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ASPLENIUM X SARNIENSE (ASPLENIACEAE, PTERIDOPHYTA) 
FROM GUERNSEY (CHANNEL ISLANDS, U.K.): 

A CYTOLOGICAL ENIGMA ? 

PALOMA CUBAS1 and ANNE SLEEP2 (t) 

IDepartamento de Biologia Vegetal II, Facultad de Farmacia, Universidad 
Complutense, 28040 Madrid, Spain 

2Department of Pure and Applied Biology, The University, Leeds, LS2 9JT, U.K. 
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ABSTRACT 
The cytological study of four plants of the wild hybrid Asplenirmr x sarnie11se Sleep from 

Guernsey has shown a meiotic behaviour which conflicts with most of the published data in  

other hybrids of A .  adiantum-nigrum L. A .  x samie11se is considered to be the cross of A. 

adianlum-nigrum with A. ohovatum Viv. subsp. lanceolatum (Fiori) P. Silva (= A. hillotii 

F.W. Schul tz), and thus the expected cytological behaviour should be to show at meiosis 36 

bivalents and 72 univalents. However, chromosome pairing of an unexpectedly high order 

was consistently observed in A. x samiense, ranging from 35 to 58 bivalents per cell. 

Assuming that up to 36 bivalents come from the pairing of the two similar genomes of A. 

ohovatum subsp. lanceolatum (considered to be autopolyploid), up to at least 22 bivalents 

must be formed by the pairing of the chromosomes provided by A. adiantum-nigrum, i.e. 

chromosomes of the onopteris and cuneifol ium genomes. Such a high order of pairing 

between chromosomes of these two genomes has not been found in any other hybrid, wild 

or synthetic. The fol lowing hypothesis to explain this unexpected behaviour are proposed: I) 
A. onopteris L. and A. cuneifo/ium Viv. could have originated by divergence from a common 

ancestral genome, and hence 2) the A. x sanriense plants from Guernsey may have originated 

from crosses between A. ohovatum subsp. lanceo/atum and A. adiantum-nigrum plants 

conserving or expressing some of this ancestral homology. 

INTRODUCTION 

Several putative hybrids were collected from Guernsey, one of the Channel Islands, in the spring 

of 1971. These plants showed abortive spores and were intermdiate in morphology between A. 

obovatum Viv. subsp. lanceolatum (Fiori) P. Silva (= A. billotii F.W. Schultz) and A. adiantum

nigrum L. Moreover, they were found growing together with these two species. Thus these 

plants were considered to be the prev iously unrecorded cross between A. obovatum subsp. 

lanceolatum and A. adiantum-nigrum and they were described as a new taxon later the same 

year (Sleep, 1971) under the name of Asplenium x sarniense (Sarnia being the Latin name of 

Guernsey). Herbarium specimens were made and one living plant was brought back to Leeds 

for cytological study. The hybrid was tetraploid, as expected (both putative parental species 

being tetraploid, each with 2n= l 44), and it had an irregular meiosis consistent with hybridity. 

t Anne died from systemi s  sclerosis on the Twenty-second of June 1 003 (Obituary in the B.P.S. 

Bulletin 4(4): 1 76-7, 1993) after suffering with supreme fortitude for more than twenty years, 

but miraculously retaining her intellectual powers throughout. Consequently she was able to 

continue working on her ferns both in the laboratory and in the field and to collaborate with 

fellow botan ists including Paloma Cubas. Ann's botanical effects, handled by BM, incl ude her 

herbarium, sl ide collection and notes connected w ith her research. Many of her l iving 

collections are distributed between Chelsea Physic Garden and the Royal Botanic Gardens, 

Kew. 
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However, the chromosome pairing behav iour did show unexpected peculiarities and for this 

reason examination of further material was desirable. A second visit was therefore made to 

Guernsey in September 1 972 by A.S. The season was unsui table for field fixation, but a second 

living plant of A. x sarniense was brought back to Leeds for further investigation. Some years 

later ( 1 990) a third visit was made to Guernsey and more hybrid plants as well as several plants 

of A. adiantum-nigrum and A. ohovatum subsp. lanceo/atum were fixed in the field and pressed 

fronds collected to check the spores. 

The results of a cytological study of these wild plants, carried out over many years, are 

presented below. Since the morphology, distribution and ecology of A. x sarniense in Guernsey 

have already been described in some detail elsewhere (Sleep, 1 97 1; Sleep & Ryan, I 972) 

consideration of these aspects is omitted from the present communication. 

A hybridization programme to resynthesize A. x sarniense, crossing a range of material 

from different sources, and to cross A. adiantum-nigrum and A. ohovatum subsp. lanceo/atum 

from Guernsey with related and unrelated species, was carried out at Leeds during several years 

under the direction of A.S. This programme was unsuccessful in raising synthetic A. x 

sarniense. However, several plants of two hybrids related to this investigation (A. ha/earicum 

Sh ivas x A. ohovatum subsp. lanceo/atum and A. ha/earicum x A. adiantum-nigrum) were 

obtained and their cytological study is also presented here. 

MATERIAL AND METHODS 

Cytological studies were carried out on the following collections from Guernsey, Channel 

Islands: 

A. x sarniense 

- AS/ 1 1 02 (typus): lane near St. Peter's Church, Les Pres, St. Peter- in-the-Wood, c. 45 m alt. 

Legit: B. Makin & A. Sleep, 23.4. 197 1 .  Plant cultivated in Leeds, at the experimental garden of 

the Department of Pure & Applied Biology (previously Department of Plant Sciences) of the 

university. 

- Plant 22: shady l ane off the rue des Clercs, St. Peter-in-the-Wood. Growing in soil on a shaded 

but fairly open bank. Legit: P. Ryan & A. Sleep, 9. 1 972. Plant cultivated at Leeds. 

- AS G90n: huge plant growing at the foot of bank of lane off I'Er*e Road, St. Peter-in-the

Wood. Legit: A. Sleep & P. Ryan, 28.4. 1 990. 

- AS G90/8: lane bank at Le Coudre (near rue du Bordage), St. Peter-in-the-Wood. Legit: A. 

Sleep & P. Ryan, 28.4. 1 990. 

A. adiantum-nigrum 

- AS G90/l and 4: Le Vaux de Monel, Pleinmont, Torteval. Legit: A. Sleep & P. Ryan, 

27 .4. 1 990. Plants with elongated fronds (lush form). 

- AS G90/ 1 7  and 20 : same details as above (normal form). 

- AS G90/15,  16 and 29: La Pomare, St. Peter-in-the-Wood, bank of lane, in sunny, exposed 

position. Legit: A. Sleep & P. Ryan, 28.4. 1 990. 

A. ohovatum subsp. lanceolatum 

- SP (stock plant): Guernsey. Several plants from the stock collection kept in cultivation at 

Leeds. 

- AS G90/24: Reservoir. 

The following synthetic hybrids were studied: 

-A. halearicum (TR34 12, Spain) x A. ohovatum subsp. /anceolatum (CRFJ, Puebla de Trives, 

Spain): plants YXL 88(vi) and WL. 

-A. halearicum (TR34 12, Spain) x A. adiantum-nigrum (Guernsey, SP): plant YXL 82. 

Young sporangia were fixed in a solution of I :3 glacial acetic acid: absolute alcohol and 

were stored in a deep-freeze at - 1 4"C until cytological examination. Fixing of the plants kept in 
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cultivation was repeated in different years. Squash preparations of spore mother cells in meiosis, 

stained in aceto-cmmine after the technique of Manton ( 1 950), were made petmanent by 

McCl intock's method ( 1 929). Suitable cells were photographed in either bright-field or phase

contrast on a Zeiss Ultraphot II microscope. 

Synthetic hybrids were made by Y.X. Lin at Leeds following the standard techniques 

developed and used at Leeds over many years, as described by Lovis ( 1968). The cytology of 

these plants was studied by P.C. and A.S. 

RESULTS 

The chromosome pairing encountered at meiosis in 44 cells of A. x samiense from four different 

plants is set out in Table I.  Photomicrographs of cytological preparations are shown in Fig. I, 

with corresponding explanatory diagrams in Fig. 2. Morphology of some representati ve fronds 

is shown in Fig. 3 .  

Meiosis Number of mother cells of A. x sarniense plants 

11 I AS 1 102 Pl. 22 AS G90/7 AS G90/8 Total no. cells 

35 74 - 1 1 - 2 

39 66 - - 2 - 1 

40 64 - - - 1 1 

41 62 - 1 2* 1 4 

42 60 - 1 1* 1 3 

43 58 - 1 1 1 3 

44 56 - 1 2 1 3 

45 54 - 2 - 2* 3 

46 52 - 4 1* 1 7 

47 50 1 - - - 1 

48 48 - 1 - 1 2 

49 46 - 3 - 1 4 

50 44 - 3 - - 3 

51 42 - 1 - - 1 

53 38 - 2 - - 2 

57 30 - 1 - - 1 

58 28 - 1 - - 1 

Total no. cells 1 23 10 10 44 

Mean of - 47.7 41.5 44.3 45.7 
bivalents ** 

Table 1. Chromosome-pairing behaviour at meiosis in A. x sarniense. * Inexact analyses. ** Cells with 35 

JI counted as having 36 JI. 
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FIG. 1. Photom icrographs of spore mother cells at meiosis i n  A. x samiense. A: PI. 22, 58 bivalents and 

28 univalents, diakinesis; B: PI. 22, 53 bivalents and 38 univalenls, diakinesis; C: AS G9 0/7, 44 bivalents 

and 56 un ivalents, diakinesis; D: AS G9 0/8, 44 bivalents and 56 univalents, metaphase I. Scale = lO�tm. 
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FIG. 2. Explanatory diagram of Fig. I .  A: PI. 22,58 bivalents and 28 univalents; B: PI. 22,53 bivalents and 

38 univalents; C: AS G90n, 44 bivalents and 56 univalents; D: AS 090/8, 44 bivalents and 56 univalents. 

Scale = I Oflm. The arrows point to chromosomes loosely associated. Bivalents in black, univalents i n  

outline. 
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As can be seen from the data presented, there is a large amount of chromosome pairing in these 

hybrids, ranging from 35 to 58 bivalents per cell (mean 45.66) with the bulk of the cells having 

numbers of bivalents falling in the range 41 to 53. Individual hybrids differ in the amount of 

pairing. The means for number of bivalents per cell from three plants are: 47.7 (Plant 22), 4 1 .5 

(AS/G90n) and 44.3 (AS/090/8). The data have a homogeneous variance (Cochran's C test P 

<0.05) and the means of the plants are significantly differen t  (ANOVA analysis P < 0.05). 

The majority of the bivalents are compact, regular in shape and have one or two chiasmata. 

A few pairs are more loosely associated, as is well shown in Figs. lA-C and 2A-C. No clear 

decrease of bivalent frequency has been observed from diakinesis to metaphase I. 

Despite their morphological variability, all the plants from Guernsey of A. adiantum-nigrum 

so far studied show a regular meiosis with 72 bivalents at metaphase I (Fig. 4A). The 

morphology of the most usual plants is illustrated in Fig. SA and that of those with lush and 

Meiosis A. bakaricum x A. obovalum oubsp. ltmceolotum 

WL 

Jll 13 12 11 11 11 10 8 6 5 4 

11 23 25 26 28 22 26 25 32 36 32 

I 59 58 59 55 62 62 70 61 56 68 

Total 144 144 144 144 139 144 144 143 143 144 

Meiosis A. balearicum x A.obovatum subsp.lonceolotum YXL A. balearicum x A. adiantum-nigrum 

88 (vi) YXL82 

Jll 12 10 10 9 7 3 - - -

11 28 29 25 24 30 33 35 36 35 

I so ss 58 64 61 66 74 72 74 

Total 142 143 138 139 142 141 144 144 144 

Table 2. Chromosome-pairing behaviour at meiosis in the synthetic hybrids, A. balearicum x A. ohovatum 

subsp. lanceo/atum, and A. ba/earicum x A. adiantum-nigrum. 

quite elongated fronds in Fig. SB. A. obovatum subsp. lanceolatum (Fig. SC) also shows a 

regular meiosis with 72 bivalents at metaphase I. In a single cell of A. obovatum subsp. 

lanceolatum two trivalent associations of chromosomes have been seen (Fig. 4B). 

