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Abstract 

The intraspecific variability of D. assimilis S. Walker, D. dilatata (Hoffm.) A Gray 
s.str., D. spinulosa Watt , and the interspecific hybrids D. assimilis X dilatata and D. dilatata 
X spinulosa were studied by chemical and cytological methods. The hybrid D. assimilis X 
dilatata has been found from Norway. D. maderensis Alston from the Island of Madeira 
and D. azorica (Christ) Alston from the Azores are closely related to North American D. 
inter-media (Muhl.) A. Gray in the light of the composition of the phloroglucinol derivatives 
from the rh izomes as well as in morphological respects. D. aemula (Ait.) 0. Kuntze shows 
chemical and morphological characteristics both with D. intermedia and D. assimilis. The 
diploid ancestors of allotetraploid D. dilatata are discussed. 

Cont ents 

I. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

II. Material and methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Ill. Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 

IV. Discussion and conclusions 
D. assimilis S. \Valker 
D. maderensis Alston . ... . ...... . ... . .............. . ........ . .. . . . . 

D. azorica (Christ) Alston .... . ... . ..... . ........................ . . . 

D. aemula (Ait .) 0. Kuntze ... . ........ . ........................ . . . 

D. dilatata (Hoffm.) A. Gray ................ . ..... . .............. . 

D. spinulosa \Vatt 
D. assimilis x dilatala 
D. dilatala x spinulosa 

References . . ........ .. ............ . ... .. ..................... . . . ... . 

Figures ............ .. ... . . . ........ . .. . ... · · · .. . . · · · · · · · · · · · · · · · · · · · · 

11 

11 

15 
16 
17 
17 
18 
19 
19 
20 
21 



4 Widen, C.-f., Sorsa, V. & Sarvela,].: Dryopteris dilatata s.lat. 

I. Introduction 

In some recent papers the chemotaxonomy and cytology of the following 
species belonging to the )>Dryopteris spinulosa complex)> (WALKER 1955) have 
been discussed: D. assimilis S. Walker (n=41), D. dilatata (Hoffm.) A. Gray 
(n=82), D. spinulosa Watt, and D. cristata (L.) A. Gray (n=82) (WIDEN & 
SoRSA 1966, 1969, WIDEN 1967 a, b, 1969). The following hybrids were also 
reported: D. assimilis X dilatata (triploid), D. assimilis X spinulosa (triploid), 
D. dilatata X spinulosa (tetraploid), and D. cristata X spinulosa (tetraploid), 
the three first hybrids of which were new for the Fennoscandian flora (WIDEN 
etal.1967, SoRsA&WIDEN1968). The hybrid between D. assimilis and D. spinu
losa is the first cytologically confirmed wild hybrid between these two taxa. 
Furthermore the following closely related North American taxa have been 
studied preliminarily: D. intermedia (Muhl.) A. Gray (n=41), D. )>dilatata)> 
(n=41) from the east and the west, D. campyloptera (Kuntze) Clarkson (n=82), 
and D. spinulosa Watt (n=82) (WIDEN & SORSA 1969, WIDEN & BRITTON 
1969). 

These investigations have led to a large scale programme involving practi
cally all of the species and hybrids known to occur in Europe, Madeira and 
North America. In this paper, the results of our chromatographic and cytologi
cal studies on the European and Madeiran taxa are reported. To confirm uni
formity within the species, large samples of material of D. assimilis, D. dilatata, 
and D. spinulosa have been collected from various parts of Europe. Further
more some interspecific hybrids were studied from material collected in Switzer
land and Norway. 

In addition to the species listed above, there are even more taxa known from 
Europe and the Island of Madeira, which belong in the D. dilatata complex 
(D. assimilis, D. dilatata and D. spinulosa = D. carthusiana (Vill.) H. P. Fuchs, 
cf. CRABBE et al. 1970) or are closely related. There is an endemic species known 
from the Azores, i.e. D. azorica (Christ) Alston, the chromosome number of 
which is still unknown, and a diploid species D. aemHla (Ait.) 0. Kuntze which 
is distributed in Spain, France, the British Isles, on the Azores, the Canaries 
and the Madeira Island {JERMY 1968). D. maderensis Alston (n=41) is hitherto 
known only from the isle of Madeira. Because of the rarity and the limited oc
currence of these taxa only a few samples were available for a chromatographic 
study. Similar work on the North American species and hybrids of the D. dilata
ta complex and some related eastern Asian taxa will be published separately 
by one of us (Widen) and D. M. Britton in Canada. 

The present study was made in collaboration. C.-J. Widen is responsible 
for the chromatographic work, V. Sorsa for the chromosome determinations, 
and J. Sarvela for the identification of herbarium specimens. All three have 
contributed to the conclusions. 
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11. Material and methods 

I. Material 

The material investigated is listed below. 

D. assimilis S. Walker 
Switzerland St. Gallen: Alp Gamperdon, alt. ea. 1 400 m, 13. IX. 1968 W. Gatzi (H); 

Alp Mornen Murgtal, alt . ea. 1 500 m, 14. IX. 1968 W. Gatzi {8 rhizomes sent by Dr. W. 
Gatzi); Hohfirst, alt ea. 800 m, W . Gatzi 91, 2. VII. 1968 W. Gatzi, T . Reichstein, M. & V. 
Sorsa (H) . 

Rumania Transilvania: Abies-Picea forest around the tourist's home tCabana Diham• 
in mountains of Bucegi, above Sinaia, 5. IX. 1969 G. Vida {4 rhizomes sent by Dr. G. Vida). 

