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DROUGHT TOLERANCE IN CHEILANTHES WITH SPECIAL 
REFERENCE TO THE GAMETOPHYTE 

HELEN QUIRK & T. C. CHAMBERS 
Botany School, University of Melbourne, Parkville, Victoria, Australia. 

ABSTRACT 
The gametophytes of a range of Australian species of Cheilanrhes are shown, in 
comparison with other more mes1c genera of ferns, to have the remarkable capacity 
to withstand severe water deficits and survive after drying and continued exposure 
to periods of low humidity. This abi l i ty to withstand severe desiccat ion is considered 
to be important in the establishment and survival of the genus in ecological niches 
not otherwise colonized by ferns. 

INTRODUCTION 

121 

Only a few genera of ferns a re noted for the i r  drought tolerance and their ability 
to survive in hab itats usual ly not colon ized by pteridophytes. Some genera are able to 
surv ive over extensive areas of open country otherwise host i le  to most species of 
ferns. The a lmost cosmopol itan Pteridium is  a good example of such a spec ies as is 
Paesia scaberula i n  New Zea land. Such plants have become serious weeds of pasture 
country. To what extent the invasion by these spec ies is associated w ith the biological 
adaptation of the gametophyte as agai nst the adaptations of the r h izome of the 
sporophyte is not fu l ly u nderstood. Only a few of the genera of the lower vascular  
p lants are able to extend into much more arid habitats than are these two examples; 
PeJiaea and Cheilanthes are notable examples from the Leptosporangiate ferns; the 
resurrection plants Selaginella lepidophyl/a and S. rupestris are wel l  known examples 
from the Lycopsida. 

· 

In Austra l ia we have observed that the sporophyte of some species of 
Cheilanthes perennates dur ing the summer months by means of a rhizome whi le the 
fronds completely die down e.g. C. tenuifolia and C. sieberi. Other species which 
extend even further into the ar id parts of A ustralia maintain at least a few of thei r  
leaves in  an  extremely dehydrated but l iv ing state e.g . C. vel/ea and C. lasiophylla. 

There are a few spec ies of Cheilanthes which grow in  the cooler coastal  regions of 
Austra l ia .  But even in these reg ions they are never found in the moist, sheltered, 
constantly h u mid environments of most other ferns but rather they prefer rock 
crevices and shal low soil pockets in dry rocky h i l ls ides e.g.  C. distans. These spec ies in  
these habitats sometimes perennate in  the  hot summer months by means  of  their 
rhizome, but u nder less severe conditions they may remain  with some g reen fronds 
throughout the growing

' 
season .  Hevly ( 1 963) has described several  adaptations of 

chei lanthoid fern genera of Ar izona to their  harsh desert envi ronments. M a ny of these 
features are certa in ly a lso characteristic of the Austral ian spec ies of Cheilanthes in 
the i r  sporophytic state. The sporophytic stages of Austra l i an  species exhibit 

• m icrophylly .a nd some have a dense i ndument of hairs and/or scales; the plants are 
small (general ly below 30 cm in height) and either have narrow fronds (C. sieben: C. 
lasiophylla) or if with ovate fronds then these are fi nely dissected (C. tenuifolia) or they 
may have very narrow p innu les (C. caudata). Hevly suggests that the dissection is a 
reduction in leaf size wh ich may reduce water loss by reduction of tota l leaf surface. 
The rh izomes of a l l  species of Cheilanthes in Austra l ia  a re densely sca ly a nd a cover of 
ha i rs and/or sca les is found on the stipe and lamina of C. lasiophylla, C distans. C. 

vel/ea. C. hirsuta. C. contigua and an  as yet undescribed sub-spec ies of C. sieberi. 

That this th ick i ndument is an inbu i l t  genetic feature of the p lant is demonstrated 
in the observation that spec ies of C. lasiophylla and C. distans taken from the f ield and 
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grown under g lasshouse conditions protected from harsh l ight and severe water 
stress. show no lessen ing in  the thickness of the scale cover on the new fronds which 
developed, even after more than a year in cu ltivat ion.  Also, sporophytic p lants of some 
of these spec ies raised from gametophytes in cu lt ivat ion showed the same thick sca le 
covering as d id their wi ld parents. l t  seems l ikely that these scales a nd ha irs may 
reduce water loss through transpirat ion by creat ing st i l l  air zones near to the plant 
surface in  which the air rema ins at a relat ively high humid ity and t� ro-ugh which 
diffusion from the interior of the plant to the exterior would be slow. lt is a lso poss ible 
that the sca les a nd ha irs reflect s ign if icant amounts of solar radiat ion espec i a l ly in 
species growing exposed on desert rocks, e .g .  C. vel/ea and C. /asiophyl/a. Certa i n ly 
those species which genetica l ly have the most dense indument (C. lasiophylla, C. 

vel/ea) are fou nd in the more arid reg ions of Austra l ia .  However, the more common 
form of C. sieberi is unusual in having a glabrous st ipe and lam ina and yet it is often 
found g rowing in the same arid loca l it ies as C. lasiophylla. Leaves of the 
Mediterranean che i lanthoid fern Notholaena marantae R.Br .  were reported by l lj i n  
(1931) t o  tolerate desiccation t o  relative hum idities of less than 50%. This tolerance 
was attr ibuted to the low leaf surface-to-volume ratio which l lj i n  suggested reduced 
the change in vol u me of the cel ls on de- and rehydration. In addition he reported the 
presence of a non-drying substance in the cel ls, a stable body or "fester Korper" which 
could be different ially sta ined from the cytop lasm. 

The fronds of the Austra l ian C. sieben: C. tenuifolia, and C. "austrotenuifo/ia"* 
wilt and die under hot conditions and low humidity. On rehydration, after a susta ined 
dry per iod, completely new fronds are produced from the rhizome. This seasonal  
drying off may be at  least partly a response to high summer temperatures and longer 
day length rather than summer water deficit. Evidence support ing this view is obta i ned 
from glasshouse-grown specimens of this species which d ie off each summer despite 
regular  water ing and sprout new fronds from the rhizome in  autumn.  

On the other hand, C. lasiophyl/a i n  c u lt ivation tends to die off to a lesser extent 
when g lasshouse grown and it a lso does not normally produce new shoot� dur ing the 
hot months even if water ing is maintained.  We have obtained the best g rowth 
responses of these plants in cu lt ivation by ensur ing that they are subject to some 
water stress d u ring the hot summer months. 

lt can be seen therefore, that there are a n u m ber of adaptat ions of the sporophyte 
of Austra l ian species of Cheilanthes which inc lude both stress avoidance (by reduction 
of moisture loss) and high temperature tolerance as seen by the abi l ity to regenerate 
new fronds after what appears superfic ia l ly to be death of the old p lant by drought. 
However, these adaptations for many habitats in which these species occur  would  be 
in va in  if the spores and the gametophyte generation were not also able to avoid or 
endure periodic xeric condit ions. Such adaptations of the gametophyte could range 
from s imple drought avoidance by rapid growth a nd maturation lead ing to early 
establ ishment of the sporophyte to e ither, morpholog ica l ly d istinct ive xeromorphic 
features reducing water loss from the gametophyte or to truly physiologica l xerophytic 
adaptations of a cytoplasm which can withstand periodic desiccat ion.  

Spores of Cheilanthes appear to be tolerant of extreme and prolonged exposure 
to low hum id ity. Working with the North American species C. gracillima, D.C.  Eaton, 
Pickett (1923) reported that the spores remained viable after a period of 16 months 
over anhydrous ca lc ium chlor ide even though the cytoplasm by this t ime appeared 
"dried and shrunken to the sides of the spore". Although we have not made a 

*The name "austrotenuifolia" has no status. lt is used to designate populat ions of a species 
morpholog ica l ly very s imi lar to C. tenuifolia and up to the present referred to t hat species but with 
most distinctive spores. lt  is widely distributed through the southern half of the Austral ian 
cont i nent and we are presently i nvestigating its correct name. 
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systematic study of the dessication tolerance of the spores of the Austral ian species 
we have found it possible to germinate spores of herbar ium specimens of C. tenuifolia. 

1 5  m onths after collection and spores of herbar ium specimens of C. shirleyana. C. 
pumilio a nd C. caudata germinated and produced typical gametophytes two years after 
collection from the field. lt is clear, therefore, that spores can rema i n  v iable for long 
periods after release. 

The g a metophytes of those Austral ian species of Cheilanthes which we have 
g rown lack any obvious morpholog ical protective structures; they are one cel l  thick for 
most of their a rea (except the central cushion region); they have no protective ha irs and 
lack a conspicuous cuticle. They a lso lack the wax secretory g la nds reported for 
Notho/aena trichomanoides (L.) Desv. (see Bower 1 923) and for N. standleyi Maxon 
(see Tryon 1 947). lt seems l i kely that the s u rvival of the germinated spore and the 
gametophyte may also be assisted by two features, -first, a fairly rapid germination 
rate fol lowing hydration (usual ly within 1 0  days from when spores are sown in the 
laboratory on moist peat), a nd secondly by attain ing sexual maturity within two 
months and this may be sooner u nder field conditions. While such development would 
assist the p lant  in  avoiding drought, comparable speeds of  germination a nd atta inment 
of m aturity have been observed in genera normally associated with more mesic 
conditions e.g. Phlebodium. Lastreopsis and Doodia. 

Another factor important in some species of Cheilanthes is the presence of 
apogamy, which enables the fern to circumvent the need for free water droplets at the 
t ime of sexual maturity by avoid ing the need for fert i l ization. Knobloch ( 1 966) reported 
the occurrence of obligate apogamy in 1 9  species of Cheilanthes i nc luding C. 

tenwfolia and C. sieberi. We have observed apogamy to occur in at least the following 6 
Austral ian taxa, - C. sieberi. C. sieberi sub-species "pseudovel/ea", C. distans, C. 

lasiophyl/a and C. pumilio. 

lt seems l ikely, therefore, that the del icate gametophyte itself m ight be 
physiological ly able to endure severe water stress and so establ ish itself in the varied 
ar id n iches that are characteristica l ly occupied by members of this genus. The only 
study we are aware of was by Pickett ( 1 923) who studied the drought tolerance of the 
Central American C. gracillima by drying gametophytes for 5 months in the laboratory 
followed by 1 3 weeks over anhydrous ca lc ium chloride. Despite the severe water loss 
by such treatment he reported that a large percentage of protha l l i  revived when 
rehydrated and those which did not survive outr ight someti mes generated new 
prothalli on their margins. 

In view of the apparent complete absence of xeromorphic featu res associated 
with the gametophyte we were concerned to answer the following q uestions in  
relat ion to  possible xerophytic adaptation:-

( 1 ) Are the gametophytes of selected Austra l ian species of Cheilanthes drought 
tolerant? 

(2) If so, is drought tolerance in any way related to the stage of development at which 
they are dried? 

(3 )  How tolerant are gametophytes to drying at particular levels of  relative hum idity? 

(4) Are some species more tolerant than others? 

(5) Does drought tolerance vary with the c l imate of the area from which the specimen 
was col lected? 

(6)  Can protha lli of more mesic ferns tolerate drought in a s im i lar way? 
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MATERIALS AND M ETHODS 
Four species of Cheilanthes from five localities were used. These plants were in  cult ivation 

in the glasshouse and from these cultivated plants the spores were collected. The following 
voucher specimens have been lodged at MEL. 

(a) C. sieberi, Springh urst, N.E . Vict. E. Cann ing 40 1 4E 
(b) C. sieben; Big Desert, N .W. Vict. H . Quirk 1 1 1  
(c) C. "austrotenuifolia", Springhurst, N .E .  Vict. E .  Canning 401 4E 
(d) C. distans, Dargo, East Vict. H. Quirk 1 
(e) C. distans, Queensland, D. G aff, s .n .  ( 1 972) 
(f) C. lasiophylla, Mootwingee, Nationa l Park, Far West N .S.W. I. G. Stone, s.n. (28th July,  

1 976) H .  Quirk 1 08 
(g) C. lasiophylla, Big Desert, N .W. Victoria (MEL 5 1 5004) 
In addition spores of the following more m

'
esic species were s im ilarly sown, Doodia media, 

R . Br. ,  Lastreopsis shepherdii (Kunze ex Mett.) M.D. Tindale (from Victoria) and Phlebodium 
aureum J.Sm. (a S.  American species in cult ivation). 

Fresh pinnules bea ring mature spora ngia were surface ster i l ized by briefly soaking in 
calc ium hypochlorite solution, followed by wash i ng in running water. Spores were shed between 
clean sheets of white paper and were sown onto moist peat in smal l  crysta l l iz ing jars sealed with 
a thin film of polyethylene plastic ("Giadwrap") to reduce the risk of contam ination and prevent 
the cultures from drying. Cultures were grown indoors near a north facing window protected from 
high summer sun but al lowed brief periods of direct sunl ight especial ly in the Autumn months in 
the late afternoon. 

The humidity treatments were conducted in closed vessels using a range of concentrations 
of sulphuric acid following Wi lson ( 1 92 1 )  and making the assumption that the cu ltures would be 
kept in the temperature range of 25°C (in fact the temperature in  this room fluctuated between 
1 7°C and 28°C. )  

%H2S04 70.5 
RH at 25°C 5% 

58.5 

20% 

50.9 

35% 

43.4 

50% 

36.0 
65% 

27.2 
80% 

The concentration of acid was only known within the range 95-98% which could lead to m i nor 
errors. The d i lutions were made assuming the acid concentrations to be 96.5%. The above range 
of humidities were selected to cover and extend below those likely to be encou ntered by field 
grown materia l .  In arid Central Austra l ia, humidity may drop to 1 5% or lower in  the drier months 
whereas in  Melbourne the lowest humidities in  the summer are about 60%. In  the field, 
hum idities could vary greatly through each 24 hour period. No attempt was made to simu late 
such changing conditions. The vessels used for the h u m idity changes consisted of smal l  screwtop 
glass jars 8 cm h igh x 5 cm diameter conta in ing 33 mls  of acid solution. A lumin ium foi l  trays were 
suspended on wire attached to the lid, each tray being about 3 .5 cm in diameter and divided into 4 
sections so that protha l l i  from 4 different samples could be treated in each jar s imultaneously. 

The ganietophytes which were to be subjected to the hum idity treatments were first 
allowed to dry slowly by taking 6 groups of protha l l i  ( 1 5-40 individuals) from a culture to be tested. 
Care was taken to see that the peat substrate remai ned attached to the protha l l i  so that damage to 
the rhizoides was m in imal .  These groups of species were placed in separate dishes of moist peat 
and exposed in a glasshouse for 7- 1 0  days which a l lowed them to dry out gradual ly and 
reasonably natural ly  (the glasshouse was neither heated nor cooled but it was well ventilated). 
Each df the 6 groups now wilted and dried were then placed in  one of t he 6 hum idity changes at 6 
different relative h u m idities, sealed and wrapped in plastic and a l lowed to stand in the same room 
where they had been growing original ly and where temperatures varied between 1 7° and 28°C. 

After 1 0  days of such treatment the protha l l i  were removed and, st i l l  attached to their 
original substrate (peat moss) placed in petri d ishes and rehydrated with a few drops of water and 
al lowed to stand overnight. the prothal l i  were then replanted i nto moist peat under the same 
conditons as those in which they had orig i na l ly been grown, and periodical ly checked to 
determine whether they had survived the desiccation treatment and had reta ined the capacity to 
continue to grow and develop normally. From each experimental batch a few pla nts were tested to 
check whether they were al ive by placing them for 4-5 hours in a 0.1 %  stock sol ution of neutral 
red made up 1 : 30 with 0.1 M CaCI2 with a trace of di lute NaOH. Cells which were stil l a l ive took 
up the orange coloured solution while those which were permanently damaged did not. 
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R ESULTS 

Prothal l i  of the 7 samples of Cheilanthes stud ied were dried at 4 different stages 
in their  development:-
Stage 1 3-4 days a·fter germination, when prothalll are only a small  filament or plate. 
Stage 2 2-3 weeks later when prothalli are cordate in shape but not yet fully grown. 
Stage 3 prothalli are fully mature w1th either antherid ia or archegonia (in the case of C 

"austrotenuifolia'"J or just beginning to g 1ve r 1sP. to apogamously produced 
sporophytes 

Stage 4 Young sporophytes have developed 1 - 31eaves. At th is stage they are sti l l  very smal l  (ea. 
5mm high) a nd unprotected 

Our first attempts to study the drought resistance of the gametophyte fa i led 
because we dr ied the gametophytes at their various stages of development 
immediately from the fresh state over the selected acid in  the h u midity control led jars. 
This drying proved too severe and too rapid and very few gametophytes at any stage 
from any species survived after such treatment. A l l  the experimental resu lts which 
fol low are based on gametophytes which were dried slowly by the method described. 

(a ) C. sieberi (Springh urst) 

Stage %survival at various relative humidities 
5% RH 20% RH 35% RH 50% RH 65% RH 

1 
2 
3 
4 

0 

1 00 
1 00 

0 

1 00 
1 00 

1 0  

1 00 
1 00 

0 

80 
80 

1 00 
0 

1 00 
1 00 

80% RH 

1 0  

50 
50 

* i nd icates poi nts at which, due to loss from factors other than water stress (e.g.  fu nal i nvasio n )  data 
is not ava i lable.  

(b ) C. sieberi (Big Desert) 

Stage %survival at various relative humidities 
5% RH 20% RH 35% RH 50% RH 65% RH 

1 
2 
3 
4 

1 00 
1 00 

1 00 

1 00 1 00 
1 00 1 00 

1 00 1 00 

1 00 1 00 
1 00 1 00 

1 00 1 00 

On replanting of stage 2 and 4 prothal l i, all developed healthy sporophytes. 

(c) C. �'aus"trotenuifolia" (Spri ngh u rst ) 

Stage 

1 
2 
3 

5% RH 

0 
1 00 

%survival at various relative humidities 
20% RH 35% RH 50% RH 65% RH 

50 
1 00 

100 
1 00 

1 00 
1 00 

1 00 
50 

1 00 

80% RH 

1 00 
1 00 

1 00 

80% RH 

80 
80 

Repl anted stage 2 prothal l i  were sti l l  a l i ve 2 months later and had produced one sporophyte. 
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(d) C. distans (Dargo) 

Stage %survival at vprious humidities 
5% RH 20% RH 35% RH 50% RH 65% RH 80% RH 

1 0 30 1 00 20 1 00 0 
2 80 1 00 80 25 1 0  5 
3 0 0 1 0  0 0 0 
4 1 00 1 00 1 00 1 00 1 00 ,1 00" 

Of the stage 2 gametophytes replanted, those dried at 5%, 20% and 50% RH produced sporophytes. 
Of the stage 3 gametophytes rep lantP.d, those dried at 5% and 50% RH p roduced sporophytes. Ohhe 

Of the slage 3 gametophytes replanted, those dried at 5% and 50% RH produced sporophytes. 
Of the st-age 4 gamtophytes repla nted, nearly al l continued to develop more leaves on the 
sporophyte. 

(e) C. distans (Old.) 

Stage %survival at various relative humidities 
5% RH 200/o RH 35% RH 50% RH 65% RH 80% RH 

1 1 00 1 00 1 00 0 1 00 60 
2 80 1 00 1 00 1 00 1 00 1 2  
3 0 0 1 00 20 0 0 
4 1 00 1 00 1 00 50 1 2  1 00 

Of the replanted stage 2 and 3 prothalli, nearly a l l  continued to grow and produce new sporophytes. 

(f) C. /asiophylla ( Mootwingee) 

Stage %survival at various relative humidities 
5% RH 20% RH 35% RH 50% RH 65% RH 

1 
2 
3 
4 

1 00 
5 

80 
1 00 

1 00 
75 

1 00 

50 
1 00 
1 00 
1 00 

1 00 
1 00 
1 00 

1 00 
1 00 
1 00 

80% RH 

1 00 
20 
80 

Of the stage 2 and 3 prothalli repl anted, al l were sti l l  healthy 2 months l ater, but had not produced 
sporophytes. In contrast, those of the original culture had all produced 3·5 leafed sporophytes 
by this time. 

(g) C. lasiophylla (Big Desert) 

Stage %survival at various relative humidities 
5%RH 20% RH 35% RH 500/o RH 65% RH 

1 
2 
3 

1 00 
75 

1 00 

40 
1 00 
1 00 

0 
1 4  

1 00 

0 
0 50 

1 00 

80% RH 

1 00 
0 

Repla nted stage 2, 3 and 4 prothalli conti nued to grow and produce healthy sporophytes. 



QU I R K  & CHAM BERS D ROUG H T  TOLE RANCE IN C H E ILANTHES 127 

(h ) Doodia media (Stage 3 onl y )  
No p roth al l i  survived at any o f  the humidities a t  which they were dried. 

( i )  Lastreopsis (Stage 3 only ) 
No p rothalli su rvived at any of the h umidities at which they were dried. 