The cytology of some synthetic hybrids is shown in Table 2 and Figs. 6 and 7. The meiotic 

behaviour of the chromosomes of two plants of A. ba/earicum x A. obovatum subsp. 

lanceolatum (WL and YXL 88 vi), reported here for the first time, always shows trivalent 

formation. Despite the difficulty in obtaining accurate analyses, from 3 to 1 3  trivalents per cell 

have been clearly counted at metaphase I of meiosis (Fig. 6 A-B, Fig. 7 A-B). The morphology 

of a representative frond of this hybrid is shown in Fig. 8B, together with the parents (Fig. SA, 

C). In a plant of A. balearicum X A. adiantum-nigrum (YXL 82), 35-36 bivalents and 74-72 

univalents have been observed at metaphase I (Fig. 6C, 7C). The morphology of this plant is 

shown in Fig. 8D. Similar results were obtained for Shivas (1956, 1969) using A. adiantum

nigrum plants from different origin as one of the parents. 

DISCUSSION 

As has been said before, the morphology of A. x sarniense led to the presumption that it had 

arisen from the cross of A. adiantum-nigrum and A. obovatum subsp. lanceolatum. A. 

adiantum-nigrum has long been regarded, and has, indeed, been frequently quoted, as an 
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example of a classical allotetraploid, having arisen from the cross of A. onopteris and A. 

cuneifolium, followed by chromosome doubling; thus i t  is usually represented by the genome 

formula OnOnCuCu. A. obovatum subsp. lanceolatum is considered to be an autotetraploid, 

originated from A. obovatum subsp. obovatum, that can be represented by the genome formula 

ObObO!fO!f. A. obovatum subsp. lanceolatum is considered to be unrelated to A. adiantum

nigrum. If these assumptions are correct the expected cytological behaviour of A. x sarniense 

should be to show at meiosis up to 36 bivalents contributed by A. ohovatum subsp. lanceo/atum 

(by autosyndetic pairing of the chromosomes of the two Ob genomes), and 72 univalents (as a 

result of the lack of homology between the genomes of A. adiantum-nigrum, On and Cu). 

The only other record of the cytological behaviour of A. x sarniense was obtained by 

Bennert et al. ( 199 1 )  from a plant collected in Auderville (Manche, France). The only mother 

cell suitable for analysis showed 37 (± 1 -2) bivalents and 70 (± 1 -2) univalents at meiosis. 

The four plants of A. x sarniense from Guernsey do not match the expected behaviour. The 

number of bivalents recorded suggests, on purely theoretical grounds, that these hybrids have 

arisen as a cross between a segmental allotetraploid and an autopolyploid (or, possibly, between 

two parental species which are both segmental allotetraploids). This led us to re-examine all the 

previous assumptions on the parentage of A.x sarniense and to compare our results with the 

chromosome-pairing behaviour recorded in all known hybrids, both wild and synthetic, 

involving A. adiantum-nigrum, A. obovatum subsp. lanceolatum and its relatives. 

1. Parentage of A. x sarniense. 

Before the information available from the other hybrids is examined, the parentage of A. x 

sarniense should be considered further. A tetraploid hybrid, intermediate in morphology 

between A. adiantum-nigrum and A. obovatum subsp. lanceolatum, was found growing in 

hedgebanks together with these two species, no other Asplenium species being present in the 

immediate vicinity. Indeed, the only other Asplenium species present on Guernsey are A.  

trichomanes L .  subsp. quadrivalens D.E. Meyer emend. Lovis, A. ruta-muraria L. subsp. ruta

muraria, A .  marinum L., A. scolopendrium L. and A. ceterach L. subsp. ceterach. 

The only other Asplenium hybrid which could possibly be confused with A. x sarniense is 

A. halearicum x A. ohovatum subsp. lanceolatum (Fig. 8B). A. balearicum (Fig. SA), although 

rather similar to A. adiantum-nigrum, is a western Mediterranean taxon and it has never been 

recorded from G uernsey. Further evidence excluding any possible participation by A.  

halearicum in the origin o f  A.  x sarniense is provided b y  the cross between A. balearicum and 

A. obovatum subsp. lanceolatum. Its cytology (Table 2, Figs 6A-B , 7 A-B) is very different from 

that observed in A. x sarniense, trivalents always being observed. We are therefore confident 

that our determination of A. x sarniense as the hybrid between A. adiantum-nigrum and A. 

obovatum subsp. lanceolatum is correct. 

2. The autopolyploid nature of A. obovatum subsp. lanceolatum. 

This seems no longer a matter for debate. The meiotic behaviour of the chromosomes in 

wild and synthetic hybrids involving this taxon and related or unrelated species (Table 3) is best 

explained by the assumption that A. ohovatum subsp. lanceolatum contributes two homologous 

Ob genomes which account for the bivalent associations of chromosomes. Moreover, the 

chromosomes of these two genomes form trivalent associations when A. obovatum subsp. 

lanceolatum crosses with a related species which contains another Ob genome. 

In addition, the earlier suggestion of Sleep ( 1 966, 1 983) that A. obovatum subsp. 

lanceolatum is derived by chromosome doubling from the diploid species A. obovatum subsp. 

obovatum, or from an ancestral form with chromosomes homologous to that diploid species, has 

been supported by the finding of A. obovatum subsp. obovatum var. protobillotii Demiriz et al. ,  

which is  genetically similar to typical A. obovatum subsp. obovatum var. obovatum, but which, 
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FIG. 3. Representative fronds of A. x sarniense. A: AS/1102 (typus), B: Pl. 22. 

A B 

FIG. 4. Photomicrographs of spore mother cells at meiosis: A: A. adiantum-nigrum, AS 090/4, showing 

72 bivalents; B: A. obomtum subsp. lanceo/atum, SP, abnormal cel l showing 2 trivalents, 67 bivalents and 

4 uni valents. S cale = 10 Jlm. 
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FIG. 5. Sil houettes of representative fronds: A: A. adiantum-nigrum, normal form, AS G90/17;  B: A. 
adiantum-nigrum, lush form, AS G90/4; C: A. obovatum subsp. lanceolatum, SP Leeds. 
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on morphological grounds, could well represent this ancestral form (Demiriz et al., 1990; 

Rasbach et al., 1990). 

On the basis of the data presented in Table 3 we may conclude that up to 36 of the total 

number of bivalents recorded in A. x sarniense from G uernsey are contributed by the A. 

obovatum subsp. lanceolatum parent, and that at least up to 22 of the pairs observed in A. x 

sarniense from Guernsey can be contributed by the A. adiantum-nigrum parent. In an attempt to 

determine the numbers of bivalents contributed by each parent, the chromosome- pairing 

behaviour in the hybrids involving A. adiantum-nigrum was carefully studied. 
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3. The allopolyploid nature of A. adiantum-nigrum 

As can be seen from Table 4, many hybrids (both wild and synthetic) involving A. adiantum

nigrum and its relatives have been examined by various workers. The general pattern of meiotic 

behaviour shown by the hybrids between A. adiantum-nigrum and other unrelated diploid or 

allotetraploid species of Asplenium shows virtually complete failure of chromosome pairing, the 

triploid hybrids showing 108 univalents, and the tetraploid hybrids 144 univalents. There are, 

however, some exceptions to this rule: bivalents have been recorded ranging from one in A. 

adiantum-nigrum x A. hyhridum (Milde) Bange to a maximum of 6 which has occasionally been 

observed in both A. adiantum-nigrum x A. scolopendrium (Lovis  & Vida, 1969) and A.  

adial1fum-nigrum x A.  castaneo-viride Baker (= A. ko!Jayashii Tagawa) (Sleep, 1980) . 

In the case of A. x conrrei Calle, Lov is & Reichstein (A. adiantum-nigrum x A.  

septentriona/e (L.) Hoffm. subsp. septentrionale) the 29-36 bivalents which show a t  meiosis are 

attributable to autosyndetic pairing between the genomes of A. septentrionale (Calle, Lovis & 
Reichstein, 1975). Other hybrids involving A. septentriona/e subsp. septentriona/e show a 

similar level of autosyndetic pairing (see Reichstein, 1981 ), and so we assume that in this hybrid 

there are no signs of bivalent formation within the two genomes contributed by the A. adiantum

nigrum parent. It should be noted particularly that A. x contrei closely parallels A. x sarniense 

(both being crosses between A.  adiantum-nigrum and u nrelated au totetraploids, A.  

septentriona/e and A. ohovatum subsp. lanceo/atum respectively). 

The two triploid back-crosses involving A. adianrum-nigrum to each of its respective 

parental diploids (A. onopteris L. and A. cuneifolium Viv.) show, in both wild and synthetic 

examples, 36 paired and 36 univalent chromosomes at meiosis, apparently with no sign of any 

irregularity ever having been recorded. Shivas ( 1956, 1969) made no less than eleven crosses of 

A. onopteris with A. adiantum-nigrum using parental strains of the latter species from different 

localities in Europe and Africa, as well as from North America. All of these hybrids showed an 

identical pattern of behaviour in their cytology, namely the regular formation of n paired and n 

s ingle chromosomes. She was also successful in crossing A. cuneifo/ium with A. adiantum

nigrum from Britian and Kenya (Shivas 1956, 1969). In both hybrids 36 bivalents and 36 

univalents were seen at meiosis. 

The conclusion from the facts assembled in Table 4 is that A. adiantum-nigrum behaves as 

a true allotetraploid species in all the wild and synthetic hybrids so far studied, only rarely 

showing a few pairs between its On and Cu genomes. A small amount of pairing between 

supposedly unrelated genomes can result from structural alterations or interchanges of 

chromosomal segments over a period of time. This could explain the occasional finding of pairs 

in certain hybrids (e.g. A. castaneo-viride x A. adiantum-nigrum, etc.). However, the A. x 
sarniense hybrids from Guernsey reported here show a higher level of chromosome pairing than 

that theoretically expected. Therefore, the possi bility of an ancient relationship between A. 

cuneifolium and A. onopteris should not be discarded: the small amount of pairing recorded i n  

some hybrids and the larger amount in A .  x sarniense are likely to be an expression of the real 

residual homology between the On and Cu genomes, and to be not only due to structural re

arrangements of chromosomes. 

4. Are A. adiantum-nigrum and A. ohovatum subsp. lanceolatum related species, i.e. is there 

homology between the Ob genome and either On or Cu? 

In view of the remote possibility that the genomes of either A. onopteris (OnOn) or A. 

cuneifolium (CuCu) could have some relationship or residual homology with the genome of A. 

ohovatum subsp. ohovatum (Ob) (believed to be present in A. ohovatum subsp. lanceolatum and 

hence in A. x sarniense), the meiotic behaviour of all hybrids involving the Ob, On and Cu 

genomes was reviewed (Table 5). 
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The absence of effective homology between the genomes On and Ob is shown by the 

meiotic analyses available from the diploid hybrid A. x bouharmonrii Badre & Prelli, the 

presumed precursor of A. balearicum. In this hybrid only one bivalent has occasionally been 

recorded (Bad re er al., 198 1 ). Similarly, the meiotic behaviour shown by other hybrids involving 

A. balearicum (OnOnObOb), which have the genomes On and Ob duplicated or triplicated, is 

best interpreted as the result of pairing between the homologous genomes. No meiotic 

irregularities have been detected which would indicate any homology (even residual) between 

On and Ob genomes. Data from several other hybrids containing one On and one Ob genome 

together with unrelated genomes (Table 5) are available: in all of them complete failure of 

chromosome pairing has been reported. 

Data concerning any possible relationship between the cuneifolium (Cu) and obovatum 

(Ob) genomes are provided from the hybrid A. balearicum x A. adiantum-nigrum. This cross, 

originally made by Shivas (1956, 1969), has again been synthesized at Leeds, using A.  

adianrum-nigrum from Guernsey as  one of the parents. The cytology shows 35-36 bivalents and 

74-72 univalent chromosomes at meiosis, which is in agreement with the results obtained 

previously by Shivas. This hybrid may be represented by the genome formula CuOnOnOb. The 

bivalents are due to the pairing of the two On genomes present. The fact that the remainder of 

the chromosomes appear as univalents points again to the fact that there is no homology 

between the genomes Ob and Cu. 