Great Britain 1 »Small young plant raised from spores obtained from Dr. G. Vida from 
a plant collected by H. V. Corley in England and originally called tdiploid spinulosat, later 
identified as D. assimilis .• Diploid det. G. Vida (Herbarium T. Reichstein 1536).- V. C. 70 
Cumberland: Borrowdale, W slopes of Glaramara, NGR 35/2512, 23. VI. 1968 A. C. Jermy 
6 424 (BM, Jermy A 2); Borrowdale, W slopes of Glaramara, NGR 35/2512, 23. VI. 1968 
A. C. Jermy 6427 (BM, Jermy J 2); near Holmrock, NGR 34. /079, 1967 H. V. Corley; Bor
rowdale, W slopes of Glaramara, 2000 ft, NGR 35/2512 1966 F. Jackson 4 (BM, Jermy 
L 2). - V. C. 98 Main Argyll: Sgurr an Ulaidh, NGR 27 /1153, IV. 1966 H. V. Corley 10 
(BM, J ermy B 2); Coire Daimh, Beinn Udlaidh, 1500 ft, 1967 H. V. Corley 6 (BM, Jermy 
C 2); Beinn Udlaidh, 2000 ft, NGR 27 /2732, H. V. Corley (BM, Jermy E 2); Beinn Udlaidh. 
1900 ft, NGR27/2732 H. V. Corley 13 (BM, Jermy G 2); Beinn Fraochaidh, 1600-1750 
ft, NGR 27/0251, 27.VIII.1966 A. C. Jermy 6 176 (BM, Jermy D2); Beinn Fraochaidh 1200 
ft, NGR 27 /0251, A. C. Jermy 6171 (BM, Jermy F 2); Beinn Fraochaidh (?),A. C. Jermy 
6173 {BM, without letter symbol); A. C. Jermy 6174 (BM, H, without closer data). -
V. C. 97 Westerness: Beinn na Lap, NGR 2900 ft, 27 /3769 (offset from Jermy P 2), 1966 
H. V. Corley 14. (BM, Jermy H 2); Beinn na Lap 2900 ft, NGR 27 /3769, 1966 H. V. Corley 
14. {BM, Jermy P 2); Stob Coire an Easain, Glen Spean, ea. 3000 ft, NGR 27 /2372, 
24.IX.1966 A. McG. Stirling & D. A. Walkinshaw 1 (BM, Jermy 0 2).- V. C. 88 Mid Perth: 
Meall Garbh, ea. 2000 ft, NGR 27 /644.1, 15.VII.1964 A. C. Jermy 3442 (BM, Jermy M2). -

V . C. 111 Orkney: Naversdale, Orphir, NGR/N30/3304., E . M.: Bullard (BM, Jermy N 2). -

V. C. 101 Kinture: Altt Muie Ruaidh, A. G. Kenneth (closer data lacking) (BM, Jermy 
!2). 

Iceland tLoc. Kviakkletter, Kjos. Arneshr., Strandasyslat, 20.VII.1954. Helgi J6nasson 
(ICEL); tLoc. Stekkjarkletter, Kj6s, Arneshr. Strandasysla. Hab Upp vid steint 
20.VII.1954 Helgi J6nasson (ICEL). - All material seen was identified as D. assimilis. 
D . dilatata was not found in the herbarium material from Iceland. 

Korway Oslo: Holmenkollen, 17.VI.1969 C.-J. Widen H I-IV/ 69 (H, 4. specimens). 

1 The material from Great Britain is partly quoted by CRABBE et al. {1970) . 
2 Symbols used in this paper. 
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Sweden Viirmland: Karlskoga 15.VI.1969 C.-J. Widen K I-IV/69 (H , t, specimens). 
Finland Nylandia: Espoo, Viiiiriilampi, VII.1968 J. Sarvela & C.-]. Widen E 21-23, 

25-35, 37-42/ 68 (H, 20 specimens); Ekeniis, Gullo 1.VII.1968 J. Sarvela & C.-]. Widen 
G 1-3/68 (H, 3 specimens); Helsinki, Vuosaari, 25.VI.1969 V. Sorsa & C.-]. Widen V 
1-4, 8, 10-12/69 (H, 8 specimens). 

D. assimilis >>var. pseudospinulosa» 
Finland Lapponia inarensis: Utsjoki, Kevo, Njallavaara, VII.1969 P. Kallio (H, 2 speci

mens). 

>>D. austriaca (J acq.) W oynan> 
U.S.S.R., Ukraine Reg. Zakarpatskaya (Transcarpathia): R akhov district 1.VII. ·t 947, 

26.VII.194 7 M.Kotov (KW,2specimens); Rakhovdistrict,28.VI.194 7 D.Dedvochaeva (KW). 

D. maderensis Alston 
Madeira, Laurel forest near the road between Ponta di Pargo and Porto do Moniz, 

about 10 km from Porto do Moniz, ea. 700 m, 3. IV.19 69 T. Reichstein 2 597 (H ); Santo da 
Serra ea. 700 m, grows there partly near the village, 7.IV.1969 T. Reichstein 2 61"1 (H ). 

D. "dilatata• 
Canary Islands, Teneriffe, Anaga Mountains, Collected in 1968 by Dr. G. Benl, since 

then cultivated in Kent by A. C. Jermy (BM). 

D. azorica (Christ) Alston 
The Azores, Insula San Jorge, Ribeira do Salto, 23.VI.1938 C. Cedercreutz (H ); Insula 

Flores, Vales, Hardwood forest, 13.VI. ·t9 38 R. Stora (H ). 

D . aemula (Ait.) 0. Kuntze 
Great Britain V. C. 14 East Sussex: Mark Cross Parish, Saxonbury Hill , 6 km S of 

Tunbridge Wells, 20.VII.1967 A. C. Jermy & J. A. Crabbe 1"1 785 (BM, H). 
Madeira, Laurel forest near the road between Ponta di Pargo and Porto do :Moniz, alt. 

ea. 700 m (together with a few D. maderensis), 3.IV.1969 T. Reichstein 2 598 (H ). 

D. dilatata (Hoffm.) A. Gray 
Switzerland St. Gallen: •>Half of an old big plant collected near St. Gallen in 1961,since 

then cultivated in Basei». Tetraploid, det. G. Vida (Herbarium T. Reichstein 1985); 
Schnattobeli, alt. ea. 800 m, near W . Giitzi 26 (see D. dilatata X spinulosa), 2.VII.1968 W. 
Giitzi, T. Reichstein, M. & V. Sorsa (H ), Alp Mornen, 1\Iurgtal, alt. ea. 1 500 m, 14.IX.1968 
W Giitzi (5 rhizomes sent by Dr W. Giitzi). 

Great Britain V. C. 16 West Kent: Fordcombe Parish, 6 km WNW of Tunbridge Wells, 
20.VII.1967 J. A. Crab be & A. C. Jermy 11 758 (BM, H). - V. C. 14, East Sussex: Mark 
Cross Parish, Saxonbury Hill, 20.VII.1967 J. A. Crabbe & A. C. Jermy 1"1 787 (Bi\1, H).
V. C. 70, Cumberland: Garrigil, Dipper Bridge, NGR 35/ 75937"1. In cleft of rock 
face, 20.VII.1965 A. C. Jermy 5 680 (Bl\1, H; contains abortive spores).- V. C. 5, South 
Somerset: Over Stowey Parish, Round Hill , 3 km SW of Nether Stowey, 1.VIII.1 968 J. A. 
Crabbe, J. W. Dyce & Joyce H. Parker 11 829 (Bl\I, H ). 