(j) Phlebodium aureum (Only a few at stage 3 survived and these produced antheridia but not 
archegonia ). 

Stage %survival at various relative humidities 
5% RH 20% RH 35% RH 50% RH 65% RH 80% RH 

3 0 0 7 0 0 20 

lt is possible that the protha l l i  which did not survive after a period of desiccation 
were accidenta l ly dried in  the g lasshouse at a faster rate than the others. lt is also 
possible that some other unknown damage was caused to them by the nature of the 
experiment. lt is equa l ly poss ible that there is some genetica l ly control led var iation in  
drought resistance of  the gametophytes a lthough we are  not ab le  to  detect any defin ite 
pattern that would support such a view at this stage. 

The data here answer some of the questions that were asked. F irst it suggests 
that the stage of maturity of the gametophyte has very l i ttle if any effect on drought 
tolerance, several species showing 1 00% survival rates at both very early and late 
stages of development. Certa in ly the resu lts with the Springhurst population of C. 

sieberi suggest that it may be better adapted to survive such drought once it has 
reached the early sporophytic stage. In contrast the B ig  desert popu lations of the same 
species survived at all stages of development. The absence of data for stage 3 was due 
to an  experimental accident, - the invasion of fung i .  

lt m ight have reasonably been expected that he less severe the lowering of 
humidity the less damaging it would be to cel ls,  but the data does not rea l ly support 
such a view. No pattern suggesting greater survival at higher hum idities was 
observed. Death appears, to have occurred i rregu larly at a l l  humidit ies in fact, there 
does appear to be a s l ightly greater l ikel ihood for prothal l i  which were dried and 
treated at relative hu midity 80% not to survive. This of course, may be a reflection of 
continued bacterial  and fungal action, which presumably could in  some i nstances 
cont inue at this relative ly high humidity. For example, stage 2 protha l l i  of C. distans 

(both the Dargo and Queensland populations) show much lower survival rates at high 
humid ities. S im i lar ly in  stage 3 protha l l i  of C. "austrotenuifolia" deaths occu rred only 
at relative hum idity of 80%. lt is aga in  possible that the higher humidities here a l lowed 
continued bacterial action. 

We qo not have sufficient data to determine whether some species of 
Cheilanthes are more drought tolerant than others. Certa in ly, of the two B ig Desert 
species studied, C. sieberi had a greater surv ival  rate than d id C. lasiophyl/a. However, 
the i rregu larity of the death pattern of C. /asiophyl/a ( 1  00% of stage 2 prothal l i  survived 
20% relative humidity, whi le 75% and 1 4% survived drying to relative humidities of 5% 
and 35% respectively), suggested that death may be due to some u nknown factor. lt 
appears that gametophytes of the more arid zone species from the Big Desert and 
Mootwingee showed an overa l l  greater survival rate than did those of C. 

"austrotenuifolia" a nd C. distans (Dargo) a lthough some other specimens of C. 
"austrotenuifolia" and C. distans did exhibit some 1 00% surviva l  of the very young 
stage 1 (prothal l i )  and of protha l l i  dr ied at 5% relative humidity. 
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Comparison of the data for C. sieberi cultures from the B ig Desert plants, w ith 
those from specimens col lected at Springh u rst suggests that the protha l l i  from the B ig 
Desert (the more a rid areas with 21 Omm precip itation per annum)  may be more 
drought tolerant than those from near Spr inghurst (annual  precipitation 560mm ). If 
this interpretation is correct, then the Big Desert plants are genetica l ly better adapted 
to endure server per iods of water stress than those of the more humid Spr inghurst 
distr ict. However the Springhurst data is not easy to interpret in view of tt:1e 100% 
surviva l of stage 1 protha l l i  at 65% R H .  

S o  f a r  as  t h e  protha l l i  f o  the more mesic fern  species are concerned i t  i s  
conclusively shown that the species o f  Doodia a nd Lastreopsis investigated a re 
completely without tolerance to the levels of desiccation in which Cheilanthes ca n 
survive. The few protha l l i  of the epiphytic Phlebodium aureum which survived drying 
at 35% and 80% RH suggests that the species has some degree of adaptation to 
temporary water deficits . 

DISCUSSION 
The almost zero survival of protha l l i  subjected to sudden drying ( 1 -5 hours) by 

direct introduction into the control led humid ity chambers suggests that changes 
which need to take place in a l iv ing ce l l  as the cytoplasm dehydrates req u i re a 
reasonable t ime. G iven s low drying conditions (5-7 days) the physiological changes to 
the cytoplasm which may take place a l low the cel ls to become adapted to a susta i ned 
period of severe moisture stress. Somewhat comparable exper iments on the moss 
Tortula muralis by Gwozdz arid Bewley (1975) showed that gradual drying apparently 
protects the cell from the injury caused by rapid drying; further they reported the f ine 
structural changes which suggested that  the slowly dr ied moss plant retai ned fewer by 
more active polyribosomes than did the rapidly dr ied plant a nd that  the protein 
synthesis activity of the polyribosomes increased more rapidly on rehydration in  these 
slowly dried plants. 

When gametophytes were treated with neutral red dye to determine which cel ls 
remained a l ive, we found that those parts most crucial  to the survival of the plant, -
the rh izoids, meristem, reproductive organs and the very young sporophyte had a 
greater capactiy to survive rapid severe drying than did the remain ing vegetative cel ls .  

The exper iments reported in deta i l  in this paper al l  i nvolved s low drying of the 
gametophyte prior to treatment and the data u ndoubtedly demonstrates that the 
species of Cheilanthes studied have the abi l ity to tolerate and survive drying to 
h u midities wel l  below those which would norma lly be encountered in the natural  
environment. U nder these conditions of drying the gametophytes reta in their 
chlorophyll pigment but otherwise appear shrivel led and severely damaged. At the 
lower humid ities they become brittle to the touch.  On rehydration those which 
survived appeared hea lthy agair. and indistingu ishable from those which had never 
been dried. Most of the prothal l i which survived the drying went on developing to 
produce hea lthy sporophytes, growth being merely interrupted dur ing the period of 
drought. 

lt may be s ign ificant that the dehydrated proth a l l i  a lthough shrivel led and brittle 
remained green. lt has been reported for other p lant g roups (Gaff & Hal lam 1974) that 
those which reta in  their ch lorophyl l during desiccation (as does Cheilanthes) suffer 
less change of structure than those plants which do not reta i n  their green pigments. 
Comparative f ine structural analysis of the cytoplasm of the gametophytes of 
Cheilanthes with drought intolerant species during both dehydration and rehydration 
could possible exp la in some of the events taking p lace dur ing water stress. 
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REVIEWS 

SELECTED PTERIDOLOGICAL PAPERS 1952-1978 OF PROFESSOR S. 
KURATA. Edited by T. Nakaike. Supplement No. 1 to the Journal of the Nippon 
Fernist Club Volume 2 1979. 190 x 265 mm. No price stated. 

Sataru Kurata was born in 1 922. He d ied in the latter part of 1 978 haviny publ ished 
over 65 papers on the taxonomy, ecology, distribution and nomenclature of Japanese 
ferns particu lar ly on what has been general ly cal led Aspideaceae although one 
substant ia l  paper is on Lepisorus i n  Japan .  For much of this t ime Kurata was Professor 
in the Institute of Forest Botany, Faculty of Agriculture, U niversity of Tokyo. 

The papers appeared in the Hokuriku J. Bot. ( l atterly the J. Geobot.): Notes on 
Japanese Ferns ( 1 ) - (50) ( 1 952- 1 970). Other major papers are from Sci. Rep. 

Yokosuka City M us. and the Sci. Rep T6hoku Univ. Ser. IV (Bioi). Other major papers are 
from Sci. Rep. Yokosuka City Mus. Al l  are facim i le reproductions exc lud ing pagination 
but the col lected work is additionally pag inated to accommodate the index to Japanese 
and Latin  names. There are substantial keys, i n  Eng l ish ,  for Cyrtomium. Lepisorus and 
the Polystichum polyblepharum group. Two other keys, to A rachniodes and the 
A thyrium otophorum group are in Japanese. Perhaps Dr Nakarke, who saw this 
through the press wi l l  one day translate these so they may have greater use. 

A.C. JERMY 

FERNS OF FLORIDA -AN ILLUSTRA TED MANUAL AND IDENTIFICATION GUIDE by 
0/ga Lake/a and Robert W. Long ix + 78pp. Banyan Books, Miami, Florida, 1976. ISBN 

0-91 6224-08-2. Price $13. 

This book is intended as a field g u ide with identification keys and descr iptions of the 
1 35 species of native and natural ised ferns. 1 15 are i l l ustrated, nearly al l  a s  
photographs of herbar ium specimens.  The photographs are genera l ly good a lthough 
some additiona l deta i led drawings wou ld be very acceptable .  There is a short 
introduction attempting to summarise the local ecology of ferns, pteridophyte 
classification, taxonomic characters of ferns, polyploidy in  ferns, and even growing 
ferns from spores. There is a lso a g lossary of nearly two hundred terms. 

Apart from people contemplating a visit to Florida, it is essent ia l ly a flora for 
those who a re interested in  sub-tropical and tropica l ferns.  Although a few species 
have wide d istributions in North America, the vast majority are restricted to the south
eastern States or  even Florida while a lso being common in  the Caribbean and tropical 
Centra l a nd South America . These readers would appreciate having more notes on the 
distribution and ecology of the Florida species together with addit ional information on 
the loca l climate a nd geology. 

B.A. THOMAS 
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T ROPISMS IN REGNELLIDIUM DIPHYLLUM 

LUIS D. GOMEZ 
Herbaria Nacional, Museo Nacional de Costa Rica, C.A. 

ABSTRACT 
Diaphoto- and parahel iotropisms are reported from plants of Regnellidium 
diphyllum under cu ltivation. The possible significance of these physiological 

reactions on the ecology and distribution of th is fern is briefly discussed. 

OBSERVATIONS 
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The movement of plants or  their  parts attracted the attention of Darwin (1880) 
and many others after him .  Nevertheless, with the exception of occasional mentions, 
the movements of ferns has remained a rather void aspect of pteridophyte physiology, 
the last deta i led account of them is that of Du Buy & Nuernbergk (1938). 

The expansion and contract ion of the leaflets of Marsilea has been recently 
observed by P iggott ( 1 979) who a lso mentions the hel iotropic movement of its fronds. 
Another g e n u s  in the Mars i leaceae,  Regnellidium. shows a remarkable 
diaphototropism or l ight-track ing abi l ity. P lants cu lt ivated in  tanks at 20°C and placed 
near a l ight sou rce (75 Watt at 3 feet) wi l l  tu rn a l l  the fronds towards the light in 90-120 
min utes, the curvatu re taking place near m id length of  the petioles. The same plant, 
tu rned around 180° wi l l  i n itiate reorientat ion towards the l ight in  15-30 m i n utes unt i l  
a l l  leaf surfaces are perpendicular  to the l ight source. 

If a plant is exposed to l ight sources of equal  i ntensity, one at each side of the 
tank, some fronds wi l l  face i n  one way whi le  the rest face the other, except for the 
young unexpanded ones which wi l l  rema in  more or less stra ight a nd obl ique to the 
path of l ight. 

The shoot apex of Regnellidium is  a lso l ight sensitive. Developing rhizomes are 
d irected to the l ight source but thei r  reaction to changes of position of the l ight is not as 
rapid as that of the leaves. The movement of the apical portion of the rhizome and of the 
leaves is i nterindependent: if a portiom of the rhizome is placed in s uch a manner that 
some of its fronds are d irected to one l ight source, and the rest to another, the shoot 
apex is st i l l  able to track a third source of l ight, even if it is of lower intensity. 

In Marsilea. a decreased i l l u m i nation ca uses a closing-up of its leaflets (cupping 
or parahel iotrop ism). In Regnellidium this reaction i s  a lmost ins ign ificant. Submerged 
p lants do not exhibit cupping dur ing the n ight or in artific ia l  darkness but aer ia l  leaves 
show very reduced parahe l iotropism. This type of movement is only observed in f u l ly 
expanded leaflets, never in the i mmature ones. The max imum width of the leaves is 
atta ined approximate ly 14-20 hou rs after the maxi mum petiole elongation is achieved, 
u nt i l  then the leaflets remain appressed upwards, total d ivergence of the leaflets takes 
from 180-270 min utes . 

ECOLOGICAL INTERPRETATION 
The rare Regnellidium diphyl/um Lindm. is restricted to few localit ies in  southern 

Brazi l  with one rel ictua l  popu lation in Argentina (Schu ltz, 1949; de la Sota & M itchel l ,  
1970). lt usua l ly grows in shal low ponds of sl ightly acid (pH 6.0) water in  association 
with grasses, aquatic phanerogams and Sa/vinia. I n  crowded conditions. a not 
u ncommon situation in marg inal  lotic environments, effect ive sun-tracking 
mechanisms clearly al low for a maximum i l l u m i nation s ince pla nar leaves would be 
continuously exposed to the max i m u m  levels  of incident energy. This, coupled to the 
fast petiolar g rowth (average rate is 0.73mm/hour of l ight in our p lants) increases the 
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potential ity of the plant to compete with other natant and emergent water plants. The 
cupping of the leaves in  Marsilea and Regnelliaium suggest a mechanism for the 
reduction of energy absorbtion via a decrease in  the angle of incidence of the source of 
radiation. In their natural environment the Mars i leales are subjected to intermittent 
wet and dry periods. The stress resu lting from such interva ls of drought is 
counteracted through para hel iotropism, by a reduction of the energy levels, thus 
becoming a very s ign ificant adapt ion for the survival of the plants. Th is  i's part icu lar ly· 

the case in the species of Marsilea. often found in xeric and sub-xeric 'habitats a nd 
whose sporocarps are qu ite adapted to a thorough d rying a nd exposure to heat before 
deh iscense. The weak para hel iotropic reaction observed in Regnellidium suggests th is  
plant req u i res longer periods of  pronounced moisture and could, in a l l  probabi l ity, 
account for its sparse highiy local ized distribution (Gaudet, 1 963).  

Whether the phototropisms of Regnellidium and other hydropterides are 
dependent on a phytochrome-mediated K- ion transfer as in  other "sensitive" pla nts or 
not, remains to be studied as wel l  as the poss ible role of the latex of th is plant, and 
offers a fascinating field for exploration in  the m uch-needed branch of fern sporophyte 
eco-physiology. 
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AN ECOLOGICIAL SURVEY OF THE FERNS OF 
BERWICKSHIRE, SCOTLAND 

A. WILLMOT 
Derby Lonsdale College of Higher Education, Derby 

ABSTRACT 
A systematic l ist of the ferns and fern a l lies of Berwickshire (v.-c. 81 ), south-eastern 
Scotla nd, is g iven, based mai nly on records made in 1 979 by the author. This 
includes notes on the distribution, abundance and habitats of the taxa . The l ist 
includes 32 species and 3 hybrids as recently recorded. The records for Equisetum x 
litorale and Dryopteris x deweveri are first county records. The status of species for 
which only pre-1950 records exist is discussed and two species accepted as native 
(Osmunda regalis and Asplenium ceterach)though only as casuals. The distribution 
of the commoner 1 8  species is shown by maps. Species l ists are g iven for moorland, 
wal ls and deciduous woodland. Three species are suggested as primary woodland 
indicators in the area (Equisetum sylvaticum. Gymnocarpium dryopteris and 
Polystichum setiferum). The phytogeographical affinity of the flora on a European 
basis is described by dividing it a mongst the floristic elements of B i rks ( 1 976). The 
majority of species belong to his widespread and Mediterranean/ Atlantic 
elements and three species to upland or northern elements. The geographical 
distribution of species within the area is described a nd three major patterns of 
distribution are recog nised: widespread; coastal plateau and northern-central ;  and 
eastern or coastal .  

INTRODUCTION 
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Berwickshire is the south-easternmost vice-county (v. -c. 81) in Scotland, 
situated on the eastern end of the Southern Upla nds, which are smooth rou nded hi l ls  
mostly between 450 and 600m in height (Wh itlow, 1979). However, the county is 
atypical of the Southern Uplands in  that there are. extensive areas of lowlands 
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FIGURE 1 .  Map of Berwickshire (v.-c.  8 1 )  showing the five topographical regions and the 1 0  km 
grid squares of the National G rid of the Ordnance Survey. 
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(S issons, 1976). The county is bounded to the north by the Lammermuir  H ills, to the 
east by the North Sea, to the south by the R iver Tweed and to the west by the Moorfoot 
H il ls .  it is one of the smal ler vice-counties, extending at most only 40km north/south 
and 60km east/west. Botanica l ly  it  has no particu lar  c laim to fame, having no 
concentrations of  rarit.ies or national ly  rare habitats, though it has a wide range of 
habitats and species to match. 

Sissons (1976) d ivides the area into five topographical un its (Fig. 1,). lri the north 
is the h ighest ground (400-500m), which is part of the Lammermu i r  H il ls .  These 
produce typical Southern Upland scenery of rounded hi l ls and smooth s lopes with few 
outcrops of rocks. The sol id  geology (Greig,  1971) is mostly Si lu rian, sedimentary rocks 
which weather to produce poor, acid soi ls .  To the south is the Tweed Basin which  
consists of  three morphological un its related to  the  geology of  the  region. The  lowest 
ground, which is mostly below 1 OOm, is in the south east. Th is  is known as the Merse 
and is underla in by Carboniferous sedimentary rocks, concealed by a thick layer of 
strongly druml in ised drift, which produces h ig h  qual ity farmland.  The Merse is 
separated from the Lammermu ir H i l ls  by low uplands of Old Red Sandstone 
interrupted by a series of igneous intrusions that form conspicuous hi l ls. In the 
extreme south of the county is a smal l a rea of Carboniferous la rvas that a lso form low 
uplands. The fifth topograph ical  un it is a platea u  of Ordovic ian and Si lu rian rock's (200-
240m), which occurs along most of the short coastline of the cou nty forming steep, 
grassy sea-cl iffs with numerous outcrops. The last three topographical u n its all have 
acidic soils that produce farmland intermediate in qua l ity between the h i g h  qua l ity 
farmlands of the Merse and the low quality ones of the Lammermui r  H il ls that mostly 
bear rough upland grazing .  

The c l imate of the area is described i n  G regory (1976) w h o  places most o f  the 
area in h is BD2 category a long with Mid land England and the eastern coast of northern 
England and Scotland. This region has a g rowing season of 7 to 8 months and less than 
750mm of ra in which fa l ls mostly i n  the second half of the year. Inland the cl imate 
becomes colder in wi nter and merges into category 8M2 on the h i l ls ,  which have a 
higher average ra infall. 

Lacking rare species and unusual  habitats the area has been botan ica l ly under
recorded. The only complete floras for the county being in the work of Johnston in the 
f irst half of the 1 9th century (Johnston, 1829 & 1853),  though these both cover areas 
larger than the vice-county. New records for the county and species l ists for the better 
known sites then occur fairly commonly in the History of the Berwickshire Naturalists' 

Club up unt i l  about 1 940. After th is date botan ical activity in the county seems to have 
a lmost ceased, as judged by the number of records publ ished in this and other 
journals.  This cessation is so complete that during the Botan ical Soc iety of the Br itish 
Isles' field week to the county in J uly  1979 no one who actua l ly l ived in the cou nty 
attended. This lack of activity is a shame as the county has many interesting sites that 
are in danger of being destroyed without even a proper record of what they contained. 

The lack of activity in the study of the modern flora of Berwicksh ire also extends 
to the study of the plant remains that must exist in the n u merous Quaternary deposits 
in the area.  Newey ( 1 968) in h is account of pol len ana lyses from south-east Scotland 
does not incl ude a site from the area and the only account of Quaternary plant foss i ls  in 
the area see m s  to be the note by Mitche l l  ( 1948) on Whitrlg Bog.  This records spores of 
Selaginella selaginoides· from late-g lacial deposits. Despite the lack of records for the 
county itself B irks (1977) has reconstructed a prelim i nary pictu re of the natural  
vegetation of the area before man cleared it  tor agriculture. He places the county in h is 
"Oak forest with birch" region and considers these woods had Ulmus glabra and 
Fraxinus excelsior on better soi ls and Corylus a vel/ana i n  more open areas. Surviving 

•Nomenclature follows Clapham et a/ ( 1962) for angiosperms and Jermy et a/ (1978) for ferns, 
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fragments of these woods on acid soils have a ground flora of Pteridium aquilinum and 
Deschampsia flexuosa when heavily grazed, and a r icher flora incl uding Dryopteris 
aemula. D. pseudomas a nd 8/echnum spicant when u ngrazed. These woods before 
they were cleared would have covered a l l  but the h ighest parts of the Lammermui r  
Hi l l s  with the  only other open areas being on cl iffs, bogs and flood plains in  the 
lowlands. 

FIGURE 2. View looking down into Pease Dean from the bridge (36/791 .700), the c lassic local ity 
for Polystichum setiferum in Berwicksh ire. 

