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major characteristics of the leaf-shapes. These figures show more clearly the
range in leaf-shapes of certain groupings. Examples of actual leaf-shapes are
given in Fig. 9.

R. strigulosus and R. granatensis are both characterised by having broad-
lobed leaves. Fig. 5 shows how their range in leaf-shape is similar. On the charac-
ters of W/L and Z/L alone they appear similar in leaf-shape to some of the
western European R. acris sensu stricto; but they differ in that although they
have broad-lobed leaves the segments, especially in the case of R. granatensis,
are often only slightly fused or even stalked and the leaves, especially in the case
of R. strigulosus, have few teeth relative to their length. This latter feature also
occurs in eastern European R. acris subsp. acris, but such leaves are always
narrowly lobed. The leaves of R. granatensis and R. strigulosus are usually
thicker than those of R. acris sensu stricto, due to the former having larger cells;
this is the only anatomical difference which has been reported among the
European taxa.

R. acris subsp. friesanus is characterised by its broad-lobed leaves, which dis-
tinguish it from subsp. acris as it occurs in the surrounding districts (Fig. 6);
but leaf-shape alone would not distinguish it from all the forms of subsp. acris
that are to be found in north-west Europe. Most of the overlap in leaf-shape
shown in Fig. 6 is due to subsp. friesanus var. pyrenaeus, rather than to plants of
subsp. friesanus showing 1ntrogress1on with subsp. acris.

The much wider range in leaf-shapes within plants of subsp. acris from north-
west Europe is shown in Figs. 7 and 8. Fig. 7 also shows how the leaf-shape of
subsp. borealis differs from that of nearly all other groups excepting some of the
north Scandinavian subsp. acris var. pumilus.
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FIGURE 8. Graphical comparison of leaf-shapes.
R. acris subsp. acris var. acris from England and Wales.
R. acris subsp. acris var. acris from England, loc. 62b.
R. acris subsp. acris var. acris from Scotland, Iceland and The Faeroes.
R. acris subsp. acris var. pumilus from Scotland, Iceland and The Faeroes.
R. acris subsp. acris var. villosus from Scotland, Iceland and The Faeroes.
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Ficure 9. Examples of leaf-shapes.
R. granatensis - Sierra Nevada, S. Spain. b. R. strigulosus — Transylvania, Rumania.
¢. R. acris subsp. acris from E. Europe: i. Hungary - loc. 58, ii. Austria —loc, 54.
d. R. acris subsp. acris from W. Europe: i. England - loc. 60. ii. England - loc. 73.
e. R. acris subsp. borealis — Vaigach Is., N. Russia.
f. R
g R

a.

. acris subsp. acris var. pumilus — Kiruna, Sweden.
. acris subsp. friesanus — Lyon, France.
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THE STEM

A variable number of foliar organs occurs on the stem; the lower are stalked and
similar to the basal leaves, but higher up they become sessile and simpler in
form. The shapes and sizes of these organs can nearly always be correlated with
those of the basal leaves, The exceptions to this correlation occur in most plants
of subsp. borealis, subsp. acris var. pumilus and in many plants of var. villosus.
These plants have relatively broad, little-divided leaves, but the transition to
simple linear bracts is often abrupt.

The key in Flora Europaea (Tutin 1964) uses the height of the stem as one of
the main diagnostic characters separating some of the taxa. Studies of both
herbarium and cultivated material showed this to be a character of negligible
value.

THE HAIRS

Plants of the complex are generally rather hairy, except in their winter state.
Plants of R. acris subsp. acris var. pumilus are unusual in having glabrous
‘spring’ foliage. The pedicels of all plants always bear appressed hairs.

The hairs are single-celled and simple in form. Measurements of hair character-
istics were made on the petioles (above the sheathing region) and on the lower
part of the stem. The hairs were scored as appressed, spreading or deflexed.
The density of hair cover was scored using four subjective categories: very dense,
continuous, scattered, glabrous. The density was scored for ‘spring’ organs, as -
it usually increases on the ‘autumn’ organs. The maximum values of hair-length
and width on the petioles were recorded (any unusually large hairs for the organ
concerned were ignored). Length and width were divided into five arbitrary
categories as follows:

Length Width

up to 0-4 mm up to 0-02 mm

over 0+4 mm to 0-8 mm over 0-02 mm to 0-03 mm
over 0-8 mm to 1-2 mm over 0-03 mm to 0-04 mm
over 1:2 mm to 1-6 mm over 004 mm to 0-05 mm
over 1:6 mm over 0-05 mm

mgaw
wm W=

The results are shown in Figs. 10 and 11. In R. acris subsp. acris glabrous peti-
oles and stems are rarely found except in subsp. acris var. pumilus. Glabrous stems
occur mainly in the plants from areas with a continental climate or from northern
mountains, whereas hairiness is associated with more oceanic climates and
southern European mountains. Other trends are for longer hairs in the west
rather than in the east of Europe, and for deflexed hairs to be rarely found
except in the western oceanic region. Throughout the entire range of subsp. acris
a wide range of hair-widths occurs and no geographical trends of variation are
apparent, except in Scandinavia where montane plants always have relatively
narrow hairs. Only very narrow hairs occur on plants of subsp. borealis.

In R. acris subsp. friesanus the range in length and types of hairs is similar to
that of western European plants of subsp. acris, except that in var. friesanus
very narrow hairs are common, and in all the plants examined of var. pyrenaeus
the hairs were appressed.

R. strigulosus and R. granatensis are alike in always havmg very long, wide
hairs.
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FiGURE 11. Petiole-hairs, lengths and widths.

The lengths of the hairs on the upper surfaces of the leaves are generally simi-
lar to those on the petioles; however R. acris subsp. acris var. villosus has hairs
on the upper surface which are commonly over 1-:2 mm in length, a character
not found in other members of subsp. acris, even when such hairs commonly
occur on the petioles.

In most cases the colour of the hairs appears to be closely correlated with the
hair widths. The colours from the wider to the narrower hair-types range from
an orangy-brown, through increasingly paler shades of fawn to white.

THE FLOWER

On the sepals of R. acris sensu stricto hairs of different lengths are more or less
evenly distributed. In both R. strigulosus and R. granatensis the longest hairs
are usually restricted to the upper two-thirds of the sepal. The zone lacking
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long hairs is usually more distinct in R. granatensis, but sepal hair-type does not
form a reliable diagnostic character separating R. strigulosus from R. granatensis.

Measurements of shape and size of petals were made on those from the
earliest flowers on a cyme, since flower-size decreases later. The commonest
petal-shape is broadly obovate. The only real exceptions to this are found in
subsp. acris var. pumilus and subsp. borealis, where petals varying from very
narrow to very broad occasionally occur. The shapes and sizes of the nectary-
scales show great variation even from single localities; short scales tend to pre-
dominate in subsp. borealis and subsp. acris var. pumilus, but not to the exclusion
of longer types. The petal-colour appears the same throughout the complex:
the occurrence of brown-veined petals in subsp. borealis (Tutin 1964) is not
upheld.

Most variation in petal-length is found in subsp. acris, where short petals
occur in the east of Europe and longer ones in the west. Fig. 12 shows histo-
grams of petal-length for groups of cultivated plants. The petal-lengths of subsp.
Jriesanus are similar to western subsp. acris, whereas those of R. strigulosus and
R. granatensis are similar to those of eastern subsp. acris.

Hylander (1943) reported the presence of hairs on the filaments of both R. gra-
natensis and R. strigulosus, and stated that it thus served as a clear diagnostic
character between these taxa and the rest of the complex. This is not the case, as
hairs are commonly found on the filaments of eastern European R. acris subsp.
acris. R. granatensis, however, is distinct from the rest of the complex in having
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Ficure 12. Histograms of petal-length for groups of cultivated R. acris s.s.
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FiGURE 13. Achenes.
a. R. granatensis — from two plants. b. R. strigulosus — from two plants.
c. & d. R. acris subsp. acris from W. Europe, c¢. England - two plants from loc. 60.
d. Sweden — two plants from loc. 23. e. & f. R. acris subsp. acris from E. Europe,
e. Hungary-loc. 59. f. Finland-loc.5. g. R.acrissubsp. friesanus from France -1loc, 41.

a greater number of hairs, at least thirty on some filaments of the flower; else-
where it seldom exceeds twenty.

It was found that the achenes of R. strigulosus and R. granatensis are distinct
from those of R. acris sensu stricto in having long, straight or only curving
beaks, whereas in all the subspecies of R. acris the beaks are hooked, or very
short. R. granatensis and R. strigulosus are distinct from one another in the
lengths of their beaks: those of R. granatensis are in the range of 0:9-1-2 mm,
whereas those of R. strigulosus are only 0-5-0-7 mm in length.