D . spinulosa Watt 
Sweden, Viirmland: Karlskoga 15.VI.1969 C.-J. Widen (H, 1 specimen). 
Finland Nylandia: Helsinki, Vuosaari, VI.1969 V 5-7/69, V 9R/69 (H, 4 specimens). 
Switzerland St. Gallen: Schnattobeli, alt. ea. 800 m, near W. Giitzi 26, 3.VII.1 968 W. 

Giitzi, T. Reichstein, M. & V. Sorsa (H ) . 
Great Britain V. C. 14, East Sussex: Forest Row Parish, Hindleap w·arren, 20.VII.1967 

]. A. Crabbe & A. C. Jermy 11 790 (BM, H ). 
U.S.S.R., Ukraine, Reg. Kiev: Vasilkovskiy rayon, 6.VIII.19lt5 1\I. Kotov (KW) . - R e g. 

Volhynia: Kivertzivskiy rayon 18.VII. l949 A.l. & 0. T. Barbarych (KW); Shatzk rayon, 
2. VU.1939 A. I. & 0. T . Barbarych (KW). - Reg. Rovno: Klevanskiy rayon, Ruba Kras
na, 28. VI. 1950 A. I. & 0. T. Barbarych (KW); Dubrovitzkiy rayon, 15. VU. 1950 A. I. 
& 0. T . Barbarych (KW). 

D. assimilis X dilatata 
Switzerland St. Gallen: Hohfirst , alt. ea. 800 m W Giitzi 93, triploid det. S. Walker, 

3.VII.1968 W. Giitzi, T. Reichstein , M. & V. Sorsa (H). 
Norway Oslo: Holmenkollen, mb:ed stand with D. assimilis and D. dilatata, 17.VI.l969 

C.-J. ·widen H V, VI / 69 (H, 2 specimens).- D. spinttlosa was not seen at H olmenkollen. 
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D. dilatata X spinulosa 
Swit zerland St. Gallen: Schnattobeli, alt. ea. 800 m, W. Gat zi 26, t etraploid det.S. 

Walker, 2.VII.1968 W. Gat zi, T. Reichstein, 2-L & V. Sorsa (H ); Moorgraben (the spores are 
abortive) W. Gat zi H7, 2.VII.1 968 W. Gatzi, T. R eichst ein, J\f. & V. Sorsa (H ); Griitter
wasen, al t. ea. 750 m, W. Gatzi, T. Reichstein, J\I. & V. Sorsa {H) . 

2. Ether extracts 

The ether extracts of the air-dried rhizomes or petiolar bases were made in room tem
perature according to the method described earlier {WIDEN & SoRSA 1966, WIDEN 1967a). 
It is possible to use ether extracts as such for thin-layer chromatography. This is of great 
importance for the s tudy of the different albaspidins in the ferns (see p. 9). 

3. Crude aspidins3 

The crude aspidins (total ph.loroglucinols) were prepared by the r apid m ethod of ACKER
MANN {1946) as described earlier (cf. WIDEN 1967a : 200). In this way the decomposition 
of the naturally occurring, polycyclic phloroglucinols, especially para-aspidin and albaspi
din, could be prevented (cf. WIDEN 1967a: 191, WIDEN 1967b: 242). The prep a ration of 
crude aspidins was n ecessary for the semiquantitative estimation of the individual phloro
glucinols on the thin-laye rs, because there are extract ive subst ances in the crude ether 
extracts . These extractives tend to deformate the phloroglucinol spots when co-chromato
graphed on the thin-layers. Also, D. maderensis cont a ined some phenolic compounds of 
unknown structure, which were partially overlapping the h om ologous aspidins occurring 
in this species. These phenols formed bright red complexes with fast blue salt B (E. Merck 
AG). They could however, easily be removed from the phloroglucinols studied by preparing 
crude aspidins. After this the unknown phenols could not be det ected in the phloroglucinol 
concentrates obtained. 

4. Chromatographic methods 

a. Thin-layer chromatography 

The thin-layer chromatographic methods used were those reported earlier (WIDEN & 
SORSA 1966, WIDEN 1967a) Two different solvents were used . When solvent A (chloroform
n-hexane 50 :50 wfw) was used, and the chromatograms were developed to a distance of 
15 cm twice before staining, albaspidin, fi!L··dc acid, para-aspidin, phloropyrone, desaspidin 
and trisdesaspidin were readily separated. Also, the homologous aspidins BB and AB could 
easily be separa ted on thin-layers, buffered to pH 6.0. The slower moving phloroglucinol 
compounds aspidinol, ph.loraspin and flavaspidic acid were in this case left near the origin. 
H owever, by using solvent B (n-hexane-chloroform-ethanol 95:95:10 wfw) and developing 
the chromatograms to a distance of 15 cm, the latter substances separat ed from each other 
fairly well . On the contrary, the separation in the upper part of the chromatogram was n ot 
good {cf. WIDEN & SoRSA 1966: 380 and photographs 378-379; WIDEN 1967a: 199 and 
photographs 188-190). 

8 The mh.'i:ure of t ot al phloroglucinols is usually n amed c r u d e as p i d in in the 
D. spinulosa (D. dilatata) group, while it is called crude f i I i c in in the D. filix-mas 
group. 
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However, in species containing both butyryl, propionyl, and acetyl homologues of the 
phloroglucinol derivatives such as D . spinulosa and D. cristata, the situation was more 
complicated. When the solvent-system A was used the butyryl and propionyl homologues 
of aspidin, para-aspidin, desaspidin and trisdesaspidin did not separate but rather formed 
somewhat elongated spots on the thin-layers. The homologous albaspidins BB, PB and 
PP were supposed to form a single elongated spot named talbaspidin 1&, and the homolog
ous albaspidins BA and PA another elongated spot named talbaspidin 2t. These conclusions 
were further supported by earlier results obtained of mild alkaline hydrolysis subjected on 
isolated pure substances of D. cristata and D. spinulosa. This was also indicated by alkaline 
hydrolysis performed on crude aspidins of the fern species studied. Neither did the homo
logues BB, PB and PP of flavaspidic acid separate with the solvent system B but formed 
an elongated spot near the starting point of the chromatogram (cf. WIDEN 1967b: 239-
24.1 and photographs 236-237; SoRSA & WIDEN 1968: 287 Table 3 and photo
graphs 284.-286}. 

However, to confirm the chromatographic behavior of the albaspidins, the different 
homologues were prepared as follows: 

1} Albaspidin BB (I), was isolated from D . assimilis as earlier described (WIDEN 1967a). 
2} Albaspidin PP (Ill), m.p. 125-128°, was prepared by condensing propionylfilicinic 

acid with formaldehyde according to the method of PENTTII.A & SUND1\1AN {1964.}. 