The best sites for ferns in the a rea at present are steep, rocky hil ls ides which, 
because they are u nsu itable for g razing, have retained remnants of the native 
oak/birch woods descr ibed above. These occur  mostly in cloughs (narrow, steep-sided 
val leys) around D u ns and Abbey St. Bathans and i n  deans near the sea, for example 
Dowlaw and Pease Dean (Fig.  2) .  Otherwise the distribution of ferns i s  determ i ned by 
the layout of the topographical u n its, which provide markedly different opportun ities 
for the occurrence of ferns. The lowland of the Merse with its intensively-cultivated, 
l a rge fields, planted copses and shelterbelts provides habitats for only the comm oner 
lowland ferns. Wa l ls  in  this a rea, however, provide a habitat for ferns that wou ld 
otherwise not occur. The uplands of the Lammermu i r  H i l l s  provides habitats for the 
more upland a nd heathland ferns, particularly a long the rocky banks of streams that 
flow thmugh the larg

·
e areas of u ndu lating moorland. The rather lower Coastal Plateau 

conta ins areas of s imilar moorland alongside areas of more intensive agriculture and 
forestry. In  th is reg ion the coasta l c l i ffs with their rocky outcrops a nd g rassy f lushes 
provide su itable sites for some of the more interesting fern species. The low uplands of 
O ld Red Sandstone and of Carbon iferous la rvas provide a m ixture of the habitats that 
occur in the Merse and the Lammerm u i rs, and bei ng less intensively-farmed provide 
more semi -natural a reas in the form of marshy fields and boggy areas .  

Th is  br ief summary of  the area provides rather too good a picture of  the suitabi l ity 
of the area for-ferns as changes i n  the form of farming are occurr ing that threaten to 
markedly a lter the picture over la rge areas.  These changes are part of the national  
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trend from traditional methods of farmi ng to modern more i ntensive methods that 
leave very l ittle room for wi ld l ife in  crops and very few odd corners uncu ltivated. In  the 
Merse these changes are v i rtual ly complete . In the low uplands and Coastal Plateau 
they are proceed ing rapid ly, such that orange coi ls of plastic dra inage-pipe are a 
common site. I n  these areas, if the cha nges cont inue at the speed they are, in a few 
years there w i l l  be as few areas for wi ld l ife as in the Merse. In the Coastal Plateau the 
changes appea r to be a more abrupt and recent phenomenon with improved farmland
d irectly replacing the moorland recorded by Johnston ( 1 829 & 1 853) leaving in  many 
places only th in, roadside strips of moorland. The cha ngeover is virtual ly complete in 
the southern section of the Plateau and proceeding fast in  the northern sect ion. On ly 
the Lammermui r  H i l ls, which because of their a lt itude do not provide the opportun ities 
for agriculture that the other parts of the county do, are free from extensive 
improvement at present. 

METHODS 
The records (Table 1 )  made by the author given in the following sections were all made during July 
1 979 and refer to the vice county (v.-c. 8 1 )  as given in Dandy ( 1 969). They were gathered on the 
basis that two to three examples of each major habitat type (Table 2) were visited i n  each 10 km 
gr id square. At each habitat visited a subjective estimate of the abu nda nce of each fern present 
was recorded on the Dafor scale .  If a habitat spread over more than one one-kilometer square 
(referred to here as a monad), a separate record was made for each. If during the course of visiting 
one habitat other major habitat types were encountered, separate records were made for these. 
Habitats were selected either because there were old records for t  he sites or because they looked 
promising on maps or on the ground. No attempt was made to record habitats which contai ned no 

TAB L E  1 :  F E R N  TAXA R ECO R D E D  F O R  B E R W ICKSH I R E  

(Taxa recorded i n  present su rvey are marked ! and taxa, for which only doubtful or p re-1 950 
exist, are enclosed in brackets. Numbers in brackets refer to floristic elements in Table 3. ) 

Lycopodium clavatum ! ( 1 )  
Huperzia se/ago ( 1 )  
Diphasiastrum alpinum ( 5 )  
(D. x issleri) (7 ) 
Selaginella selaginoides ! ( 5 )  
(Equisetum hyemale) ( 1 )  
E. fluviatile ! ( 1 ) 
E. arvense ! ( 1 ) 
E. x litorale ! 
E. sylvaticum ! ( 1 ) 
E. pa/ustre ! ( 1 )  
E. telmateia ! (3 )  
Botrychium lunaria ( 1 )  
Ophioglossum vulgatum (2 )  
(Osmunda rega/is) (3) 
Cryptogramma crispa ! (6) 
Po/ypodium vu/gare ! ( 2) 
P. interjectum ! (3)  
P. x mantoniae 
Pteridium aquilinum ! (2 )  
Phegopteris connectilis ! ( 1 ) 

Oreopteris limbosperma I (3) 
Asplenium sco/opendrium ! (3) 
A. adiantum·nigrum ! (3) 
A. marinum ! (4) 
A. trichomanes agg. ! (2) 
A. trichomanes subsp. quadrivalens 
A. ruta-muraria ! (2 )  
(A. ceterach) (3 )  
A thyrium filix-femina ! ( 1 ) 
Gymnocarpium dryopteris I ( 1 ) 
Cystopteris tragi/is ! ( 1 )  
(Polystichum lonchitis) ( 6 )  
P. aculeatum ! (3) 
P. setiferum ! (4) 
Dryopteris filix-mas ! (2 )  
D .  pseudomas ! (3) 
(D. aemula) (8) 
D. carthusiana ! ( 1 ) 
D. austriaca ! (3) 
D. x deweveri ! 
8/echnum spicant ! (3 ) 
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ferns. In al l .  records were obtained from 1 60 monads but d ue to the non-systematic nature of the 
survey there are a number of forms of bias in the resu lts. The three major ones are: a bias towards 
monads near roads; a bias to monads below 250m; and a bias to monads in the eastern half of the 
county. Where the ecolog ica l or geographical distribution of taxa is discussed below, attempts 
have been made to correct for these forms of bias. 

TAB L E  2: 
F R EQUENCY O F  THE COMMON E R  SPE C I ES IN THE MAJOR HABITATS 

( F igures in the body of the table refer to the number of monads in which a species occurred in the 
particu lar habitat. Heath incl udes moorland dominated by ericaceous shrubs and grasses wh i le  tal l  
herb i ncludes tal l grasslands).  

MAJOR H ABITAT TYPES No. of 
D. c. Tall Bare Monads with 

SPECI ES Marsh Wood Wood Scrub Hedge Heath Herb Rock Walls Species 

Equisetum 
f/uviatile 6 1 9 

E. arvense 8 6 5 3 35 60 
E. palustre 1 5  9 24 
Po/ypodium 

vulgare agg. 2 1 8  23 43 
Pteridium 

aquilinum 27 9 6 1 7  21  3 63 
Oreopteris 

limbosperma 6 1 1  1 8  
Asplenium 

scolopendrium 6 6 1 5  24 
A. adiantum 

-nigrum 7 8 
A. trichomanes 

agg. 4 25 27 
A. ruta·muraria 28 29 
Athyrium 

filix-femina 7 66 1 3  7 1 3  9 5 1 1  1 00 
Cystopteris 

fragilis 8 9 
Polystichum 

aculeatum 1 3  5 1 6  
Dryop teris 

filix-mas 3 74 20 1 5  1 6  8 37 13 45 1 3 2  
D .  pseudomas 46 7 7 3 8 7 4 1 76 
D. carthusiana 1 6 1 1 7 
D. austriaca 2 72 1 9  8 3 1 7  1 0  9 1 0  1 07 
8/echnum 

spicant 1 2  2 1 6  27 

No. of Monaqs 
with habitat 20 79 24 1 6  1 8  25 58 26 70 

D. Wood = Deciduous C. Wood = Coniferous 

A survey was also made of the main works and data banks which conta in  fern records for 
the area: these inc luded Jermy et a / ( 1 978), the H istory of the Berwickshire Natural ists' Club 1-40 
( 1 834- 1 974): Johnston ( 1 829-1 853) and the Biological Records Centre, Monk's Wood. As Jermy 
et a/ { 1 978) is based on 10 km grid squares and many of these on the borders of the area cross two 
or more vice-counties. a record from Jermy et a/ { 1 978) was only accepted as from the vice-county 
if there was a record at Monk 's Wood for the grid squares in the vice-county. 
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RESULTS 
Resu lts a re presented in four ways. The systematic l ist describes the status, ecology 
and distribution of all fern taxa ever recorded for the vice-county, while the rema i n i ng 
three ways refer only to records from this survey. Table 2 s u m marises the frequency of 
the commoner species in the more frequent habitats Figu res 3,  5 and 7 g i ve 
distribution maps for the commoner species on a tetrad basis; and the habitat l i sts 
deta i l  the occu rrence of ferns in selected habitats. 

SYSTEMATIC LIST O F  TAXA 
Each taxon recorded dur ing the survey i s  g iven with notes on {a ) its geographical  
d istribution, {b) i ts habitats and (c)  i ts altitudina l  range, as recorded in  the survey. 
Where a taxon was recorded in on ly a few monads, an entry is g iven in the form {a-c) 
fol lowed by notes on the ind ividual  occurrences. Reference in  these notes to 
abundance in habitats refers only to abundance i n  examples of the habitat where the 
species occurred, how often the species occurred in the habitat type can be seen from 
Table 2.  Notes are a lso g iven {d) for sign ificant extensions to (a). (b) a nd (c) from other 
sources, part icula rly post-1950 10 km grid square records not reconfirmed here, a nd 
selected pre-1950 records that have not been refound recently. Taxa that have not 
been reconfirmed in this survey a re g iven only type (d) notes . 

Grid references prefixed with circa are my interpretation of loca l it ies orig i na l ly 
g iven without a reference. Numbering of taxa fol lows Jermy et a/ (1 978).  Abundance is 
recorded on the Dafor sca le where D = dom inant,  A = abundant, F = frequent, 0 = 

o_<;casiona l .  R = rare and. L = _ local ly .  

1 . 2 Lycopodium c/avatum (Stag 's- horn cl ubmoss) 
(a-c) Recorded only once for Duns Castle reserve but at two local it ies. In both it occurred 

as a sparse patch about one metre in diameter, at 1 50m. At 36/779.553 it bore 
cones and grew amongst short acid grass below beech trees (Fagus sylvatica}, while 
at 36/779.558 it was sterile and grew below heather bushes (Cal/una vulgaris} i n  
heath land. 

(d) Recorded at BRC post- 1 950 for the 1 0  km gr id squares 36/44. 45, 53. 54. 55, 64. 
65, 74, 76 & 86. 

3 . 1  Huperzia se/ago (Fir clubmoss) 
(d) Only post-1 950 record is record at BRC for Earlston c .  36/56.38. There are, 

however, older records for Lamberton Moor c. 36/95. 58, Dirrington Law c. 
36/69.54 and Penmanshiel Moor c. 36/8 1 .67 in Joh nston ( 1 853); and for Buncle 
Edge near the forts c. 36/80.60 and old roads on Cold ingham Moor c. 36/86. 67 
(Lynn, 1 895). The species therefore seems to be much less wide-spread than it was 
a h undred yea rs ago. 

4. 1 Diphasiastrum alpinum (Alpine cl ubmoss) 
(d) Only post- 1 950 records are records at BRC for 36/64 & 65. There are. however, 

older records for Lamberton Moor c. 36/95.58 (Johnston, 1 85 3);  moor on ridge 
betwen Kyle Hill and Dogden Moss c. 36/70.50 (Anon, 1 886); and Buncle Edge c. 
36/80.60 and old roads on Coldingham Moor c. 36/86. 67 ( Lyn n. 1 895 ). The species 
therefore seems to be less wide-spread than it was one h undred years ago. 

4. 1 xc D. x issleri 
(d) There is a record for Lycopodium alpinum var. decipiens at Cattleshiel Moor near the 

Lesser Dirr ington Law c. 36/68.53 (Anderson, 1 9 1 5). however, no specimen from 
this locality has been traced and so the record must remain unconfirmed. 

5. 1 Selaginella selaginoides (Lesser cl ubmoss) 
(a-c) Recorded only once as rare but with cones in a grassy flush in  heather (Calluna 

vulgaris} moorland on Green law Moor 36/721 .485 at 2 1  Om. 
(d) Recorded at BRC for the 1 0  km grid squares 36/66 & 75 post- 1 950 and in Jermy et 

at ( 1 978) for 36/64 pre- 1 950. There are a lso older records for Lamberton Moor c .  
36/95.59 (Johnston, 1 829). Penmanshiel Moor c. 36/81  67 (Johnston, 1 853)  a nd 
Ross Links c. 36/96.60 (Brown, 1 939). Records therefore suggest species was 
previously more widely d istributed, however. a lthough some old sites have probably 
been lost due to land recla mation the species has probably been overlooked in other 
sites in recent years. 
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7. 1 Equisetum hyemale (Rough horseta i l )  
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(d) There is a record in BRC for Westruther 36/56 dated 1 956 but as  this is 
unconfirmed it is not included in Jermy et a/ ( 1 978), but they do record the species as 
having been recorded pre - 1 950 for 36/95 & 96. The record for 36/95 is based on 
Joh nston (1 829) where it  i s  recorded as plentiful on Lamberton Moor c. 36/95.58. 
However, this record is om itted by h im in h is later flora of the area (Johnston, 1 853) 
which suggests that it  too should be treated with suspicion. While the record for 
36/96 appears to be based on a record for "36/96 ha lf a mi le south west of 
8urnmouth ".  The authority for this record is g iven as Johnston (1 853) but the 
record does not appear in this work. lt is therefore very m uch an open q uestion as to 
whether or not this species has ever been recorded for the country. 

7.3 E. f/uviatile Fig. 4a (Water horseta i l )  
(a )  Widespread but  local throughout the county. 
(b) Local ly abundant as an emergent at the side of ponds and rivers; frequent to 

occasional in marshes domi nated by various species of monocotyledenous pla nts; 
recorded once as occasional in a sedge (Carex sp.) swa mp at Lithti l lum 36/803.409 
a nd once as local ly frequent in old peat workings overgrown by birch (Betula sp.) 
wood at Gordon Moss nature reserve 36/63.42. 

(c) 0-400m though more common below 200m. 
(d) Recorded post- 1 950 at BRC for 36/53, 54, 63, 65, 76, 77, 83, 86 a nd 95. 

7.4 E. arvense Fig 4b (Field horseta i l )  
(a) Widespread and common throughout the county though less common i n  the west of 

the county. 
(b) The commonest habitat for the species was ta l l  grass or herb com m unities, where it 

was occasional to locally abundant. Also occurred in marshes, hedges and 
deciduous woods, where it  was less common a nd less abundant. Occurred f inal ly as 
a casual in  a range of habitats (Table 2) including arable and bare ground. 

(c) 0-450m but less common above 1 OOm and decreasing in abu ndance with altitude 
being only recorded as rare above 300m. 

(d) Recorded post - 1 950 at BRC for 36/44, 54, 63, 73 & 94. Johnston ( 1  829) records the 
species as "moist cult ivated fields, too common".  The apparent reduction from this 
level to that in  the present survey, where it  was found on only a few occasions in 
f ields, is probably a real decrease due to the i ntensive farming i n  much of the area. 

7 .4x3 E. x litorale 
(a·cl Recorded for only one monad . lt occurred occasional ly in a reed ma rsh (Phragmites 

communis) at 36/9 1 0. 689 on the nature reserve at St Abb's Head at 20m with both 
parents and E. palustre. This record, which was confirmed by C. N. Page, is the f irst 
for the vice-county 

7.6 E. sylvaticum (Wood horseta i l )  
(a-c) Recorded for only three monads, in  each case i n  damp a reas of deciduous woods on 

steep slopes either in  a dea n as at Raecleugh Head 36/740.527 (200m ) or on the 
slope of a h i l l  as  below Ed ins Ha l l  Brock 36/769.608 & 36/778. 603 ( 1 70m). At each 
site the species occurred as sma l l  isolated patches a few metres in diameter. 

(d) Recorded post - 1 950 at BRC for 36/54, 65, 74, 84 & 86 with older records for 36/53 
(BRC), Newton Don c. 36/70.37 (Shaw, 1 894) and Edington H i l l  Moor 36/90.56 
(Henderson, 1 875). 

7.7 E. palustre Fig. 4c (Marsh horseta i l )  
(a) Widespread but local throughout the county. 
(b) Major habitat was marshes mostly dom inated by rushes (Juncus spp.) where it was 

occasional to loca l ly frequent a nd a l so occurred, but m uch less commonly, in  tal l  
grass and herbaceous communities where it  tended to be more local  picking out the 
wetter a reas. 

(c) 0-450m but commoner above 300m, though records were scarcer here. The 
i ncreased frequency of the species at higher a lt itudes may be due to the prevalence 
of moorland with marshy areas here. 

(d) Recorded post - 1 950 at BRC for 36/44, 56 & 94 
7. 8 E. telmateia (Great horseta i l )  

(a·c) Recorded for four monads, these were al l  with i n  a ki lometer of the sea a nd below 
50m. Occurred in two distinct habitats, one was damp a reas of deciduous woods i n  
narrow, rocky va l leys (Dunglass Dea n 36/770. 721 a nd Pease Dean 36/792. 701 ) 
a nd the other damp areas in ta l l  herbaceous com munities on slopes overlooking the 
sea (Pease Bay 36/794. 707. Catca irn Bushes 36/967. 597 & Ross Point 
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(d) 

FERN GAZETIE: VOLUME 1 2  PART 3 ( 1 98 1 ) 

36/962.606). At most sites the species occurred in small  dense patches a few 
metres in diameter. 
Recorded pre- 1 950 Jermy et a/ ( 1 978) for 36/76 & 86. 

8.1 Botrychium lunaria (Moonwort) 
(d) Recorded post- 1 950 Jermy et a/ ( 1 978)for 36/64, 65 & 75 and pre- 1 950for 36/76, 

95 & 96. There are also older records for Bemerside Hill c .  36/59.34 (Joh nston, 
1 829), Lauder Common c.  36/50.46 (Kel ly, 1 874), a nd Penmanshiel Moor c . 
36/8 1 .68 (Johnston, 1 853). Overall records indicate species has occurred widely 
but locally throughout county in grassland and moorland habitats. · 

9. 1 Ophioglossum vulgatum (Adder's-tongue) 
(d) Recorded post - 1 950 in Jermy et a/ ( 1 978) for 36/65 & 86 and pre - 1 950 at BRC for 

36/77 & 85. There are a lso older records for "field above Well rig Duns" c. 36/76.53 
(Falconer, 1 932), "wood near Milne-Graden Mains" c. 36/87.44 (Donaldson, 
1 842), "near ruined church of St. Helens" c .  36/804.707 (Anon . ,  1 932), Ross Li nks 
c .  36/96.60 (Brown, 1 939) and Lauder Common c.  36/50.46 (Ke l ly, 1 874). Records 
therefore indicate that the species has occurred throughout the county but only 
local ly. They further suggest the species is now more restricted in distribution than 
a hundred years ago but this may be because the plant has been overlooked. 

1 0. 1  Osmunda regalis (Royal fern) 
(d) There are only three records for this species all well pre - 1 950. The first record is for 

a plant at Coldingham Moor c .  36/86.67 (Shaw, 1 872) and this is recorded e,y Kel ly 
( 1 875) as having been taken away. Kelly ( 1 875) also records the plant as rare in a 
moist boggy spot, at the side of a natural wood near Spottiswoode c. 36/60.49 a nd 
Hardy ( 1 886) records three old plants · ra i led at Flass Old Wood nea r Wedderl ie 
House c. 36/62. 5 1 . These two rel:ords may refer to same site, in any case Shaw 
( 1 904) states the plants in the latter locations are thought to have been planted. The 
evidence for the species having occurred natura lly in the county therefore is 
minimal .  

1 1 . 1  Cryptogramma crispa (Parsley fern) 
(a-c) Recorded only for the Black Hill of Earlston Fig. 3 (36/585.373). Here the species 

occurred in unshaded screes on the north side of the h i l l  at 230m. The species was 
frequent in the habitat with ferti le and sterile fronds present. 

(d) This site for the species has been known since at least 1 85 3  (Johnston 1 853) and is  
the  only site where it has  been seen since 1 950. There are, however, pre- 1 950 
records at BRC for 36/54, 36/64 (record dated 1 930 for Hou nds law) and 36/76. 
This last record refers to that which is given in Johnston ( 1 829)as south bank of the 
Whiteadder half a mile above Abbey St. Bathans (c. 36/74.61  ). 

