




















102 R. P. ELLIS AND B. M. G. JONES 

should have pollen somewhat larger than that of C. hirsuta (Table 10). The observation 
of pollen volumes for C. fiexuosa rather lower than expected on the assumption that 
tetraploidy doubles the pollen-volume, may be due to intergenomic segregation of genetic 
factors determining pollen size and to selection subsequently favouring small microspores. 
Nasturtium officinale sensu lato presents a parallel case. N. microphyllum is an allo-octoploid, 
one of whose parents is the tetraploid N. officinale sensu stricto (Howard & Manton 1946). 

TABLE 10. Comparison of observed and predicted pollen volumes. 

Observed means 
Species Genotype Predicted pollen 0/ pollen volume 

volume x 103 (Lm3 X 103(Lm3 

(i) Diploids 
C. impatiens AA 3·5 
C. hirsuta BB 7·1-13·0 
C. impatiens x 

hirsuta Fl AB 5,3-8,2 

(ii) Triploids 
C. fiexuosa x 

hirsuta Fl ABB 6'2-10'6 5-5 
(iii) Tetraploids 

Tetraploid AAAA 7·0 
derivatives of BBBB 14·2-26·0 16·5-34·6 
above diploids AABB 10·6-16·5 

AAAA 

*} c. fiexuosa AAAB 7·0-16·5 6,9-13,2 
AAAB 

* = hypothetical genotypes, refer to text for explanation. 

The pollen volumes for the two species, calculated from the data of Green (1955), are 
8· 2 -14'2 X 103 (L3 and 4· 1 -9' 2 X 103 (L3 respectively. Here also the upper limits of the range 
of the allopolyploid pollen volumes is rather less than might be expected from a doubling 
of the tetraploid pollen volume. The same explanation may be given for the fact that the 
stomatal guard-cells of C. hirsuta and C. fiexllosa are statistically indistinguishable in size 
(Fig. 3). 

As there are taxonomic difficulties in these species, the reported geographical distri­
butions do not allow reliable conclusions to be drawn about the 'centre of origin' of the 
group. However, the distribution of the species in Scandinavia is significant; there is a 
difference between the more southerly and restricted diploids and the tetraploid which is 
more widespread and extends farther north. C. hirsllta and C. fiexuosa show a similar and 
widespread distribution in the British Isles (Perring & Walters 1962). C. impatiens is rarer 
and restricted to a narrower range of habitats, mainly on limestone. 

The differences in the relative distribution of the diploid and tetraploid species in 
Scandinavia and Britain may exist for several reasons. The glaciation of Scandinavia was 
more extreme than in Britain and present day climates are more severe in Scandinavia. 
Differences in distribution may therefore reflect differences in genetic variability and hence 
adaptability, i .e. ability to invade new habitats and to diversify genetically in developing 
vegetation types. This makes the allopolyploid origin for C. fiexuosa more likely than an 
autopolyploid origin whose long-term consequence would be the stabilization of existing 
genotypes. 

CONCLUSIONS 

C. fiexuosa is morphologically distinguishable from both diploid and autotetraploid 
C. hirsuta, and it does not appear likely to have arisen from C. hirsuta by autopolyploidy. 
Lack of evidence does not allow comment on the possibility of autotetraploid origin from 
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C. caldeirarum. At the same time the available evidence concerning the morphology of 
C. hirsuta and C. impatiens suggests that C. flex uosa may have arisen by hybridization of 
these diploid species followed by doubling of the chromosome complement. 

The similarity in pollen volume and stomatal guard cell size between the tetraploid 
C.flex uosa and the diploid C. hirsuta is most easily explained by the origin of the tetraploid 
species from the hybridization of C. hirsuta with another diploid species characterized by 
smaller guard cells and microspores; C. impatiens has such features. 

The geographical distribution of the species in Scandinavia also supports this hypo­
thesis: the tetraploid has a wider ecological amplitude than either of its presumed parents, 
but the habitats lie, in most respects, between the extremes of the putative parent species. 
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ApPENDIX 

Sources of material. (Collections of wild origin, except where indicated) 

C. impatiens S70 
C. hirsuta S76 

S27 
P2 
Frome 
Lip. 

C. jfexuosa Pl6 
Coimbra 
6647 
6609 
Lym. 
P30 

C. jfexuosa x hirsuta F, 
C. hirsuta 4x S273 

S276 
S2723 
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Berlin Botanic Garden, Germany. 
Yalta Botanic Garden, U .S.S.R. 
Palermo Botanic Garden, Sicily. 
Wisley, England. 
Frome, England. 
Liphook, England . 
Denmead, Dr. Portsmouth, England . 
Coimbra Botanic Garden, Portugal. 
Lac du Gaube, Hautes Pyrenees, France. 
L'Hospitalet , Pyrenees Orientales, France. 
Lymington, England . 
Lock's Bridge, Sussex, England. 
Experimentally produced hybrid between C. jfexuosa P16 and C. hirsllta S76. 

} Experimentally induced autotetraploids from C. hirsuta S27. 