H~C 013 ~3C CH3 
HO OH HO OH 

R·C I I CH I I C·R 
'I 11 2 11 2 

0 0 0 0 

11 
Ill 
IV 
V 
VI 

R1 = R2 = C3H7 
R1 = C3~; R2 = C2Hs 
R, = R2 = C2Hs 
R1 : C~ ; R2 = CH3 
R, = C2Hs; R2 = CH3 
R1 = R2 = C~ 

Anal. Calcd. for C23 H 28 0 8 : C, 63.89 H, 6.4.84 

Found: C, 63.79 H, 6.14. 

VII R1= OCH3 

VIII R1= OH 

3} Albaspidin AA (VI), m .p. 165-167° was prepared by condensing acetylfilicinic 
acid as done for the former albaspidin. 

Anal. Calcd. for C21 H 24 0 8: C, 62.38 H, 5. 924 

Found: C, 61.90 H, 5.94. 
4.} Albaspidin BP (II), was prepared by heating a solid mixture of albaspidin BB and 

PP 10 minutes at the melting point (PENTTII.A & SUNDMAN 1964.}. 
5) Albaspidin BA (IV} was similarly prepared from albaspidin BB and AA. 
6} Albaspidin PA (V) was prepared in a similar way from albaspidin PP and AA. 
In order to achieve better separation of the individual albaspidins the chromatographic 

procedure (using solvent system A) was repeated two or three times before staining. The 
other reference substances used in the thin-layer chromatography were those listed by 

' The microanalyses were done in the laboratorium of llse Beetz, Kronach. 
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WIDEN & BRITTON ( 1 9 6 9). For further id en tifica tions the following dimers were synthesized 
or isolated: 

7) Phloraspidinol (VII), m.p. 176-178°, was prepared by condensing aspidinol and 
desaspidinol by the method of PENTTILA & SUNDMAN (1963a). Due to the small amount of 
substance obtained, the phloraspidinol could not be purified through recrystallization. 
A m.p. as high as 193-19!.0 is reported by PENTTILA. & SUNDMAN (1963a). However, our 
phloraspidinol proved to be chromatographically pure. 

8) Margaspidin (VIII), m.p. 174-176°, was isolated from the North-American fern 
D. maYginalis (L.) A. Gray (WIDEN & BRITTON, in press). 

The chromatographic data of the synthesized and isolated substances are listed 
in Table 1. 

TABI.E 1. Rf-values and colors after staining with fast blue salt B ofthe homologous albaspi
dins, phloraspidinol and margaspidin. 

Rf-values Phloroglucinol 
derivative Solvent A1 Solvent B2 

Albaspidin BB 0.59 0. 75 
- »- BP 0.55 0.75 
-»- pp 0.51 0. 75 
-»- BA 0.45 0. 75 
-»- PA 0.43 0.75 -·- AA 0.36 0.75 

Phloraspidinol 0.18 0.40 
Margaspidin 0.15 0.33 

1 n-hexane-chloroform (50:50 wfw) 
2 n-hexane-chloroform-ethanol (95:95:10 wfw) 

Col or 

Red 

» 
Violet 
Brown 

The occurrence of the homologous albaspidins in the different Dryopteris species and 
hybrids was studied directly from ether extracts under the acidic conditions (pH 6.0) on 
thin-layers. Thus the possible disproportionation of the homologous albaspidins during 
the alkaline conditions when preparing crude aspidins could be prevented. Such dispro
portionation reactions according to the scheme BB + PP,.=2BP, occur even when chromato
graphing on alkaline papers (pH 8.6) in the homologues of albaspidin (PENTTrr.A. & SuND
MAN 1964). 

Concerning the chromatographic behavior of the substances synthesized the following 
may further be noticed: Both of the symmetric albaspidins BB and PP separate fairly well 
in solvent system A. However, when present together with albaspidin BP they do not 
separate from each other, but instead form a single elongated spot &albaspidin h. These 
homologous albaspidins always have somewhat higher Rf-values than aspidin BB, which 
gives a typical yellow spot with fast blue salt B (cf. also WIDEN 1967b). 

The unsymmetric albaspidins BA and PA form one single but less elongated spot tal
baspidin 2t with about the same RF-value as aspidin BB (cf. also WIDEN 1967b). 

Albaspidin AA always gives a distinct spot talbaspidin 3t, which readily separates from 
the other albaspidins. However, albaspidin AA has about the same Rf-value as 
para-aspidin and is therefore very difficult to detect in samples containing greater amounts 
of this phloroglucinol derivative. 

Phloraspidinol and margaspidin do not separate well from each other in solvent system 
A, but can be identified tlrrough their different colors with fast blue salt B. However, in 
solvent system B they readily separate from each other and from other phloroglucinols 
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probably present. Desaspidin and trisdesaspidin, previously reported to have the Rf-values 
0.40 and 0.35 (WIDEN & SoRSA 1966, WIDEN 1967a), always had higher Rf-values than 
phloraspidinol and margaspidin when they all were present together. 

b. Paper chromatography 

The acylfilicinic acids were studied by the paper chromatographic method of PENTTILA 
& SUNDMAN (1961, 1963 b). The semiquantitative composition of the acylfilicinic acids 
was estimated visually by means of the following synthetically prepared substances as 

standards: 
Acetylfilicinic acid, m.p. 172-1 71•0 (WIDEN 1968) 
Propionylfilicinic acid, m.p. 109-112° (WIDEN 1968) 
Butyrylfilicinic acid, m.p. 98-100° (WIDEN 1968) 

As pointed out by PENTTILA & SUNDMAN (1964) practically only the filicinic acid ring 
is attached by different acyl chains. The acylfilicinic acids are readily liberated by sub
jecting polycyclic phloroglucinols to mild alkaline hydrolysis . Thus the distribution be
tween acet yl, propionyl and butyryl homologues can be estimated by studying the acyl
filicinic acids (cf. WIDEN 1967a, b, 1969). 

5. Internal secreting hairs 

The internal secreting hairs were microscopically studied from lactic acid preparations. 
The secretion was stained with Sudan III (E. Merck AG) (cf. WIDEN & BRITTON 1969) . 

6. Cytological methods 

The cytological studies were carried out by using the methods previously described by 
the authors (cf. SoRSA & WIDEN 1968). 

Ill. Results 

1. Chromatography 

The results of the thin-layer chromatographic investigations on the naturally 
occurring phloroglucinols are listed in Table 2. The results of a closer examina
tion of the homologous albaspidins are revealed by Table 3. The percentage 
composition of the acylfilicinic acids is shown in Table 4. 