F IGURE 3.  Cryptogramma crispa growing in the screes on the northern side of the Black H i l l  of 
Earlston (36/585.373) in 1 979. 
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(a) (d) 

(b) (e) 

(c) (f) 

FIG U R E  4. The distribution of the following in Berwickshire as recorded in the present survey: a, 
Equisetum fluviatile; b, E. arvense; c, E. palustre; d, Polypodium vulgare agg.; e ,  Pteridium 

aquilinum and f, Oreopteris limbosperma. 
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1 6. 1 -3 Polypodium vu/gare agg Fig. 4d (Polypody) 
(a) Widespread throughout t he cou nty except the Merse where it was more local .  
(b) Rare to frequent on exposed a nd sheltered rock outcrops; occasional to loca l ly 

abundant on drystone walls especia l ly those with a n  earth capping or f i l l  between 
the stones, but less common a nd less abundant (R) on mortared walls. A particular 
habitat was the top of beech {fagus sylvatica) banks, wh ich are field boundaries 
made of l inear mounds of earth a nd stones planted a long their tops with beech 
trees. where the species was locally abundant among the beech roots. M i nor 
habitats were unshaded screes where the species was occasional and as a n  
ep1phyte where t h e  species was recorded once o n  a rowan {Sorbus aucuparia) tree. 

(c) 0-400m but u ncommon above 250m. 
(d) Recorded post - 1 950 at BRC at 36/45 & 84. 

1 6. 1 P. vulgare 

1 6.2 

(a)  Recorded throughout the area. th is  is  the com mon segregate of the species complex 

(b) 

(c) 
(d) 

in  the a rea. Fifteen specimens were critically determ i ned of these fourteen were 
this segregate 
Rare to frequent on shaded a nd u nshaded rock outcrops; frequent or loca l ly 
abundant on drystone wal ls ,  part icularly those capped with earth and beech ba nks 
but not recorded for mortared wa l ls. and tw1ce recorded for unshaded screes as 
occasional to frequent. 
0-400m. 
Recorded in Jermy et a/ ( 1 978) post- 1 950 for 36/85 a nd i n  Long ( 1 974) for "steep 
bank of Tweed below Bemersyde Hi l l  36/53". 

P. interjectum 
(a-c)  Recorded only once as frequent on damp, shaded outcrops for the deciduous wood 

in Pease Dean (36/79. 70) alt itude 20m. 
(d) Only other records a re in  Long ( 1 974) for "36/53 steep ba nk of Tweed below 

Bemersyde H i l l"  a r.1d a herbari um specimen dated 1 960 at BM for humus on  
drystone wal l  at Howpark Burn (c. 36/8 1 .65) collected by  Bangerter & Hal l . 

1 6.2x1 
(d) 

P. x mantonlae 
There is a pre- 1 950 record for 36/86 in Jermy et at ( 1 978) and a herbar ium 
specimen in BM dated 1 960for h u m us on drystone wa l l  at Howpark Burn (c .  36/8 1 . 
65) col lected by Bangerter & Hall. 

1 7  1 Pteridium aqulfinum Fig 4e (Braken) 
(a) Widespread a nd common t hroughout the county except the Merse where the 

(b) 

(c) 

species was more local ,  probably due to the lack of habitats in th is  a rea of intensive 
fa rming.  
Most 1mportant habitat  was moorland where it was dominant over large areas 
forming a lmost pure stands; less common and less abundant (LF-LA) but more 
widespread in  ta l l  herbaceous communi ties; a nd also widespread but less common 
and less abundant (0-F)  m woods and scrub. Also recorded once or twice for the 
following habitats short  grass. scree, rock outcrops and mortared wal ls. 
0-400m but slightly rarer below 200m probably due to lack of habitats in lowland 
areas. 

(d) Recorded at BRC post - 1 950 for 36/44, 55, 63 & 83. 
1 9. 1 Phegopteris connectilis (Beech fern) 

(a-c) Recorded only once as occasional over a small area (c. 5m diameter) of rocky 
outcrops in ash/hazel {Fraxinus excelsior/Corylus avellana) wood on banks of the 
Whiteadder below Edin' Hal l  Broch (36/772.604) a t  1 70m (Fig.  6). 

(d) Recorded at BRC post - 1 950 for 36/74, 75 & 77 a nd pre - 1 950 for 36/85. The 
species is therefore restricted to t he centre of t he county. The record for 36/85 
probably refers to Hardy ( 1 865) who recorded the species for Buncle Wood (c. 
36/8 1 .58), as thiS wood was being reclaimed for agriculture in 1 979 it seems 
likely this site has been lost . 

20. 1 Oreopteris limbosperma Fig.  4f (Mou nta in fern) 
(a) Virtual ly confined to the Lammermuir Hills a nd the northern half of the Coastal 

Plateau where the species is widespread but local .  
[b) Occurred most commonly a nd abundantly (0-F) in heather {Calluna vulgaris) 

moorland. especially a long the rocky banks of small  va lleys, a nd less commonly a nd 
less abundantly (R-0) in deciduous woodland often with a h 1g h  abundance of Birc h  
{Betula spp.). Also recorded once each for coniferous woodland a nd scrub. 

(c) 1 00-400m but more common a nd abundant in  higher half of this range probably due 
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(a) (d) 

(b) (e) 

(c) (f) 

1 43  

FIGURE 5.  The distribution o f  the following in  Berwicksh i re as recorded in the present survey: a ,  
A splenium scofopendrium; b, A. adiantum-nigrum; c .  A. trichomanes agg.; d, A .  ruta-muraria; e,  

A thyrium fifix-femina a nd f ,  Cystopteris fragifis. 
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to the restriction ot its preterred habitat to h igher alt itudes. 
(d) Recorded post - 1 950 at BRC for 36/44 & 74 and pre- 1 950 for 36/54 & 77. 

2 1 . 1 Asplenium scolopendrium Fig. 5a (Hart's-tongue) 
(a) Widespread but local to the east of a l ine from Cocksburnspath to Greenlaw, with 

only isolated occurrences to the south -west of this l ine . 
(b) Recorded for two distinct habitats, mortared wa l ls and woods. In the former the 

species was genera l ly rare and occ urred mostly in unshaded situations. In the latter 
the species was more abundant (R-F) and grew in damp, shaded situat ions. The 
woods in which it grew were a l l  m ixed deciduous woods on steep, rocky slopes and 
the pla nts grew either on the rock outcrops or on the woodland floor. Also recorded 
once each for earthed drystone wa l l  and for tal l  grass habitats, though probably 
planted in the latter. 

(c) 0-200m though more common below 1 00m. 
(d) Recorded post - 1 950 at BRC for 36/53 & 73 and pre - 1 950 for 36/54. There is also a 

pre- 1 950 record in Johnston ( 1 829) for "cave between Fast-Castle and Redheugh 
by sea shore" (c. 36/86. 7 1  ). 

2 1 . 2  A. adiantum·nigrum Fig. 5b (B lack spleenwort) 
(a) Widespread but local in eastern ha lf of county, being commoner near the sea . 
(b) Recorded as rare to frequent on unshaded, mortared, stone walls and once as 

occasional on unshaded, natural rock outcrops on sides of Dowlaw Dean 
(36/868. 707). 

(c) 0 - 1 00m . 
(d) M. Braithwaite (Pers. com m . ,  1 979) considers the species more common on natural 

rock outcrops than the above records suggest and this is borne out by an analysis of 
the publ ished records for the species (Jerdon, 1 866; Stuart, 1 897 & Long, 1 973). 
Recorded at BRC for 36/85 & 95 post- 1 950 and 36/54, 75 & 77 pre - 1 950. There is 
a lso a recent record in  Long ( 1 973)for 'Tweed bank opposite Old Melrose and below 
Gledswood, 36/53", -

2 1 .6 A. marinum (Sea spleenwort) 
(a-c) Recorded only once as rare on unshaded rocks by sea at Cove Harbour (36/789.71 6) 

at 5m. 
(d) Recorded post - 1 950 at BRC for 36/86, 87, 95 & 96 which are a l l  coastal squares. 

the only record away from the coast is in  Johnston ( 1 853) "sandstone rocks by the 
Tweed above Ladyki rk house - 7 m i les from sea " (c. 36/89. 46). 

2 1 .7 A. trichomanes agg. Fig . 5c (Ma idenha ir  spleenwort) 
(a) Widespread but local throughout the a rea.  
(b) Most common on morta red wal ls where it was rare to frequent. lt a lso occurred in  

the  more natura l habitats of  natural rock outcrops in m ixed deciduous woods at  
Stich i l l  Linn (36/706. 375) and Pease Dean (36/791 .699 & 36/793.702) and 
unshaded natural outcrops in Dowlaw Dean (36/868.707). In these more natural 
habitats the species was only ever rare and below 60m . 

(c) 0-200m but commoner below 1 00m . 
(d) Recorded post- 1 950 at BRC for 36/55 & 95 and pre - 1 950 for 36/53. 

2 1 .  7b A .  trichomanes subsp. quadrivalens 
(d) Recorded post- 1 950 at BRC for 36/74, pre- 1 950 for 36/75, 77 & 85 a l l  specimens 

checked by J.D. Lovis (Jermy et at, 1 978). The specimen for 36/74 came from an 
"old wa l l "  which is a typical habitat of this subspecies. lt would be interesting to 
check the records from the more natural habitats mentioned above to see if they 
represented the other subspecies. 

2 1 .9 A. ruta-muraria Fig . 5d (Wa l l - rue)  
(a) Widespread but local throughout the area except the western half of the 

Lammermuir Hi l ls .  
(b) Occasional to frequent on mortared walls with one occurrence on a dry, unshaded 

rock outcrop in a quarry at Grantshouse (36/8 1 . 65) where it was occasiona l .  
(c) 0-200m. 

-

(d) Recorded at BRC post- 1 950 for 36/55 & 95. Older records suggest the species 
occurs more com monly on rock outcrops: Johnston ( 1 853) "sandstone rocks by 
Tweed below Ladykirk House" (c . 36/88.45) and Stuart ( 1 897) "la rge boulder at the 
Fastcastle side of Dowlaw Dean"  (c. 36/86.7 1  ). 

2 1 . 1 1  A. ceterach (Rustyback) 
(d) Recorded in Jermy et at ( 1 978) for 36/86 as pre - 1 950, th is appears to be based on a 

record at BRC for "Renton near Cocksburnspath source C.O. Sonntag Flora of 
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(a) (d ) 

(b) (e) 

(c) (f) 

FIGURE 6. The distribution of the following in Berwicksh ire as recorded in the present survey: a, 
Polystichum acu/eatum; b, Dryopteris filix-mas; c, D. pseudomas; d, D. carthusiana; e,  D. 

austriaca a nd f, 8/echnum spicant. 
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Edinburgh". The species is a lso recorded in Martin ( 1 934) and Brown ( 1 937) for 
Cocksburnspath (c. 36/77.7 1 )  and Evans ( 1 9 1 7) for Renton House (c . 36/82.65) 
pla nted. lt seems therefore that the species has been only seen in one loca l i ty in the 
area where it may be native. 

22. 1 Athyrium filix·femina Fig. 5e (Lady-fern) 
(a) Widespread and common throughout the county. 
(b) The com monest habitat of the species was deciduous woods, where it was frequent 

to loca lly abu nda nt. lt was less Common and less abundant (0) in coniferous woods, 
moorlands marshes and scrub. lt also occurred sporadically, often as isolated 
plants, in tall herb, scree and hedge commun ities, as well as on mortared walls and 
shaded outcrops. 

(c) 0-450m though sl ightly more common above 1 OOm . 
(d) Recorded post - 1 950 at BRC for 36/44 & 94. 

23. 1 Gymnocarpium dryopteris (Oak fern) 
(a-c) Recorded five times. Four records were for mixed deciduous woodland on the side of 

a small rocky va l ley j ust above a steam - south bank of Dye above Longformacus 
(36/685.571 ), Eller Burn (36/768 . 6 1 2). bank of Whiteadder below Edin's Hall 
Broch (361772.604) and Drakem ire Strips (36/794.608). The fifth record was for 
birch wood on a sphag num bog at Coldingham Common (36/853.687). All loca l it ies 
were at about 200m and consisted of a single patch a few metres in  dia meter. 

(d) Other records suggest a sparse distribution throughout the county except for the 
Merse. Recorded at BRC post- 1 950 for 36/45, 53, 64, 74 & 75 and in  Long ( 1 973) 
for Chester Hi l l  screes 36/54. There are a lso older records for 36/77 BRC pre - 1 950, 
Edington Hi l l  Moor (c . 36/90.56) in Henderson ( 1 875) and Ale near Eyemouth (c . 
36/91 .63) in Hardy ( 1 867). 

24. 1 Cystopteris tragi/is Fig. 5f (Brittle bladder-fern) 
(a) Widespread but local throughout the county though avoid ing the south east and 

north west. 
(b) Occurred most commonly on mortared, stone wal ls that were dry and unshaded, 

though only a few plants in each loca l ity. Recorded once for a natural, rock outcrop 
in mixed deciduous wood at Stichi l l  Linn (36/706. 375) where it was occasional and 
once as rare on the stoney bank of a ditch in a garden at S i lverwells (36/879.664). 

(c) 50-200m. 
(d) Other records record plants in  the south east of the county, thus there are post - 1 950 

records at BRC for 36/84 & 95 and older records for near Mains (c. 36/88.55) 
Johnston ( 1 829) and for banks of the Leader Carolside (c. 36/56.39) Kelly ( 1 874). 

26. 1 Polystichum lonchitis (Hol ly fern) 
(d) There is a pre- 1 950 record in BRC for 36/76 which may refer to the other record for 

the county which is in Hardy ( 1 885). Here the species is recorded for "the side of the 
Whiteadder at the base of Moonjee very dwarf but true", which sounds rather more 
like depauperate P. aculeatum than P. lonchitis. Evans ( 1 9 1 7) regards the species as 
an escapee in the Borders. The evidence is therefore m inimal  that the species ever 
occurred in the county. 

26.2 P. acu/eatum Fig. 6a (Hard shie ld-fern) 
(a) Widely distributed but local in the east of the county. 
(b) Occurred most commonly in deciduous wood (0- LF), often in narrow rocky val leys 

and on natura l ,  rock outcrops (F) in such woods. There were single occurrences in 
tall grass. a hedge and on a drystone wall .  

(c) 0-250m but commoner at lower a ltitudes particularly below 50m . 
(d) Other records fill in  the species occurrence in the east of the county and extend its 

range to the south west. Recorded post- 1 950 at B RC for 36/54, 64 & 86 a nd as 
locally common on the steep bank of the Tweed below Bemersyde Hill 36/53 Long 
( 1 974). A number of old records refer to P. lobatum as distinct from P. acu/eatum and 
P. setiferum, thus Hardy ( 1 879) records the three species for Pease Dean near the 
bridge (c. 36/79. 70) and Stuart ( 1 897) for Dowlaw Dean (c. 36/86. 70). Polystichum 
/obatum is nowadays considered a form or variety of P. aculeatum with narrower, 
less-divided fronds. 

26.3 P. setiferum (Soft shield-fern) 
(a-c) Frequent to loca lly abundant on the floor of the m ixed deciduous woodla nds in 

Tower Dean (36/78.69) and Pease Dean (36/79.69 & 36/79.70), and frequent in a 
hedge nearby (36/793.701 ). Also occurred twice on wa l ls. Once at Mellersta in  
(36/651 . 384) where there is a smal l  colony on a damp, mortared wa l l  and once at  
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Ma nderston (36/81 0.547), where there was a s ingle plant on a drystone wal l .  This 
latter plant probably arose from cult ivated plants nearby. Alt itudinal range was 0-
1 50m. 

(d) Other records a re a l l  for sites within a few kilo meters of the sea or coasta1 1 0 km grid 
squares. Thus t here is a post-1 950 record at  8RC for St. Abbs a nd a rea 36/96 a nd a 
pre- 1 950 record for 36/86. There are a lso older records for Dunglass Dean (c. 
36/76 .71 ) (Johnston, 1 853) a nd for Dowlaw Dean (c. 36/86. 70) (Stuan. 1 897). 

27.2 Dryopteris filix-mas Fig. 6b (l'yla le-fern) 
(a) Widespread and common throughout the area. 
(b) There were three major habitats for this species in the area : woods and scrub 

incl uding hedges; ta l l  grass; and wa l ls and outcrops. lt was commonest and most 
abundant (F) in  deciduous woods; equal ly common but less abundant ( F - 0) in scrub 
and hedges; and both less common and less abundant (0) In conifer pla ntations. lt 
was the only fern that was at a l l  common or abundant (0) in stands of tall  grass and 
herbaceous vegetation. lt was about as common on wa lls and outcrops as in tal l  
grass communities but less abundant (0-R) .  lt was noticeably less common and less 
abundant (R) in heath communities and there were odd records for marsh, scree and 
short grass communities. 

(c) 0-450m . lt was equal ly common at all a ltitudes but became less abundant above 
200m and only recorded as rare above 300m. 

(d) Recorded post- 1 950 at BRC for 36/44 & 56. 
27. 3 D. pseudomas Fig. 6c (Scaly male-fern) 

(a) Widespread and common in  the lam mermuir H i l ls, Coastal platea u and the east of 
the Low Uplands of Old Red Sa ndstone; and widespread but more loca l in  the rest of 
the county. 

(b) The habitat in which the species was most common was deciduous woods, though it 
was only occasional ly in abundance here. lt was less common In heath lands but 
more abundant (F) in this habitat. lt was a lso less common in coniferous plantations 
and scrub where it was rare in abundance. There were a lso odd occurrences in 
hedge, ta l l  herb, scree, outcrop and mortared wa l l  communities, where it was only 
recorded as rare in abundance. 

(c) 0-450m but commoner and more abundant above 1 50m.  
(d) Recorded post- 1 950 at BRC for 36/56, 64 & 94. 

27.5 D aemula (Hay-scented buckler-fern) 
(d) Johnston 1 853 comments under Lastraea foenisecit; which is a synonym for this 

species (Dyce, 1 978), "I suspect it to be frequent in  area " but gives no localities. 
There is a lso a pre - 1 950 record at BRC for Dirr ington Law 36/65 but the card states 
this record to be an error. 

27.8 D. carthusiana Fig. 6d (Narrow buckler-fern)  
(a )  Widespread but local thoughout the south and east of the county. 
(b) Recorded most commonly for deciduous woods especia l ly  those dom inated by birch 

(Betula spp.) for example B u ncle Wood (36/8 1 3 . 585)  and S i l ve rwe l l s  
(36/878.665). However. it was only more abundant than rare where there was a 
birch  wood on a sphagnum bog, as at Cold ingham Common (36/853. 687) and 
Gordon Moss (36/63.42) where the species was occasional and frequent 
respectively. Also recorded as rare in a conifer pla ntation (Lauder Common 
36/504.467), a rush ma rsh (Coldingham Common) and a gorsey heath (Buncle 
Wood). 

(c) 50-300m. 
(d) Recorded post- 1 950 at BRC for 36/45, 53 & 75 and in Henderson ( 1 875) for 

Edington H i i l Moor (c. 36/90.56). 
27.9 D. austriaca Fig.  6e (Broad buckler-fern) 

(a) Widespread and common throughout the a rea. 
(b) The habitat in  which the species most commonly occurred was deciduous 

woodland, where it was frequent in abunda nce. lt a lso occurred commonly but less 
abundantly (F-0)  in coniferous pla ntations and heaths. lt occurred less commonly 
and less abundantly (0) in scrub and on drystone wa l ls  and outcrops; and there were 
odd occurrences in marsh, tal l  herb, short g rass, scree, hedge and mortared wa l l  
commun ities. A particular hab itat of  the species was a mongst the  root's of beech 
(Fagus sylvatica) trees on banks and it was recorded twice as an epiphyte, once on 
oak (Quercus spp.) and once on a lder (A inus glutinosa). 

(c) 0-450m but gradual ly more common with increasing a ltitude. 
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27.9x8 D. x deweveri 
(a-c) Recorded twice. once for Gordon Moss (36/63.42) as rare i n  a birch (Betula spp.) 

wood on a peat moss at 1 40m with both parents; and once for Duns Castle grounds 
(36/77 55) as rare in a mixed deciduous wood at 1 70m. At the latter site D. 
carthusiana was not recorded. Both records were determined by M G ibby 

(d) No previous records. 
28 1 Blechnum spicant Fig. 6f (Hard fern) 

(a) Widespread but local in the Lam mermuir H i l ls, the north section of the Coastal 
Plateau and the east of the Low Uplands of Old Red Sa ndstone. 

(b) Recorded as commonest a nd most abundant (F-0) in  heaths, a nd less common a nd 
abundant (0-R) in deciduous woods especial ly those domi nated by birch (Betula 
spp.) a nd/or on steep slopes. There were a lso odd records for con ifer pla ntat ions. 
scrub, tal l  herb and hedge comm u n ities. 

(c )  1 00-450m but  becoming commoner at  higher altitudes. 
(d) Recorded at BRC post - 1 950 for 36/44. 54, 64, 77, 84, 87 & 96. 

HABITAT LISTS 
Species l ists and notes are g iven for selected habitats. Abu ndance only refers to 
abundance in examples of the habitat in which the spec ies in q uest ion occurred, and is 
recorded on the Dafor scale .  How often the spec ies occurred in  the habitat is g iven as a 
percentage freq uency, rounded to the nearest ten percent. 