Similar results are shown by A. x brissaginense D.E. Meyer (A. adianrum-nigrum x A. 

foreziense Le Grand, CuOnFoOb) with virtually only univalents at meiosis (Reichstein, 1981; 

Table 4). 

HYBRIDS INVOLVING A. OBOVAnJM SUBSP. UNCEOUnJM AND UNRELATED SPECIES 

A. x microdon = A. obovatum subsp. 3x ObOb'Ps 32-36" +44-36' Girard & Lovis 

/anceolatum (4x) x A. sco/opendrium 1968 

subsp. sco/opendrium (2x) 

A. obovatum subsp. lanceo/atum (4x) x 3x ObOb'Ps 31-36"+46-36' Lovis & Vida 1969 
A. scolopendrium subsp. scolopendrium 35.8"(mean) Bouharrnont 1977a 

(2x) 

A. obovatum subsp. lanceolatum (4x) x 4x ObOb'FoPe 34-36' +76-72' Sleep 1966, 1983 

A. majoricum ( 4x) 

HYBRIDS INVOLVING A. OBOVAnJM SUBSP. UNCEOUnJM AND UNRELATED AUTOTETRAPLOJD 

SPECIES 

A. x souchei = A. obovatum subsp. 4x ObOb'SpSp' 66-69"+12�' Calle et al. 1975 

lanceolatwn (4x) x A. seplentrionak 

aubap. septentrionale (4x) 

A. obovatum oubsp. lanceolatum (4x) x 4x ObOb'PePe' 58-72"+28-0' Sleep 1966, 1983 
A. petrarchae subsp. petrarchae (4x) 

HYBRIDS INVOLVING A. OBOVAnJM SUBSP. UNCEOUnJM AND RELATED SPECIES 

A. x cymosardoum 3x ObObOb' (}.3 tr.+36-31"+37-35' Reichstein 1981 
- A. obovatum subsp. obovatum (2x) x 0-4 tr.+36-29"+37-31' Rasbach et al. 1990 
A. obovaJum subsp. lanceolatum (4x) 

A. x s/eepiae 4x ObOb'Obfo 32-35"+72-70' Badre et al. 1981 
= A. obovQ/um subsp. /anceolatum (4x) 6-10 tr. +33-26" + 7(}.56' R&8bach et al. 1991 

x A. foreziense (4x) (}.9 tr.+32-39"+62-76' Saez et al. 1993 

A. obovatum subsp. lanceolatum (4x) x 4x ObOb'ObFO 15tr.+25"+51' Sleep 1983 
A. foreziense ( 4x) 

A. obovatwn subsp. lanceolatum (4x) x 4x ObOb'ObOn 3-13 tr.+36-22'+7G-50' Cubas & Sleep 

A. balearicum (4x) 

Table 3. Summary of the hybrids i nvolving A. ohova/um subsp. lanceolalum and both unrelated and 

related species. 
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HYBRIDS INVOLVING A. ADIANIUM-NTGRUM AND UNRELATED SPECIES 

A. x dolosum = A. adionJurn-nigrum (4x) 3x CuOnTr 108' Rcichatein 1981 
x A. trlchotMnes 1mbap. trU:homones (2x) 

A. odiontum-nigrum (4x) x A. scolopeNJrifml 3x CuOnPs �"+108-96' Lovis & Vidll 1969 
(2x) 

A. x becherui =A. adianl,.-nigrum (4x) x 4x CuOnTrVi �3"+144-138' Reichstein 1981 
A. aduUerinwn (4x) 

A. x brlssoginetLU!! = A. adlanlum-nigrum (4x) 4x CuOnPoOb c. 144' Reichstein 1981 
x A. fortlittt.se (4x) 

A. cwtanto-viride (4x) x A. adkuuum-nigrwn 4x CuOnSiln ().{;"+144-132' Sleep 1980, 1983 
(4x) Scotland oerp. 

A. castaneQ--viride (4x) x A.. adiontum-nigr��m 4x CuOnSiln c. 144' Sleep 1983 
(4x) Guernsey, and reciprocal cross 

A. adlamwn-nigrum (4x) Scotland oerp. 4x CuOnCePh 1" + 142' Sleep 1983 
x A. hybridum (4x) 

HYBRIDS INVOLVING A. ADIANIUM-NTGRUM AND UNRELATED AUTOTETRAPLO!D SPECIES 

A. x contrei • A. adiantum-nigrum (4x) 4x CuOnSpSp' 29-36" +86-72' Calle et al 1975 
x A. septentrioMie aubap. septentrionale (4x) 

A. x sarnitnse = A. adianlum-nigrlllfl (4x) x 4x CuOnObOb' 37" + 70'(France) Benncrt et al. 1991 
A. obovaJum oubsp. iaiiCtolalwn (4x) 35-�8" + 74-28' Cubas & Sleep 

HYBRIDS INVOLVING A. ADIANIUM-NTGRUM AND RELATED SPECIES 

A. x centovollense = A. cunlifolium (2x) x 3x CuCuOn c.36"+36' Reichstein 1981 
A. adiamum-nigrum (4x) c.36"+36' Rosbach et al. 1986 

A. adianrum-nigr"'" (4x) x A. cuotifolium (2X} 3x CuCuOn n"+n' Shivas 1956,1969 
and reciprocal crosa 

A. x ticinense = A. adiantum-nigrwn (4x) x 3x CuOnOn c.36"+36' Rcichstein 1981 
A. onopteris (2x) 36"+36' Raobach et al. 1990 

33-36" +42-36' Cubas et al. 1990 

A:. onopteris (2x) x A. adianlum-nigrum (4x) 3x CuOnOn n"+ n• Shivas 1956, 1969 
and reciprocal cross 37"+34' Bouhannont 1977a 

A. adianlum-nigrum (4x) x A. balearicum (4x) see reciprocal cross in table 5 

Table 4. Summary of the hybrids involving A. adiantum-nigrum and both unrelated and related species. 

From the data presented in tables 3-5 we should conclude that the genome of A. obovatum 

has no homology with, and consequently no relationship to, the genome of A. onopteris or that 

of A. cuneifolium. 

5. The origin and evolution of A. adiantum-nigrum 

The conclusion from the evidence presented in the first part of the discussion is that up to 

22 of the bivalents formed in the hybrids from Guernsey of A. x sarniense must come from 

chromosome association between the genomes contributed by A.  adiantum-nigrum, i.e. On and 

Cu genomes. Therefore some homology must exist between genomes On and Cu. In most cases 

this homology must be in some way suppressed, probably by inhibition of potential multivalent 

formation (see Riley, 1 960, for a comprehensive survey of this subject) so that A. adiantum

nigrum shows a perfectly regular meiosis with 72 bivalents. 

A. onopteris and A. cuneifolium, the parental diploids of A. adiantum-nigrum, are separated 

from each other both ecologically and geographically. A. onopteris is a southern and western 

European species; it is widely distributed on base-poor rocks and soils around the Mediterranean 

and extends westwards as far as the Atlantic islands (Azores, Madeira and Canary Islands) and 

as far north as Ireland. A. cuneifolium, on the other hand, is for the most part restricted to 

serpentine rocks in south, central and eastern Europe (Jalas & Suominen, 1 972; Viane et al., 

1 993). They may also be distinguished chemically (Richardson & Lorenz-Liburnau, 1 982). A. 
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onopteris has been shown to contain the C-glycosylxanthones mangiferin and isomangiferin; A. 

cuneifolium does not appear to have these compounds. Although also easily distinguished from 

one another on gross morphological characteristics, including the distinctive attenuate frond and 

pinna tips of A. onopteris, both diploids share a triangular to deltoid frond with prominent, often 

upswept, basal pinnae and discrete, stalked pinnules. While the pinnules of A. onopteris are 

HYBRIDS CONTAINING ON AND OB GENOMES ONLY 

A. x bouhamwntii = A. onopteris (2x) x 2x On Ob 0·1"+72-70' Badre et al. 1981 
A. obovatwn subsp. obovatum (2x) 

A. balearicum (4x) x A. obovalum subsp. 3x OnObOb 36"+36' Shivas 1969 

obovatum (2x) 

A. x tyrrhenicum ( = A. x rosellol) 3x OnO nOb 34-36" +40-36' Cubas et al. 1987, 
� A. onopleris (2x) x A., balearicum (4x) 1988 

36"+36' Bennert et al. 1988 

A. onopteris (2x) x A. bolearicum (4x) 3x OnO nOb 36"+36' Shivas 1956,1969 

A. balearicum (4x) x A. obovalum subsp. 4x OnObObOb' 3-13 tr,+22-36" Cubas & Sleep 
lanceolalum ( 4x) +7�50' 

HYBRIDS CONTAINING ON, OB AND OTHER UNRELATED GENOMES 

A. x ruscinonen.se = A. onopleris (2x) x 3x OnObPo c. 108' Reichstein 1981 

A. forer_iense (4x) 

A. onopteris (2x) x A.. forer_iense (4x) 3x OnObFo 108' Sleep 1966, 1983 

A. balearicum (4x) x A. fore;.iense (4x) 4x OnObObPo 36"+72' Bennert et al. 1988 

A. lepidum subsp. hausslrnechlii (4x) x 4x AeRuOnOb 144' Lovis et al. 1972 

A. balearicum (4x) Brownsey 1976 

A. caslaneo-viride (4x) x A. balearicum (4x) 4x SilnOnOb 144' Lovis et al. 1972 

HYBRIDS CONTAINING ON, CU AND OB GENOMES 

A.. adlantum-nigrum (4x) x A. balearicum (4x) 4x CuOnOnOb 36"+72' Shivaa 1956, 1969 

A. balearicum (4x) x A. adiantum-nigrum ( 4x) 4x CuOnOnOb 35-36"+74-72' Cubas & Sleep 
Guernsey 

A.: x briBsagjnen.se 4x CuOnObFo see table 4 

HYBRIDS CONTAINING ON AND CU GENOMES ONLY 

A. onapleris (2x) x A. cuneifoUum (2x) ond 2x Cuan �9"+72-54' Shivas 1956, 1969 
reciprocal cross 

Table 5. Summary of hybrids containing On, Ob and Cu genomes. 

narrowly linear and those of A. cuneifolium characteristically rhomboid in shape, some 

specimens of A. cunetfolium can have linear pinn ules and produce fronds which are not so much 

dissimilar from those of A. onopteris in appearance. 

Shivas ( 1 956) was successful in raising three hybrid plants of the diploid cross between A. 

cuneifolium and A .  onopteris (Table 5), one of A. cuneifolium from Austria with A. onopteris 

from Madeira and two of A. onopteris from Cyprus with A .  cuneifolium from Austria. Both 

combinations were initially said to show (Shivas, 1 956) complete failure of chromosome pairing 

at meiosis. However, as a consequence of the opportunity for more extended study, Shivas 

( 1969) stated that half of the cells showed from one up to n ine bivalents. Moreover, Bouharmont 

( 1977a, b) was successful in obtaining by apogamy a dihaploid A. adiantum-nigrum (OnCu) 

which, though it shows mostly unpaired chromosomes at meiosis, produced on occasion up to 

a maximum of 3 bivalents. 

Despite the geographical, ecological, chemical and morphological differences between 

them, it is therefore quite possible, indeed likely, that A. onopteris and A. cuneifolium could have 

arisen by divergence from the same ancestral genome. At present these two species and their 
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FIG. 6. Photomicrographs of spore mother cells at meiosis of A. balearicum x A. obovatum subsp. 

/anceo/atum (A-B) and A. balearicum x A. adiamum-nigmm (C). A: WL, 13 trivalents, 23 bivalents and 
59 univalents; B: WL, 1 1  trivalents, 26 bivalents and 59 univalents; C: 36 bivalents and 72 univalents. 

Scale = lO�Jm. 
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FIG. 7. Explanatory diagram of Fig. 6. A-B: A. balearicum x A. obovatum subsp. lanceolatum, C: A. 
balearicum x A. adiantum-nigrum. A: WL, 1 3  trivalents, 23 bivalents and 59 univalents; B: WL, 1 1  

trivalents, 26 bivalents and 5 9  univalents; C: YXL 82, 36 bivalents and 72 univalents. Scale = I OJ.lm. 