2. Anatomy 

The size and number of the internal secreting hairs appear from Table 5 
and Figs. 1-4. They are usually more or less long stalked, except in some speci
mens of D. assimilis from Finland (cf. Wm:E & BRITTON 1969, Fig. 6) . The 
heads of the hairs are rounded and contain secretion. The phloroglucinol de
rivatives are presumably contained in the space between the cuticle and the 
outer layer of the cell. 
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3. Cytology 

D. assimilis. Cytologically studied material of this species consisted of 4 
specimens from Holmenkollen (Norway), 4 specimens from Karlskoga 
(Sweden), 20 specimens from Espoo, 3 specimens from Gullo and 8 specimens 
from Vuosaari (Finland). Meiotic divisions and young spore tetrads were in
vestigated. Both the chromosome number (n=41) and the divisions were found 
to be normal in all the specimens studied except in one specimen (E 25/68) from 
Espoo. 

D. spinulosa. Meiotic divisions of one specimen from Karlskoga (Sweden) 
and 4 specimens from Vuosaari (Finland) were studied. All the chromosome 
numbers were normal with n=82 even in a morphologically very untypical 
specimen (V 9 R /69) . 

D. assimilis X dilatata. Two obvious hybrids were found from the material 
collected by C.-J. Widen from Holmenkollen in 1969. One of the hybrids (H 
VI/69) regularly seems to have 39 bivalents and 42 univalents (cf. Fig. 5) . The 
chromosomal conditions in the other hybrid (H V/69), on the contrary, seem 
to be much more complicated. Several multivalents and only rather few bi
valents and univalents exist in the first meiotic division of this plant (Fig. 6). 
The cytological picture of this hybrid much resembles that of a young plant 
collected by the authors from Gullo 1966 (unpublished) and since then 
cultivated on the island of Hasselo. 

IV. Discussion and conclusions 

D. assimilis S. Walker 

The great intraspecific morphological variability of D. assimilis in Finland 
has earlier been discussed by WIDEN et al. (1967) and SoRSA & WIDEN (1968). 
The material from Switzerland, Iceland and Great Britain was all rather uni
form in its phloroglucinol composition, although considerable morphological 
variability has been reported for the Swiss and British material (W. GATZI, pers. 
comm., CRAB BE et al. 1970). Aspidin BB, para-aspidin and phloropyrone were 
the main phloroglucinol compounds. In addition, small amounts of albaspidin 
BB and flavaspidic acid were detected. However, distinct quantitative differ
ences in the percentage of aspidin BB were observed in the British material. 
Some specimens (e.g. Jermy D, F, Reichstein 1536) were totally lacking aspidin 
BB while most of the others contained large percentages of that phloroglucinol 
compound (e.g. Jermy A, B, G, H, I,], K, L, M). Samples with this same phlo
roglucinol composition were also found from Finland (e.g. V 8/69, E 25/68, cf. 
also WIDEN 1967a, WIDEN & SoRSA 1969). The specimen E 25/68 revealed in 
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TABLE 2. Composition of the phloroglucinol derivatives estimated as percentage of t otal 
phloroglucinols 

Taxon and ploidy Source Crude aspidin "Alb- "Alb- Aspidin 
(% of dried aspidin 1" aspidin 2" BB 
rhizomes) 

D. assimilis 2 x Switzerland 0.31 (+) +++ 
-*- 2x Rumania Not determined + - !+++ 

D. &austriaca» U.S.S.R., Ukraine -·- +!++ -!+++ 
D. assimilis 2x Great Britain 0.36 (+)/+ -!+++ 

- »- 2x Iceland Not determined (+) +++ 
- »- 2x Norway -·- (+) -!+++ 
-»- 2x Sweden -·- + ++ + 
-»- 2x Finland -·- + -/+ ++ 

D. assimilis &var. 
pseudospinulosa& 2 x Finland -·- (+) +++ 

D. maderensis 2 x Madeira Island 0.29 (+) (+) +++ 
D. *dilatata>> Canary Islands Not determined (+) +++ 
D . azorica The Azores -·- (+) +++ 
D. aemula 2x Madeira Island 0.70 +++ 

- »- 2x Great Britain Not determined +++ 
D. dilatata 4x Switzerland 0.59 (+) +++ -·- 4x Great Britain 0.21 (+) +++ 
D. spinulosa t, x3 Sweden Not determined ++ ++ +++ 

-»- 4x Finland -·- ++ ++ +++ 
-*- 4x Switzerland -·- ++ ++ +++ 
-»- 4x Great Britain -·- ++ + + +++ 
-»- 4x U.S.S.R., Ukraine -·- ++ ++ +++ 

D. assimilis 
X dilatata 3 x Switzerland -·- (+) +++ 
-»----- 3x Norway -·- (+) +++ 

D. dilatata 
X spinulosa 4 x Switzerland -·- + + +++ 
1 The specimen Jermy 11787 showed additional spots of desaspidin and trisdesaspidin, 

which could indicate its hybrid origin (see.p. 18) 
2 Cannot be identified due to overlapping of para-aspidin 
3 D. spinulosa and D. maderensis contain small amounts of propionylhomologues of 

the phloroglucinol derivatives (cf.p. 13) 

TABLE 3. Occurrence of the homologous albaspidins BB, PB, PP, BA, PA and AA in the 
Dryopteris species and hybrids investigated 

Taxon and ploidy BB BP pp BA PA AA 

D. assinillis1 2x + 
D. maderensis 2x + + + 
D. »dilatata» (Canary Islands) + 
D. azorica + 
D. aemula 2x 
D. dilatata 4x + 
D. spinulosa 4x + + + + + 
D. assinillis X dilatata 3 x + 
D. dilatata X spinulosa 4 x + + 

1 Occasionally small amounts of albaspidin BA can be detected in some specimens 
+ compound present 
- compound not found 
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Aspidin Para- Phloro- Des- Trisdes- Phlor- Marg- Flavaspidic 
AB asp id in pyrone aspidin aspidin aspidinol aspidin acid 

?2 +++ +++ + 
+++ + 

-/(+) - !+++ (+) /+++ (+)/+++ - !++ (+) /++ 
?2 +++ +++ (+)/++ 
?2 +++ +++ + 
(+) +++ ++ 
(+) -!+++ +++ (+)/++ ++ 
(+) -!+++ +++ (+)/+++ -!++ +!+++ 
?2 +++ ++ (+) ++ 
+++ + 
+++ 
+++ (+) 
+++ ++ (+) + +++ (+) 
+++ + + +++ (+) 
++ +++ (+) + 
++ +++ (+) + 
++ +++ ++ + + 
++ -!+++ -I+ ++ + +I++ 
++ +++ ++ + + 
++ +++ ++ ++ + 
++ -!+++ ++ + +I++ 