Moors 
This habitat includes a l l  a reas dominated by ericaceous undershrubs,  and upland 
areas dominated by grasses used as open g razing . lt was evident in  the field that rocky 
areas of moorla nd a long the sides of the smal l  streams had a g reater abu ndance of 
ferns than areas of general moorland. These two hab itats were therefore recorded 
separately. The l ist refers to six exa mples of rocky moorland and twenty-two of general 
moorland. 

Species Abundance Frequency (%) 

General Rocky General Rocky 

Equisetum arvense 0 R 1 0  20 
Polypodium vulgare agg. R 30 
Pteridium aquilinum LA F 70 50 
Oreopteris limbosperma 0-F F 30 70 
A thyrium filix-femina 0 0 40 70 
Dryopteris filix-mas R-0 R 20 70 
D pseudomas F F 1 0  80 
D. carthusiana R 1 0  0 
D. austriaca 0-F R-F 50 1 00 
8/echnum spicant 0-F 0 60 50 

The most important ferns of moorlands in the area were Pteridium aquilinum, 

Dryopteris austriaca and Blechnum spicant. The greater abundance of ferns  i n  rocky 
areas was due to a greater abu ndance and frequency of the ferns present in the 
general a reas. The only s ignificant exceptions to this latter point were Polypodium 
vulgare agg . which did not occu r  in  the genera l  a reas and Pteridium aquilinum which 
was less important in  the rocky a reas. The g reater occurrence of ferns in  the rocky 
a reas was possibly due to c revices at the base of rocks provid ing hab itats 'for protha l l i .  
Although in the case of Polypodium vulgare agg . the provision of thin, d ry, organic soi l s  
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over a solid substrata, which is the preferred hab itat of the sporophyte, was probably 
more important. The reason for the l esser occurrence of Pteridium aquilinum in the 
rocky areas is less obvious, though it may be that as these areas were nea r strea ms the 
water table was higher a nd the soils therefore too water- logged. 

Walls 
There are few outcrops of l imestone or base-rich rocks i n  the county, the stone wa l ls  of 
the area are therefore made of s i l iceous rocks.  The major source of variation in thes 
wa l ls was the presence or absence or m ortar/cement between the stones. The few 
brickwal ls  surveyed are i nc l uded with the morta red wa l l s  in the l ist and dry stone
faced earthbanks with the drystone wa l ls .  The l ist refers to twenty examples of 
drystone wa l ls  and fifty-three examples of mortared wa l l s. 

Species AIJundance Frequency (%) 

Drystone Mortared Drystone Mortared 

Po/ypodium vu/gare agg. 0-F R-0 70 20 
Pteridium aquilinum R 0 1 0 *  
A splenwm sco/opendrium 0 R 1 0* 30 
A. adiantum-nigrum R 0 1 0  
A. trichomanes agg. 0 R - F  3 0  4 0  
A. ruta-muraria 0 0-F 0 50 
A thyrium filix-femina R R-0 1 0* 20 
Cy stop teris fragi/ is R 0 20 
Po/ystichum aculeatum R 1 0* 0 
P. setiferum R R 1 0* 1 0* 
Dryopteris filix-mas R-0 R-0 60 60 
D. pseudomas R 0 1 0* 
D. austriaca 0 R 40 1 0  

* Represents only one record 

The two most important ferns on wa l ls  were Dryopteris filix-mas and Asplenium 
trichomanes agg. Also important were Polypodium vulgare agg . and Dryopteris 
austriaca on drystone wa l ls ,  and Asplenium ruta-muraria on mortared wa l l s .  No other 
species were seen more than once on  drystone wa l ls but mortared wa l ls  had six other 
species wllich occurred more than once. The major reason for the grea ter species 
richness of the mortared wa l l s  was probably the i r  relat ive base r ichness due to the 
mortar, though the presence of sma lle r  crevices in mortared wa l l s  may favour 
colonization by ferns. 

One particu l ar ly noticeable feature of the ecology of wal l  ferns was the 
preference of Cystopteris tragi/is and A splenium scofopendrium tor drier, less shaded 
habitats than these species prefer in other  areas of Great Brita i n .  for exa mple the 
Burren (Wi l lmot, 1979) and Derbyshire (Wi l lmot, 1977). Although the records for A. 

scolopendrium were mostly for sma l l ,  ster i le i solated pla nts . This change i n  
preference may be due to the relative coolness of the area,  compared to the ares i n  
Wil lmot ( 1977 & 1979),  compensat ing for the drier nature of the habitats. lt i s  a lso 
worth notic ing the i mportance of wa l ls for the existence of certa i n  species in the 
county. Although no species were confi ned to wa l l s , Asplenium adiantum-nigrum. A.  

trichomanes agg. ,  A. ruta-muraria and Cystopteris tragi/is were m uch more frequent 
(Table 2)  on wa l ls  than on their natural  habitat of outcrops. 
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Deciduous Woods 
lt was noticeable during the survey that the fern flora of the deciduous woods varied 
greatly, with woods on steep slopes having a r icher flora tha n woods and plantations of 
flatter g round. The l ist refers to thi rty-four  examples of wood on steep slopes a nd forty
five on flatter g round. 

Abundance Frequency ( %) 

Flat Steep Flat Steep 

Equisetum fluviatile 0 1 0* 
E. arvense R-0 0 1 0  1 0  
E. syfvaticum R-0 0 1 0  
E. palustre 0 1 0  0 
E. telma teia R 0 1 0* 
Po/ypodium vu/gare agg. R-0 0 1 0  
Pteridium aquifinum 0- F 0-F 30 50 
Phegopteris connectifis R 0 1 0* 
Oreopteris fimbosperma R-0 0 1 0  1 0  
Asplenium scolopendrium R R-F 1 0* 20 
A thyrium fifix-femina R-F 0-F 80 90 
Gymnocarpium dryop teris R R-0 1 0* 1 0  
Po/ystichum acufeatum R-0 0 40 
P. setiferum F 0 1 0  
Dryopteris filix-mas 0-F 0- F 1 00 1 00 
D. pseudomas R-0 R-F 40 90 
D. carthusiana R 1 0  0 
D. austriaca 0-F 0-F 80 1 00 
D. x de we veri R 1 0* 0 
8/echnum spicant 0 R-0 1 0  20 

• Represents only one record 

Ignoring Equisetum arvense and E. palustre, as casual  species i n  woods a nd the 
four taxa recorded only once, there are fourteen species whose preference between 
the two types of wood can be j udged. Three species (A thyrium filix-femina, Dryopteris 

filix-mas and D. austriaca) are very common in  both sorts of wood. Amongst the 
rema i ning eleven rarer species n i ne show a preference for woods on steep slopes, one 
(D. carthusiana) a preference for woods on the flat, and one (Oreopteris limbosperma) 

no preference. To understand these preferences it is necessary to exa m i ne more 
closely the d ifferences between the two groups of woods. 

Many of the woods on the flat were obviously plantations, as the tree species in  
them were introductions (e. g. Fagus sylvatica) or beca use thei r  layouts showed they 
were shelter-belts. The woods on steep slopes, on the other ha nd, often had very rocky 
floors. This suggests that they could never have been cleared for agr iculture and 
therefore that they might be remnants of the "Oak forest with b i rch" which B i rks 
(1977) considers the natura l  vegetation of the a rea. In fact many of these woods 
conta ined high proportions of Ouercus sp. and Betula sp. ,  a long with Ulmus glabra. 
Fraxinus excelsior and Corylus a vel/ana which Birks ( 1977) considers were associates 
of the oak and bi rch. If the major d ifference between these two g ro ups of woods is that 
those on the flat are plantations on cleared land and those on the slopes are woods on 
sites never c leared, there are two expla nations for  the preference of  a species for  the 
woods or s lopes. The fi rst explanation i s  that a species was once more widespread i n  
the area and has been u nable to recolonise the new woods. The second i s  that a 
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species was a lways commoner in the sites not c leared a nd has not spread to the 
newer woods beca use the conditions there are not su itable for i t .  Three spec ies appea r 
to fa l l  i nto the second category (Polypodium vu/gare agg. , Asplenium scolopendrium 

a nd Polystichum acu/eatum), as they have a preference for rocky outcrops which are 
only com mon in  the woods on slopes This leaves s ix spec ies that m ight fa l l  i nto the 
f i rst category. Three of these spec ies (Pteridium aquilinum. Dryopteris pseudomas and 
8/echnum spicant) show only a qua ntita t ive preference but three species (Equisetum 
sylvaticum, Gymnocarpwm dryoptet ts and Polysflchum setiferum) are V I rtua l ly conf1ned 
to woods on s lopes. These latter three species should therefore be considered as 
possible pr imary woodland indicators, i n  the sense of Peterken (1974), in  the area. 

The spec ies with a preference for the woods on the flat (Dryopteris carthusiana) 

i l l u strates the fact that these woods were not a homogeneous group. The majority 
occurred on m i nera l soi ls  but a few occu rred on wet, peaty soi l s  and th is  species 
occurred in  the woods with th is  soi l  type, wh ich is its preferred habit e lsewhere. These 
soi l s  do not develop on steep slopes in the area which exp la ins the absence of the 
species from the woods on slopes . 

S UMMARY OF THE FLORA 

Thi rty-two species and three hybrids have been recorded i n  the area s ince 1 950 and 
s ix taxa before 1 950 but not since (Table 1 ). The thi rty-two spec ies is an  accurate 
reflection of the true fern flora of the area. as there are no spec ies common in adjacent 
vice-counties which are absent from Berwicksh i re .  However, hybrids are probably 
under- recorded due to  the lack of study of them, and Dryopteris x tavelii and Polystichum 
x bicknel/ii could no doubt be added to the l i st if su itable habitats were exa m i ned .  

D ivision of the species i nto the f lor ist ic elements of Bi rks ( 1 976)  (Table 3 )  
demonstrates t h e  general biogeograph ic aff in ities o( t h e  flora . Eig hteen species 
belong to elements widespread in Europe and a further e leven to e lements that thoug h 
more restricted in Europe (Mediterranea n/ Atlantic) are sti l l  widespread in the Brit ish 
I sles. The eighteen species represent 80% of the former elements in the Brit ish Isles 
wh i le  the e leven only 50% of the latter e lements . This lower percentage of the 
Meditteranean/ Atlantic e lements is to be expected as many of the species have a 

TAB L E  3: 
T H E  PHYTOG EOGRAPH ICAL A F F I N I T I ES 

OF THE F E R N  F LO R A  O F  B E R WICKSH I R E  

( Based o n  the floristic elements o f  Birks ( 1 976) 

Floristic Element Distribution in Europe Number of Species in Element in: 
(a) Berwickshire (b) fc) 

post-1 950 (pre-1950) British I sles Europe 

1 .  Cystopteris fragilis Widespread 1 2( 1 ) 1 4  1 4  
2. Pteridium aquilinum Widespread 6 8 8 
3. Asplenium scolopendrium Mediterranean I Atl antic 9(2)  1 4  1 4  
4. Adiantum capillus-veneris Mediterranean /Atl antic 2 6 6 
5. Woodsia a/pina Arctic-alpine 2 6 6 
6. Polystichum lonchitis Widespread montane 1 ( 1 )  9 1 1  

and sub-montane 
7. Se/aginel/a helve tic a Alps, Pyrennes and ( 1 )  3 1 1  

lowlands of mainl and 
8. Hymenophyllum wilsonii Western seaboard ( 1 )  4 4 
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western  distribution in the British Isles, and Berwicksh ire is o n  the eastern coast .  The 
remain ing three species (Diphasiastrum alpinum. Selaginelfa selaginoides and 
Cryptogramma crispa) are a l l  rare in the cou nty and belong to northern and/or upland 
elements . Thus overa l l  the f lora consists of species widespread in the Br itish Isles with 
the absence of species showing a ma rked western d istr ibut ion,  and the presence of a 
few northern and/or upland species. 

The d istr ibution of the six taxa for which only pre - 1 950 and often questionable 
records exist among the elements shed f u rther l ight on the status of these spec ies in 
the area . Three species (Equisetum hyemale, Osmunda regalis and Asplenium 
ceterach) belong to elements wel l - represented in  the f lora . There are no reasons to 
doubt the records for the latter two species, so these spec ies at least were native in the 
area . However, the paucity of records for these species and their  marked western 
d istr ibution in the Br it ish Isles suggests they were only casua l  spec ies. The remain ing 
three taxa (Diphasiastrum x isslen� Polystichum lonchitis and Dryopteris aemula) a l l  
belong to elements represented poorly or not a t  a l l  i n  the exta nt flora . A s  the records for 
a l l  three species are questionable, there i s  no reason to consider these species as ever 
having been native in the area . 

Examination of a l l  records for each spec ies reveals five patterns of geographical 
d istribution for those species where suff ic ient records exist to construct a d istr ibution. 
The ten species in  the l ist below occur throughout the area : 

Equisetum fluviatile A splenium trichomanes agg . 
E. arvense A thyrium filix-femina 
E. palustre Dryopteris filix-mas 
Polypodium vulgare agg.· D. pseudomas 
Pteridium aquilinum D. austriaca 

Two species (Asplenium ruta-muraria and Dryopteris carthusiana) occur  
throughout the area except for the north-west, and  three spec ies (Lycopodium 

clavatum, Oreopteris limbosperma and 81echnum spicant) throughout the a rea except 
for the lower ground in the south and east. A further seven species, g iven in the l ist 
below, a lso avoid the l ower ground in the south a nd east but are more restricted i n  
the i r  distribution o n  higher ground: 

Huperzia se/ago 
Diphasiastrum alpinum 
Selaginella selaginoides 
Equisetum sylvaticum 

Botrychium lunaria 
Phegopteris connectilis 
Gymnocarpium dryopteris 

These species occur  in the Coastal P latea u and the norther n -centra l part of the a rea,  
that is the eastern ha lf of the Lammerm u i r  Hil ls a nd of the low uplands of Old Red 
Sandstone. Phegopteris connect/lis is rather anomalous here as i t  only occ u rs in the 
norther-centra l part. The f ina l  pattern of d istr ibution is shown by the seven species 
below which are restricted to the eastern half of the area or to areas near the coast 

Equisetum telmateia 
Asplenium scolopendrium 
A. adiantum-nigrum 
A. marinum 

Cystopteris tragi/is 
Polystichum aculeatum 
P. setiferum 

These distribution patterns are demonstrated by the fol lowing fig ures:  widespread 
Dryopteris filix-mas (F ig .  7b). widespread except north -west Asplenium ruta -muraria 

(F ig .  5d), widespread except south a nd east 81echnum spicant ( Fig. 7f), Coastal Platea u 
and northern-central is not shown we l l  in the d istribution maps here as they o n ly refer 
to records from this su rvey, and eastern Polystichum aculeatum (Fig. 7a ). 

The widespread species are a l l  of broad ecolog ica l to lerance or spec ies whose 
habitats are common throughout the a rea. The "widespread except south a nd east",  
and "Coasta l Plateau and northern-centra l reg ion" spec ies a re al l  spec ies with we l l  
known preferences for  upland environments. However, why the  latter group a re more 
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restricted in  distribution is less obvious. The eastern spec ies belong mostly to the 
Mediterranean/ Atlant ic e lements of B i rks ( 1 976) a nd a re probably restr icted to the 
east of the a rea due to the m i lder c l i mate there. Reasons for the apparent avoidance of 
the north -west by Asplenium ruta -muraria and Dryopteris carthusiana a re u nclear. 
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CHEILANTHES CORIACEA, 
AN AFRO-ARABIAN FERN SPECIES NEW TO IRAN 

C. R .  FRASER-J EN K I N S  
c/o Botany Department, Brit ish Museum ( Natural H i story). Cromwe l l  Road, 

London, SW7, Eng land. 

ABSTRACT 

Che1fanthes coriacea Decne. is reported for the first t ime from Iran, in  the south
west of the country. lt is the third known example of an Afro-Arabian fern species in 
Iran; the other species there being European elements. Some distribution patterns 
of western Asia n species a re pointed out in re lation to Iran. 

INTRODUCTION 
A pa rcel of ferns was sent to Prof. K . U . Kramer at Zurich from the herbar ium at 
Ariamehr Bota nic Garden, Teheran, Iran (TAR I )  i n  connection with the account of the 
Pteridophyta for the F lora l ran ica project. Included among them was a smal l  
un identified speci men of Cheilanthes. label led :  "Iran, prov. Fars: Kazerun.  Abgineh . ,  
S.  s lope on cl iffs, hanging .  In  crevice of  rocks. Leg. Forough i  and Assad i ,  no .  1 5098, 1 0  
Oct. 1 974." The two col lectors are both at Ar iamehr and have between them and a lso 
with Dr. P .  Wendlebro of Goteborg, Sweden. col lected a great number of useful  and 
importa nt specimens. Mr. Assadi  specia l ises in ferns. S ince the specimen came from 
Fa rs province, nea r the Persia n Gu lf in south -west I ran,  it seemed poss ible that it 
might belong to the sma l l  Afro-Arabian element in  the flora, rather than to the 
European one. The only other non-European fern species in Iran are Pteris dentata 

Forssk. subsp. flabel/ata (Forssk . )  Runemark, known from the south Caspian coast in  
Maza nderan province, and On ychium divaricatum (Pa i r . ) Alston (Syn . :  O. melanolepis 
(Decne . )  Kunze . from south -west I ran;  i nformation about both these spec ies is g iven by 
Wendlebo ( 1 976), who a lso erroneously l ists the spec i men under consideration here 
as Chei/anthes marantae (L . )  Dom in,  a s l ig htly s imi lar  I ran ian spec ies which is part of 
the European element.  A check through the African materia l of Cheilanthes at the 
Brit ish Museum ( Natura l  H i story), London, i m mediately showed that th is  cur ious 
specimen belongs to Chei/anthes coriacea Deca isne.  a spec ies h itherto known only 
from north -eastern Africa and south -western Arabia (Soma l ia ,  Ethiopia ,  Sudan ,  Chad 
(Tibesti ) and the Yemen). Th us it is a th i rd and previously over looked Afro-Arabian 
species in the I ranian fern flora. it 's presence in  Iran suggests that other overlooked 
Afro-Arabian species m ight possibly be present there,  especia l l y  in the rather l i tt le 
known reg ions of the southern Zagros mounta i ns in Fars and adjacent provinces. 
thoug h they would have to be spec ies adapted to dry cond it ions. 

TAXONOMY 
Chei/anthes coriacea resembles C. marantae in being covered with c losely adpressed, 
pale or pale-brown, lanceolate scales on the lower surface of the lamina ,  but may be 
read i ly disti ngu ished by being a sma l ler plant in a l l  its parts. with a long, th in ,  nearly 
g labrous stipe, usual ly  as long as the lamina .  The lamina is short, broadly ovate
la nceolate and widest towards the base; the p innu les are marked ly na rrower than in C. 
marantae and the basiscopic ones are lengthened towards the base of the lower 
p innae. The fronds are normal ly up to c.1 0 cm ta l l .  
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PHYTOGEOGRAPHY 
Phytogeograph ica l connections between the Iran ian fern flora and that of north
eastern Africa and Arabia are few, involv ing only the three examples mentioned. But 
the rest of the Ira nian fern flora i s  European in nature.  with c lose connections to the 
Caucasus and Turkey. lt is noticeable though that it is considerably impoverished 
compared to those areas, probably due to a combination of the present c l i mate a nd the 
lack of a di rect h ig h  mountai n  connection between them.  There a re 31 species of ferns 
and fern-al l ies in I ran  that are common to Europe. F u rther afield,  there a re several 
European ferns that have spread into the West and Central H i m a layas and are also 
common to Iran .  All are species that are tolerant of a rather h i g h  degree of drought, 
though, apart from a few more h igh ly  xeromorph ic exceptions (Cheilanthes persica 

(Bory) Mett. ex Kuhn ,  C. pteridioides (Reich . ) C .Chr . ,  Cystopteris tragi/is (L . )  Bernh .  
etc.), they are not  now present in  the desert gap of  eastern I ran and western 
Afghanistan. A few species, such as Polystichum lonchitis (l . )  Roth, occur  in the 
Caucasus and West H ima layas (and lien Shan) .  but apparently not in I ran. There are 
no examples known of extant H ima layan fern spec ies spread ing westwards to Europe 
and Iran,  but there are some ind irect con nections between the two regions, for 
example the probable relationsh ip  between the Europea n a nd Iranian Dryopteris 

affinis ( Lowe) Fras . -Jenk. complex and the H i ma layan spec ies D. paleacea (Swartz) 
Hand.-Mazz. (syn . :  D. wallichiana (Spreng . )  Hyl . )  out l i ned by Fraser-Jenk ins ( 1 980), 
which suggests that there may have been connections dur ing the Tertiary period. 
There are a lso some importa nt connections between the H i ma layan and African fern 
floras with some spec ies or  g roups in  common, for example A thyrium schimperi Moug. 
ex Fee, which occurs in the H i malayas, Rajasthan  and West and East Africa, 
Polystichum luctuosum (Ku nze) J .  Smith, from South Africa, Madagasca r a nd the 
West H ima layas.  with the very closely related P. tsus-simense (Hook. )  J .  Smith i n  
so uth-east T 1bet.  C h i n a .  Ta iwa n a n d  J a pa n .  or  A d1antum rendorme a g g  from 
Macaronesia. Madagascar,  Reunion and Szech uan,  West C h i na (L in ,  1 980). Several 
other species aggregates are common to Africa and the H ima layas. 