Trivalents in  black with arrows, bivalents in black, univalents in outline. 
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FIG. 8. Silhouettes of A: A. halem·ic·um (TR 34 1 2, Spain, SP Leeds), B: A. halearicum x A. ohovatum 

subsp. lanceolatum (YXL 88 vi) ;  C: A. ohovatum subsp. /anceo/atum (Puebla de Trives, SP Leeds); D: A. 

ha/earicum x A. adiantum-nigrum (YXL 82). 

allopolyploid derivative A. adiantum-nigrum only occasionally show residual homology 

(expressed by the pairing observed). I t  is generally assumed that in Asplenium the capacity of 

the chromosomes of two species to pair is lost very early in the course of their divergence from 

one another (Lovis, 1 973). However, even the maximum pairing observed in their synthetic 

hybrids (9 bivalents) is not consistent with the high level of pairing observed in A. x sarniense. 

A. adiantum-nigrum is undoubtedly an ancient species which, although centred in Europe, 

extends eastwards as far as the Himalayas, westwards to North America, and southwards into 

southern Africa. It is also an extremely variable and polymorph ic species which has undergone 

active differentiation in serpentine populations (Sleep, 1 985). A. onopteris and A. cuneifo/ium 

could have diverged from a common ancestral genome, and A. adiantum-nigrum could have 

arisen several times by hybridization between the differentiating genomes of A. onopteris and 

A. cuneifolium (or even another, close but different, diploid could have been involved). If 

formed early on during the process of separation of the diploids, the constituent genomes of the 

resultant tetraploid would still have retained some ability to pair with one another: a segmental 

allotetraploid would have been formed. As the diploids continue to differentiate and become 

more and more distinct, their derivative tetraploid will be expected to show less (or, ultimately, 

no) homology between its genomes and a consequent loss of pairing abi l i ty. Such a tetraploid 

may then be regarded as an allotetraploid, and it can be expected to show the cytological 

behaviour observed in A. adiantum-nigrum when it forms hybrids with other unrelated species, 

i.e. virtual lack of any chromosome pairing (see Lovis, 1977, fig. 6, p. 321 for a diagrammatic 

illustration of this process). If this possibility is taken into account, the hybrid A. x sarniense 

from Guernsey may result from a cross involving a population of A. adianlum-nigrum in which 

its constituent genomes are only partially separated from one another and so are capable of 

forming up to 22 bivalents at meiosis. This explanation would lead to the conclusion that on the 
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island of Guernsey exist isolated plants or populations which, although they may look just like 

A. adiantum-nigrum, nevertheless retain residual homologies between the chromosomes of their 

constituent genomes whose expression is not suppressed. Hybrids of such plants with species 

contributing genomes unrelated to those of A. adiantum-nigrum, as in A. x sarniense, will show 

up this homology in the fmm of a variable number of chromosome pairs. Unless Guernsey A.  

adiantum-nigrum i s  heterogeneous, this homology should also b e  manifested i n  appropriate 

hybrids wi th other species. It is, however, not evident in the cross between Guernsey A.  

adiantum-nigrum and A. castaneo-viride (Sleep, 1 983). 

Another possible explanation, although considered extremely unlikely, is nevertheless 

discussed briefly here. This is that a tetraploid plant derived from A. onopteris by chromosome 

doubling could exist on Guernsey. Against this hypothesis stands: I )  A. onopteris has never been 

recorded from Guernsey; thus the likelihood of the raising of an autotetraploid A. onopteris (a 

process not known from any other place where A. onopteris grows) seems remote. It should be 

noted that lush specimens of A. adiantum-nigrum, which resemble A.  onopteris closely enough 

to give rise to problems of identification, do occur on the island. Spore measurement of these 

specimens has led us to believe that they are in fact extreme forms of A. adiantum-nigrum. A 

morphological study of material from a wide range of localities throughout the British Isles has 

shown that in areas of oceanic influence in the western parts of the country the plants of A. 

adiantum-nigrum tend to exhibit the characters of A. onopteris, while in the plants of A. 

adiantum-nigrum growing on serpentine soils the characters of the A. cuneifolium parent are 

expressed more strongly (Sleep, 1 980, 1985; Rasbach et al., 1 986). 2) Such a tetraploid plant, 

if crossed with A. obovatum subsp. lanceolatum, would form a "delayed allotetraploid" both 

parents being autopolyploids, possibly showing a similar pairing behaviour to that observed in 

A. x sarniense. However, we would expect a higher number of bivalents (within the range of 58 

to 72), as has been recorded in other crosses of this type (e.g. A. obovatum subsp. lanceolatum 

x A. petrarchae (Guerin) DC. subsp. petrarchae: Table 3). Moreover, such a hybrid would have 

the same genomic constitution as A. balearicum (OnOnObOb). The morphology of A. x 

sarniense (Fig. 3) is not, however, reminiscent of A. balearicum (Fig. 8A), but is intermediate 

in appearance between A. adiantum-nigrum and A. obovatum subsp. lanceolatum. 

CONCLUSION 

The cytological behaviour of the A. x sarniense plants from Guernsey remains at present a 

"cytological enigma", which may possibly be solved with more powerful tools than the analysis 

of chromosome behaviour at meiosis. However, until another explanation can be proposed, we 

put forward the following hypothesis to explain the unexpectedly high level of chromosome 

pairing in A. x sarniense: I )  A. onopteris and A. cuneifolium, the parental diploids of A. 

adiantum-nigrum, have originated by divergence from a common ancestral genome. 2) The 

tetraploid species A.  adiantum-nigrum has arisen several times during the course of the 

differentiation of the diploids, thus giving rise to populations which are heterogeneous with 

regard to the degree of residual homology between their constituent genomes. If this explanation 

of the origin of A. adiantum-nigrum is rejected, we can state only that the A. x sarniense plants 

from Guernsey are the cross of A. obovatum subsp. lanceolatum and plants of A. adiantum

nigrum with little differentiation between its constituent genomes (i.e. behaving as a segmental 

allopolyploid). 3) Ancestral homology between the On and Cu genomes, ususally lost (or 

inhibited by genetic mechanism) is present in some of the Guernsey plants of A. adiantum

nigrum and is highly expressed in hybrids such as A. x sarniense, for as yet unknown genetic 

reasons. Might the A. x sarniense plants from Guernsey represent the case envisaged by Lovis 

( 1 973,  p. 220) in which factors, still undiscovered, may exist that permit the pairing of 

homeologues, even if this pairing is normally very effectively inhibited in the genus Asplenium? 

There are more questions: why is this residual homology between the On and Cu genomes (if 
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this is the explanation) so highly expressed only in the A. x sarniense plants from Guernsey and 

not in so many other wild and synthetic hybrids that involve A. adiantum-nigrum? In particular, 

why not in  Guernsey A. adiantum-nigrum x A.  castaneo-viride ? A successful experimental 

synthesis of A. x sarniense, using A. adiantum-nigrum from other locations, would establish 

whether the high pairing behaviour is a feature of that particular hybrid combination or whether 

it is limited to
-
hybrids involvi ng A. adiantum-nigrum from Guernsey. In conclusion, A. 

adiantum-nigrum is thus far from exhausted as a topic for study. New approaches, e.g. 

molecular studies involving isozymes, cpDNA work, etc., will be necessary to "measure" 

accurately the degree of homology between the onopteris and cuneifolium genomes and gain 

new i nsights into the origin and evolution of the A. adiantum-nigrum complex. 
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ON THE ECOLOGY AND POPULATION DYNAMICS OF A DUTCH 
SPOROPHYTE POPULATION OF GYMNOCARPIUM DRYOPTERIS 

(WOODSIACEAE : PTERIDOPHYTA) 
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ABSTRACT 

The ecology of Gym11ocarpium dryopteris (L) Newman in the Netherlands has been 

surveyed. The Ku inderbos, situated in  the Noordoostpolder on reclaimed land, harbours 90% 

of the Dutch population. At this site most of the individual stands grow on banks of ditches 
in stands of Picea sitchensis (Bong.) Carriere on peaty soil. 

A census of Gymnocarpium dryopteris has been carried out at four plots over a period of 

l 5 years. Individual stands were mapped and number of fronds per individual stand counted 

annually. In two of the plots the stands reacted to an increase of l ight intensity due to thinning 

or windfall, by recruitment and increase of the number of fronds per stand. An higher level 

of l ight intensity stimulated the occurence of fertile fronds. In the plot with a clayey to sandy 
topsoil the number of fronds per stand increased independent of thinning, but no recruitment 

occured. 

INTRODUCTION 

The Kuinderbos ( 1 100 Ha) is one of the woods laid out in the Noordoostpolder (Fievoland, The 
Netherlands), one of the polders reclaimed from the former Zuiderzee. This wood harbours a 
great number of fern species. In 1979, 23 species were found, most of them in the 'peat erosal 
area' (Bremer 1 980a). Bremer ( 1 980b) listed first Dutch records of Polystichum /onchitis (L.) 
and Asplenium viride (=A. trichomanus-ramosum L.) Hudson and a second Dutch record of 
Polysrichum setiferum (Forssk.) Woynar. Of the 23 species, 14 occured along the ditches in a 
frequency over 95%; 10 species were mainly found on the fine-grained sand of ditchbanks. 
These are mostly calciphilous species like Po/ystichum acu/earum (L.) Roth and Asplenium 

scolopendrium L. Gymnocarpium dryopteris was shown to be connected to Picea sitchensis 

stands on peaty soil; 4 1 9  individual stands were mapped. After 1 979 the total number of fern 
taxa known from this locality increased to 27 with a first Dutch record of Dryopteris x tavelii 

Rothm. (=D. x complexa Fraser-Jenkins) (Bremer 1 988) and a second record of Dryopteris 

expansa (C.Presl) Fraser-Jenkins & Jermy (Hovenkamp et al. 1 990). 
Since 1979 the populations of rare species, e.g Gymnocarpium rohertianum (Hoffm.) 

Newman, Phegopteris connectilis (Michaux) Watt and Asplenium trichomanes L. have been 
monitored annually; other species, e.g Asplenium scolopendrium and Gymnocarpium 

dryopteris, were monitored using plots. Monitoring was started to ascertain the development of 
populations of this array of rare fern species. Since many fern species were growing, by Dutch 
standards, under unique circumstances we wondered if these populations would be able to 
maintain themselves. After monitoring for several years, plot I showed a decrease in 
Gymnoc01pium d1yopteris density. Therefore, part of this Picea sitchensis stand was thinned to 
monitor the effects on the Gymnocarpium d1yopteris population. 

THE STUDY AREA 

After reclamation of the Noordoostpolder in 1 941/42 the Kuinderbos was laid out over the 
period 1 949 - 1 954. The wood has an altitudinal range of 3 . 1  - 1 .2 m below mean sea level. 

About 40% of the area shows peat erosion (Bremer 1 980a). Here the peat has been partially 
eroded during the Zuiderzee period (c. 1 600 - 1932) and the erosion holes were filled in with 
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fine-grained sand. Currently this area has peat w ith a variable (0.2 - 1 .0 m) cover of fine-grained 
sand. This sand is calcareous due to the great shell debris content, and has a pH of 7.0 - 8.0, and 
a medium nutrient status. 

On peaty soils, many trees were planted in mixed stands with a density of up to 1 6,000 trees 
per Ha. Picea sitchensis, Picea abies (L.) Karsten, Quercus robur L. and Fraxinus excel si or L. 

are now growing in pure and mixed stands. Broadleaved species became dominant on the soils 
having the deepest sand cover, while Picea sitchensis dominates the peaty soils without much 
sand cover. 

The woods were drained to phreatic level; ditches, usually running NW to SE, were dug 
with a density of up to 700 m per Ha. Currently the trees draw much water, making drainage 
less important and restricting its necessity to periods of high precipitation. Depth of ditches 
ranges from 0.4 - 1 .5 m. 

