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The Ferns 

 

 The Ferns, or Filices, to use the correct term, are a group of lower 

plants.  They reproduce by means of spores which may be of one kind 

(homosporous ferns) or of two kinds, ‘male’ and ‘female’, (heterosporous 

ferns).  The ferns’ life-history shows what is known as Alternation of  

Generations, and thus consists of two plants. The fern plant as we know it 

produces haploid spores.  It is known as the Sporophyte plant. These spores 

germinate, under suitable conditions, to form a small, liverwort-like 

plant, the prothallus.  This small and rather insignificant plant produces 

male and female gametes, called antherozooids and oospheres respectively.  

By the interaction of these, an embryo fern plant is formed which grows  

into a full-sized Sporophyte.  The prothallus meanwhile withers away, its 

task having been performed. Since the Sporophyte is the most noticeable, it 

is said that in the life-cycle of the fern the Sporophyte is the dominant 

generation.                

 The fact that the there is alternation of generations in this way is 

indicative of the lowliness of the fern plant when compared with the  

Angiosperms. In the latter the prothallus does not have an independent  

existence but is reduced to the pollen tube.  Thus an important fact can be 

seen.  The spores of the ferns are not in any way analogous to the seeds of 

Angiosperms, but are more akin to pollen grains.  

 This group of plants, in which the Sporophyte is the dominant of the 

two generations, it botanically known as the Pteridophyta.  It also      

includes the Horsetails and the Club-mosses.  All these types formed the 

main vegetation of the Carboniferous Period.  Since then, the Horsetails 

have, like the Club-mosses, ceased active evolution and are more or less 

degenerating.  The ferns, however, are still in a state of vigorous       

evolution, as is shown by their wide, varied and profuse distribution.    

The habit of the ferns is also varied.           

 There are, however, still growing today, some of the more primitive 

ferns of a type similar to those found during the earlier phases of plant 

evolution. One of these, Osmunda regalis, has evolved but little from the 

ferns of the Permian: it is almost a ‘living fossil’. For this reason I 

have chosen it as my material for study during 1956-57, in comparison with 

the more advanced fern species alive today.   

 

 

 

-o-o-o-o-o- 
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Foreign Species 

 From time to time, various taxonomists, when discovering or  

investigating new ferns, have placed them under the genus  

Osmunda. In this way, large numbers of species have been placed 

in the Osmundaceae.  In fact, there are fewer* species of  

Osmunda.  

 They are listed in tabular form on page 9. 

 

Geographical distribution 

 Osmunda regalis is found over a wide area in Europe and  

America.  In Europe, it stretches from the Scandinavian peninsula 

through the flat countries and into Spain, Italy, France and 

across to Britain. Similarly, it stretches from Poland down 

through the tropics to India, Abyssinia, and South Africa 

(including the neighbouring islands such as Madagascar).  

 In the New World, it is found in North America, from which it 

spreads from the Mississippi on into the Southern continent. It 

is not found in the Far East or the Antipodes.              

  

Allied genera 

 There are three genera in the family Osmundaceae. They are 

Osmunda, Todea, and Leptopteris.  Their main distinguishing  

feature is the structure of the sporangia.  They are pear-shaped 

in all the Osmundaceae, (see chapter on Morphology of Sporangia).  

 In Osmunda they take up the whole of the pinnae, leaving no 

green surface (see page 22) but in Leptopteris and Todea they are 

borne on the ventral side of the fertile pinnae.  There is no in-

dusium, and the sporangia are not grouped to form sori.  They all 

form about 500 spores per sporangium, rather more than most ferns  

(c.f. Drypoteris, which usually forms about 64 spores in each  

sporangium).                   

 

 

 

 

*The number of true Osmunda species is quoted as between four and 

twenty. A recent statement, from Hyde & Wade, is that there are 

twelve species, this may be taken as the correct figure.   
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Osmunda species       Corrected species      Geographical distribu-

 1   O. discolor           Lomaria discolor     Australia, Pacific isles   

 2   O. obtusa             L. Bankii            New Zealand, Pacific isles  

 3   O. polyploida         L. onodeoides        Equatorial America, W. Indies     

 4   O. procera            L. procera           Mexico, W. Indies, Pacific 

 5   O. reptans            L. filiformis        North island New Zealand 

 6   O. spicant            L. spicant           N. Europe, N.W. America, Japan 

 7   O. struthiopteris     Onoclea struthiopteris  Europe, Asia, Pennsylvania 

 8   O. bifurcatum         Achrostichum bifurcatum  St. Helena   

 9   O. cervinum           A. cervinum          Cuba, Grenada 

 10  O. peltatum           A. peltatum          Equatorial America, Guiana 

 11  O. leptophylla        Gymnogramme leptophylla  Southern Europe, Australia,        

                                                Cuba, India.    

Fig. 1 Table of fern species formerly classified as Osmunda 

 In the above table are listed some foreign ferns which were once  

classified as species of Osmunda.  In each case the original classification 

was based on morphological observation which was inaccurate and  

insufficient. More recent research has now placed these species under  

different genera, as shown in ther above table.     

           Species          Characteristics     Geographical distribution 

 1    O. spectabilis       Smaller, glaucus,    Whole North American  

                           with smoother        continent           

                           surface than  

                           O. regalis  

 

 2    O. palustris         Numerous rigid       Brazil, Mexico, Grenada 

                           narrow pinnules  

 

 3    O. speciosa                    Structure of fertile    From Canada to Argentina 

                              and barren fronds         

      O. japonica            is different         East Asia (Japan, China,                           

                                                        Korea, Formosa)  

Fig. 2 Table of foreign species of Osmunda 

 There are, in fact, only three species of Osmunda apart from our own 

O. regalis, two are grouped as one.  They are all absent from Europe. How-

ever, there are some variations in the species, which are discussed at the 

end of the section on morphology etc., page 26.   
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Diagram of Bower’s arrangement of the British fern families in  

genealogical order.  