Much variation occurs in the shape and size of the achenes of R. acris sensu
stricto. Variation in shape is often great even in plants from the same locality
(Fig. 13). In general the achenes are smaller in the east of Europe and larger in
the west. Achenes of subsp. friesanus are similar in size-range to those of western
subsp. acris. Only immature achenes of subsp. borealis were seen ; they appeared
similar to those of western subsp. acris.

CHROMOSOMES AND BREEDING EXPERIMENTS

The chromosomes of R. acris sensu stricto have had more attention than have
those of most species of Ranunculus. All of the more recently published counts
of the chromosome number are of 2n = 14. In the earlier counts most of the
variations found in the chromosome number were reported by two workers
only, Senjaninova and Sorokin. Comprehensive lists of these and other earlier
counts are given by Gregory (1941) and Coonen (1939).

No chromosome counts have been reported for R. strigulosus and R. grana-
tensis. Pollen-grain size and stomatal diameter were examined in herbarium
material and were found in most cases to be greater than those in R. acris sensu
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stricto. Although no definite conclusions can be drawn from these measure-
ments they suggest that the first two species may possibly be polyploids.

Breeding experiments were carried out using R. acris subsp. acris and subsp.
friesanus from a series of different localities. Compatibility of selfing and occur-
rence of apomixis were tested. The plants which were used were grown in a
greenhouse and the flowers were individually covered with cellophane bags. In
these tests, out of more than 3,500 carpels from emasculated buds only 29 seeds
were set and of the 4,500 carpels which had been selfed only 3 seeds were set.
For a number of reasons, the seed which was set was most probably due to con-
tamination. It is highly probable, therefore that all plants of R. acris sensu stricto
are obligate outbreeders. This was previously not thought to be the case (Mars-
den-Jones & Turrill 1935, 1952; James & Clapham 1935). Preliminary tests were
made which suggest that the incompatibility mechanism is gametophytic.

The interfertility of plants from different regions and of different morphological
types was tested by means of a series of test crosses. These were between plants
from differing localities using mainly pollen from plants from localities 5 (Fin-
land), 50 (Austria) and 39 (subsp. friesanus) (see Appendix 1 for localities). The
results are given in Table 1. All the plants tested were found to be freely inter-
fertile and the seed set between geographically remote and morphologically
dissimilar plants was generally at least as good as that between morphologically
similar plants from the same country. The percentage of seed set generally
depended on carpel fertility rather than on the origin or fertility percentage of
the pollen.

The fertility of the ‘hybrid’ F; plants was tested by examination of the meiotic
divisions of the pollen-mother-cells. However, irregularities in the pairing of the
chromosomes were found as frequently in the parental plants as in the hybrids.
An estimate of apparent fertility of the pollen of the parent and hybrids was
made by staining the pollen in cotton blue. Even parental plants of normal
appearance were found commonly to have a percentage of good pollen as low as
209 and seldom more than 80%;. The following list gives the percentages of
good pollen in the first flower produced on a stem which had flowers of normal
appearance (each value refers to a separate cultivated plant).

Loc. 62a (England) : 56, 76, 59, 83, 56, 46, 60, 75, 70, 54 %
Loc. 62b (England) : 40, 24,18,27,289%
Loc. 33 (Germany) : 47,42,35,39,219%
Loc. 39 (France) : 91, 89,70,73,67Y%
Loc. 22 (Sweden) : 79,53,80,79,75%,

The first flower was always taken, as the percentage of good pollen fluctuates
greatly among different flowers of the same plant; even percentages as measured
above can vary greatly from season to season.

DISCUSSION AND CONCLUSIONS

Measurements of characters were made on organs produced at apparently the
same season and at the same position on the plant, so that they would be
comparable. This restricted the number of characters that could be measured
on much of the herbarium material. Seasonal variation in leaf-shape had been
ignored by most of the previous workers on this complex.

The presence or absence of a rhizome was found to be a reliable diagnostic
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TABLE 1. TEST CROSSES BETWEEN CULTIVATED PLANTS
OF WILD ORIGIN
Results expressed as percentage seed set per flower.