Unfortunately, in tentatively recordi ng the existence in  Iran of various species, 
Parsa ( 1 950) and Parsa and Maleki ( 1 978) did not take phytogeographical 
considerations into account and d id not a l low for the Iran i a n  fern  flora being 
considerably impoverished compared to Tu rkey and the Ca ucasus.  Hence many of 
the ir  records are spur ious a nd mis leading and they a lso make a n u mber of erroneous 
records due to mis identification. An earl ier  work by Fedtchenko ( 1 946) i s  more 
accurate, though it  a lso over-records a few species, ma in ly  those in complexes which 
were not fu l ly e luc idated at the time as no modern cytolog ical investigations had then 
been carried out .  An account by Wendlebo ( 1 976) is in general the most reliable and 
accurate. 
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A CH ROMOSOME COUNT FOR ASPLENIUM ANCEPS 
FROM THE CANARY ISLANDS 

H .  RAS BACH & K. RAS BACH 
Kurkl i n i k  G l otterbad, D - 7804 G lottertal ,  West G ermany 

and J. J. S CH N ELLER 
l nstitut fur Systematische Botanik,  Zol l ikerstr. 1 07 ,  CH -8008 

Zurich.  Switzerland 

ABSTRACT 
A chromosome count for Asplenium anceps Lowe ex Hooker & Grev .. is given for the 
first time from the Canary Islands. 

ASPLENIUM ANCEPS 

1 57 

Asplenium anceps Lowe ex Hooker & Grev .. a member of the Asplenium trichomanes 

group, is a species endemic to the Macaronesian islands (Azores, Madeira, Canary 
Islands). 

lt was in the last century that the species was recognised ( Lowe 1831, Bol le 
1866). Recently Ben I & Svente n i us (1970). Page (1971, 1977) and Lovis et al .  (1977) 
have publ ished various loca l it ies for th is fern. Apart from Madeira. where the plant 
shows a wider distribution, only few local ities are known. a nd from the Azores only 
two specimens of A .  anceps have so far been reporte(:l. 

In the field A. anceps can easily be recogn ised· by its rach is, which shows. in 
addition to the two adaxial  wings present on A. trichomanes. a th i rd abaxial wing (for 
further deta i ls  see Lovis et a l .  1977) .  

Al l  previously cytolog ically examined plants or ig inated from Madeira a nd the 
Azores. They were a l l  d iploid with n = 36 pa irs of chromosomes at meiosis (Lovis i n  
Meyer 1969, Lovis e t  a l .  1977. Lovis u npubl . ). lt was t h u s  o f  interest to see i f  t h e  plants 
from the Canary Islands showed the same ploidy leve l .  In the course of an excursion to 
the western part of the Canary Islands. H. and K. Rasbach vis ited the great Ba rra ncos 
in the n orthern part of La Pa l ma to west of Barlovento, an area particularly exposed to 
the northern trade wind (Page 1971). On May 21st a nd 22nd 1979 they found 
approximately 60 specimens of A .  anceps in the Barranco Fra nceses at 1050-1110 m 
a ltitude (fig . 1 ). On 23rd May a further 12 pla nts were d iscovered i n  Barranco Gal legos 
at about 850 m .  

A. anceps grows on sma l l  ledges and steep s lopes between h i g h  rock faces. Even 
here it is usual ly exposed to the north a nd growing in the shade of trees and bushes. 
The fern occurs in  the moist, m isty zone which is characterised by dr izzle during 
summer.  The plant g rows i n  loose h u m us soi l  and it can be regarded as a n  element of 
the "La urisi lva " wh ich  is shown a lso by the species it is assoc iated with . 

One pla nt taken from the Ba rra nco Franceses ( Ras-65) is now being cultivated in  
Basle by  Prof. D r .  T.  Reichstein (TR-5072). One frond of  this plant was  fixed in the field 
(absolute ethanol : acetic acid 3 :1  ), the sol u tion was changed after 24 hours and after 4 
days the f ixed mater ia l  was brought i nto 70% etha nol  and kept in a refrigerator. 

The chromosome count was made in Zur ich by J.J. Schne l ler .  Meiosis is regular  
and at  metaphase I .  36 chromosome pa i rs ca n be disti ng u ished (fig . 1,  b and c). The 
ch romosome nu mbers thus correspond to those a l ready found in pla nts from the 
Azores and Madei ra .  All these plants are thus dip lo id .  
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F I G U R E  1 .  a, Asplenium anceps Lowe ex Hook. & Grev. from Canary Islands, La Palma, Barranco 
Franceses (Photo: H. & K. Rasbach); b, meiosis in  A. anceps from Barranco Franceses, La Palma 
( Ras-65) , show 36 bivalents (not a l l  in  the same plane) (Photo: J.J. Schneller); c,  explanatory 

diagram of same cel l ;  d, si lhouette of whole frond. 
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REVIEW 

FERNS AND FERN ALLIES OF GUATEMALA : PART 2 POLYPODIACEAE by 
Robert G. Stolze. Fieldi;;ma, Botany New Series no. 6, 522 pp. 1981. Published 
by the Field Museum of Natural History, Chicago. 235 x 155 mm. 

This second part of the Ferns and Fern Allies of Guatemala l ives up to the standard and 
expectations set in Part 1. Stolze dea ls with 69 genera of Polypod iaceae sensu lata; 
they are arranged a lphabet ically. Two genera, Polypodium and Thelypteris, are divided 
into subgenera, the fi rst into six subgenera (Campyloneurum, Microgramma, 

Niphidium, Phlebodium, Pleopeltis, and Polypodium). Thelypteris consists of 
subgenera A mauropelta, Cyclosorus, Goniopteris, Macrothelypteris, Meniscium, 

Stegnogramma, a nd Steiropteris. Each entry consists of an ecological account,  and a 
summary of its G uatemalan distr ibution followed by a general statement on its world 
d istribution. The species is then described concisely without being pedant ic, in  a way 
which I f ind excellent for grasping the concept of a species that one has never seen. 
The entry is completed with notes on the history, taxonomy and nomenclature of the 
species in quest ion.  Frequently the a uthor compares the species with close relat ives, 
pointing out how it can be d istingu ished. 

The typography is clear and the book is again i l l ustrated to the extent of 80 plates 
by five fi rst-rate art ists of which R ichard Roesener stands out for his most unusual  
techniques.  

Bob Stolze saw fit to �raw in  two experts to help with this work. John M ickel 
(New York Bota nical Garden) has contr ibuted the account of Elaphoglossum (38 
species) and Alan Smith (Un iversity of Ca l ifornia at Berkeley), whose knowledge on 
New World Thelypteridaceae is extensive, has written up that fami ly  (59 species). 
There are good indented keys to a l l  genera and to a l l  spec ies. This is a model fern flora 
and must be useful to anybody working on tropical American ferns. 

A.C. JERMY 
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A CHROMOSOME COUNT FOR MACROGLOSSUM 
(MARATTIALES ) 

T.G . WALKER 

161 

Department of Plant B i ology, Un iversity of Newcastle upon Tyne, England 

ABSTRACT 
A diploid chromosome count of 2n = 80 has been obtained for a plant of 
Macroglossum alidae from Sarawak. This is the f i rst record for the genus and is  
based on x = 40, characteristic of  the  Marattia les A diploid representative of 
Angiopteris evecta was a lso found with 2n = 80. 

I NTRODUCTION 
Macroglossum is  a smal l  genus of Maratt ia les, consist ing of a si ngle, or at most two, 
species. lt has a very l i m ited geographical distribution, being recorded in the wi ld from 
Borneo and Sumatra under the name M. alidae Copel. The problematical second 
species, M. smithii (Rac . )  Campbe l l  was erected by Raciborski (as A ngiopteris smithi1) 

on a smaller statu red plant growing at the Botan ic  Garden at Bu itenzorg (now Bogor) i n  
Java . The status of this latter species i n  the wi ld appears t o  b e  somewhat uncertain .  

Whi lst a member of  the Roya l Geographical Society's Expedit ion to G u n ung 
Mulu, Sarawak, in  1 978 I had the opportun ity to exam i ne a mature p lant of M. alidae 
growing near the Exped it ion's base camp at Long Pala . Like A ngiopteris. which it most 
resembles, it had a massive rootstock somewhat more than 1/2m high and a lmost as 
much in  width. The fronds were up to 3 1/2m long, i nc lus ive of the thick stipe, and 
d iffered from those of A ngiopteris i n  be ing s imply pi nnate. The pinnae were very broad 
- at least twice or up to three times the width of the p innulesof Angiopteris or Marattia 

and numbered up to 1 3 pa i rs per frond. A few of the fronds were fert i le  but all these, 
during July and August,  bore only old, dehisced sporangia. The bases of the stipes had 
the thick fleshy st ipu les characteristic of the Order and a nu mber of young plants were 
growing among the roots on the surface of the rhizome. Although the i r  orig i n  was 
d ifficu lt to determ ine with absolute certa inty, it is bel ieved that they were produced 
vegetatively. Despite a careful search being made no sporel ings were found on the 
ground in  the v ic in ity. 

ECOLOGY AND CULTIVATION 
This specimen of Macroglossum was growing in  the perma nently wet s i lt overlying 
l i mestone at an a lt i tude of c 60m above sea level i n  dense a l l uvia l  forest which casts a 
deep shade. Other herbaceous plants and shrubs were rather sparse i n  the vic in ity of 
the fern. One of the offshoots was sent a l ive to Newcastle for further study. Here it  
thrives i n  one of the g lasshouses under conditions favoured by Angiopteris, putt ing on 
good growth in  a pott ing m ixture of coarse peat, loa m and sand. Care has to be taken to 
avoid sudden drops in temperatu re and exposure to cold dra ughts which are anathema 
to many members of the Ma ratt iales. 

CYTOLOGY 
lt proved impossible to obta in  a f ix ing in the f ield due to the lack of su itably young 
sporangia and the resu lts reported here were obta ined from the offshoot sent to 
Newcastle.  This plant produced a la rge number of thick f leshy roots which were duly 
f ixed in acetic alcohol .  

The chromosomes sta ined rather l ightly with aceto-carmine (as  d id  those of 
Angiopteris) a nd a typical cel l  is shown in Fig .  1 a, together with its explanatory 
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diagram (Fig. 2a). Several cel ls.showed 2 n  = 80 unequ ivocally, i nd icating a diploid state 
on a basic chromosome number of x = 40. Th is base number is typical of other 
me(Tlbers of Marattia les v iz. A ngiopteris (Ma nton a nd S ledge, 1954; Mehra and S ingh, 
1955; Ninan, 1956; G hatak, 1962; Wa l ker, press. comm.  and u npub . ), Danaea 

(Wa lker, 1966, 1973a), Christensenia (Bra i thwaite, 1977; Walker, 1979) and Marattia 
(Wa lker, i n  Manton, 1959; Walker, 1966 and unpub.) .  Other species of Marattia 

(Ninan,  1 956; Brownl ie,  1961) a re based on X =  39, a number which Wa lker (1966, 
1973b) considers to be secondari ly derived from that of x = 40 fou nd everywhere else in  
Maratt ia les from geographica l ly widely separated areas. 

A spore l ing of Angiopteris e vecta (Forst . )  Hoffm . was collected in  a g u l ly in  m ixed 
dipterocarp forest at c. 750m above sea leve l .  In cultivation in Newcastle this yielded 
divid i ng root tip cel ls showing 2n = 80. The plant was t h us diploid, i n  contrast to other 
specimens reported from Sri  La nka (Manton and S ledge, 1954) and I ndia ( N i nan, 
1956; Ghatak, 1962) which were tetraploid .  

L ike the chromosomes of Macrog/ossum those of A ngiopteris did not sta in  
deeply. A cel l  is shown in  F ig .  1 b together with an  explanatory diagram (F ig .  2b ) .  lt is 
i ntended to carry out deta i led karyotype ana lyses of members of th is  Order at a later 
date but suffice it  to say that there are fa ir ly obvious s im i la rit ies in the distr ibution 
classes of chromosome lengths in  the karyotypes of Macroglossum and A ngiqpteris. 

As the closeness of aff in ity between Macroglossum and A ngiopteris 
-

is the 
subject of a c u rrent investigation at the Br it ish Museum (Natura l  H istory) where 
comparative anatomica l and morphologicp l  studies are being made it is not proposed 
to pursue this matter further here, except to point out that Campbe l l  (19 1 4a, 1914b) 
noted that there are marked differences i n  certa in  features despite many overal l  
s imi la rities between the two genera. 

Figure 1 .  Root t ip m itos is in (a) Macroglossum a/idae, T1 3 5 1 9; (b) A ngiopteris evecta, T1 3401 . 
Both x 1 000. Perma nent acetocarmine squash prepa rations. 
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Figure 2a & b. Explanatory diagrams to F igures 1 a and 1 b, respect ively, x 1 000. 
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REVIEW 

PALA EOBOTANY - AN IN TRODUCTION TO FOSSIL PLA N T  BIOLOGY by Thomas N. 
Taylor xiii + 589 pp. McGraw-Hi/1 Book Company, 1981. ISBN 0-07-062954 -4. Price 

about £23 or US $29. 

The study of foss i l  plants is far too often thought of as an i nsu lar  and over specia l ised 
f ield of botany by students of l iv ing plants. lt can be a f ield that such people fear to enter 
because of the widely d ispersed and seemingly over-deta i led l iterature .  Here, after a 
twenty year gap, is an up-to-date text book that should serve as an excel lent 
introductory text for the serious reader. The book has a traditional layout in  the sense 
that it has an introduction, dea l ing in  general with foss i ls a nd their preservation, 
fol lowed by chapters main ly  devoted to major p lant g roups. About a quarter of the book 
deals with the three major groups of pteridophytes. The text is c lear,  the i l l ustrations 
carefu l ly chosen and each chapter has its own l ist of references. 

The text is however largely devoted to morpholog ical studies with interspersed 
ideas of evo lut ion.  There is virtua l ly no taxonom ic information of value to those readers 
involved with th is  aspect of l iv ing pter idophytes and there is also no serious attempt to 
g ive ideas of pa laeoecology. 

The book is clearly needed by all who are seriously interested in foss i l  plsnts. lt is 
certa in ly not for the casua l  reader. 

B. A. THOMAS 
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AN ANALYSIS OF 
THE G RAMMITIS POEPPIGIANA-G .MAGELLANICA COMPLEX 

IN THE SOUTH ATLANTIC AND SOUTH INDIAN OCEANS 

B . S .  PAR R IS 
Botany School, Downing Street, Cambridge CB2 3 EA, England 

ABSTRACT 
Grammitis poeppigiana (Mett,)Pic.Ser. a nd G. magellanica Desva ux subsp. magellanica 
are easi ly d istingu ished in part of their  range (New Zea land Suba ntarctic islands and 
southern South America) but on Tristan da Cunha and Gough Is land in  the South At lantic 
Ocean they appear more similar.  However. they can be separated here a nd in  a l l  parts of 
their overlapping range by a combination of frond length a nd spore diameter. 

INTRODUCTION 
Grammitis poeppigiana (Mett. )Pic .Ser .  (syn. G. kerguelensis Ta rd ieu-Biot and G. 

armstrongii Tindale) is now regarded as a widely ranging circuma ntarctic species 
(Parris, 1975; Parr is & G iven, 1976) whi le G. magellanica Desvaux subsp. magel/anica 

(hereafter referred to as G. magel!anica) has a more restr icted distribution from the 
subantarctic is lands of New Zea land through southern South America to Tristan da 
Cunha and Gough Is land (Parris & G iven, 1976).  Fig.  1 shows more precisely the 
d istribution of  the two species. 
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F IGURE 1 D istribution of Grammitis poeppigiana (sol id l i ne) and G. magellanica subsp. 
magellanica (dotted l ine) :  1 Macquarie 1. ,  2. Auck land Is .. 3. Ca mpbel l  I ,  4. Ant ipodes 1 . ,  5 .  
Falk land Is., 6. South Georgia .  7 Tristan da Cunha,  N ight i ngale and Inaccessible Is . 8. Gough 1 . .  

9 Mar ion & Pri nce Edwards Is . 1 0. Crozet Is . . 1 1 . Kerguelen . I .  
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There is no problem in dist ing uishing the two species in South America and New 
Zealand, where both occur,  but on the is lands of the South Atlantic a nd South Indian 
oceans discr imination on gross morpholog ical appearance may be d ifficu lt, and 
j udging from l i terature records and herbar ium specimens, there has been m uch 
uncertai nty as to which species occurs where throughout th is  reg ion .  

According ly a variety of  measurements were made on mater ia l  of  both species 
from New Zea land and South Amer ica so that those characters giving the best specific 
d iscrimination in a reas where both species occur might be appl ied to the resol ution of 
the status of materia l from the remainder of the spec ies' ranges. 

M ETHODS 
Wherever possible, ten fertile fronds from each collection were measured to provide the data on 
frond length and frond width; as the stipes of both species a re indistinct and winged a l most to 
base, frond length includes both stipe and lamina.  For m icroscopic measurements of sporangia 
length and spore diameter, ten measurements of each character were made from each col lection. 
Only mature sporangia, which had shed spores but which were closed, a nd spores which had not 
germinated were measured. Spores and sporangia were measured mounted in a glycerine 
sol ution. 

RESULTS 
lt became appara nt that the two characters of most rel iable use in d ist inguishing G. 
poeppigiana a nd G. magellanica were frond length and spore diameter .  F ig .  2 shows 
that with the exception of one aberrant New Zea land col lection of G. magellanica a 
combination of these two characters g ives absolute discr im i nation of the two species 
a nd this is a lso emphasised by the data in  Table 1 which g ives the range, mea n and 
standard deviation of these characters for the South American a nd New Zealand 
populations of the two species. 
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FIGUR E  2. Mean of frond length and spore diameter of G. poeppigiana and G. magellanica from 
New Zealand a nd South America: .,. G. armstrongii New Zea la nd.  • G. armstrongii South 

America, + G. magellanica New Zealand, <> G. magellanica South America. 
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TABLE 1: 
RANGE, MEAN AND STANDAR D DEVIATION OF F ROND L ENGTH AND 

SPO R E  DIAM E T E R  IN G. POEPPIG/ANA AND G. MA GELLA NICA : 

N E W  ZEALAND, SOUTH AME R ICA AND 

NEW ZEALAN D/SOUTH AME R ICA COMBI N E D  DATA 

Frond length (cm) 
Range mean st.d. 

Spore diameter (pm I 
Range mean st.d. 

G. poeppigiana 
New Zealand 0.4·3. 0  1 . 2 ± 0.7 3 1 ·6 5  46.4 ± 7 . 2  

South America 0.6·2.9 1 .6 ± 0.9 35-58 46. 5  ± 7.3 

combi ned 0.4-3 . 0  1 . 3 ± 0.7 3 1 ·65 46.5 ± 6.6 

G. magel/anica 
New Zealand 2.2- 1 2.0 6.8 ± 2.8 25-50 33.9 ± 4 . 1  

South America 4.3- 1 2. 1  7.3 ± 2.4 25-50 3 5.0 ± 4.4 

combined 2.2- 1 2. 1  7 . 1  ± 2.9 25-50 34.6 ± 4 . 5  

Fig . 3 superimposes on the overal l  values of the two characters of each species 
the appropriate mean measurements of a l l  col lections stud ied for the remai nder of the 
species' ranges. 
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FIGURE 3. Mean of frond length and spore dia meter of G. poeppigian.a and G. msgeflanica from 
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This shows clearly that Falkland Isla nds, South Georg ia,  Marion Is land and 
Kerguelen Is land specimens are v i rtual ly identical with South American and New 
Zea land G. poeppigiana. Materia l  from Inaccessible Island, Crozet Is lands, Austral ia  
and South Africa, a lthough tending to have s l ightly larger fronds, can only be 
regarded as G. poeppigiana. 

Tristan da C unha specimens demonstrate convincingly that both species are 
present on this island and, apart from an anomalous intermed iate spec imen which 
ca nnot be assigned rel iably the same would seem to be true of the relatively nearby 
Gough Island. 

Thus, particu larly when viewed in the context of the var iab i l ity of the two species 
in  their chief "ma in land'  a reas of South America a nd New Zea land, identification of 
South Indian and South Atlantic Ocean specimens ca n be made with considerable 
confidence. 