METHODS 

The present paper concerns four plots in the Kuinderbos that have been studied since 1 979. The 
canopy of these stands is formed by Picea sitchensis. The plots have a peaty soil. Plot I and 2 
are situated in the 'peat erosal area' (Bremer 1 980a). Plot 3 is in an area of acidified clay and 
Pleistocene sand on peat. There is some variation in the density of ditches and in the occurence 
of windfalls that occured during the great storms in 1 985 and 1 990. There is no systematic 
variation in the depth of ditches [table I ] .  In 1 987, 26% of trees were cleared on part of plot I ,  

which i s  designated plot l a; the part of plot I which was not cleared being designated plot l b. 
In 1 989 light thinn ings were made of plots 2 and 3 with about 20% of the trees being cleared. 

The plots were annually monitored at the end of August. The individual fronds were 
counted in stands of less than 1 00 fronds and the number was estimated in larger stands. The 
stands were mapped at a scale I :2500. In 1 992 the n umber of fertile fronds per stand was 
ascertained, and habitats were annoted in terms of substrate, canopy composition and exposure. 
The average moss and herb covers were surveyed at several occasions. In plot l a  permanent 
quadrats were designated and annually surveyed after the thinning (table 2 shows the cover 
percentage). A complete mapping of herb and moss layer was carried out at plot I in 1 979, 1 986 
and 1 993; the windfalls in plots 2 and 3 were also mapped. 

plot area soil dd depth thin. dt windfalls 

l a  0.9 p.e.al 0.62 0.7- 1 .0 1 987 8.6 

l b  0.5 p.e.al 0.62 0.5-0.9 1 1 .6 79 -

90 5% 

2 0.8 p.e.a2 0.4 0.5-0.7 1 989 6.4 79 -

86 4% 

90 1 2%. 

3 2.5 cl,ps 0.4 0.6-0.9 1 989 6.7 79 -

90 1 .5% 

Table 1. Some features of the Kuinderbos plots (Noordoostpolder, The Netherlands). 
Plot: designated n umber, area: area in Ha, soi l :  p.e.a1 = peat erosion area with fine-grained sand 
deposits> 0.4 m deep overlying peat, p.e.a2 = same, deposits < 0.4 m, dd = density of ditches in 
km per ha; depth: depth of ditches in m, thin. = year of thinning, - = no thinning occured, dt = 
density of Picea si tchensis per I 00 square m, widfalls: the percentage of the area with windfalls 

in various years, - = meaning no gaps occured. 
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ditch banks wood floor 

plots years moss herb moss herb 

la 1 979 50 30 50 30 

1986 1 5  5 1 5  5 

1 993 85 20 75 1 0  

lb 1 979 50 30 50 30 

1 986 1 5  5 15  5 

1 993 1 5  5 1 5  5 

11 1 979 80 1 0  80 1 0  

1 993 80 1 0  95 1 0  

Ill 1979 90 35 90 25 

1 993 90 35 90 25 

Table 2. The average moss and herb cover percentage in four plots for some years. 

moss = mosslayer, herb = herblayer. 

ECOLOGY OF GYMNOCARPIUM DRYOPTERIS 

29 1 

Bremer ( 1 994) summarized the population structure and ecology of Gymnocarpium dryopteris 

i n  the Netherlands, where this species is uncommon. Over the period 1 979 - 199 1 ,  670 
individual stands were found with 90% of them being i n  the Kuinderbos and of these 89% are 
found alongside d itches, partially or entirely growing on the banks. Elsewhere i n  the 
Netherlands only 75% of the stands are connected with ditchbanks. In the Kuinderbos 83% of 
the stands were found under a canopy Pie ea sitchensis. In other Dutch local i ties, Gymnocarpium 

dryopteris occurs in different types of woods, especially those composed of Pseudotsuga 

menziesii (Mirh.) Franco and Quercus rohur. Gymnocmpium dryopteris has also been found in  
cracks between basaltic rocks on dikes, and on walls as  in  Amsterdam (Deniers 1 990). In the 
Kuinderbos, rhizomes of individual stands grow in the ecto-organic stratum of spruce needles 
on a soil of fine-grained sand overlaying a peaty subsoil. Gymnocmpium dryopteris even 
occurs on acidified clay and Pleistocene sand, provided a peaty subsoil is present. Although 
Gymnocarpium dryopteris mainly grows on the ecto-organic stratum, rhizomes of individual 
stands may partially or entirely grow in a mineral horizon, so inside the stands the soil pH can 
range from 4.0 to 7 .0. At other Dutch localions the species is found on acidic, medium-grained 
sand, sometimes containing loam. In the Kuinderbos the stands are not correlated with direction 
of exposure, while at other Dutch localities the species occurs significantly more often in a 
north-exposed situation [X = 10.5, p < 0.00 1 ]  (Bremer 1 994). 

POPULATION STRUCTURE AND POPULATION DYNAMICS 

The density of stands at the four plots are h igh, ranging from 6 to 57 stands per hectare, with 
plot I a showing the highest density in the Netherlands. Major changes have occured over the 
past 1 5  years. Plot 1 showed a density decrease from 1 979 until 1986, when high mortality 
occured. Then, after thinning i n  1 987, the density i ncreased again for six years until the original 
density was re-establ ished. In plot 1 b, where there was no thinning, the density remained at a 
low level after 1 986. In plot 2 the density of stands remained constant until 1 990, when small 
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windfalls enlarged by a storm caused a marked increase in density. In plot 3 the density hardly 
fluctuated over 15 years of survey (figure I ) .  Plots I a and I b showed a high level of mortali ty, 
whereas it was low in plots 2 and 3. The survival rate (table 3-h) was notably low in plot l a, 
indicating a high turnover. 
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Figure 1 
The number of individual stands, year- ! for Gymnocarpium dryopteris in four plots in stands of Picea 

sirchensis in the Kuinderbos (the Netherlands)(a), the number of i ndividual stands arrived, year - 1  (b) and 

number of individual stands lost, year- 1 (c). 

Plot l a; plot in 'peat erosion area', thinned at 1 987. 

Plot lb; plot in 'peat erosion area', not thinned since 1974. 

Plot 2; plot in 'peat erosion area' ,  thinned in  1 989, w indfal l since 1985 

Plot 3 ;  plot with peat soil and clay/sand deposits, thinned in 1 989. 
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la lb 11 Ill 

(a) number of stands in august 1 979 5 1  1 8  1 5  1 5  

a !  density of stands (ind. stands ha- 1 ) 56.6 36.0 1 8 .7 6.0 

(b) number of stands in august 1993 5 1  10  3 1  14  

b2 density of stands (ind. stand ha- 1 ) 56.6 20 38.7 5 .6 

(c) net change (b-a) 0 -8 16  - I  

(d) rate of increase (b/a) 1 .0 0.6 2. 1 0.9 

(e) number of stands arrived between 

august 1 979 and august 1993. 52 12 23 4 

(f) total number of stands lost between 

august 1979 and august 1993. 52 20 7 5 

(g) stands present in august 1 979 and 

still alive in august 1 993. 1 1  10  9 1 2  

(h) percentage survival of stands 

present in 1993 (g/a x I 00%) 2 1 .6 55.6 60.0 80.0 

(i) expected time for complete turnover 

yr ( 1 5/ 1 00 - h) x 1 00) 19. 1 33.8 37.5 75.0 

U) total stands recorded during study 1 04 50 45 24 

(k) percentage mortality over six years 50.0 40.0 1 5.6 20.8 

of all indivual stands (f/j xI 00). 

Table 3. Population flux of Gymnocarpium dryopteris in four plots in the Kuinderbos (The 

Netherlands) for the period 1 979 - 1 993. 

·� 50 a 

b 

t979 81 

Figure 2 The number of individual stands, cohort- ! ,  year- ! ,  for Gymnocmpium 
dryopteris in four plots. The ' 1979' cohort comprises the number of individual stands 

present at the beginning of the monitoring. Only cohorts with more than 5 individual 

stands, cohort- ! ,  plot- ! are depicted. 

a =  cohort 1979 plot la, a l =  cohort 1 987 plot la, a2= cohort 1 989 plot l a, a3= cohort 

1 990 plot I a, a4= cohort 1 99 1  plot I a. 

b = cohort 1 979 plot I b, b I= cohort 1 982 plot I b. 

c = cohort 1 979 plot 2, c I= cohort 1991  plot 2. 

d = cohort 1 979 plot 3 

83 85 
YEARS 

87 89 91 93 
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Figure 3. 
Histograms showing the percentage of individual stands of Gymnocarpium dryopreris belonging to different 

size classes; a =  I - I 0 fronds, individual stand- I ,  b = 1 1  - 50 fronds, i ndividual stand- I ,  c = 5 1  - 100 fronds, 

individual stand- I ,  d = 101 - 500 fronds, individual stand- I ,  e = 501 - 1 000 fronds, individual stand- I ,  f =  

1001 - >2000 fronds, individual stand-I , g = >2000 fronds, individual stand- I .  The designated number of 

plots are the same as in  figure I .  
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Figure 4. 

The average number of fronds, i ndividual stand- I ,  year- I of Gymnocarpium d1yopreris for four plots. The 

designated numbers of the plots are the same as in figure I .  
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The · number of newly established stands was high in plots l a  and 2. Figure 2 shows 
populations (cohorts) of over three years old with at least four new individual stands. Six of 
these populations were observed, four of which were in plot l a. The 1989 population (plot l a) 
showed no decrease over a four-year period, but all others decreased with the 1 982 population 
(plot I b) even disappearing altogether within five years. Figure 3 shows the distibution over 
stand size classes in terms of number of fronds per stand for each year of the survey period. 
Figure 4 shows the fluctuations of the average number of fronds per stand. In plot I b the average 
number of fronds per stand present at the annual census decreased from 1 983 until 1988 after 
which it increased. No stands of over I ,000 fronds were found. The same pattern of fluctuations 
holds true for plot I a where, however, stands of over I ,000 fronds have been found since 1 989. 
Plots 2 and 3 showed a conspicuous increase in the average stand size with stands of over I ,000 
fronds present at both plots since 1992. Figure 5 shows the average stand size with respect to 
the stand age. All individual stands established after 1 979 were incorporated. In plot I a there 
appears to be a linear correlation. In plot I b stand size appears to diminish after an age of three 

years. No graphic representation for plot 3 can be given in view of insufficient recruitment. 
Table 4 shows that mortality of stands established between 1 979 and 1993 is not significantly 

correlated to stand age and that most individual stands survive the first two years (X2 = 0.5, p > 
0.05). 
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Figure 5. 

Average number of fronds, individual stand-I in relation to age of individual stands, concerning all stands 

which arrived after 1979. 

age \ plot la lb II Ill total 

< 2 years 4 7 

> 2 years 28 7 8 3 46 

total 32 8 9 4 53 

Table 4.  The death rate for plants which established themselves between 1 979 and 1 993 in 

relation to their age. 
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FERTILITY 

The ratio of fertile/sterile fronds increased with stand size (figure 6). Stands with less than 50 

fronds are usually sterile. In stands of 5 1  - 100 fronds, fertility varied from 0% in plot I b to 

100% in plot 3.  The ratio of fertile/sterile fronds per stand showed the same trend except in all 

plots except 3 where some individual stands had a high percentage of fertile fronds with respect 

to stand size. Fertile fronds are larger than the sterile fronds and often grow in a seperate layer 

above them. 

20 

Figure 6. 
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Fertility in Gymnocarpium dryopteris in 1 992 in four plots. Number of individual stands per plot: 

l a, n = 45, l b, n = 1 2, 2, n = 22 and 3, n = 1 5 .  

a .  the percentage o f  individual stands with fertile fronds, size class- ! .  

b .  the percentage of fertile fronds, total number o f  fronds- I,  size class- ! .  

The designated number of plots is  the same a s  i n  figure I .  

DISCUSSION 

Ecology.- The Dutch population of Gymnocarpium dryopteris is mainly restricted to ditch 

banks in stands of exotic conifers, especially Picea sitchensis and Pseudotsuga menziesii. Only 

5% of the individal stands occur in semi-natural woods, especially in Quercus roburl Fagus 

sylvatica woods assigned to the Fago - Quercetum. One of the first records was from the the last 

primeaval wood in the Netherlands, Beekbergerwoud, which was destroyed in 1 87 1 .  