Some foreign families are also inserted in order to clarify the  

system of classification (see also in the text).  

I 
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Bower’s Criteria  

 In his book ‘The Ferns (Filices)’ Bower puts forward a series of  

criteria which could be applied to the ferns in order to place them in 

some sort of evolutionary order.  Examples of his criteria are set out  

below in greatly shortened form.    

 

A) VEGETATIVE CHARACTERS 

 i)  Morphology of the shoot. 

 The upright growth of the rhizome found in Osmunda is held to be  

primitive, as is the dichotomous branching of the rhizome.  A prostrate 

rhizome, as seen in Dryopteris, is held to be an advancement.      

 ii) Leaf structure  

 The growth of well-formed stems and roots by means of a single apical 

cell, as seen in Dryopteris, is held to be an advanced pattern of growth.    

The lower ferns grow by means of a group of cells in a somewhat haphazard 

way.  Though I not been able to determine the method of growth in  

O. regalis myself, Hyde & Wade place the Osmundaceae in an intermediate 

position.   

 

B) REPRODUCTIVE CHARACTERS    

 i) The Sorus 

 There are three types of sorus. They are categorised as Mixed,  

Gradate, and Simple.  The mixed sporangia ripen at different times, and in 

no logical order.  All the sori mature together. The simple sori have  

sporangia which ripen simultaneously and shed their spores at more or less 

the same time.  The gradate sorus is the most advanced, since the  

sporangia ripen in a definite sequence, thus prolonging the period of 

spore dispersal.  The mixed sorus is found in most ferns.  

 

 As a result of these and many other criteria, Bower proceeded to draw 

up a system of evolution of the British fern families, in which they were 

all considered to have evolved originally from the Palaeozoic family  

Coenopteridiaceae. This system is shown in modified form on the opposite 

page. Manton has also explained much of the background to development in 

her book ‘Problems of Cytology and Evolution in the Pteridophyta’. 

 

 

 

-o-o-o-o-o- 
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MORPHOLOGY 

 

 1) Introduction 

 The Sporophyte fern plant can be divided into three main sections, 

each differing in structure and function. They are the root system, the 

rhizome, and the fronds; and they correspond to the root, stem and 

leaves of the angiosperms.       

 

 2) The Rhizome 

 The rhizome of Osmunda, or rootstock as it is sometimes called, is a 

woody structure growing half buried in the ground.  In a young plant it 

may be quite small, but in an old plant is may extend to three or four 

feet. This is much more than the rhizomes of other ferns.      

 The most noticeable feature of the mature rhizome is its height. In 

an old plant, the rhizome tends to grow vertically, and thus gives rise 

to an almost trunk-like structure.  This method of growth is a  

distinctly primitive feature, and was widespread during the Carbonifer-

ous Period.  The only groups of ferns found today with this method of 

growth are the tree ferns, such as Dicksonia. An example of these 

‘living fossils’ is shown on the opposite page, in a picture taken at 

Kew Gardens.  This plant was 8-10 feet tall, it is Dicksonia antarctica.         

 The large variation of size brought about by the growth of the  

rhizome is due to changes in environmental conditions.  The tropical 

plant of Osmunda shown on page 6 had a large rhizome five or six feet 

long and two feet tall although its fronds were their normal length of 

about four feet.       

 Growing about the rhizome is a network of roots, similar to those  

comprising the trunk of the tree ferns, whose purpose is to store water. 

Thus there is yet another feature common to both Osmunda and the tree 

ferns.  (The vascular arrangement, see page 52, is also the same in  

Osmunda and Dicksonia).        

 Surrounding the rhizome are the rachises.  They are unique among the 

ferns I have studied, since they possess stipules. This is a further  

primitive feature.      

 (The form of the rhizomes of modern ferns varies considerably. In  

Pteridium, for instance, it is extensive and creeping, and the normal  

method of reproduction is by vegetative budding-off of new plants from 

the rhizome.  The filmy-ferns have a very fine rhizome, rather similar 

to a root network, whilst the rhizome of Dryopteris and similar ferns is 

bulky and somewhat oval in shape).           
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MORPHOLOGY 

 

 3) The root system 

 The roots of Osmunda are, in common with most other ferns, numerous 

though not very long.  At most they may be two feet in length. Since the 

fronds are 3-4 feet high, this is very short, considering that O. regalis 

is a marsh plant.  However, the roots of the three feet tall Dryopteris 

filix-mas are only 6-8 inches long. 

 The dark brown roots of Osmunda are thicker than the typically wiry 

roots of many other ferns.  For instance, those growing about the rhizome 

(see photograph opposite) are ⅛ inch or more in diameter. The ends of the 

roots are not tapering, but strikingly blunt; they are lighter in colour 

than the rest of the root.  

 There is no sign of dichotomy in the roots, although they are greatly 

divided, as clearly be seen in the photograph opposite.               

 

 4) Leaf-bases 

 The rachis is completely devoid of scaly ramenta.  At the base of the 

rachis, the stem flattens and wing-like protrusions have developed on  

either side (see diagram opposite). These are one-third of an inch in 

breadth at the top, but they taper right down to the point of attachment 

to the rhizome, and are the counterparts of stipules as found in the  

angiosperms.             