The important d ist inctions between the species are summarised below: 
G. poeppigiana - rh izome usual ly long-creeping, sometimes short-creeping or ± 
ascending, fronds usual ly  less than 4cm long, sari less than 5 ( -7) pa irs, spores usual ly 
l a rger than 40 p m  diam.  
G. magellanica -rh izome erect, rarely ascending,  fronds usual ly  more than 4 cm long, 
sari normal ly  more than 5 pa i rs, spores typical ly smal ler than 40 J.lm diam.  

DISCUSSION 
The distribution of these two species fits very well  the scheme for zonation of 
terrestrial  vegetation in  southern latitudes proposed by Wace ( 1 960, 1 965). His cool 
temperate zone extends sooth to the l im its of tree or woody shrub growth and in this 
a rea ( inc luding southern South America, Tierra del Fuego, Tr ista n da Cunha group, 
New Zea land Subantarctic Islands) both the epiphytic G. magellanica and the rupestra l 
G. poeppigiana are found. Only the latter has so far been recorded from the Falkland 
I slands which are a lso placed in  th is  zone. Wace's subantarctic zone is defined by the 
absence of tree or woody shrub growth and the presence of closed herbfield 
vegetation. Only G. poeppigiana occurs on the islands included in  this zone (South 
Georg ia,  Marion and Prince Edward Islands, Crozet Isla nds, Kerguelen Island, 
Macquarie Island) .  
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TWO NEW SPECIES OF SELAGINELLA FROM THE PHILLIPINES 

BENITO C. TAN 
Department of Botany, University of the Phi l ippines at Los Banos College, 

Laguna Province, Phi lippines 3 720 

and A. CLIVE J E RMY 
British Museum (Natural History), Cromwell Road, 

London SW7 5BD, E ngland 

ABSTRACT 
Two new species of Selaginella. discovered by the senior author when undertaking 
a review of cone and spore morphology of the genus in  the Phi l ippines, are 
described and named as fo l lows: S. atimonanenis Tan & Jermy from Luzon Island, 
and S. pricei Tan & Jermy from Samar Island. 

INTRODUCTION 
In  the course of studying the sporangia I distribution pattern and spore morphology of 
Phi l ippine Selaginel/a species for a Masters thesis (Ta n 1 974) i n  botany, the sen ior 
author (B .C.T.) came across two new species of the genus, materials of which were 
col lected from l imestone areas, a habitat usua l ly  sparse in Selaginel/a. 

The Ph i l ippine species of Selaginella were fi rst summar ized by Alston in 1 935. 1 n  
that paper, a total o f  46 species were l isted with local ities a nd a key t o  t h e  species was 
also i ncl uded . Later, Alston ( 1 937) made several corrections to nomenclature when he 
reduced S. ascendens v. Anderw.v. Ros. to synonymy of S. intermedia (8 1 . )  Spring, S. 

peltata C. Presl to S. involvens (Sw. ) Spri ng and S. springiana v. Anderw.v. Ros. to S. 

longiaristata H ieron. Subsequently, S. heterostachys Baker and S. uncinata (Desv . )  
Spring were reported by Tan  ( 1  975)  as new to  the  country. The latter species, which i s  
of Chinese or ig i n. has been observed to  become natura l ized in  Laguna Province. I n  
addition, S. plana (Desv. ) Hieron. from the  West l nd ies, and S. willdenovii Baker, a n  
eastern Asian-Malas ian species, have a lso been reported as ornamentals in  many 
local  gardens a nd greenhouses ( Price 1 974). 

KEY AND DESCRIPTIONS 
The two presently new species of Selaginella from the Phi l ippines described below are 
related to the S. intertexta group which may be dist inguished by the following key: 
1 . Lateral leaves broadly ovate to orbicular, less 

than 1 .5 t imes as long as broad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . .  2 
2. Lateral leaves = contiguous and opposite; 

plant sparsely and openly branched . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S. pricei 
2.  Lateral leaves spaced, not opposite; 

plant often much branched and forming intertwin ing mats . . . . • . . • . . . . . . . . . . . . . . .  3 
3. Lateral leaves symmetrical. marg ins 

not c i l iate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S. nummularia 
3. Lateral leaves asymmetrical, margins 

long-c i l iate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . .  S. atimonanensis 
1 .  Lateral leaves broadly e l l iptic to narrowly ovate. 

at least twice as long as broad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
4. Marginal c i l ia  of a l l  leaves long; median 

leaves c. 0.2mm long . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S. apoensis 
4. Marginal c i l ia absent or, if present, inconspicuous and short; 

median leaves 0.6-0.7mm long . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S. intertexta 



1 70 FERN GAZETTE: VOLUME 1 2  PART 3 ( 1 98 1 ) 

Selaginella antimonanensis Tan & Jermy sp. nov. (F igs. 1 -6)  

Caulis primus repens, inaequal iter ramosus, tegetes laxas formans, interdum radicans, 
rhizophoro fi l iformi instructus. Folia omnino dimorpha; folia lateralia distantia, 1 - 1 .5 x 0.8-
1 .3mm, late ovata vel plus m i nusve orbicularia, saepe asymmetrica, margin ibus posterioribus 
el l ipticis longe ci liatis, a.nterioribus a utem hemisphaericis breviter c i l iatis, apice acuto vel 
breviter cuspidato m ucronatove, basi rotunda; folia axil/aria ovata vel e l l iptica, latera l ibus d im idio 
m i nora, breviter cuspidata, marginibus ubique c i l iatis; folia intermedia c irca 0.25-0.75mm long a, 
0 .2-0.5mm lata, ovata. ea in  caul ibus prim is asymmetrica, ea in  ra m is plus m i nusve symmetrica, 
ap ice 0.25mm longo, acuminato vel ar istato, basi cordata, margin ibus ubique c i l iatis. Strobili 
complanati, plerumque longi minus quam 1 .0cm. Sporophylla dimorpha, ci l iata, ea dorsa l ia ovata 
vel lanceolata, d imidio min imum minora quam fol ia  lateralia,  ap ice acuto-acuminato, ea ventral ia 
la nceolata, apice acuminato. Megasporae in  siccitate alb1dae vel  flavidae, c. 200 }Jm dia metro, 
_cerebriformes, sporodermate min ute papil lato; microsporae aurantiacae, 30-34 }Jm dia metro, 
verrucatae, verrucis tenuiter spinulosis. 

Typus: on l imestone cl iff a long tra i l  to summit, 300-400 m a lt., Atimonan National  Park, Quezon 
Province, Luzon, B. C. Tan 77-2005 (holotype, CAHP; isotypes, BM, KYO, L, US). 
Pa ratypes: in l imestone crevices, near summit,  428 m al t . ,  same local ity, B. C. Tan 77-2006; on 
moist l imestone wa l l ,  near M inador Cave, Atimonan National Park, c. 250 m, B. C. Tan 77'500; 
77-501 . 

A creepi ng, i rreg ular ly branched plant forming a loose mat, stems ( i nc lud ing th�t latera l 
leaves) 2-3mm wide, rooti ng at i ntervals, rhizophores f i l iform.  Leaves dimorph ic thtoughout; 
lateral leaves 1 .0-1 .5 x 0 .8-1 .3mm, distant below, becoming more crowded towards the apex a nd 
strobi l i ,  superfic ia l ly broadly ovate to a lmost orbicular, but asymmetric with the posterior margin 
e l l iptic and the a nterior ± hemispherica l ,  apex acute to shortly cuspidate or mucronate, margins 
c i l iate throughout, c i l ia  0.2-0.4mm a nd longer on the a nterior m�Jrgin, marg ina l  cel ls papi l l ate 
a nd conspicuous on the under�ide; ax i l lary leaves ovate to el l iptic approximately equal  i n  s ize to 
the lateral leaves of the branches they subtend, apex shortly cuspidate, marg i n  c i l iate; median 
leaves 0.25-0.75 x 0.2-0. 5mm, ovate, with long acuminate to ar istate apices, those on the 
primary stem ± asymmetrical, those on the branches symmetrica l .  bases cordate to auricu late, 
margins ci l iate. Strobili compla nate with 1 -3 megasporangia near the base or occasional ly 
a lmost entirely megasporangiate with 1 -3 m icrospora ngia near the apex; sporophylls of two 
sizes, those larger ones, dorsal a nd sterile, margins c i l iate, those ventral a nd median, narrower, 
usually a l l  contain ing sporangia .  Megaspores c. 200 )Jm, sporoderm m inutely papi l late folded into 
an irregular bra in - l ike appearance, white or yel lowish when dry; microspores 30-34 }Jm in 
diameter, orange, verrucate, verrucae finely spin ulose. 

Among the local species, the new taxon is closely  related to S. intertexta Spring 
and S. nummularia Warb. lt differs from the former in  being shortly creeping and 
having strongly c i l iated vegetative leaves and sporophyl ls,  and also i n  the a lmost 
suborbicu lar latera l leaf shape. From the latter, which it resembles closely in habit and 
leaf shape, it can be eas i ly  recogn ised by the presence of c i l ia on the lateral leaves 
which are asymmetrical .  The broadly ovate to near orb icu lar  leaf out l ine separates it 
a lso from the other c i l iate species in the group, S. apoensis H ieron. 

Se/aginella pricei Tan & Jermy sp. nov. (Figs. 7-1 0) 

Caulis primus repens, longus, tenu is, brevibus ramis distantibus, i nterdum radicans, 
rh izophoro filiformi  instructus. Folia lateralia 1 .2- 1 .6mm x 0.8 - 1 .2mm in caule ramisque 
conferta, late el l iptica, basi tru ncato-cordata, ad apicem breviter acutum vel acuminatum 
contracta, margine serrato, c i l i is 0 . 1 -0.3mm longis basi pa.rce sparsis. secondum autem 
margines superiores frequentioribus et conspicuis; folia axil/aria ovata vel e l l iptico-la nceolata, 
quam latera l ia  plus min usve tertia parte m i nora, non auricu lata, apice acuto vel acuminato, i n  
marg in ibus ambobus e t  basem versus c i l iata; folia intermedia e i s  latera l ibus p l u s  minusve tr iplo 
minora, ovato- lanceolata, ar istata, basi leniter cordata, asymmetrica, exter ioribus lobis 
evidentioribus, basi c i l iata et man ifeste secundum margi nes i nteriores integros. Strobili 
complanati, 1 -2cm longi, plus m i nusve 1 .5mm lati . Sporophylla di morpha, c i l iata, ea dorsa l ia late 
lanceolata plus min usve 1 .5mm longa, gradatim acuminata, non carinata, ea ventra l ia m i nora, 
lanceolata, acum inata, cari nata. Megasporae non visae; microsporae aurantiacae 28-35 )-Jm 
diametro. 
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FIGURES 1-6. Selagme/la a11inonanensis Tan & Jermy : 1 .  portion of main branch from above. x 
50. 2 median leaf. from above. x 100. 3. branchlet from below. x 20 4.detail microsporewall. x 
5500. 5. megaspore distal face. x 300. 6. detail of megaspore wall. x 2200. a :  axillary. I ::  lateral. 
m :: median leaves. 
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FIGURES 7- 1 0. Selaginella price/ Tan & Jermy : 7. main bra nch from above, x 40. 8. branch let 
from below, x 20. 9. c i l i a  on ax i l lary leaf, x 300. 1 0. upper surface of median leaf. a =  axi l lary, I =  
lateral, m = median leaves. 
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Typus: on l imestone cl iff, 200 m a lt . ,  in forested tra i l  to Concord municipal ity from Bagacay, 
Hinabangan, Western Sa mar, 28 June 1 975, B. C. Tan 75-4 14 (CAHP; isotypes BM,  KYO, L, US). 
Paratype: creeping on l imestone cl iff inside primary forest, municipalities of Gandara and 
Matugu inao, Western Samar. Price & Hernaez 1 1 9 (CAHP). 

A species with a long slender creeping main stem with distantly spaced short branches, 
root ing at intervals with f i l iform rhizophores. Lateral leaves c. 2 x 1 mm, base truncate-cordate, 
broadly el l iptic, those on the main branches becoming ovate-el l iptic, abruptly acumi nate at apex, 
margins sparsely serrate, c i l iate around the base especially on the anterior margins; axil lary 
leaves ovate to el l iptio-lanceolate, c .  2/3 the size of the lateral leaves, not auricu late, apices acute 
to acuminate serrate above, c i l iate below; median leaves 0.8- 1 .2 x 0.3mm lanceolate-ovate, 
ar istate, weakly cordate at the asymmetric base, the outer lobes being larger, c i l ia  sparse along 
inner marg i n. Strobi lus flattened, 1 -2cm long, c .  1 .5mm broad; sporophylls dimorphic, those of 
the upper plane broadly lanceolate. ± 1 .5mm long, acuminate, not keeled, c i liate throughout, 
those of the lower plane smaller in dimension, similar but keeled. Megaspores not seen; 
microspores 28-35 j.Jm, orange 

The species is named after M ichael G. Price of UP at College, whose studies on Phi l ippine 
ferns warrant special recognition. 

Superfic ia l ly, the taxon looks l ike a la rge form of S. apoensis Hieron. or a smal l  
form of S. boninensis Baker. The leaf sizes and the broader lateral  leaves, however, 
d ist inguish it from S. apoensis. The fewer and shorter c i l ia (0. 1 -0.3mm) along the leaf 
marg i ns and bases, pl us the laxer and more forwardly d irected sporophylls of the upper 
plane are additional distinctive characters for the new taxon .  From S. intertexta Spring 
it can be segregated by the a ristate median leaves, and the long, creeping stem habit 
with only a few short branches. 
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REVIEW 

THE EVOLUTION OF PLANTS AND FLO WERS by Barry Thomas. 1 9 8 1 ,  220 x 280mm. 

1 1 6 pp. Peter Lowe Ltd., London. Price: £5.95. 

This is a sem i -popular  book about the evol ution of the p lant kingdom . lt presents not so 
m uch the theore t ical s ide of evo l u t ion but a synopsis  of the m a i n  stages of plant l i fe on 
earth as known from fossi l  evidence. l t  is profusely i l l ust ra ted t h roughout with 
coloured d iagrams, restorat ions of the appearance of t he foss i l s  as whole plants .  and 
photographs of l iv ing members of each group.  

As one might expect, pteridophytes. together with con ifers. are well  
represented, the two groups having dominated !he land 'f lora of this p la net for so long a 
period of evo l u t ionary t i me. The book g ives a synopsis of the rna i n  pter idophytes 
present from the late Devon ian  period through to the M esozoic in part icu lar ,  set t ing 
them agamst a background of t he kind of vegetat ion and la ndscape in wl1ich t hey grew. 

The text is written i n  a readable and s imple style which should be easy to 
understand by anyone without previous knowledge of the  subject. An J mportan ·t  
feature o f  t h e  book is cer ta in ly i t s  i l l ustrations. which a r e  well -chosen. a n d  m most 
cases. very we l l  done. They greatly help in  br i ng i ng the subject to l i fe. Part icularly 
informative are the d iagrams of l i fe-cycles, as  wel l  as t he small  charts showing t l1e 
interre lat ions of t he groups d iscussed and the penod of t ime tor wh ich they surv ived. 

So often. fossi l  p lants leave t he i mpression of dry a nd d usty t h i ngs. I fou nd th is 
book a va l uable s t imu lant  in set t i ng them in the dynamic perspect ive of green and 
l iv ing things. 1 1  is a good book for the beg i n ner, and wi l l  probably leave h t m  wan t i ng to 
delve f urther. 

C.N. PAGE 
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A FORKED VEIN AND FOLIAR FIBRES IN SELAGINELLA 

R . N .  MUKHERJ EE and U .  SEN 
Department of Botany, Kal yan i  U n iversity, 

West Bengal, India. 

ABSTRACT 
The presence and sign ificance of a forked vein and fol i a r  fibres is described in 
Selagine/la. 

I NTRODUCTION 

1 75 

The leaves of Selaginel/a are sma l l ,  sca ly and provided with a si ngle unbranched 
nerve. As the leaf trace is sma l l  a nd u nbranched, its departu re has no i nfl uence in  the 
ste lar cyl i nder, and there is  no formation of a leaf gap . A survey through l iterature, 
however, revea ls  the ex istence of more than one nerve in some species of the genus.  
Alston ( 1 945) noted a tr i -nerved condition i n  Selaginella griffithii Spring . Pan igrahi and 
Dixit ( 1 967) described bi-nerved leaves in  S. involvens (Sw.)  Spring.  Grambast and 
Rose l lo ( 1 965) fou nd forked veins i n  S. willdenowii (Desv.) Baker. The presence of 
more than one nerve was also reported by Webster ( 1 970) in aberrant leaves on 
excised stem of S. martensii Spr ing g rown i n  cu lture .  These leaves d iffered from 
norma l  ones in having lobed tips, more stomata and somet imes more than one l igu le 
associated with each leaf . 

OBSERVATIONS 
When making a systematic survey of the a natom ica l featwes of the gen us, we cou l d  
not confirm the occurrence o f  more t h a n  one ve in  i·n t h e  norma l leaves of S. 
wil/denowi1� S. griffithii and S involvens. In the latter two species we found, however, a 
sclerenchymatous band composed of fibres with warty outgrowths on the outer 
peric l ina l  surface extending a long either side of the m id rib on the abax ia l  epidermis  of 
the lateral leaves (figs. 1 a and 1 f) Tracheids and s ieve ce l ls  are never associated with 
these sclerot ic bands. These two sclerot ic bands together with the m idr ib g ive a 
deceptive tr i -nerved appearance i n  dried leaves of S. griffithii I n S. involvens the midr ib 
is  i nconspicuous a nd as such the two median sclerotic bands appear as two nerves of 
the leaves. The occurrence of s im i la r  false veins was reported i n S. cau/escens Spring 
from Java by Baker and Posthumus ( 1 939). Med ian  sclerot ic bands also occ ur i n  the 
abax ia l  epiderm i s  of the latera l leaves of S. intermedia ( B I . )  Spr i ng ,  S. chrysocaulos 

(Hook. and Grevc ) Spring and S. tenera (Hook . and G rev.) Spring (figs. 1 b-d). The fo l ia r  
fibres of S. intermedia are s o  th ick-wal led that their  l umina a re a l most obl iterated. I n  
S. tenera smal l  patches of f ibres form a l most a conti nuous strip extending more than 
half the entire length of the lamina  on the acroscopic side, but i n  the bas iscopic half 
only a few discrete patches occur  (f ig.  2 ). 

Sclerotic fibres occur  reg u larly at the margins of the lamina of the median leaves 
of S. helferi Warb., S. intermedia, S. ciliaris (Retz . )  Spr ing.  S. chrysorrhizos Spring,  S. 

denticulata (Desv. ) Alston and S. vaginata Spring. S i m i la r  occurrences of fibres at the 
margins of the leaves was a l so reported by M ita I ( 1 965) i n  many spec ies of Se/aginella 

from Ind ia . 

S. adunca A.Br .  ex H ieron is the only spec ies we have come across in which the 
vei n is  rea l ly  forked (f ig. 1 e) . The leaf trace after entering the vegetative and 
reproductive leaves u ndergoes two successive dichotomies with in  a short d ista nce. 
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Lateral leaves of Selaginella; a. S. griffithii x 50; b, S. tenera. x 33; c. S. interdemia. x 33; d. S. 
chrysocau/os, x 33; e. S. adunca. x 33; , f. fol iar fibres in the abaxial epidermis of S. chrysocau/os, x 
450 (ec = epidermal cel l ,  ff = foliar fibre. sb = sclerotic band, sp = sclerotic patch. v = vein). 
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Yet the trace creates no impact in the vascu lar  cyl i nder of t he stem and no incipient gap 
can be recog n ised just above the departing t race. The occurrence of a branched ve in in 
a relatively primit ive species l ike S. adunca appears sign if icant in  connection with 
Z immermann's ( 1 959) hypothesis of orig i n  of m icrophyl lous leaf through reduction 
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SHOR T NO TES 

DRYOPTERIS X SARVELAE IN SCOTLAND; 
A NEW HYBRID FOR THE BRITISH ISLES 

Dryopteris x sarve/ae Fraser-Jenkins a nd Jermy is the hybrid D. carthusiana x 
expansa. Unti l  now, the only record for this hybrid was from Espoo, F in land, where it 
was fou nd by J .  Sarvela  (Widen, Sarvela a nd Ahti ,  1 967).  In 1 978 the hybrid was 
d iscovered in Argyl l ,  Scotland (V.C. 1 0 1 ) by H.  V. Corley, and its identificat ion was 
confirmed on cytological and morpholog ical evidence by M. G ibby in 1 980. The hybrid 
is easily confused with D. x deweveri (Ja nsen) Ja nsen and Wachter and D. x 
ambroseae Fraser-Jenkins and Jermy, but it ca n be recogn ised by examination of the 
chromosomes during meiosis. D x sarvelae is  tr iploid (2n = 1 23 ); dur ing the first 
metaphase of meiosis most of the chromosomes fa i l  to pa i r  (Gibby and Walker, 1 977). 
This dist ingu ishes it from D. x ambroseae, which is a lso tr iploid, as eq ual nu mbers of 
biva lents and u n ivalents are seen in meiosis in this hybrid. D. x deweveri is tetraploid 
(2n = 1 64) .  D. x sarvelae could form wherever the two parents grow together, and it 
may well  occur  at other sites in Br ita in but has previously been overlooked. 
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A NEW NAME FOR A HYBRID HORSETAIL IN SCOTLAND 

The wild hybrid between the widespread horseta i l s  E. f/uviatile L. a nd E. palustre L. 
was f i rst tentatively reported by the author from the is land of Harr is, Outer Hebrides, 
where it had been found in Ju ly  1 962 (Page 1 963). Further observations and finds 
have supported the orig inal  diagnosis of the parentage. J .G .  D uckett (see Duckett & 
Page, 1 975:  1 00- 1 01 )  has subsequently a lso ably shown that this cross can, i ndeed, 
be achieved in synthetic cu lture, us ing E. f/uviatile as the female parent, and 
independently has a lso fou nd plants attr ibutable to this parentage wi ld in Scotland 
(Duckett 1 979). 