++ ++ + + 
++ ++ + + 

++ ++ + (+) + 

compound not found 
(+) compound present in trace amounts (<5%) 
+ compound present in small amounts (5-10%) 
++ compoun d present in moderate amounts (10-20%) 
+++ compound present in large amounts C>25%) 

TABLE 4. Individual acylfilicinic acids as percentages of total acylfilicinic acids in the 
Dryopteris species investigated 

Ta..xon and p loidy Source Butyrylfili- Propionyl- Acetylfili-
cinic acid filicinic acid cinic acid 

D. assimilis 2x Great Britain 98 2 
2x Switzerland 98 2 

~ 2x F inland 98 2 
D. maderensis 2x Madeira Island 61 2 37 
D. azorica The Azores 54 46 
D. aemula 2x Madeira Island 50 50 
D . dilatata 4x Switzerland 90 10 
D. spinulosa 2x Finland 85 5 10 
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TABLE 5. Internal secreting hairs occurring in parenchyma of the Dryopteris species studied 

Taxon and ploidy Source Size (!-'m) Number Obtained from 

D. assimilis 2 x Switzerland 65-85 few W. Gatzi 91 
I) 2x Rumania 60-80 numerous G. Vida 

D. "austriaca" U.S.S.R., Ukraine 60-80 few Herb. Inst. Bot. Ukr. 
D. assimilis 2 x Great Britain 60-80 few A. C. J ermy 6173 

2x Iceland about 60 very sparsely H. Jonasson 
2x Norway 60-80 very sparsely c.-J. Widen 1-4./ 69 

~ 2x Finland 60-85 numerous C.-J. Widen et al. 
D. assimilis »var. 

pseudo-spinulosa& Finland 65-85 numerous K. G. Widenl 
D. maderensis 2 x Madeira 50-75 few T. Reichstein 

2611, 2597 
D. aemula2 2x Madeira Not found T. Reichstein 2598 
D. dilatata 4.x Switzerland 75-115 few W. Gatzi 26 

4.x Finland 75-120 few V. Sorsa & C.-]. 
Widen3 

D. spinulosa 4. x Finland 85-115 few C.-]. Widen et al. 
» 4x U.S.S.R., Ukraine 80-100 few Herb. Inst. Bot. Ukr. 

1 cf. WIDEN et al. 1967, Plate 2. 
2 This taxon contains numerous secreting hairs on the epidermis of the rhizome and 

on the petiolar bases. They are 30-4.5 I-'m long and contain much secretion between the 
cuticle and outer layer of the cell. 

3 cf. WIDEN et al. 1967, P late 3. 

cytological studies slight disturbances in anaphase I, and the young tetrad 
cells seemed to have a few extra chromosomes. One specimen (J ermy I) was 
almost completely lacking phloropyrone and gave a phloroglucinol spectrum 
more resembling that of D. dilatata, indicating it to be either D. dilatata or D. 
assimilis X dilatata (seep. 12)5• It may be noticed that the phloroglucinol com
position in D. assimilis (n=41) from the western states in North America is 
the same as that detected in the material of D. assimilis considered 
above (WIDEN & SoRSA 1969, WIDEN & BRITTON, in press). This confirms 
WALKER's (1961) cytological results that these taxa are conspecific. The close 
relationship of D. assimilis, as represented by the chemotype from Switzer
land, Iceland, Great Britain and western North America, to tetraploid D. dilata
ta is also evident both on chemical and morphological grounds. It differs from 
D. dilatata in containing great percentages of phloropyrone and only traces of 
aspidin AB. This confirms WALKER's (1955) results from experimental hybridi
zation and cytology that D. assimilis is one of the ancestral diploids of the 
allotetraploid D. dilatata. 

The material of D. assimilis from Switzerland, Great Britain and Iceland 
was further characterized by a low content of crude aspidin and only sparse 

6 According to A. C. Jermy (personal eo=.) it could be a hybrid between D. assi
milis or D. dilatata and D. aemula. 
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occurrence of internal secreting hairs, which are somewhat smaller than those 
occurring in D. dilatata on the average. This is in distinct contrast to Finnish 
D. assimilis, which, in general, contains high percentages of crude aspidin (cf. 
WIDEN 1967a: 192). Also, the internal spaces of the rhizomes show numerous 
glands of small size (WIDEN et al. 1967, WIDEN & BRITTON 1969: 1342). 

D. assimilis from Rumania and Norway (Fig. 7) differed from samples 
hitherto discussed through total lack of para-aspidin. However, such a spectrum 
of phloroglucinols has also been found in some specimens from Finland (e.g. 
E 23/68, 31/68, G 1, 2, 3/68), Sweden (K 2, 3, 4/69) and was detected in one 
specimen of D. >>austriacm> from the Ukraine. In addition, the Norwegian speci
men H If69 and two specimens from Rumania were lacking aspidin BB and thus 
contained only albaspidin, phloropyrone and flavaspidic acid. The content of 
aspidin BB varied greatly both in Rumanian and Norwegian material. 

The phloroglucinol composition in the samples from Sweden and Finland 
was distinctly variable, in agreement with previous results (WIDEN 1967a, 
WIDEN & SoRSA 1969). The same variability was found in the specimens of 
D. >>austriaca>> from the Ukraine. Great or moderate amounts of desaspidin and 
trisdesaspidin, previously detected only in Fennoscandian D. assimilis could 
now be detected in the material from the Ukraine. This indicates that the latter 
belongs to D. assimilis. It also agrees with the distribution notes of this species 
from Europe (d. SrMON & VIDA 1966). 

The two specimens of D. assimilis <<Var. pseudospinulosa>> from northernmost 
Finland gave a phloroglucinol spectrum similar to that of the Swiss and Ice
landic material. They thus proved chemically to be closer to D. dilatata than 
to D. spinulosa. A variable chromatographic pattern was reported previously 
for >>var. pseudospinulosa>> (cf. WIDEN 1967a, SoRSA & WIDEN 1969). 

D. maderensis Alston 

This diploid taxon (Fig. 8) was described as a new species in 1956 (ALSTON 
1956: 14) . It is very similar to North American D. intermedia in leaf 
morphology, although it has distinctly darker, almost black, scales on the pet
iolar bases. 6 Also, the spores in D. maderensis are of the same size as those in 
D. intermedia (WALKER 1961). Our herbarium specimens were glabrous in 
contrast to D. intermedia, which is always profusely glandular. 