 

 5) The embryo frond sacs 

 In the interior of the rootstock can be found two elongated, somewhat 

crescent-shaped sacs (see photograph opposite). They are each about 2½ 

inches long. Inside, at the base, are much smaller sacs. The large sacs 

contain the young fronds for the next year’s growth, and the small sacs 

are developing for the following year. Therefore, the fronds must take at 

least three years to develop, a most unusual feature. In the other  

British ferns, the fronds are formed in a year or so. Osmunda is, to my 

knowledge, the only British exception. 

 Premature unrolling of the fronds can be induced by removing all ma-

ture fronds of a fern such as Athyrium in August or thereabouts. The 

’emergency’ fronds thus produced are much smaller than normal. I have no-

ticed no such phenomenon in Osmunda, because it was considered unwise to 

experiment with fronds from a fern that is facing possible extinction due 

to habitat loss.     
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MORPHOLOGY 

A fully-expanded plant of Osmunda at Kew Gardens 

Part of frond to show venation.  
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MORPHOLOGY 

 6) The Stem 

 The stems of the Royal Fern are about one-third of an inch in  

Diameter at their bases.  In cross-section they are slightly grooved on 

one side.  They are completely devoid of rameta, when mature, although the 

cellular material on the surface of the embryo fronds may well be homolo-

gous with ramenta. The stem surface is quite smooth. 

 

 7) Emergence of the Fronds   

 The young fronds inside their sacs are perfectly formed.  Indeed, the 

top of a frond, when macerated in water under the low-power microscope, 

shows developing sporangia on them.    

 At the beginning of Spring, the frond sacs divide into two flaps at 

the top, and, opening downwards, they allow the expanding fronds to 

emerge. 

 These fronds unroll ventrally, i.e. the dorsal surface is outermost of 

the rolled frond. This is unusual. For instance, in Adiantum, Pteridium, 

and possibly in Hymenophyllum, the fronds are rolled as in Osmunda. In 

other ferns with circinate vernation that I have observed, the ventral 

surface appears to be outermost in the rolled frond.   

 

 8) Vernation 

 As has already been stated, the vernation of Osmunda is circinate.  

This is true for other British ferns with the exceptions of the uncommon 

Ophioglossum and the rare genus Botrychium (I do not include the floating 

Azolla as a true fern). In the two genera mentioned the vernation is  

linear.  It is the same in Pilularia and Isoetes, neither of which is  

included in this study.         

 These are the only two types of vernation that are found in British 

ferns, although in a commonly grown foreign fern* (a genus with a dark  

undivided stem and palmate fronds, the lobes being lanceolate) the verna-

tion is hooked, the fronds being bend over ventrally in the manner of a 

shepherd’s crook.  

 

 9) The mature Fronds  

 When fully unrolled, the fronds of Osmunda are three or four feet in 

length.  The first fronds to unroll are the barren ones, the fertile 

fronds do not unroll until later. 

 

 

 

*?Pteris sp.     



Osmunda — sporangia on frond 
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MORPHOLOGY 

 As is shown in the drawing from life (page 16)the venation exhibits 

bifurcation.  This is true of all British ferns except for such oddities 

as Pilularia, Hymenophyllum, etc. In none of the ferns do they join up 

again, except for Blechnum, which has anastomosing veins, though the  

barren pinnae have normal veins.  

 The fronds of Osmunda are bipinnate.  The outline of the frond of  

modern ferns is generally an elongated triangle, and this is also the case 

in Osmunda.  However, the dividing of fern fronds is very varied. It is, 

without normal exception
*
, of the pinnate variety. In other words, the 

primitive outline is held to be entire, and divisions have gone on  

successively at right angles to each other in a repeating pattern. The  

undivided type of frond as is found in Phyllitis is botanically known as 

Simple.  After the first division of the frond, the next type is Pinnate 

(Blechnum, Polypodium, etc). Further divisions are bipinnate (Drypoteris) 

and tripinnate (Dicksonia, Athyrium). There are more complex forms, such 

as the tetrapinnate frond of Pteridium.  

 The length of the frond in Osmunda has been reputed to be up to 12 

feet. I feel this is an exaggeration. The maximum length I have observed 

growing under optimal conditions is 4’6”.  Most other ’large’ ferns, e.g. 

Polystichum, Drypoteris, Athyrium) rarely exceed 2’6”. 

 

 10) The Sporangia 

 Sometime during early May, the fertile fronds emerge, and are fully 

expanded by the end of the month. These bear sporangia on the top 8-10 

pinnae on which they are formed (opposite page).  Unlike most fronds, 

which bear sporangia on the ventral surface of the frond in groups, the 

sporangia of Osmunda take up the whole of the pinnae on which they occur.  

There are thus clearly-marked barren and fertile fronds together on the 

same plant.  This is known as the Heterophyllous state, and is found in a 

few ferns (e.g. Blechnum spicant) and also in the Parsley Fern,  

Cryptogramma crispa.  

 The Osmunda sporangia are grouped in clumps along the pinnules, the 

clumps corresponding in position and number to the veins on the barren 

pinnules (see facing page). Thus, the sporangia appear to have formed on 

the veins of the embryonic pinnules. The sporangia of other ferns form on 

the veins, so that Osmunda is orthodox in this respect. 

 

*
 Dichotomous division is found in genetic mutations of fern species which 

cause the apical cell to divide (see chapter on Variation, page 27).             

 



hy 
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MORPHOLOGY 

 There is no indusium in Osmunda.  This is not unusual in mature 

fronds, although in most ferns where an indusium is absent from the mature 

sorus, it was initially present. In Osmunda it is totally absent. There 

are thus ferns with three distinct types of sporangium formation:     

 

a) Those in which an indusium is present at spore dispersal  

e.g. Drypoteris, Pteridium 

  In Drypoteris there is an umbrella-like indusium under which  

 are grouped the sporangia, as shown in the diagram opposite. This  

 indusium is somewhat kidney-shaped.   