Gymnocarpium dryopteris has been described as occuring in 3 1  types of woodland in 

southern Germany, e.g. Ulmus/ Acer pseudoplatanus woods in ravines, Fagus sylvatica woods 

and Picea abies woods (Oberdorfer 1992). In the U.K. Gymnocarpium dryopteris is rather 

common in Scotland, especially in Quercus robur!Betula woodland (Page 1 982). However, 

although Picea sitchensis was planted over thousands of Ha in Scotland, Gymnocarpium 

dryopteris has not established itself in these stands (Hill 1 979). In North America, 

Gymnocarpium dryopteris grows in old spruce forests (Fondo 1974). 

The occurrence at the high density level found in the Kuinderbos may be explained by the 

combination of a high humidity, due to spruce trees, high ditch density, a peaty subsoil overlain 

by sand or clay deposits, and optimal incoming light conditions (3 - 5 % of the light reaching 

the herb layer). The ditch banks are an appropriate habitat for recruitment since new eglible 

locations for germinating spores are continously formed by bank erosion. The average 

groundwater level of 0.8 - 1 .3 m below ground level, combined with the peaty subsoil, 

guarantees there always is a capillary supply of water, even in drought periods. 
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Population dynamics. - There are very few published accounts of the population dynamics of 

ferns. The population dynamics of Dryopteris jilix-mas L.Schott and Dryopteris dilatata 

(Hoffm.)A.Gray have been studied by Willmot ( 1 984). Oinonen ( 1 97 1 )  published a table of the 

vegetative spread ing of Gymnocarpium dryopteris in Finland encompassing a time span of over 

500 years. 

During the current study it has been shown that establ ishment of stands and the growth of 

Gyml)ocarpium dryopteris is influenced by the canopy structure through the amount of 

incoming light being filtered out. When under stress, due to low light conditions, indiv idual 

stands have a low growth rate (or even a negative growth rate) and low fertility. Increase of light, 

due to canopy thinning or windfal l, resulted in a high growth rate, h igh fertility and the 

establishment of indi vidual stands. High establishment of stands at plot l a  caused the average 

number of fronds per stand to show the same trend in plots 1 a and 1 b. In plot 2 the stress due to 

light conditions was reduced in 1985 through windfall .  The windfalls increased in size after 

1 990. At the centre of the windfalls Gymnocarpium dryopteris was, however, overgrown by 

Eupatorium cannabinum L. In plot 3 thinning was undertaken in 1989, after wh ich the number 

of fronds steadily increased over the years. Prior to thinning the moss and herb layers were 

more luxuriant than in the other stands, indicating that a clay soil may, through its higher content 

of nutrients, partially compensate any stress due to lower light conditions (Ellenberger 1 982). 

Curiously, establ ishment was very low in this plot although favourable ditch banks with erosion 

and good light conditions seemed appropriate. 

In the forty year old Kuinderbos, dense stands of Picea abies were thinned for the first time 

after 1 989. These stands are similar to those of Picea sitchensis growing partially on the 'peat 

erosal area' (Bremer l980a), and showing a high density of ditches. After th inning, incoming 

l ight reaching the soil increased from c.  I% to 3 - 4%, enabling the establishment of 

Gymnocarpium dryopteris. The effect of l ight conditions on plants growing in woods has been 

demonstrated several times (Ellenberger 1 982, Peterken 1 985). 

Oinonen ( 1 97 1 )  showed that no mass regeneration occured in Gymnocarpium dryopteris in 

Finland, stating that vegetative spreading caused its abundant occurence in Finland. In the 

Netherlands Gymnocarpium dryopteris mainly occurs with one of some stands per location 

showing no regeneration. The si tuation in the Kuinderbos is, however, an exception as mass 

regeneration was found under stands of Picea sitchensis and, more recently, under Picea abies. 

The mortality of young sporophytes was the same for all the populations, indicating that 

they were all influenced by the same mortality factors. However, the cause of this juvenile 

mortal ity was hard to assess from the ev idence. For some stands mortal ity may be attributed to 

erosion of the ditch bank. Light may have been a factor as well, since stress due light conditions 

has occured in all plots. It must also be borne in mind that young sporophytes were only found 

when they already had some leaves, and that younger ones may have been overlooked. 

The establishment level expressed in term of juvenile stands per Ha is high when compared 

to other Dutch localities, where establishment is almost non-existent. Nevertheless, the 

establishment level in Gymnocarpium dryopleris is low in comparison with that of other fern 

species. High levels have been published for Dryopteris dilatata (Willmot 1 984) and indicated 

for Polysrichum setiferum (Page 1 982). At the Kuinderbos a high level of establishment has 

been ascertai ned for various species, especially Asplenium sco/opendrium, Polyslichum 

se/iferum, Polystichum acu/eatum and Dryopteris ssp. 
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In recent years the existence of viable fern spores in soil has been recognized (see reviews by 

Mi lberg 1991 and Dyer & Lindsay 1 992). Here, we report viable fern spores in an arable soil 

in Sweden. 

Soil samples were taken to assess the weed seed bank in an arable field near Lovsta, 10 km 

east of Uppsala in southern Sweden. In early June 1989 we took 496 soil samples to 1 5  cm 

depth with a borer, having diameter of 3.3 cm. Each soil sample was thoroughly mixed before 

being evenly spread over 0.5 cm thick layer of heat sterilized sand in a plastic pot ( 1 8  cm 

diameter). The soil depth in the pots was ea. 0.5 cm. After watering, the pots were covered with 

a glass lid and kept in a room with a diurnal cycle of 8 h darkness and 1 6  h light at 8 and 1 8C, 

respectively. The soil was kept moist and the air humidity in the pots was approximately 95%. 

After 4 months we counted, under a magnifying glass, the number of prothalli. 

The number of prothalli recorded from each soil sample varied between 0 and 40 with an 

average of 7.0 (s.e. = 0.3), hence, an estimated overall density of spores of 8200 m2 (soil 
sampled to 15 cm depth). However, this estimate must be considered as a minimum value since 

germination trials can never hope to reveal all viable propagules. This is especially important 

when assessing spore banks, since only spores that have germinated on or very close to the 

surface of the exposed soil will be counted. Therefore, it is more meaningful to give the density 

of prothalli in relation to the surface of the cultured soil, in this case, 0.028 prothalli/cm2. 

When we counted the prothalli, a few sporophytes had emerged. Neither prothalli nor 

sporophytes were identified. 

The area surrounding the study site is dominated by arable land and sown pastures and ferns 

are very sparse. The closest ferns, Dryopteris filix-mas (L.) Schott and Polypodium vulgare L., 

were found 700 m from where the samples were taken. 

Ferns produce vast numbers of spores but the spore deposition decreases rapidly as the 

distance increases from the sporophyte (Schneller 1 975). Nevertheless, the spore bank detected 

in this study indicates that a substantial number of spores are dispersed over long distances, or 

that the spores are long-lived in soil and have accumulated over several years. In both cases, 

long-distance dispersal seems important for the build-up of spore banks. 

The maximum densities of spores in soil so far reported in the l iterature have been one to 

several orders of magnitude larger than in the present study (Schneller 1 988, Hamilton 1 988, 

Milberg 199 1 ,  Dyer & Lindsay 1992). However, comparisons of spore density estimates 

between different studies are problematic because of different methods used. However, in a 

study using similar methods as in the present, up to 1 70,000 spores/m2 germinated in soil from 

a grassland lacking sporophytes (0.5 prothalli/cm2 surface of cultured soil; Milberg 199 1  ) .  

Hence, the spore bank size reported here seems rather small. 

A large spore bank in an agricultural soil has previously been reported from Malaysia (Wee 

1 974). In Sweden ferns do not occur on regularly cultivated soil, so the significance of a spore 

bank in an arable soil is unclear. The spore bank could be important in post-cultivation 

succession, but ferns have not been reported in "set-aside" studies (e.g. Silfverberg 1 980, 

Folkesson 1 99 1 ,  Welch 1 992, Clarke 1 992). 
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The present results confim1 that spore banks can occur even in vegetation types lacking 

sporophytes, and hence, that long-distance dispersal of spores is significant. In some cases, a 

spore bank could be of importance for the regeneration, population dynamics and population 

genetics of ferns. 

REFERENCES 

CLARKE, J. (Ed.) 1 992. Set-aside. Monograph No. 50, British Crop Protection Council. 

DYER, A.F. and LINDSAY, S.  1 992. Soil spore banks of temperate ferns. Amer. Fern. J. 82: 

89- 1 22. 

FOLKESSON, B .  1 99 1 .  The reappearance of meadow species on former arable land. Svensk 

Bot. Tidskr. 85: 2 1 5-223. 

HAMILTON, R.G. 1988. The significance of spore banks in natural populations of Athyrium 

pycnoCGI]JOn and A. thefypterioides. Amer. Fern J. 78: 98- 1 04. 

MILBERG, P. 1 99 1 .  Fern spores in a grassland soil. Can. 1. Bot. 69: 831 -834. 

SCHNELLER, J.J. 1 975. Untersuchungen an ei nheim ischen Farnen, inbesondere der 

Dryopteris jifix-mas-Gruppe. 3. Teil. Okologische Untersuchungen. Ber. Schweiz. Bot. 

Ges. 85: 1 1 0- 1 59. 

SCHNELLER, J.J. 1988. Spore bank, dark germination and gender determination in Athyrium 

and Dryopteris. Results and implications for population biology of Pteridophyta. Bot. 

Helv. 98: 77-86. 

SILFVERBERG, K. 1980. Vaxtligheten pa nedlagda akrar i Lemland, Aland. Nordenskiiild

samfundets Tidskr. 40: 48-68. 

WEE, Y.C. 1 974. Viable seeds and spore of weed species in peat soil under pineapple 

cultivation. Weed Res. 14: 193- 1 96. 

WELCH, D. 1 992. Botanical composition of arable fields in north-east Scotland after a year of 

set-aside. Bot. 1. Scotland 46: 1 - 1 3. 



FERN GAZ. 14(8) 1994 301 

CYTOLOGY OF SOME FERNS FROM THE NILGIRIS, SOUTH INDIA 11 

V. IRUDAYARAJ and S.S. BIR 
Department of Botany, Punjabi University, Patiala, 147 002, India. 

Key words: cytology, ferns, Nilgiris, polyploidy. 

ABSTRACT 
The cytology of twelve species of ferns from the Nilgiris, south India has been studied. The 

chromosome number for Athyrium praetermissum Sledge (n=80) is recorded for the first time 

from India, while the tetraploid (n=80) Athyrium solenopteris (Kunze) Moore is a new 

cytotype for the country. Out of the 12 species only one is an apomict while the rest are all 

sexual. Amongst these are included three diploids, one triploid, seven tetraploids and one 

octaploid. Athyrium petersenii (Kunze) B i r  (n=80) is a member of Athyrium japonicum 
(Thbg.) Cope!. [=Diplazium japonicum (Thbg.) Bedd.] complex in India for which 2x, 4x, 5x 

and 6x cytotypes are on record based on x=40 and 4 1 .  We confirm x=40 (n=80, 4x) for 

Athyrium petersenii (Kunze) Bir which is characterised by lac in iate indusia and short

papillate spores in contrast to the entire or subentire indusia and prominantly papillate spores 

in A. japonicum (n=40, 80 and 2n=200 from the Himalayas). 

INTRODUCTION 

The present paper forms a part of our project on the chromosomal analysis of ferns of the 

Nilgiris in the western Ghats, south India. Results from 10 other species and the details of the 

topography have been given in Irudayaraj, Bir and Manickam ( 1 993). 

MATERIALS AND METHODS 

Portions of young fertile lamina from wild plants were fixed in 6:3 : 1  mixture of ethyl alcohol, 

glacial acetic acid and chloroform. The aceta-carmine squash technique was used to observe 

meiotic chromosomes. Vouchers are deposited in Punjabi University, Patiala (PUN). Details of 

localities from where materials were collected are given in Table 1 .  

OBSERVATIONS 

(a) Distribution 

Among the species studied here, only Asplenium aethiopicum commonly grows as an epiphyte 

in Shola forests between 1 ,200- 1 ,900 m. The rest of the species grow on rocks or on the forest 

floor. Doryopteris concolor is generally found along road sides in open places between 1 ,500-

1 ,900 m., while Arachniodes aristata, Dryopteris hirtipes subsp. atrata, Athyrium solenopteris 

(Fig. l A), A. praetermissum and A. lanceum grow in partial shade on damp forest floors 

between 1 ,800-2,250 m. Athyrium petersenii, with its creeping rhizome, forms thick 

populations on small rocks with lots of humus, or open forest floor, near the ravine margins. 