Considering now the chromatographic results, the phloroglucinol composi
tion in D. maderensis is nearly the same as that reported in the North American 
D. intermedia. The main compounds were the aspidins BB and AB, which were 
present in about equal amounts. In addition, acetyl and butyryl homologues 

8 Our herbarium fronds were, in fact, only slightly scaly. 
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of albaspidin and flavaspidic acid, were present in small amounts. This sup

ports WALKER's (1961) result from experimental hybridization and cytology 

indicating that D. intermedia and D. maderensis are conspecific. However, the 

content of crude aspidin is only about a fourth ofthat in the former taxon (cf. 
WIDEN 1969:10). Also, when crude ether extracts of D. maderensis were chro

matographed on thin silica layers, additional unknown phenols which formed 

bright red complexes with fast blue salt B could be detected on the thin layers. 

These phenols were not present in the crude aspidins (see p. 7). Nearly the 

same phloroglucinol composition was found in one specimen of D. l>dilatata>> 

from the Canary Islands, which probably also represents the same taxon (A. C. 

}ERMY, personal comm.). 
Cross sections of the rhizome in D. maderensis show only a few in

ternal glands of the same form and size as those in D. intermedia, which, in the 

contrary, has numerous internal glands in its rhizome (cf. WIDEN & BRITTON 

1969: 1342). 

D. azonca (Christ) Alston 

This interesting taxon, the chromosome number of which is still unknown, 

was given specific rank in 1956 (ALsTON 1956: 14). It was earlier known as a 

variety of D. dilatata (Aspidium dilatatum var. azoricum Christ). ALSTON (1956) 

wrote as follows: 1>This seems to be a distinct species allied to D. dilatata 

(Hoffm.) A. Gray. The fronds are more finely cut than in that species, 

the rhizome scales are narrow and dark and there are small ovate scales on the 

costae.1> I n the opinion of the present authors, D. azorica, as represented by 

some herbarium specimens in the Botanical 1\Iuseum in Helsinki (Fig. 9), 

shows morphological characteristics of both D. dilatata and D. maderensis. 

Our specimens had large broad fronds similar to D. dilatata. The petiolar bases 

were densely beset with narrow black scales, even darker than those occurring 
in D. dilatata. The pinnation resembled that in D. maderensis but the pinnulae 

were broader and not so finely dissected as those in D. maderensis and D. inter

media. 
In the light of the chromatographic results, however, D. azorica shows a 

close relationship to D. maderensis and D. inter-media. Like the latter, it con

tains large amounts of the homologous aspidins BB and AB and traces of alb

aspidin (BB) and flavaspidic acid. The relationship to D. dilatata is less evident 

by first examination of the chromatograms. However, D. dilatata contains 

considerable amounts of aspidin BB and AB in its crude aspidin. If D. azorica 

is diploid, like its related taxa from the same distributional area, it certainly 

would be a very promising candidate as the other diploid ancestor of D. dilatata 

on morphological and chemical grounds - in fact, more promising than D. 

intermedia (cf. WIDEN & SORSA 1969). 
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D. aemula (Ait.) 0. Kuntze 

This diploid taxon (Fig. 10) closely resembles certain species in the D. dilata
ta complex, although it is not considered to belong in it as yet (cf. }ERMY 1968). 
In our opinion, the frond pinnation is most like that in D. assimilis. The scales 
on the petiolar bases are long and narrow and resemble in form and size those 
occurring in D. azorica. However, they differ from the latter species through 
lack of dark pigment. 

D. aemula has been previously investigated chromatographically by FrKEN
SCHER (1962). She investigated material from Ireland and reported the occur
rence of some phloroglucinols, of which aspidinol was the main compound. 
Aspidin, >>compound X>> (probably identical with aspidin AB as later reported; 
cf. WIDEN 1967a) and two more unknown phloroglucinols were present in 
smaller amounts. Flavaspidic acid was present in small amounts or totally 
lacking. We found a phloroglucinol spectrum not far from that reported by 
FIKENSCHER (1962). Aspidin BB and AB were the main compounds, para
aspidin was present in small or moderate amounts of the crude aspidins, and 
flavaspidic acid only in traces. In addition, margaspidin and phloraspidinol, 
the fi rst compound hitherto known only from the apparently unrelated North 
American taxon D. marginalis (L.) A. Gray, were found in considerable per
centages in the crude aspidin of D. aemula. Traces of phloropyrone and desaspi
din (the former not with certainty) could further be detected in the Madeiran 
material, but not in the British specimen. 

As already mentioned, the chromatographic results point to a close rela
tionship of D. maderensis, D. azorica and North American D. intermedia. Even 
D. aemula seems to be related to these taxa, although less evidently, because 
of the occurrence of additional phloroglucinols. This close relationship, however, 
looks even more evident in the light of the percentage composition of the acyl
filicinic acids in all these taxa. Propionylfilicinic acid was totally absent from 
the others, except in D. maderensis, which contained only traces of it, while 
D. maderensis, D . intermedia, D. azorica, and D. aemula all contained about 
equal percentages of butyryl- and propionylfilicinic acid. Thus the distribution 
of butyryl and acetyl homologues is about equal in all these taxa. 

D. aemula was totally lacking internal hairs in its rhizome, in contrast to 
all other taxa studied. However, the epidermis was covered with rather numer
ous hairs of small size, which contained secretion. Such hairs have previously 
been detected only in D. fragrans (L.) Schott (v. ScHANTZ & WIDEN 1967). 

D. dilatata (Hoffm.) A. Gray 

The specimens investigated contained considerable percentages of aspidin 
BB, aspidin AB and para-aspidin as estimated from total phloroglucinols. 
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Further, albaspidin, phloropyrone, and flavaspidic acid were detected in small 
amounts or traces. The same phloroglucinol composition has earlier been re
ported from D. dilatata in England, Ireland, Denmark, the Netherlands, Switzer
land (WIEFFERING et al. 1965) and from Finland (WIDEN 1967a, SORSA & 

WIDEN 1968). This is in marked contrast to the great morphological variability 
of this species reported from Central Europe (GA.TZI 1966, CRABBE et al. 1970). 
The content of crude aspidin seems, however, to be less in Swiss and British 
D. dilatata than in the Finnish samples. This is in agreement with the observa
tions on D. assimilis from the same regions in Europe. 

One specimen (J ermy 11787) differed from the other samples of D. dilatata 
studied through the occurrence of small amounts of desaspidin and trisdesaspi
din. This indicates that it could be the hybrid D. dilatata X spinulosa. However, 
on morphological grounds this seems to be unprobable. This specimen is dark 
scaled and resembles D. dilatata. 