  During the early stages of development the indusium is intact with 

 the ventral surface of the fern frond.  When the sporangia reach  

 maturity, and the spores within the have formed, the indusium splits 

 from the frond around its circumference to form the typical  

 umbrella-like structure. 

  The sporangia are small structures about 0.2 mm in diameter and 

 are somewhat discus-shaped. They are comprised of thin cells which 

 form a paving-like network.  Specialisation is limited to two regions, 

 the annulus and the stomium.  The annulus develops initially as a line 

 of cells running from the stalk two-thirds of the way around the   

 perimeter, as shown on page 24 (top). These cells becomes thickened 

 while the stomium forms from a group of thin-walled, weak cells.       

 

 11. Dehiscence 

  During a dry spell, moisture secreted by the hydathodes (‘hy’ in 

 the diagram opposite) is insufficient to maintain a humid atmosphere 

 under the half-shrivelled indusium.  Thus, the moisture starts  

 evaporating from the annulus cells.  This causes them to shrink and 

 contract, and the whole annulus bends over backwards.  The sporangium

 is broken open across the stomium.  When the annulus has bent right 

 back, further evaporation finally causes an explosive rupture caused  

 by the breakdown of forces of adhesion between water molecules within 

 the cells, and the cell walls. This causes the annulus (bearing  

 perhaps half the spores with it) to return to its former position with 

 great force.  The effect of this is to catapult the spores for more 

 than a centimetre. This is sufficient for them to be thrown well away 

 from the frond, and they may then be carried away over considerable 

 distances by wind currents, because they are so small.                 
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 The process of dehiscence is easy to observe by mounting some mature 

 sporangia in glycerol.  Occasionally, detached sporangia or even 

 isolated annuli may be seen, when treated as above, performing  

 whipping movements as though undergoing the process of dehiscence 

 over and over again. 

b) Those in which the indusium is not present in the later stages of  

sporangium formation 

  Athyrium is a typical member of this group. The structure of the 

 sporangia, indusium, and the method of spore dispersal are the same as 

 in the above group.  However, there are no hydathodes as in  

 Drypoteris, and the spoprangia dehisce as soon as they reach  

 maturity, on the first dry spell.        

c) Those ferns in which an indusium is totally absent 

  This is obviously a primitive feature, and it is to be expected 

 that it is to be found only among the undeveloped fern species today.  

 Among the British ferns that I have studied, Ophioglossum, Botrychium, 

 and Osmunda are members of this group. The structures of the sporangia 

 of these species are all unusual, but I shall consider only those of 

 Osmunda. 

  As has already been discussed, the sporangia of Osmunda are formed 

 in the frond sacs, before the fronds emerge.  Thus they are in an   

 enclosed, and therefore constantly humid, environment.  This renders 

 the formation of an indusium total unnecessary. The sporangia are  

 almost fully developed before they emerge fron the frond sacs.   

  The structure of the sporangia of Osmunda is very different from 

 the type already described.  It is to be remembered that most ferns 

 belong to the groups described previously. 

  Osmunda sporangia are more-or-less spherical.  On one side of this 

 sphere (at the “3 o'clock position”) is a group of thickened cells  

 homologous to the annulus of the other sporangium type.  These  

 contract when the sporangia are ripe, and a split forms right across 

 the top of the sphere, which thus separates into two halves.  There is 

 no catapulting action, as in Dryopteris, and the spores are  

 distributed by air currents.  NB: Since Osmunda is essentially a water

 -loving plant, it is likely that many of the spores are distributed by 

 water.  This would, of course, ensure that future plants of Osmunda 

 could only develop on the banks of streams or ponds.  The size of the 

 spores also renders them too heavy to be carried far in the air.                        
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MORPHOLOGY 

 12) Conclusion 

  The fact that Osmunda spores are so large, and the sporangia so 

 primitive, are obviously disadvantages.  However, they have an a 

 advantage over the typical type, since they need both a dry atmosphere 

 and a windy day for the spores to be dispersed. There is also a third  

 type of fern sporangium, that of the Hymenophyllaceae. It is  

 illustrated below.      
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VARIATION 

 

 By the term Variation, we mean a genetic mutation which has caused 

the growth or development of a plant to render the mature phenotype 

morphologically unusual, and different to other (normal) members of 

the same species.  It also implies that the mutation will “breed 

true”, i.e. the offspring of the mutated plant will have the same  

unusual characteristics as the parent. (N.B. If the mutation is very 

radical, so that the new type formed is very different from the  

parent, a new species can be formed. Indeed, it is often very  

difficult to drawn the line between a variation and a species).            

 A characteristic of ferns (see chapter on Growth of the  

Sporophyte, page 19) is that growth takes place from a meristem formed 

from a single apical cell. Since this is in constant growth and  

mitotic division throughout the growth of the plant, a mutation is 

prone to occur which can alter this division in some way. The most 

common of these is a simple division of the apical cell into two.  

Thus, these two will continue to grow in the normal way, each  

separately forming new stem, leaf, and vascular tissue. Thus, a  

divided frond is formed (see overleaf).       