Because of the creeping nature of its rhizome, the fern Pseudophegopteris pyrrhorhachis 

flourishes well in ravines in the shade and is locally abundant. Phaneroph/ebia caryotidea 

prefers moist sunny or partially shaded boulder rocks and can grow well on the fully shaded 

forest floor (Fig. I B )  at medium elevations. The terrestrial spleenworts, Asplenium tenuifolium 

and A. hindusthanensis, are locally abundant on moist shaded rocks deep inside the forests 

around 1 ,800- 1 ,900 m. 

(b) Cytology 

Except for the triploid apogamous fern, Phanerophlebia caryotidea, with n='2n'=l23,  the 

course of meiosis is normal in the other species and results in production of 64 spores per 

sporangium. Information on recorded chromosome numbers, ploidy level and vouchers is given 

in Table 1 .  
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TABLE 1 
Chromosome Numbers of terns from the NIIgiris, south India. 

Sp. Name of the Species Locality Voudler Chromosome Ploidy and 
& Altitude  Nwnber Nwnber Reproductkn 

No. 

* 1 . Dryopteris concolor Cooooor, PUN 4247 n=30 Diploid sexual 
(langsd & Fisch.) Kuhn 1 ,900 m. 

* 2. Amchninde.v aristata Coonoor, PUN 4242 n=82 TEtraploid 
(Forst. f.) Tindale. 1,900 m. 4243 (Fig. 2A) Sexual 

3. Dryopteris hirtipes Naduvattan PUN 4231 n=82 TEtraploid 
(BI.) Kuntze 1,820 m (Fig. 2 B,C) sexual 
subsp. atrata (Kunze) 
Fraser-Jenkins 
[=D. atrata (Kunze) Cbing] 

*4. Phanerophlebia caryotidea Mud:lorai PUN 4252 n='2n'=l23 Triploid apogam. 
(Wall ex Hook. & Grev.) 2,000 m. - 4255 (Fig. 2 D,E) 
CqJe� vac. caryotlden 
[=Cyrtomium caryotideum 
(Wall.exHook.&Grev.) Pres� 
Cfolcatum Sw.vac.caryotidum 
(Wall.) Bedd.] 

5. Pseudophegopteris pyrrhorhnchis Ithalaru, PUN 4250- n=62 T Etrnp.Ioid sexual 
(Kunze) Ching. 1,900 m. 4251 (Fig. 2F) 

*6. Athyrium solenopteris Dodabetta, PUN 4256 80 Tetraploid sexual 
(Kunze) Moore 2,250 rn. - 4257 
[=A macrocarpon (Bl.) Naduvattan PUN 4232 80 Tetraploid sexual 

Bedd.] l ,820 m. 

7. Athyrium lanceum (Kunze) Naduvattom PUN 4227 80 Tetraploid sexual 
Moo re 1,820 m. 4288 
[=A. macrocarpon (BI.) Bedd.] 

**8 Athyrium f:Jaetennissum Naduvattom PUN 4229 80 (Fig. 3A) Tetraploid sexual 
S edge 1 ,820 m. 

9. AthyriumlJ:tersenii Coonoor PUN 4239 80 Tetraploid sexual �unze) ir 1,900 m. 4240 
Deparia pelersenii 

(Kunze) Kato] 

* 10 Asplenium aethiopic:um Naduvattom PUN 4237 IF144 O<:toploid 
(Bum1. f.) Becb. 1. ,820 m. 4238 (Fig. 38) sexual 

* 1 1  Asplenium temlifolhnn Naduvattom PUN 4235 IF36 Diploid 
D. Don 1 ,820 m. 4236 sexual 

*12 Asplenium hindttJ1hanen.\is Naduvattom PUN 4233 IF40 Diploid 
Bir. 1,820 m 4234 (Fig. 3C) sexual 
(=A. unilateral Lam. 

var. rhule Bedel) 

* First report from NIIgiris. * * First analysis from India. 
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Figure 1 

A. A thyrium solenopteris (Kunze) Moore growing on damp forest floor near Dodabatt 

(2, 250 m); B. Pha11erophlebia caryotidea (Wall .  ex Hook. & Grev.) Cope!. var. caryotidea growing on 

rock edge near Muthorai (2,000 m.). Nilgiri H i lls. 
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DISCUSSION 

Athyrium solenopteris (Kunze) Moore, a tetraploid with n=80, is a new cytotype for India, and 

the chromosome n umber for Athyrium praetermissum Sledge (n=80) is reported for the first 

time from the country. The i ncident of polypoidy is 75% amongst the species investigated here. 

Specific notes on these species are as follows: 

1 .  Doryopteris concolor (Langsd. & Fisch.) Kuhn.  

This south Indian fern investigated from Kolli Hills (lrudayaraj & Manickam 1 987, Manickahm 

& Irudayaraj 1 988), Shevaroy Hills (Ghatak 1 977) in the eastern Ghats, Thekkady (Abraham et 

al. 1 962), Palni Hills (Bir & Vasudeva 1 978) and now the Nilgiris in the western Ghats is known 

to be diploid sexual with n=30 throughout its range. Plants from all these localities are identical 

in appearance. 

2. Arachniodes aristata (Forst. f.) Tindale. 

This species is widely distributed throughtout the forests of the western Ghats in south India and 

is fairly common in the Nilgiris. The present material, collected from stream banks inside the 

forest, shows 82 bivalents in spore mother cells (Fig. 2A). This very widely studied species has 

two cytotypes, diploid, n=4 1 ,  (Bhavanandan 1 968, Bir & Vasudeva 1979, Bhavanandan & 
Sankariammal 1 99 1 )  and tetraploid, n=82, (Abraham et al. 1962, Bhavanandan 1968, 1 97 1 ,  

Irudayaraj & Manickam 1 987, Manickam & Irudayaraj 1988, Bhavanandan & Sankkariammal 

1 99 1 )  based on x=4 1 .  Bhavanandan ( 1 97 1 )  has reported supernumerary cell divisions which 

occur either in the four nuclei resulting at the end of telophase 11 of meiosis, or in the tetrads 

formed from normal division. Each Spore Mother Cell at the end of supernumerary division 

gives rise to eight aberrant spores. Recently, Irudayaraj and Manickam ( 1 992) have reported the 

incidence of natural apospory for this species. Some Nilgiri individuals of this species growing 

side by side with tetraploid sexual plants also show the presence of aposporous buds on the 

u nder surface of the sterile pinnules. These buds are greenish, thalloid outgrowths in rosette 

form. 

3. Dryopteris hirtipes (Bl.) Kuntze subsp. atrata (Kuntze) Fraser-Jenkins [=D. atrata (Kunze 

Ching]. 

This is a widely distributed fern in the Indian subcontinent, growing in  Darjeeling, Sikkim, 

Khasia between 1 ,500-2,000 m. and Palni-Nilgiri Hills and also in Sri Lanka at about 1 ,800 m. 

altitude. The lamina, with greyish scales on the rachis, is once pinnate bearing well spaced 

glabrous herbaceous pinnae with shallowly or deeply lobed margins. 

This species is tetraploid sexual throughout the eastern Himalayas (Loyal in Mehra 1 96 1 ,  

Mehra & Loyal 1 965) and Peninsular India (Abraham et al. 1 962, Bhavanandan 1 968, Ghatak 

1 977, the present writers (Fig. 2B, C). According to Fraser-Jenkins ( 1989) earlier authors 

widely misapplied the specific epithet 'atrata' to other species in the Himalayas. Kunze's 

( 1 85 1 )  description and concept of Asplenium atratum should apply to larger sized south Indian 

plants and not to Wallich's Himalayan plant which is now referred to D. stenolepis (Baker) C. 

Chr. Sledge ( 1 973) was the first to clarify the status of D. atrata and reduced it to a synonym of 

D. hirtipes. However, Fraser-Jenkins ( 1 989) separated Dryopteris hirtipes into subsp. hirtipes, 

with small fronds up to c.30cm, smoother lamina with short, more crowded pinnae (up to 25 

pairs) and translucent brown scales and subsp. atrata with large fronds, up to c. 1 60 cm, well 

spaced pinnae (up to c. 30 pairs) and grey-black scales. Subsp. hirtipes is a diploid sexual found 

in south India (Bhavanandan 1 98 1 )  and Sri Lanka (Manton & Sledge 1 954), and is not 

represented in the Himalayas. Closer examinations of Himalayan and South Indian tetraploid 

sexual specimens of subsp. atrata have shown them to be identical in morphology. 
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Figurt! 2 
A-D, F. Meiosis in spore mothe1· cells. 2 E. Mitosis in archespo1·i a l  cel ls .  A. A racl111iodes m·istata (Forst. 

f.) Trindalc, n=82; B-C. Dryoprais hirtipes (!31.) K u n tze subsp. a/rata (Kum.e) Fraser-Jcnkins, n=g2; 
D-E. Plwnerophle!Jia cmyotidea (Wall .  ex Hook. & Grcv.) var. cmyotidea; D. n= 1 23 in spore mothc1· 
cel l ;  2n=c. 1 23 ;  F. Pseudopilegoplel'is pyrrlwrlwchis (Ku111.e) C h i ng, n=62. Scale = IOpm throughout .  

4. Phanerophlebia caryntidea (Wall .  ex Hook. & Grev.) Copel .  var. caryntidea. 

This magnificent fern, with drooping fronds when growing on rock edges, or erect fronds when 

growing on the forest floor, is  often cultivated in gardens. It is  found throughout India, in the 

Himalayas from Shim l a  and Missoorie in t he west to Dmjeel ing i n  the easl, and in the mountai n s  

o f  Peninsu lar I n d i a  general ly  between I ,5000-2,000 m. i n  alti tude. Cytologically t h e  plants are 

u n i form and all the reports from Ind i a  describe the species to be triploid and apogamous with  

n='2n ' = 1 23 (cf. B ir & Verma 199 1 ). We have confirmed the presence of 1 23 bivalents (Fig. 
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20) in several spore mother cells and 2n=c. l 23 from the archesporia! cell (Fig. 2E). Apogamy 

is well established in the species because in the Nilgiris material we found that nearly 98% of 

the sporangia produce 32 well filled spores. In the Himalayan material, Loyal ( 196 1  b) has 

recorded 4 l l+4 1 11 from 16 celled sporaniga and 123 bivalents per spore mother cell from 8 

celled sporangia. 

5. Pseudophegopteris pyrrhorhachis (Kunze) Ching [=Thelypteris hrunnei (Wall .) Ching] 

Although this taxon is morphologically distinct among the thelypteroid ferns of India in having 

reddish-brown, glossy stipes, bipinnate fronds with free venation and exindusiate sori, it has 

been much confused nomenclaturally and placed in Thelypteris, Phegopteris, 

Pseudophegopteris and Macrothelypteris under widely variable specific epithets. 

Specimens from Ithalaru ( 1 ,900 m.) show 62 bivalents in spore mother cells (Fig. 2F). The 

previous reports for this species show the common occurrence of diploids in north India (Loyal 

196 1 a,b, Singh & Roy 1988, Verma & Loyal 1 960, Mehra & Khullar 1 974, Khullar er al. 1 988) 

and tetraploids in south India (Bhavanandan 1 968, 198 1 ,  Bir & Vasudeva 1979, Irudayaraj & 
Manickam 1987, Manickam & Irudayaraj 1988). Bhavanandan and Sankariammal ( 199 1 )  have 

recorded a hexaploid (n=90) cytotype based on x=30 from south India and another hexaploid 

cytotype with n=93 has been reported from Sri Lanka (Manton & Sledge 1954). According to 

Loyal ( 1 99 1 )  the hexaploid cytotype of Pseudophegopteris pyrrhorhachis (Kunze) Ching is 

confined to Sri Lanka. He also stated that this  species is polymorphic and occurs in three 

cytotypes as 2x, 4x and 6x with the distribution of 4x and 6x cytotypes outside occuring the 

territory of the diploid, and postulated that the three might differ in their morphological and eco

physiological characteristics. 