& Parents
Locality
numbers 5 50 39 1 2 4 6 2422 62b32 3341 40
1 79;68 82;91;76 61;67;95 92 94 94
2 54;96 69;61;60 85;63 85
76 46
3 92;96 93;90 96; 92
4 54;91 54; 86 88; 21; 87 34 22
5 87;79;61 70;73; 64 29
6 0;8 94;29;50 94;29;28
61 43; 68
8 78;83 90;79 78; 91
25 66; 59 88;90 73; 72
23 76;81 72; 89 91;67
24 73;58 90;77;65 43;47 59
22 63; 61 65;67 78; 73
62b 12;17 9;11;32 12;0; 6
17,27 17
50 86; 84 78;74;35 93 19 94 77 70 90 91 85
23;94;83 83 87 61
92; 88; 87
58 56; 67 48; 82 81; 90 53
72
48 95;84 84;73 94; 89 85
77
44 42;21 28;23 29; 10; 47 38
21
32 83;72 63;84;91 98;95;8 74 90
78 91;89;79 46 75
‘ 86
33 41;37 52;93;24 41;0;45 23 66
69
39 63;87 36;14;0
0; 68; 63
41 52;36 54;65 39; 48 28
40 63;65 48;74;41 57;54; 56 70
85 73;75 64
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character. Leaf-shape was found to be diagnostic for most taxa, although it was
very variable even within plants from a single locality. Hair-type was similarly
found to be very variable in some localities, but most taxa were characterised
by hairs of a particular length and width. Differences in floral characters were
found between the three species, but within R. acris sensu stricto no taxa could
be delimited on such characters.

Chromosome number is constant within R. acris sensu stricto 2n=14). All
plants within R. acris sensu stricto appear freely interfertile, but information as
to the fertility of plants resulting from such crosses, compared with that of the
parental plants, would require a detailed knowledge of factors controlling
femaleness. Although femaleness is so common it would appear disadvantageous
to the species, which is an obligate outbreeder. It is suggested that there is a
possibility that R. granatensis and R. strigulosus may be polyploids, but no living
material of these two species was available.

All the rhizomatous taxa within the complex appear to have evolved in the
mountainous regions of southern Europe. R. granatensis and R. strigulosus
show so many features in common that presumably they must have come from
a common stock. R. acris subsp. friesanus, which also has rhizomes, shows no
close relationship to either of these species.

An array of intermediate plants were found between the different morpho-
logical forms within R. acris sensu stricto. This can be attributed to the facts that
all the plants of this species appear to be obligate outbreeders, there appear to
be no sterility barriers between any forms of the species, and the ecological or
geographical barriers, which must have occurred especially in the case of subsp.
friesanus, appear to be breaking down due to farming activities, which also
enable the plants to spread as weeds.
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APPENDIX I

ORIGIN OF PLANTS TO WHICH REFERENCE IS MADE

1 Espoo, Finland 40 Strasbourg, France
2 Borgi, Finland 41 Massif de Hoheck, Vosges, France
3 Tampere, Finland 44 Udine, Italy
4 Punkaharju, Finland 48 Genova, Italy
5 Kuusamo, Finland 50 Graz, Austria
6 Ouly, Finland 54 Heiligenblut, Austria
8 Leningrad, Russia 58 Budapest, Hungary
22 Landskrona, Sweden 59 Dorog, Budapest, Hungary
23 Goteborg, Sweden 60 Church Stretton, Shropshire,
24 Virnamo, Sweden England
25 Stockholm, Sweden 62 Cawston, Warwickshire, England
32 Gransee, E. Germany 73 Middleton-in-Teesdale, Durham,
33 Karlmarxstadt, E. Germany England
39 Mairon-sur-Béze, Dijon, France 109 L. Mask, Co. Mayo, Ireland