 Sometimes, however, a mutation occurs which causes the apical cell 

to divide repeatedly.  These divisions occur at regular intervals, and 

thus a dichotomous mode of growth is adopted (see line drawing of 

Phyllitis on opposite page).  Or alternatively, the apical cell may 

divide many times to form a fan-like frond, as in the fronds of  

Dryopteris (opposite, top).  These mutations are spoken of as 

“cristate variations” and the 

species is suffixed: var.  

cristatum. A cristate form of  

Osmunda is know to occur, but, if 

not absent from Britain  

altogether, it is very rare. The  

pinnules of one variety are  

cristate, and is shown (left) for 

comparison.  This drawing is  

taken from a photograph of a 

frond taken by a fern collector some years ago. He noticed the plant 

growing among other species at a nursery, and he offered a good sum 

for its purchase, but this was not accepted. The plant, after dying 

down next winter, failed to produce fronds the following spring and 

the rhizome was later found to have died, possibly from frost or from  

dehydration.  This was, needless to say, a most frustrating experience 

for the collector.  The one frond he had sampled and pressed for his  

collection is, to the best of my knowledge, he only one in existence.              



 A. bulbiferum 
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VARTIATION 

 

 The size and shape of frond parts of ferns are also subject to  

considerable variation. A frond of Phyllitis is shown overleaf where 

the normal lanceolate frond has become divided up into lobes.  

Changes in the division of fern fronds is fairly common as a  

variety, and it has been recorded to occur in Osmunda. In his book 

British Ferns of 1859 (page 321) Thomas Moore gives the  

following account of it: “We have seen only a fragment of this form, 

communicated by Mr Sim of Footscray. In this, the pinnules are  

mostly reduced to a rounded, flabellate form, one or two here and 

there being of the normal character.”  This, of which the above is 

the only published record I have found, is known as var. interrupta.   

 A variety found in Ireland is nknown as var. rotunda and is  

described as having rounded pinnules, instead of the more normal  

oblong pinnules.  

 Osmunda regalis var. decompositae has sawlike pinnules, and  

detached, bead-like masses of sporangia instead of crenate  

spikelets. This form has also been found in Ireland.    

 None of the above variations of Osmunda is, to my knowledge, 

growing in cultivation; but one lesser variety which is also growing 

at Kew Gardens is shown opposite. Var. purpureum has a genetically 

increased amount of carotin in the fronds, and is of a darker  

colour than the normal form. There is another at Kew, known as  

var. undulatum, which has wavy edges to the pinnules. This variety 

is lighter in colour than the normal form.  It is shown in the  

photograph on the following page.    

 There is a third variety, which is also in cultivation at Kew, 

O. regalis var. luteum. It appears etiolated, and is paler in  

colour than other ferns. 

 

 

N.B. Variations also appear to occur in the gametophyte generation. 

This is discussed in the next section.     

 

 

-o-o-o-o-o- 
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The Gametophyte Generation 

From spore germination to the 

development of the Sporophyte 

 

 

 

 

 

 

 

 

-o-o-o-o-o-  
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GAMETOPOHYTE GENERATION 

s 

c 

Spores (s) and spore-case (c) of 

Osmunda regalis x500 

Germinating spore of  

Osmunda x175 

Photomicrograph of very young prothallus of Osmunda (x500) 

Photomicrograph of young prothallus of Osmunda (x60) 

 

 

 

Tripartite spore-case 

 

Prothallial cells 

Rhizoid #1 

Rhizoid #2 

 

 

 

Apical meristem 

Cushion 

 

Rhizoids 
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THE GAMETOPHYTE GENERATION 

 

1) Spore Germination 

 After the spores have been dispersed, those alighting on a 

suitable substrate for growth will commence development.   

Initially, no marked differences are apparent, although the 

spore, originally dark green, appears to become somewhat lighter 

in colour. After a short period of time* the spore commences 

germination.   

 On the surface of the spore (see drawing on the opposite 

page) three concurrent lines can be seen. When growth commences, 

these lines split open and a colourless cell emerges.  I shall 

refer to this as the pro-rhizoidal cell.  This cell seems to act 

as a rhizoid, drawing water into the spore.  This, since the 

original cell within the spore has now divided into two cells, 

each with separate functions, cellular specialisation is already 

becoming apparent.  After a few days, the spore-cell divides to 

form two chlorophyll-containing cells, and their increased  

volume forces them out on the spore-case. The remaining empty 

capsule has now split into three segments, as shown opposite.            

 The spore wall seems to be composed of cellulose, since it 

is very durable, and it stains under the microscope with both 

iodine and methylene blue.  

 The next cell to appear is a further pro-rhizoidal cell, and 

by a continuation of ths process, development proceeds.  

 Photomicrographs of a growng prothallus are shown on the 

facing page, but drawings of intermediate early stages appear 

overleaf.  

 

 

 

 

 

 

 

 

 

 

*The time taken for this to occur varies from four days, when in 

a warm environment on culture medium, to three weeks, on  

uncovered, moist filter-paper.   
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                        x500         x250                 x200             x220 

 

      (1)          (2)           (3)             (4)   

Stages of germnination and growth of young prothallus of Osmunda 

 a                                                        r    

                                                            

                        x100                           x5 

 

 

Young prothallus of Osmunda                  Older prothallus of Osmunda   

with antheridia (a)                          with archegonia (r) 

Osmunda: photomicrograph of            Osmunda: life drawing of 

archegonium (x150)                     antheridium (x450)   
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 When the prothallus has reached a certain size, which varies with the 

environment, active growth slows and some superficial cells, developed on 

the edge of the lamina, themselves commence development.  These are  

destrined to become male sexual organs, antheridia, after a series of  

well-defined cell divisions, the results of which are illustrated over-

leaf. The resulting organ formed is spheroidal, and consists of a wall of 

cells surmounted by a flat cell, which covers the operculum.  Inside this 

spherical organ develop the male gametes.  These are spiral in shape and 

each is enclosed in a small drop of protoplasm.  When they have matured, 

the operculum cell falls away, ahd the antherozoids are released.  