This hybrid may wel l  yet prove more widespread than h itherto recorded. For 
convenience of reference, a b inominal  name for it is thus proposed . 

Equisetum x dycei C N . Page h ybr. n o v. (E . f l uviat i le L. x pal ustre L. ). 
le . :  C .N .  Page, B r l l . Fern Goz.  9 (4) :  1 1 8 ( 1 963). 
Hybrida inter E. f/uviatile et E. palustre ram ificationis habitu, vagin is, numero et profunditate 
vallecularum carinarumque, et ratione cavi central is diametro ca u l i  intermedia . Cau les 1 5-45 cm 
a lti, virides, annui; internodii endodermididibus individuis provisi. lnternod i i  rh izomatis ut in E. 
fluviatile excavati; tubera rhizomatis ut in E. palustre adsunt. Strobi l i  parvi ,  tenues, nigrescentes. 
in caul ibus vegetativis terminales. Sporae abortivae. 
Typus: C.N.  Page No. 873: Loch-a-Mhorghain, Harris, Outer Hebrides, Ju ly  1 962 ( E). 
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Hybrid intermediate between E. fluviatile a nd E palustre i n  bra nch ing habit ,  sheaths, 
number and depth of ridges and furrows and in the ratio of the centra l hol low to the dia meter of 
the stem . Stems 1 5-45cm high, gree n. annual ;  stem internodes with i ndividual endodermises. 
Rhizome i nternodes hollow as in E. fluviatile. rh izome tubers present as in E palustre. Cones 
sma l l ,  slender, brackish, term inal  on vegetative shoots. Spores abortive 

Plants differ clearly from both parents in their strong intermediacy of structure, 
both in overa l l  appearance and in proport ions of the interna l cavit ies. They resemble E. 

fluviatile in the hol low rhizomes and individual stem endodermises (both features 
un ique in  subgenus Equisetum to E. fluviatile and its hybrids), and resemble E. 
palustre in the presence of tubers and dark, s lender cones. The much weaker habit of 
growth, fewer, more ascend ing branches, and black cones which are smal l ,  s lender, 
not barrel-shaped, and much more numerous, help d ist ingu ish it from E. x litorale (E. 

arvense x fluviatile). 

Plants are cu rrently known from a smal l  number of scattered locations in  
Scot land. 

The plant is named in honour  of J. W. Dyce. who has done much,  over many years 
to st i m u late pteridophyte record ing work in Br ita in . 
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EQUISETUM X TRACHYODON IN SKYE. WESTERN SCOTLAND 

In November 1 974, an  odd- looking Equisetum was found i n  Skye, lnverness-shire, 
Scotland .  lt was growing on a l u m p  of bank t hat had sl ipped into the H i n nisdal river, on 
the sect ion of the r iver ha lf-a-m i le west of the br idge carrying the road between 
Portree and Uig, in the north end of Skye ( in  sq uare 1 8/35).  lt was determined as E. x 

trachyodon (E.  hyemale x variegatum)  by Dr .  C .N .  Page, at RBG Edinburgh.  At the t ime, 
the nearest known E. h yemale was in Gea ry ( 1 8/26), across Loch Sn izort, or  in  G len 
Brittle ( 1 8/ 41  ), and the only E. variegatum recOfd was that shown in  the 'Atlas' 
( 1 8/36), for which Monkswood had no deta i ls  of loca l ity. 

Succeeding winters have added some interesting facts, as we kept an eye open 
for Equisetum spec imens which are evergreen.  E. hyemale was i n  Trotternish, at two 
sites on opposite s ides of the Storr ridge (two places on a river bank in 1 8/45 and one 
where a seepage area dr ipped over a sea-cl iff in 1 8/55) .  

Drs.  C .N .  Page and R .E .C .  Ferreira v is ited Skye i n  July 1 979, found several pieces 
of E. x trachyodon upstream from the or ig inal  site, a nd suggested that there could be 
yet more of it further up the g len .  The river banks j ust east of the road bridge had been 
investigated soon after the 1 974 d iscovery, but in November 1 979, a search sta rting 
below Peinha ( 1 % mi les east of road bridge ) turned up dozens of l ittle p la nts, where the 
banks were either sandy or gravel ly, a long a 1 %  mi le  stretch eastwards. On a later 
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visit, above the join of the streams below Glenuachdarach, noth ing was fou nd. 
Meanwh i le ,  i n  the summer of 1 978, M r. and Mrs.  J. Bowman had fou nd the fi rst 

local ised record of E. variegatum on Skye - from a corrie below the SE end of the 
Cu i l l i n  ridge ( 1 B/ 4 1 ) - so both parents of the hybrid are on the is land . 

The winter of 1 979-BO was spent wa lk ing sections of various r ive rs, i n  
Trotternish a nd elsewhere, i n  search o f  further Equisetum x trachyodon, or E. 

hyemale, but without success. 
The question now is :  why is the E. x trachyodon confined to the H inn isdal  va l ley, 

and how did it get there i n  the f i rst place? And the old record for E. variegatum in 1 B/36 
(the neighbouring sq uare) may we l l  be our plants, s i nce a s im i lar record (same 
recorders) for E. variegatum at N is ibost in  Ha rris (V.C . 1 1  0) has been re-determined by 
Dr. Page as E. x trachyodon. E. x trachyodon has a I so been added recently to the l ist for 
Rum. 

C.W. M U R RAY, 
Prabost, Isle of Skye. 

MORE NEW COM BINATIONS IN SOUT HEAST ASIAN FERNS 

Preparation of the Flora Malesiana account of Gramm itidaceae and other papers on  
Southeast Asian ferns necessitates publ ication of  the  fol lowing new combi nations: 
Ctenopteris brooksiae (v.A.v. R . )  Parris. comb.nov. 
Basionym: Polypodium brooksiae v.A.v.R. in  Buii.Jard.bot.Buitenzorg Ser.2, 23: 1 9, t .2, f . 2  

( 1 9 1 6). 
Grammitis intromissa (Christ) Parr is .  comb.nov. 
Basionym : Polypodium intromissum Chr ist in Verhandlungen der Naturforschenden 

Gesellschaft in Base/ 1 1: 440 ( 1 896). 
Grammitis plana (v.A.v.R.) Parris, comb.nov. 
Basionym: Polypodium planum v.A.v R .  in  Buii. Jard.bot.Buitenzorg Ser. 2, 1 6: 32 ( 1 9 1 4). 
Grammitis subdichotoma (Racib.ex v.A.v. R, ) Parris, comb.nov. 
Basionym: Polypodium subdichotomum Racib.ex v.A.v R. in Buii. Dept.Agric.lnd. Neerl. 18: 20 

( 1 908). 
Grammitis torricelliana (Brause) Parris, comb.nov. 
Basionym: Polypodium torricellianum Brause i n  Bot.Jahrb. 49· 45. f 3A ( 1 9 1 2) 
Pteridium caudatum subsp. yarrabense (Domin)  Parris, comb. nov. 
Basionym: Pteridium aquilinum var. yarrabense Domi n  in  B1bi. Bot. 85. 1 6 1 . f 32 ( 1 9 1 6). 

B.S. PAR RIS, 
Botany School, Downing Street, Cambridge CB2 3EA, England. 

THE OCCURRENCE OF A LAMINAL FLAP IN ·SELAGINELLA 

The occurrence of a lam ina !  flap, developed as a vertica l projection on the adaxia l  
surface of sporophylls or bracts, has been found i n  Selaginella bisu/cata Spring, S. 

reticulata (Hook. and Grev.) Spring, S. tenera (Hook. and Grev.) Spr ing and S. 
subdiaphana (Wa l l . )  Spr ing .  

In  each of these species. the lamina !  f lap is isobi lateral  a nd is s ituated next to the 
l igu le .  Wh i le  the l igu le  is a d ist inct structure and is embedded with in  the leaf t issue 
only at the basa l reg ion, the flap is a cont inuation of the lamina and extends from the 
base towards the d ista l  reg ion of the bract or the sporophyl l  a lorig the m idrib.  The 
epidermal  ce l ls  of the flap are elongate and resemble those of the adaxial surface of the 
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l amina proper. Stomata occur  on both t h e  surfaces of t h e  f lap, a n d  a r e  structura l ly 
s imi lar  to those on the s u rfaces of the sporophyl l  and the bract. Round cel ls with wa l ls 
of tracheida I th icken i ng often occur  at the base of the l ig u le,  but no tracheid enters the 
flap. The marg i n  of the l a m i nar flap in S. subdiaphana is  markedly disti nct being long 
c i l iate, but in the other three species it resembles the marg i n  of the sporophyl l  or the 
bract. 

FIG U R E  1 :  Selaginella reticula/a, a bract with lam ina I flap, x 35; b, S. subdiaphana, a large 
sporophyll with laminal flap (megasporangium removed), x 70. 

In S. reticu/ata the laminate f lap only develops on the bracts associated with the 
sporophyl ls (fig. 1 . ) In S. tenera and S. subdiaphana only the larger sporophyl l s  bear 
the flap (fig .  1 b.) .  

I n S. subdiaphana as well as i n S. reticulata, the fol iar  vei n  extends beyond the 
termi nation of the flap, whi le  in St. tenera and S. bisulcata the flap extends beyond the 
vei n  end i ng .  The f lap occurs on the smal ler sporophylls and larger bracts. of S. 
bisulcata. No lamina I f lap has yet been found on the vegetative leaves of a ny spec ies of 
Selaginella. 

The lamina I f lap probably increases the photosynthetic surface of the sporophyll 
and the bract since ch loroplasts occu r  with in  their cells. But it seems s ign if ica nt that it 
is a lways associated w ith the sporophyl ls  or the bracts protect i ng the sporophyl ls .  An 
a lternative interpretation of its function m ight be that the f lap with its c i l ia m ight be a 
contrivance for captur ing spores micro- a nd megaspore can germ inate a nd develop i n  
c lose proxim ity; but clearly further observations o n  t h i s  are needed. 

lt is possible that th is  flap is homologous with the ensheath ing ve l u m  and mass 
of tentacles surrounding the macrosporangium of the carbon iferous genus 
Miadesmia, since the vel um had its or ig in from a reg ion between the l igu le  and the axi l  
of the sporophy l l .  

As  the  three l iv ing species i n  wh ich the  f lap  has  been found are  members of  the 
subgenus Heterostachys it would be interest ing to see whether the occu rrence of 
s imi lar  lamina! flaps are a more extensive feature of this subgenus.  

R .  MUKHOPADHYAY & U.  SEN, 
Department of Botany, Kalya ni  University, 

Ka lya n i ,  West Bengal ,  741 235, India.  
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A NEW SPECIES OF PLAGIOGYRIA FROM MALAYA 

During the exa mination of herbar ium sheets of the genus Plagiogyria (Kunze) Mett. 
present in the Central National  Herbar ium,  Howrah (CAL), the a uthors have come 
across a new species of the genus. which is described below. The specimens had been 
identified ea'r l ier  as P. euphlebia but the new species is disti nct from it in the following 
characters: 
1 .  Hook-l ike aerophores are present throughout the stipe a nd on the rachis at the 
base of insertion of the lateral pinnae 
2. The lamina is leathery in  texture 
3.  The p inna marg ins  are strongly reflexed, the apex acute a nd undulate, the lower 
surface pale-brown, and the upper surface dark brown in colour.  The present species 
can be readi ly separated from P. tubercular a Cope I. by the presence of terminal  leaflet 
s imple l ike other lateral pinnae and not p innatifid as in P. tuberculata Cope ! .  
Plagiogyria malayensis R.D.  Dixit & Anja l i  Das  sp. nov. Fig. 1 .  
Aerophora unciformia prom inentia praesentia in  stipitibus et ad bases pinnarum, apicalibus 
paucis exceptis. Pinnae terminal is  latera l ibus s imi les, pinnae in  1 5-20 paribus, erecto-patentes, 
oblongolanceolatae, 1 2- 1 4  x 1 .8-2cm, basi cuneatae, apica acutae, undulatae, ad marg i nem 
integrae, tenues, reflexae, coriaceae, supra atro-brunneae, et infra pal l ido-brunneae. 

'./ 
L 11'F H' J .. 

FIGURE 1 .  Holotype of Plagiogyria malayensis R . D. Dixit & Anj a l i  Das sp.nov. 
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Stipes of steri le fronds 20-30cm, dark reddish-brown, and rachis pa le-brown in  colour. 
Aerophores prominent, hook l ike, present throughout stipe and on rachis at the point of insertion 
of the lateral pinnae. La m i na 40-55 x 1 5- 20cm pinnate, term inal  leaflet simple l ike other lateral 
pi nnae; lateral pinnae 1 5- 20 pairs, a lternate, 1 .5-2.5cm apart,  erecto-patent, shortly stalked 
eKcept a few adnate pinnae in the apical reg ion, leathery in texture. upper surface dark brown and 
lower surface pale brown, m iddle pinnae 1 2- 1 4  x 1 .8 -2.cm,  oblong- lanceolate. cuneate at base. 
apex acute, undulate, margins th inned, entire, and strongly reflexed; mid rib raised on the lower 
surface, obscure on the upper surface; ve ins free, immersed, usua l ly simple, somet i mes furcate. 

Fertile pinnae present in para type specimen, 1 0- 1 4cm x 2-3mm, coiled, ascending. 
Holotype: MALAYA - Gunong Batu Paleb, 6700ft. ,  Wray Jr. 3 1 7  (CAL). 
Paratype: MALAYA - without exact location Scortechini 397 (CAL). 
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NOMENCLATURAL NOTES ON DRYOPTERIS - 5 

C. R .  F RAS E R -JENKINS 
c/o Botany Department, Br it ish Museu m  ( Nat u ral History) 

Cromwell Road, London, SW7_ 

Fraser-Jenkins ( 1 977) described D. x cebennae, from the Cevennes in the Department 
of Ardeche, France, which was assumed on morpholog ica l g rounds to be a hybrid of D. 

affinis agg . x D. villarii agg . and reported to be a tetraploid apomict. However it has now 
become clear that a mixed concept was i nvolved and that there are two unusual  
spec ies present' in  the area of the type loca l ity. A f ine specimen recently found in  the 
herbar ium at Toulouse (TL) label led "Polystichum abbreviatum. Par les falaises 
basa/tiques (argues des geants), Pant de Labeaume (A rdeche). val/ee de I'Ardeche vers 
400 m. J. Revo/ 998, 417 I 1 90 7" is clearly a specimen of D. tyrrhena Fraser-Jenkins & 
Reichste in ,  with characteristic sparse, w ide and pale st ipe-sca les. h igh ly  g landu lar  
axes and lamina,  somewhat deeply lobed p innules and long-ac umi nate, a lmost 
s l ightly a r istate p innu le-teeth .  As this was an ear l ier col lection by Revol , the col lector 
of the type specimen of D. x cebennae. it was necessary to re-exa m i ne the type i n  
Manchester (MAN CH ). On r e  investigation the Ma nchester specimen was found t o  be 
a lso D. tyrrhena though not q u ite such a we l l -developed specimen as the one i n  
Tou louse. The earl ier report (Fraser-Jenkins 1 977) that t h e  type had a m ixture of good 
and abortive spores was evidently due to spore immaturity a nd should have referred 
only to the author's recent co l lections . D. x cebennae must therefore become a 
synonym of D. tyrrhena a nd the apomictic tetraploid taxon previously assumed to have 
been a hybrid is therefore without a name and is descr ibed below as D. ardechensis. Its 
description is emended to excl ude D. tyrrhena. from which it differs in several 
important features (espec ia l ly the sca les, g landula rity and p innu le teeth). lt now seems 
highly l ikely that the parentage of D. ardechensis is not as or ig ina l ly  thought, but D. 
affinis subsp. affinis (which is present i n  the area) crossed with D. tyrrhena, a far more 
acceptable explanation because the D. villarii agg. does not occur  anywhere near the 
area a nd ,  as poi nted out by Prof. C .  Bange of Lyon Un iversity, (pers. comm .  1 979) the 
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Cevennes a re a range of s i l iceous granit ic mounta i ns where the D. villarii agg . is 
un l i kely ever to have occurred, whi le D. tyrrhena would be more l ikely. The plant is now 
treated as a species and not a hybrid beca use rather than ar is ing de novo, it behaves as 
a species in  ma inta in ing itself in several popu lations in the area, producing a h igh  
proportion of  good spores. Prof. T. Reichstein  has  a lso found that it reproduces itself 
freely from spores (personal com m u n ication, 1 979). lt is thus the only known example 
of an apomictic a l lotetraploid species in the E u ropean fern flora . This treatment is i n  
contrast t o  that of some recent American  a uthors (Wagner 1 969 & 1 97 1 , and 
Knobloch 1 977) who have i ntroduced a m u lt ip l ication s ign in front of the spec ific name 
treating as hybrids a l l  a l lopolyploid species once their genomic or igin has been 
ascerta ined, which is the case in  almost a l l  the known European and North American 
polyploid Dryopteris species, a treatment with wh ich the a uthor does not agree. 
Dryopteris ardechensis Fraser-Jenkins, sp.  nov. 
Diagnosis: Morphologia intermedia inter D. tyrrhena et D. affinis subsp. affinis Frondes usq ue ad 
50cm longae; petiolus media longitudine laminae, paleis angustis un iform ibus pa l l ide fu lvis 
costam versus a ngustissimis p i l iform is bene obsitus; l am ina tria ngular i - lanceolata, ad axes 
pauce glandul is  interdum obsita, simpl iciter pinnata sed par inferius pinnularum cujusque 
pinnae iterum pinnatum; p innulae basi lata sessiles, pars inf1mo cujusq ue p innae excepto quod 
bene petio lu latum; pinnula intima basiscopica paris inf im i  pi nna rum long iss ima et ad marginem 
a l iquanto lobata; latera pinnularum a l iarum para l lela parce tantum dentata nisi apicem versus, 
apices rotundati et dentibus a l iqua nto longis et acutis sed a basis latioris quam in  D. tyrrhena 
nonne interdum mucronatis. Indusia cinerea , pa l l ida fu lva et fusca eanta, margine inflexo, 
glandu las ferrentas. Sporae partim abortivae, pa rtim bene evolutae. Cytotypus tetraploideus, 
apogamus. 
Type: Ex hort. T. Reichstein -(sub TR 3443); coli. 26. Aug. 1 979 C. R. Fraser-Jenkins No. 9784. 
Origin from spores col i .  CRF-J (no. 3602) above Pont de Labeaume, near Aubenas, Ardeche, 
France 1 7  Jan. 1 972 (Holo: BM, lso: CANU). 
Plant a tetraploid apomict (G. Vida pers. com m. 1 975, and J.J . Schneller 1 980, pers, comm .). 

Differs from the orig inal  description of D. x cebennae in being wel l c lothed with stipe 
and rhachis  sca les, lamina occasionally bear ing a few glands on the axes, teeth at the 
p innu le  apices with wide bases somewhat long and acute a nd not tend ing to become 
aristate. Indusia grey, becoming pale-brown and then mid-brown, bearing g la nds. Its 
morphology is thus rather more intermediate between D. affinis subsp:  affinis a nd D. 

tyrrhena than D. affinis and D. submontana, as far as can be extrapolated. Th ree new 
records have now been verified as fol lows ; 
1 .  Ardeche, Th ins.  C. Bange, 1 978, nos. 78. 3 1 3,  78 . 3 1 7, 78. 3 1 9, 78.322 a nd 
78.325 (LY! ). 
2. Ardeche, G ravieres, bois a 1 km a va l ,  235 m M. Breistroffer, 30/ 1 0/ 1 970. 

(GRM ! ). 
3. Ardeche, Malarce a u x  Eynes, ravin ombrage. M. Breistroffer, 417/ 1 970 (GRM !) .  
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