APPENDIX 2
EXAMPLES OF HERBARIUM MATERIAL OF THE RECOGNISED TAXA

R. strigulosus Schur (Fig. 14A)
In pratis Transsilvan., D. J. Schur (W)
Transsilvanica, Hermannstadt, 12. VI. 1906, J. Barth (W)
Tilalmas prope Toroczko, Transsilvanica, VIL. 1883, J. de Csatd (P)
Kolozsvar, comit Kolozs, 14. V. 1916, M. Péterfi (C)
R. granatensis Boiss. (Fig. 14B)
Sierra Nevada, sunny bank by the bridge over R. Genil. .., 10. V1. 1926, 4. J.
Wilmott (BM)
In Valle fluv Feint, Nevada, 29. V1. 1876, M. Winkler (C, W)
Sierra de Segura, above Rio Segura near La Toba, edge of water channel, 27. VI.
1955, V. H. Heywood (LTR, LIVU)
Sierra Nevada, lot. humidus graminos in Dehesa de S. Gerorimo et valle fl.
Monothil, 9. VIIL. 1879, Huter (CGE, C, E, S)
R. acris L. subsp. acris var. acris (Fig. 15A)
Beaminster, Dorset, 2. VI, 1913, I. M. Roper (CGE)
Austria Inferior, In pratis ad ‘Mauer’ prope ‘Wien’, V1. 1903, E. v. Haldcsy (W)
Rossica, Archangelsk extra oppidum ..., 13. VIL 1911, S. J. Enander (S)
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R. acris subsp. acris var. pumilus Wahlenb. (Fig. 16A)
Lycksele Lappmark, Tédrna, Norra Storfjillet, Daldive, 31. VII. 1944, H. Lenand-
der (S)
Torne Lappmark, Jukkasjirvi parish, Mt. Atjaktjdkko, 5. VIII. 1947, H. Smith (E)
Corrie-an-Lochan, East side of Braeriach, E. Inverness, 12. VIII. 1898, E. S.
Marshall (CGE)
R. acris subsp. acris var. villosus (Drabble) S. M. Coles (Fig. 15B)
Melvich, W. Sutherland, 15. IX. 1897, W. A. Shoolbred (BM, CGE, LTR)
Coast near Rockfield, E. Ross, 19. VII. 1890, E. S. Marshall (CGE)
Near the summit of Langa, Harris, 14. VIII. 1841, — (CGE)
R. acris subsp. borealis (Trautv.) Nyman (Fig. 16B)
Novaya Zemlya, Matotschin Schar, 30. VIL. 1908, R. Niemann (CGE)
Waigats Is., Dolga Bay, 1-10. VII. 1897, H. W. Fielden (CGE)
Waigatsch, sinus Warnek, 11. VIIL. 1902, O. Ekstam (S)
R. acris subsp. friesanus (Jord.) Rouy & Fouc. var. friesanus (Fig. 17A)
Lyon & Chanelay, 4. Jordan (CGE)
Forét du Rhin-du Bois, Cher, 2. VI. 1855, A. Déséglise (P)
Near Archettes, Forét d’Epinal, Vosges, 30. VIIL. 1963, E. K. Horwood (LTR)
R. acris subsp. friesanus var. pyrenaeus S. M. Coles (Fig. 17B)
Prov. Teruel. Albarracin, lieux humides et herbeux, sur le calcaire 1,300 m, VI.
1894, E. Reverchon (BM, E, P, S)
Guipuzcoa. Gabo de Higuer, V. 1895, M. Gandoger (C)
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A B
FIGURE 14
A. R.strigulosus Schur B. R. granatensis Boiss.
[In pratis fertilibus, Transsil- [Sierra de Castril.. ... VIL
van.... —. VL - D. J. Schur 1903, E. Reverchon (E).]

W]
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FIGURE 15
A. R. acris L. subsp. acris var, acris B. R.acris L. subsp. acris var. villosus
[D’Angers, 18. VI. 1853, (Drabble) S. M. Coles [Damp ground
A. Jordan (C).] sloping to a small rocky bay,

Nr. Melvich, W. Sutherland,
Ref. No. 1864, 15. VII. 1897,
E. S. Marshall (CGE).]
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FIGURE 16
A. R. acris subsp. acris var. pumilus B. R. acris subsp. borealis (Trautv.)
Wahlenb. [Lule Lappmark, Nyman [Novaja Semlja, Matot-
Kvikkjokks Kapelifors. . . ., schkin Scharr., 20. VIII, 1891,
23, VII. 1943, S. Selander & O. A. Ekstam (S).]

N. Dahlbeck (S).]
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FIGURE 17
A. R. acris subsp. friesanus B. R.acrissubsp. friesanus var.
(Jord.) Rouy & Fouc. var. pyrenaeus S. M. Coles [Nr.
Jfriesanus [Lyon A Chanelay, Hospice de France, Haute
Herb. Jordan (CGE).] Garonne. . . ., 26. VIL

1961, E. K. Horwood
(LTR).]