 After this phase of microgamete production, the prothallus continues 

its growth.  The table below shows the diameters of rhizoids of normal 

prothalli. They are remarkably consistent, and since diploid and  

tetraploid prothalli can emerge (see later), this measurement could be  

important in determining the chromosome number of an Osmunda prothallus.    

__________________________________________________________________________

TYPE OF PROTHALLUS     DIAMETER (in             MEAN DIAMETER IN µ 

                       Measuring eyepiece)________________________________ 

 

 Young  prothallus   8, 7, 6, 10, 9, 7 =    7.5 x 10/3 = 25.0 

    “        “    7, 7, 8, 6, 6, 7  =    7.0 x 10/3 = 23.0 

 Mature prothallus  5, 6, 7, 5, 7, 7  =   6.5 x 10/3 = 21.5 

_    “        “         6, 6, 8, 6, 6, 6   =   6.0 x 10/3 = 20.0__________ 

INFECTED PROTHALLUS_______________________________________________________ 

 

 Healthy rhizoids         9, 8, 14, 15  =  12 x 10/3 = 40.0   

 Infected rhizoids     6, 4, 5, 7, 5  =  5 x 10/3 = 17.0 

__________________________________________________________________________

  

 When the prothallus is full size, it produces archegonia around the 

edge of the cushion.  They too are produced from superficial cells.  The 

first division separates this cell into an ’upper’ and ’lower’ cell. The 

lower cell becomes embedded in the prothallus and will form the egg-cell 

which will be enclosed in the venter (see photo opposite, bottom left).  

The other cells develop to form the neck, a cylinder of cells which can be 

seen in transverse section to be thickened on the inside surface.  When 

the oosphere is ripe, the surrounding archegonium secretes enzymes which 

bring about the dissolution of the neck-canal cells with the production of 

a liquid attractant (said to be malic acid) that will lure the antherozo-

oids towards the oosphere. These antherozooids come from a younger, less 

mature prothallus, thus avoiding self-fertilization. 

 After fertilization, the zygote commences development. The subsequent 

stages in growth are illustrated overleaf.            
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                                       neck   

                                                   neck canal cells  

                                          

                                         venter 

 

 

Stages in formation of archegonia     

 

 

                                            operculum 

 

                                                 Antherozooids 

 

Stages in formation of antheridia  

 

                                              hydathodes 

    

                                               young frond    

                                        foot 

 

                                               young root 

 

                                              prothallus 
 

 

 

Young sporophyte on prothallus (x200) 

 

 

                                               frond stems 

  

                                                young frond  

 

                                         foot   

 

                                          Roots 

 

 

 

 

                        Older sporophyte on  

                     prothallus (x50) 



37 

GAMETOPHYTE GENERATION 

 The fully-grown prothallus is subject to considerably more change 

than I had originally assumed, and I have been obliged to add this note 

in 1958 on this page, after the majority of the thesis had been  

completed.  

 One of the most unusual fearures I have found is a prothallus in our 

cultures that was apparently morphologically identical with a typical  

Osmunda prothallus but was of greatly increased dimensions.  It is shown 

on this page at actual size.  It might be a polyploid prothallus but it 

has not been possible to confirm this possibility. 

 Another interesting feature I have observed is the differing sizes of 

the cushions for the different prothalli I have grown in culture.  For 

instance, the most primitive prothallus in my collection is of Dicksonia 

antarctica (a tree fern, see page 12) which has a very thick cushion 

(measuring almost ⅛ inch). Osmunda has a smaller cushion, though it is 

still very prominent, whilst most more modern ferns (e.g. Athyrium,  

Dryopteris) have a cusion that is much smaller still.  From this, one 

could infer that, the larger the cushion, the more primitive the genus. 

If so, this could perhaps be added to Bower’s Criteria (see page 11).  

 

 

 

 

 

 

 

 

‘Giant’ prothallus of Osmunda (x1 exactly)               
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= ramentae 

Stages of frond unravelling in Osmunda 

(same regions as they unfurl marked A, B)  

A 

A 

A 
A 

A B 

B 

B 

B 
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 There is considerable variation in the form of the prothalli 

which may be hereditable or due to some temporary environmental 

change.  I had a prothallus of Osmunda growing at home which has, due 

to lateral division of the apical cell of the meristem, grown into 

three segments. By carefully cutting these into separate parts, I 

have now obtained three complete prothalli, each with its own apical 

cell, rhizoids, and antheridia. It will be interesting to see if a 

cristate or tripartite embryo is formed, (i.e. if the change was due 

to a genetical change also present in the gametes).   

 By excising portions of fern sporophytes and planting them on 

moist soil, prothalli can be apparently be produced by vegetative 

means directly from the tissue of the fern part (see diagram on the 

following page). Thus, such a prothallus, if produced from a normal 

fern sporophyte, must be diploid.  An embryo it produces would be 

tetraploid and in experiments of this sort it may be possible to  

increase the number of sets of chromosomes.     

 

 Vegetative Reproduction 

 The experiments described above are obvious examples of  

vegetative reproduction.  However, they do not occur normally in the 

wild state.  There are, however, certain fern species that are  

capable of a vegetative means of reproduction. The most common fern 

of this sort is bracken, Pteridium, which may not at first sight  

appear to reproduce vegetatively.  However, though it produces large 

number of spores, which can be seen blowing in misty clouds from ripe 

plants in the summer, only a few of them germinate. The plant  

normally reproduces itself by budding off new plants, which later  

become independent, from its recumbent rhizome. 

 Indeed, a plant such as Phyllitis can often be reproduced by 

planting separated fronds in the soil.  Division of a rhizome in    

natural conditions is frequently found as an agent of reproduction in 

wild ferns, but I quote the case of Pteridium because, in that genus, 

it seems to be the predominant method of spreading.   In most ferns 

it is only secondary.            