All the previous reports for the species except Bhavanandan and Sankariammal ( 1 99 1 )  are 

based on x=3 1 .  We also record a tetraploid taxon based on x=3 1 .  It therefore appears probable 

that the basic chromosome n umber for Pseudophegopteris is x=3 1 .  

According to Holttum ( 1 982) the Malesian Pseudophegopteris paludosa (Bl.) Ching, 

considered synonymous with the present taxon, differs from the Indian P. pyrrhorhachis 

(Kunze) Ching by its larger size and its massive erect caudex. Holttum also mentioned that the 

specific epithet 'hrunnea' was never validated although it was taken up by Christensen in Index 

Filicum and several subsequent authors. 

6. Athyrium solenopteris (Kunze) Moore 

This species is confined to Sri Lanka and south India (Sledge 1962). The type specimen of this 

species (Ailantodia solenopteris Kunze) is from the Nilgiris. The present specimens, 

cytologically investigated for the first time from the type locality are tetraploid and sexual 

(n=80). Earlier, Ghatak ( 1 977) had reported a hexaploid sexual cytotype with n= l 20 from 

Shevaroy Hills, south India. The present taxon is therefore a new cytotype for India, although 

both cytotypes exist in Sri Lanka (Manton & Sledge 1 954). It was not possible to compare the 

present tetraploid cytotype from the Nilgiris with the hexaploid cytotype from Shevaroy Hills 

because Ghatak's vouchers are not available. The specimens of A. solenopteris from the Nilgiris 

(PUN 4232, 4256, 4257) and from Shevaroy Hills, I ,500 m (J. Furrell I 898 at NY) are similar 

in morphology (especially in size, shape and cutting of lamina) and closely ascribe to var. 

solenopteris as described by S ledge ( 1 962). 

7. Athyrium lanceum (Kunze) Moore [=A. macrocarpon (Bl.) Bedd] 

According to Sledge (I 982) Athyrium lance urn is a later homonym of A. macrocarpon Fee and 

hence is an invalid name. Athyrium lanceum (Kunze) T. Moore is however the only correct 

valid name for this fern. Athyrium puncticaule (Bl.) Moore, widely used as the valid name for 

the fern called Athyrium macrocarpon, is no longer applicable here since this is now considered 

to be the valid name for Athyrium anisopterum Christ (cf. Sledge 1 982) and the type specimens 
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of Aspidium pr111ticau/e Bl. clearly shows that it is identical with this latter species. Arhyrium 

anisopterunr Christ therefore needs to be replaced by Arhyrium prrncticaufe (81.) Moore in 

accordance with the Rules of Nomenclature. 

Arhyrium lanceum is a common but highly variable fern of the Nilgiris. Quite often the 

plants bear bipinnate large fronds and bipinnatifid small fronds which often resemble young 

plants of A. puncticaule and A. anisoprerum. Plants of A. lancerrm al ways show n=80 from both 

types of fronds. 

The published reports of A .  puncticau/e or A . macrocarpon indicated the species to be 

diploid with n=40 (cf. Bir 1973). The only report from south India is based on Kodaikanal 

material (cf. Bir 1965) where the species is recorded as diploid (n=40). There are no major 

differences in appearance between the diploid and tetraploid plants. 

8 .  Athyrium praeternrissum Sledge. 

This species is tetraploid and sexual with n=80 (Fig. 3A). The present material matches exactly 

the illustration given in Beddome ( 1 864, pi. 1 57) who also collected from our local i ty. 

It is very rare and so only single plant was collected. According to Sledge ( 1956, 1 962) the 

species occurs throughout India, Sri Lanka and Java. The present material confmms to var. 

praetermissum as delimited by Sledge ( 1956) and is characterised having pinnules shal lowly to 

deeply lobed with serrate margins. Sledge ( 1962) has mentioned that specimens of var. 

praetermissum from the Nilgiri Hills agree exactly with the Sri Lankan plants. The report of A .  

praetermissum Sledge from Kodai kanal, Palni Hills b y  B i r  & Vasudeva ( 1 97 1) (PUN 180, 18 1 ,  

2008) actually pertains to A .  so/enopteris (Kunze) Moore. 

• 

�l 

Figure 3 

A, B, C. Meiosis in spore mother cells. A. Athyrium praetermissum Sledge, n=80; B. Aspe/nium 

aethiopicum (Bunn. f.) Beth., n= l 44; C. Asplenium hindusthanensis Bir, n=40. Scale = IOJ.Jm); D, E, F. 

Silhouettes of pinnae from lamina of octoploid plants of Asplenium aethiopicum (Bunn.f) Bech; D, E. 

Sexual plants; F. sterile plants (D=PUN 4237; E-F. RHT 3 1 497, 52590 respectively). 
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9. Athyrium petersenni (Kunze) Bir comb. nov. 

Basionym: Asplenium petersenii Kunze, Analecta Pteridographica 24, 1 837. 

Synonym: Diplazium petersenii (Kunze) Christ, Bull. Ac. Geogra. Bot. Mans. 9: 245, 1 902 

Deparia petersenii (Kunze) Kato, Bot. Mag. Tokyo 90: 37, 1977. 

The present species is very closely allied to Athyrium japonicum (Thbg.) Cope\. and the two 

species are very much confused. These two species are often referred to Athyriopsis or Deparia 

(Kato 1 977). In general the Himalayan specimens with entire or sub-entire indusia and very 

short papillae on the perispore belong to Athyrium petersenii (Kunze) Bir. 

The Nilgiri material is a tetraploid sexual with n=80. Athyrium japonicum (Thbg.) Cope!, 

and A. petersenii (Kunze) Bir represent one of the most complicated ' large species complex' in 

India with diploid, tetraploid, pentaploid and hexaploid cytotypes (Bir 1 973). Bhavanandan 

( 1 968, 198 1 )  recorded the hexaploid cytotype (n= l23,  2n=246) from Kodaikanal, Palni Hills, 

and Ootacamund, Nilgiris, under Diplazium japonicum (Thbg.) Bedd. [Athyrium japonicum 

(Thbg.) Cope\.] . However, Bir ( 1 96 1 ,  1 976), reported diploid (n=40), tetraploid (n=80) and 

pentaploid (2n=200) records for the species from Darjeeling, eastern Himalayas. The only 

diploid (n=40) record is from central India (Vasudeva & Bir 1 982) and the only tetraploid 

(n=80) one is from the western Himalayas (B ir 1 962, Khullar et al. 1988). Sankariammal 

( 1 990) and Bhavanandan and Sankariammal ( 1 99 1 )  have also recorded n=82, and n= 1 23 from 

south India under Dip/azium japonicum but this species probably does not grow in south India. 

All the Peninsular Indian reports under D. japonicum belong to A. petersenii or D. /asiopteris if 

the two are separate and valid species. 

10 .  Asplenium aethiopicum (Burm. f.). Bech. 

This is an octaploid cytotype based on x=36, since 1 4411 are clearly discernible in spore mother 

cells (Fig. 3B). An octaploid cytotype has also been reported from Palni  Hills in south India 

(Irudayaraj & Manickam 1987, Manickam & Irudayaraj 1 988) and from Sir Lanka (Manton & 
Sledge 1 954). Abraham et al. ( 1 962) and Ghatak ( 1 977) observed irregular meiosis with n=3611 

+ 2 1 6I + (2n=288) in Ponmudi Hills material (western Ghats, Kerala) and 

n=2VIII+ I VI+4IV +2III+8611+ 72I (2n=288) from Shevaroy Hills, south India respectively. 

Panigrahi ( 1 963) concluded that the octaploid (n=144) is of allopolyploid origin and that the 

south Indian specimens resembling tetraploid forms of Kenya and the dodecaploid form of 

Madeira are present in British (Nat. Hist.) Museum, London. However, so far only octaploid 

plants, either with regular meiosis or with irregular meiosis have been reported from south India 

and there is no record of collection of either 4x or 1 2x plants from India. Our studies of 

herbarium specimens from India have shown that A. aethiopicum (Burm. f.) Bech. is a highly 

variable species in Peninsular India so far as the size, division of the lamina and the presence of 

scales and fibrillae are concerned. According to Manickam and Irudayaraj ( 1 992) the larger 

forms usually occur between 2,000-2,250 m. ,  while the smaller forms grow between 700- 1 ,900 

m. altitude in the hills of the western Ghats, south of Pal ghat gap. Our plants collected at 1 ,820 

m. near Naduvattom (Nilgiris) resemble the smaller forms which have fronds with up to 1 0  cm. 

long stipe and 1 2  x 4 cm. simply pinnate lamina and lobed pinnae. The stipe, rachis and the 

lower surface of the pinnae are densely covered with scales and fibrillae. The shape of the 

pinnules and fibrillae of the present octaploid plants (PUN 4237, 4238) resemble the octaploid 

plants from Madeira as described by Panigrahi ( 1 963). 

Braithwaite ( 1 986) in his revision of the Asplenium aethiopicum complex from south Africa, 

has reported three sexual cytotypes as tetraploid (n=72), octaploid (n= 144) and dodecaploid 

(n=2 1 6) and these have been segregated as subspecies tripinnatum, subsp. aethiopicum and 

subsp. dodecaploideum respectively. The eastern and the western Ghats plants from Shevaroy 

Hills and the Nilgiris, Palnis obviously belong to subsp. aethiopicum (n= l44, 8x) . Interestingly, 
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Braithwaite ( 1 964) has reported an unique type of apomictic reproduction for this species, 

where 1 6  spore mother cells are formed as usual, but the first meiotic division is without pairing 

and cytokinesis results in the formation of a restitution nucleus. This is followed by normal 

second meiotic division resulting in the production of 32 viable spores (diplospores) arranged 

in diads having the original sporophytic chromosome number 

The species is cytologically known from various areas of south India such as the Ponmudi 

Hills (2n=288: Abraham et al. 1 962), Palni Hills (n= l 44: Irudayaraj & Manickam 1 987, 

Manickam & Irudayaraj 1988), Shevaroy Hills (2n=288: Ghatak 1977) and now from the 

Nilgiris (n= l 44). The phenotypic intraspecific variabilities are illustrated in figure D,E,F which 

shows silhouettes of two octaploid sexual plants (n= l 44) and an octaploid sterile plant 

(2n=288). Thus, octaploid sexual and sterile plants are so far on record from south India, but a 

search for diploid and tetraploid sexual plants should be made. It is imperative that this species 

complex is studied on a population basis throughout its distributional range in south India in 

order to assess properly its taxonomy. 

1 1 . Asplenium tenuifolium D. Don. 

The species is very stable both cytologically and phenotypically. The eastern Himalayan (Bir 

1 960) and the south Indian materials from Palni Hills (Bir 1 965, Kuriachan 1978, lrudayaraj & 
Manickam 1 987, Manickam & lrudayaraj 1988) and now the Nilgiris are identical in being 

diploid sexual. 

12. Asplenium hindusthanensis B ir slat. nov. (=A. uni/aterale Lam. var. riva/e Bedd.) 

The earlier proposed name A. rivale (Bedd.) Bir in edit (cf. Bir 1 989 and Singh and Bir 1 989) 

is illegitimate being the later homonym of Asplenium rivale Spruce [=Diplazium rivale (Spruce) 

Diels]. This necessitates giving a new name for the fern described by Beddome ( 1 883) in 

Handbook as A. unilaterale Lam. var. riva/e Bedd. For want of better name the fern is named 

as "hindusthanensis" since it is endemic in the mountains of Peninsular India. 

This species belongs to the A. unilatera/e complex in India and is characterised by having 

30-40 pairs of pinnae. These are almost parallelogram in shape and have obtuse apices with sori 

almost confined to the apices. The present material shows 40 bivalents in spore mother cells 

(Fig. 3C). Diploid plants with n=40 from the Palni Hills, south India have been reported by 

(Kuriachan ( 1 967), Bir & Vasudeva ( 1 979) and Manickam & lrudayaraj ( 1 988). Sankariammal 

and Bhavanandan ( 1 99 1 )  have reported a tetraploid (n=80) from Palni Hills. Examination of 

vouchers at PUN has indicated that the diploid plants from Palni and Nilgiri Hills are all 

identical in appearance. 
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