There are only a few internal secreting hairs in D. dilatata of somewhat 
greater size than those occurring in D. assimilis. 

D. spinulosa Watt 

This species shows a rather varying leaf morphology. There are broad assi
milis like samples, which are sometimes glandular, as well as narrow samples, 
which look like the hybrid D. cristata X spinulosa (=D. X uliginosa) . However, 
D. spinulosa is mostly considered to be glabrous (cf. WIDEN et al. 1967). 

As previously reported, D. spinulosa in Finland consists of two different 
chemotypes: ))a para-aspidin type)> containing large amounts of para-aspidin 
and small amounts of flavaspidic acid and another )>type lacking para-aspidim> 
but instead containing large percentages of flavaspidic acid (WIDEN 1967b, 
SoRSA & WIDEN 1969). Of the present material, the )>para-aspidin type)> was 
found from all parts of Europe studied. The )>type lacking para-aspidim> could 
be detected as before in Finnish material, but was also in the material from 
the Ukraine. It may be noticed that of the five D. spinulosa specimens from 
the Ukraine, four were of the latter type lacking para-aspidin. 

One narrow dark green D. spinulosa (V 9 R/69), resembling D. intermedia 
and of distinct morphology (Figs. 11, 12) from the vicinity of Helsinki was of 
the para-aspidin chemotype. It differed from all other specimens of this taxon 
hitherto studied through the occurrence of phloropyrone. However, the meiosis 
was regular and the specimen was tetraploid. 

As in the other tetraploid taxa the size of the internal glands appears to be 
somewhat greater than in the diploid taxa (cf. WIDEN et al. 1967). 

In this connection it was interesting to notice that all material of 
D. spinulosa from North America, both from eastern Canada and western 
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states, belonged to the para-aspidin chemotype. D. spinulosa and its supposed 
ancestral diploids will, however, be discussed in more detail in another paper 
(WIDEN & BRITTON, in press). 

D. assimilis X dilatata 

All specimens investigated showed a phloroglucinol composition close to 
D. dilatata. They contained considerable amounts of aspidin BB, aspidin AB 
and para-aspidin. Albaspidin, phloropyrone and flavaspidic acid were present 
in small amounts. The same phloroglucinols have earlier been reported from 
Finnish material of this hybrid (SoRSA & Wrn:EN 1968). 

This was the second discovery of this triploid hybrid from Fennoscandia. 
D. assimilis seems to hybridize easily with D. dilatata wherever the parents 
grow together. Cytologically confirmed wild hybrids are previously reported 

from Bavaria (WALKER 1955), Switzerland (D6PP & GXTZI 1964), Finland 
(SORSA & WIDEN 1968) and Great Britain (CRABBE et al. 1970). This 
is in marked contrast to the hybrid between D. assimilis and D. spinulosa 
which hitherto has been cytologically confirmed only from southern Finland 

(SORSA & WIDEN 1968). 
Cytological investigations of the hybrids show that two individuals collected 

from Holmenkollen (Norway) obviously have different cytotypes, although 
no clear chromatographic or morphological differences could be demonstrated 
between these hybrid plants. The higher number of multivalents in the hybrid 
H V/69 points to a possible introgressive hybridization between the hybrid 
D. assimilis X dilatata and the other parental species D. assimilis. However, 
such introgressive hybrids have not been previously found in the Dryopteris 
dilatata complex. The possibility that the specimen H V/69 represents a hybrid 
between two diploid D. assimilis cytotypes is ruled out by the striking chroma
tographic similarity of this specimen with the other known D. assimilis X dilata
ta hybrids and also by the estimation of the chromosome number. Unfortunate
ly, the exact number of the chromosomes could not be estimated on the basis 
of present material. 

D. dilatata X spinulosa 

This hybrid differs chromatographically from D. assimilis X dilatata 
in showing additional spots of desaspidin and trisdesaspidin on the thin-layers. 
The same phloroglucinol spectrum has previously been found in supposed hyb
rids of D. dilatata and D. spimtlosa from Finland. However, these putative 
hybrids were not cytologically studied. Our earlier determination can now be 
confirmed by comparing their chromatograms with the chromatograms of the 
phloroglucinols in the cytologically determined specimens from Switzerland. 
Furthermore, the Swiss hybrids are morphologically similar to our Finnish 
specimens. 
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FIG. 1. Dryopteris maderensis (T. Reichstein 2611) . Internal secreting ha ir occurring in 
an internal space of rh izome. 75 x . 

FIG. 2. Dryopteris aemula (T . Re ichst ein 2598). Secreting ha irs occurring on the epidermis 
of the rhizome. ?5 x . 
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FIG. 3 Dryopteris dilatata (W. Giitzi , St. Gallen s.n.). Internal secreting hairs occurring 
in internal spaces of rhizome. 75 x. 

FIG. 4. Dryopteris spinulosa (Helsinki s.n .). Internal secreting hair s occurring in internal 
spaces of rhizome. 75 x. 
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• 
• 

• 

• 
FIG. 5. Diakinesis of the hybrid Dryopteris assimilis x dilatala (specimen H VI /69) . Biva
lents and uni va lent chromosomes exist only. Acetic- iron-haem a toxylin squash , m agnifica

tion ea. 1600 x. 

FI G. 6. Promet aphase of the first m eiotic di,· ision in the hybrid Dryopteris assimilis X 
dilatata (H V 69) . :I lost chromosomes are grouped together forming seYera l multiYalents. 

Acetic-iron-haematoxylin sq uash, magnification ea. 1600 x. 
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F rc . i. Dryopteris assimilis (HII169). C\orway, H olrnenkollen 11. \T 1969 C.-J . Widen 
(H ). Y:!x. 
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F tc. 8. D. maderensis (T. R e ichst ein 259/) . :lfade ira, 3. I\'. 1969 (H ) . Y2 x . 



. \ ·r I 938 Carl Ceder-! t o 23. · Ribeira do Sa ' nsul a San J orge, 1 x . The Azores, I creutz (H) . 72 • · 
D azortca. Frc. 9. · 
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FIG. 10. D. aemula (T. Reichstein 2598). :\fadeira, 3. n ·. 1969 (H ). )12 x. 
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Frc. 11. D . spinulosa (V 9 R / 69). Helsinki , \'uosaari, \T J 969 V. Sorsa & 
C.-J. Widen (H ). 7f! x . 
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FrG . 12. D. i11ten11edia. ::\ova Scotia, H al ifax County, Goodwood, IX. 1968 \V . 
:'-Iaass s. n . (H ). Y2 x. 

29 
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