 In certain members of the Spleenwort group, none of them native 

to Britain unfortunately, large numbers of perfectly formed miniature 

fern plants are produced on the fronds, and these drop off and can 

become independent when they have reached a certain size. 

 One of these is Asplenium bulbiferum, which is cultivated as an 

indoor specimen plant, and I include a pressed frond from it on the 

following page.    
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                                normal leaf                             meristems 

                                Prothallus 

 

 

 

 

 

 

                                   (x3)                                  (x20) 

        Young plant of Osmunda with one                    Cristate prothallus 

        frond forming diploid prothallus                   of Osmunda   

 

 

 

      young plants 

 

 

 

 

 

 

 

 

Pressed frond of Asplenium bulbiferum with vegetative plants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pteridium, rhizome (reduced scale) 
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 The following fern species also normally reproduce by vegetative means 

similar to that found in Asplenium bulbiferum: 

 

Asplenium Gautieri 

         “   mulitujugum 

       “   palaeceum 

Aspidium (=Polystichum) Plaschickianum 

 

-o-o-o-o-o- 

 

 

Table of tissue dimensions of the polyploid series of Osmunda   

 

__________________________________________________________________________ 

  TISSUE               OBSERVATION       POLYPLOID NUMBER 

  Gametophyte             n  2n  3n  4n_____ 

 Spore    diameter in µ  80  90  -  - 

 Rhizoid      “   18  26  33  42 

 Spermatocyte                “   5.5  7.0  -  9.0 

 Atheridia     “   60  80  -  160 

__________________________________________________________________________ 

  Sporophyte______________________________________________________________  

 

 Sporangia   diameter in mm  -  0.55 -  - 

 Leaf                length in cm  -  114  130  91 

__________________________________________________________________________ 

 

 

 

-o-o-o-o-o- 
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             Epidermis 

             Cortex 

             Endodermis 

             Pericycle 

             Phloem    

             Xylem 

 

 

 

 

T.S. Osmunda stem (Low Power plan) 

 

 

 

             Cortex 

             Endodermis 

             Pericycle 

             Phloem 

 

 

 

 

 

 

 

 

T.S. Osmunda stem (High Power details) 
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1) The Stem 

 

 a) general 

 A description of the appearance of the stem will be found in the    

chapter on morphology (page 17, par 6). 

 If a stem of Osmunda is cut cleanly across with a dissecting knife or 

scalpel, the vascular tissue will be clearly seen by the naked eye to take 

the form of a horseshoe (facing page, top). It might be inferred from this 

that the arrangement of the vascular elements is that known as Protostele, 

with medullary tissue running down the centre. In fact, Osmunda has a So-

lenostele in the stem, and the order of tissues (xylem inside, then phlo-

em, then pericycle) is unaltered around the corners of the horseshoe.         

 

 b) Xylem 

 The xylem of Osmunda is much like that of any other fern.  As in all 

ferns, the vessels of the xylem are in the form of tracheids. Due to the 

great elongation of the growing stem, however, the cross-walls within the 

stem xylem vesels are few and far between.  Each tracheid may be half an 

inch long, or possibly even more, in the stem of Osmunda.    

 The xylem arises within the embryo stem as small groups of         

protoxylem tissue (inside the rhizome, see page 13). By the time the frond 

is unrolling, these individual grops show considerable elongation, and by 

the time the stem is fully unrolled the xylem has spread throughout not be 

homogenous through its length (as in the opposite figure) due to the 

thickening of the pre-existing vessels. Examination of transverse sections 

of an unrolling stem under the microscope will reveal much unthickened   

xylem, and other vessels in various stages of thickening.  Islets of fully

-formed     xylem tissue can be seen at regular intervals along this re-

gion.  

 

 c) Phloem 

 The phloem in Osmunda, I have ascertained, is very variable in its 

detailed structure.  The cells may be greatly elongated, or comparatively 

short.  There is one rather odd feature that I have noticed about these 

cells. Some of them, here and there, have bulges of the cell-wall and the 

cytoplasm contained therein is very granular and has great affinity for 

microscopical stains. Just what these bulges consist of, I do not know.  

It seems a reasonable assumption that they are storage centres for food-

stuffs, etc., as starch grains are present.  The cross walls of the phloem 

vessels are also subject to variation. They may be transverse or very 

oblique, thin or fairly thick, and sometimes hardly noticeable. In the 

young stem there may be many cell inclusions of one kind of another, but 

the older stems of late summer and autumn have phloem that is generally 

devoid of this type of inclusion.            
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Epidermis 

Cortex 

Endodermis 

Pericycle 

Phloem 

 

Xylem 

 

Osmunda, L.S. stem (High Power details) 
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 The older stem, generally, has a much tougher and harder tissue than 

the young stems of the late spring and early summer. It is far more  

difficult to stain and dehydrate than the younger stems, as well.   

 

c) Pericycle 

 The pericycle consists of elongated cells with oblique or transverse 

walls, never at more of an angle than 20° to the longitudinal walls.   

 

d) Endodermis  

 The endodermis is comprised of cells which are not very different 

from pericycular tissues (see diagram opposite).  

 

e) Cortex   

 The largest cells of the stem (apart from the elongated tracheids of 

the xylem) are found in the cortex.  They are rather oval in outline and 

may be found to contain granules of starch, and probably other foodstuffs 

as well.  The cortex is usually more dense towards the centre of the stem 

(i.e. around the stele) than it is in the outer layers. 

