea var. 
fokiens

0. banksiifolia

0. bromeliaefolia

0. crotalshoroides

M

NH
NH

Nil
NH
NH

C1485178 Honshu, Japan

872974
2018533

652663-
1274831

Philippines 
Iriomote Is.

1262827 Philippines
Florida
Florida

2849
2859
2512
2513

2502
2849
2850
2851 
2865 
3888

3547

3838

2517
2518
2869 
2871
2515
2516
2870

2868

2519
2520 
2867 
3527 
3546

0. lancea

0. nudicaule

0. iavanica

Leptopteris 
. frasseri

L. hymenophy1loides

L. superba

L. wilkesiana

Todea barbara

NH
NH

S
S

NH
NH
NH
NH
M

M

M

S
S
NH
NH

S
S
NH

NH

S
S
NH
M.
M

2258442
1704740

27413
19123

19124 
652664 
2135008 
2259427 
1751278 
C1471528

C1290

C597259

18931
18855
594520
2292316
18816
19410
2292315

Japan
Kyoto, Japan

Hawaii
Ceylon

Ceylon
Preange, Java 
Selarigon, Malaya 
Kwangtung 
Kienvan, Keansi 
Hong Kong

New South Wales

Samoa

New Zealand 
New Zealand 
New Zealand 
cultivated
New Zealand 
New Zealand 
cultivated ,

1759842 Nawanga, Fiji

18817 New Zealand
18485 Natal, Africa
2018869 Transvaal, Africa
RRD06473 Victoria, Australia
Cl285 New South Wales



APPENDIX II 

DESCRIPTION OF TYPE SPECIES OF 
INFERRED OSMUNDACEAE ORGAN-GENERA

Osmundacidites wellmanii (Couper 1953) Couper 1958 
Description: Trilete, laesurae about 3/4 radius of spore, 

commisures simple slits, sometimes bifurcating at the tip, a weakly 
developed margo present on some specimens; equatorial outline circular; 

exine about 1 micron thick, sculptured with granules and papillae 
irregularly distributed over both proximal and distal faces; size range 

(equatorial diameter) 30 (43) 54 microns.

Todisporites major Couper 1958 
Description: Trilete, laesurae distinct, long (ratio length of 

laesurae to radius of spore = 0.72 to 0.88, mainly 0.83); equatorial 

contour circular but frequently folded; exine 1 to 1.5 microns thick 
and unsculptured; size range 52 (68) 78 microns.

Baculatisporites primaries Thompson & Pflug 1953 

Description: 20-70 microns. Baculae 2-3 microns long. Y-mark 

almost to equator. Equatoral contour more or less round.

Rugulatisporites quintus Thompson & Pflug 1953 
Description: 40-80 microns. Muri not longer than 2-3 microns 

and not higher than 1 micron, they are closely regulate of rectangular 

cross section, equatorial contour more or less circular, exospore not
46
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over 1 micron (with out sculpture). Y-mark narrow, often indistinct, 
not more than 2/3 the radius of the spore. Secondary deformation 
abundant. Spore tears easily at Y-mark.
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