 

f) Epidermis    

 This outermost layer of cells posseses thickened and protective  

cell-walls.  In the adult stem, again due to the elongation of it as it 

grows, the epidermal cells are longer and thinner than those of the  

embryonic fronds.  The cortical cells immediately beneath the epidermis 

aree smaller and appear to form a hypodermal layer. However, their  

shape, form and contents are the same as those of the other cells within 

the cortex so this is not truly a differentiated tissue.  
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Cortex  Endodermis  Phloem   Xylem   Xylem parenchyma Phloem Endodermis Cortex     

                                           x450 

Osmunda: Longitudinal section of embryonic frond 

 Protoxylem 

Osmunda: transverse section of embryonic 

frond-stem to show protoxylem islets  
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2. The Embryo Stem 

 The tissues of the embryonic plant differ but slightly from those in 

the adult stem discussed in the previous pages. The diagrams opposite will 

emphasise sufficiently the variations between the two types.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ADDITIONAL FIGURES 

 [These rough sketches of young Dicksonia plantlets were filed with  

 the original thesis but were not included in the submission].  
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   Phyllitis: stele in T.S. x125 

 

           Osmunda: descending root T.S. x150 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Osmunda: xylem in L.S. to show    Osmunda, T.S. rhizomal root 

 scalariform vessel thickening x450 
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3) The root system 

 The roots are of two types (see page 15), those that grow 

about the rhizome itself (rhizomal roots), and those that grow 

down into the soil to absorb water and mineral salts (descending 

roots).  They vary only in morphology, and the microscope reveals 

that they are are both anatomically the same.        

 We have seen that the vascular arrangements of fern stems are 

often characteristic. For instance, the vascular system of  

Dryopteris is in the form of groups of vascular bundles arranged 

in a symmetrical pattern.  The stele of Athyrium is similar, but 

the groups remain joined. Phyllitis shows two crescent-shaped  

vascular systems back-to-back (see photomicrograph opposite). But 

the vascular arrangements of fern roots do not show such wide  

variation.  The roots of the British ferns are morphologically and 

microscopically very similar. The characteristically distinct, and 

often visually attractive, patterns seen in the stems is lost in 

the roots.      

 The stele of Osmunda is diarch, i.e. it has two phloem groups 

opposite each other.  All the other layers of tissue are arranged 

concentrically around the xylem so there is no central medulla. 

Histologically the tissues are the same as those in the stem.  The 

intersections of the middle lamellae of the xylem can be seen in 

transverse section to stain readily with crystal violet.  

 The thickening of the xylem vessels (as seen in longitudinal 

section) is typically scalariform in ferns.  I have not found an 

example among the British ferns in which thickening is not of this 

type.  

 All the other tissues are microscopically the same as those of 

the stem. 
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Osmunda: transverse            Xylem 

section of root showing  

details H.P. 

 

 

 

Osmunda T.S. rhizome to show  

transition from root stele (centre) 

to stem arrangemjent (at periphery)  

L.P. plan 
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 Xylem 

  

 Xylem parenchyma 

 

 

Osmunda: details of rhizomal 

xylem and phloem H.P. 
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4) The Rhizome 

 The rhizome is anatomically very important as it is the site of 

transformation from the root arrangement of the stele to the type 

observed microscopically in ths stem.     

 The steles from the roots come into the rhizome in the         

arrangement shown diagrammatically in the centre.  The stele is at 

this stage oval in T.S., just as it is in the root.  

 Xylem parenchyma in the middle of the xylem becomes developed 

into protoxylem, and this spreads out until the the phloem surrounds 

the bit of xylem that has been separated off.  This results in the 

characteristic, horseshoe-shaped stele of the stem being formed.    

 The other tissues are, again, the same as those observed         

microscopically in the stem and root of the plant.  
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5) The Ramentae 

 Most ferns possess brownish, chaffy scales on the lower parts of the 

frond stems.  They serve to support and protect the young fronds.  In the 

adult fronds of Osmunda, however, they are absent, though they are pre-

sent in the embryonic stages (see page 17, section 6). 

 Around the embryo stem, inside the frond-sacs, there are two types of 

cellular packing material.  There is much white tissue, which is illus-

trated opposite (top) and which consists of oval cells.  The nucleus is 

typically clearly observed.  I have also noticed some unusual spiral 

folding on the cell surface, as shown in the drawing opposite.  I do not 

konow the purpose or the origin of these markings.            

 The cells of greatest interest to observe, however, are those com-

prising the brown material which grew in contact with the fronds.  They 

are rectangular, elongated cells and can be seen in the drawing opposite.       

When young they contain starch grains, but these disappear as the cells 

mature.  At the same time, the nucleus can more easily be observed.  

These are homologous to the ramentae as found in Dryopteris. In Osmunda, 

however, the cells drop off as the fronds unfurl.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ramentae growing in a vegetative bud of Asplenium bulbiferum 

(This thickened lattice-like structure is typical of  

the type of ramentae found in all the spleenworts). 
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                        x125 

Osmunda: Cells from white material surrounding embryonic fronds  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                 x400 

Osmunda: Cells from brown, fibrous material surrounding embryo fronds  
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  Details of microscopical anatomy of Osmunda root  

  showing stele and cortical cells 
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              Fern spore 

 

 

              Bacterial growth 

 

 

 

 

   Photomicrograph of bacterial growth invading  

  germinating spores of Osmunda in culture H.P. 

 

The very first Filices (ferns) originated 350 years ago in the Devonian 

Period.  They have evolved for long enough to be largely unaffected by 

fungi and other parasites. Mildews and other pathogens rarely, if ever, 

attack ferns.  However, pockets of moisture with germinating spores may 

be overgrown by bacteria.   

 

 

 

 

 

 

 

-o-o-o-o-o-   
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APPENDIX: Later sketches following the research described, showing early  

observations of chromosomes, leucocytes etc, and filed with the thesis. 
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