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One fact that may have influenced Christy's interpretation of the situation is that in
several woods more hybrids occur in association with P. elatior than with P. vulgaris.
Hardwick Wood (Fig. 3) and Gransden Wood (Fig. 4) illustrate this. In woods which have
both species P. elatior often occupies areas with more bare soil than P. vulgaris, and it is
possible that reduced competition may favour the establishment of hybrids in these areas.

4. Ecological d(tferentiation of the two species

Baker (1951) has mentioned several examples of the fact that, where two species
hybridize, knowledge of the ecological factors distinguishing the species' ranges often help
to indicate factors restricting gene flow. In the case of Primula vulgaris and P. elatior, the
ecological differentiation of their areas of occurrence is not immediately apparent. In the
British Isles P. elatior is almost exclusively confined to the chalky boulder-clay, and P.
vulgaris is found on the margins of this soil type. Valentine (1948) investigated associated
species and soil moisture in Buff Wood. The areas occupied by the two species are floristic-
ally similar, but P. vulgaris is abundant in areas dominated by Mercurialis perennis an9
Endymion non-scriptus whereas P. elatior is found in association with Anemone nemorosa,
Ranunculus ficaria and Filipendula ulmaria, the last being a common species of moist places.
Valentine concluded that soil moisture was a controlling factor. However, his measure-
ments of soil moisture were inconclusive.

If soil moisture per se was responsible for the distribution of these species the extensive
drainage of recent years would favour P. vulgaris, and we have seen that this is apparently
not so. Furthermore, Good (1944) showed that in Dorset P. vulgaris is limited, on light soils,
to areas of high precipitation, indicating a high water requirement. This clearly needs
further investigation.

A number of woods has been sampled in the study area, 20 with populations of P.
elatior, 9 with P. vulgaris and the remainder with both species and hybrids. Using thrown
quadrats, percentage frequencies of associated species were determined. Most of the
species showed little differences in frequency between P. elatior and P. vulgaris woods. Five
species merit comm~nt, and the results for these are in Table 2.

'ABLE 2. Mean percentage frequencies of five species in 20 woods containing
P. elatior and 9 with P.vulgaris.

Species ¥ean per cent. frequency in woods
containing:

P. elatior P. vulgaris

30
15
44
24
40

9
41
19
47
43

These data agree with Valentine's in showing the association of Filipendula ulmaria
with P. elatior. Of the other species, Endymion non-scriptus has a preference for well drained
soils, and little is known of Ranunculus ficaria and Poa trivialis with respect to soil prefer-
ences. The apparent indifference of Mercurialis is interesting in view of Valentine's data.
However, in woods where the two Primula species occur together the differences in associa-
ted species are accentuated; for instance in Rockell's Wood, Essex, in populations about
100 metres apart, P. vulgaris is associated with Brachypodium sylvaticum, Deschampsia
cespitosa, Endymion non-scriptus and Mercurialis perennis, the last named being dominant.
With P. elatior, Filipendula ulmaria is abundant, Poa trivialis and Arum maculatum are
frequent, and Mercurialis is rare. This is comparable with Valentine's account of Buff
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Wood, and would suggest that where the two species grow together competition forces
them into more distinct habitats than those they occupy when apart.

Martin (1965) investigated soil waterlogging and aeration in relation to nutrient
availability in Cambridgeshire boulder clay woods, with special reference to Mercurialis
perennis, which is excluded from the more waterlogged soils. He found that soil acidity and
the distribution of major plant nutrients could not account for the distribution of this
species. Low oxygen concentration, and especially the presence of toxic quantities of ferrous
iron exclude Mercurialis from the wetter soils. Deschampsia cespitosa is tolerant of wet
soils, possibly because it has an effective intercellular air space system and can protect
itself by a zone of oxidation round the roots. Primula elatior can tolerate these waterlogged
soils but as yet the mechanism of tolerance is unknown.

In these woods the association of Primula vulgaris with Mercurialis suggests that it is
unable to tolerate waterlogging as well as P. elatior. Some experiments have been carried
out to test this view.

Seeds and young plants were planted in John Innes potting compost under three
different water regimes; free drained, water table 4 cm below soil surface and waterlogged.
Germination was so poor that no conclusions could be drawn from this part of the experi-
ment. (Abeywickrama (1949) stated that seeds of both species will germinate under water.)
The young plants of both species performed best in the soil with a 4 cm water table. In
waterlogged soils both species performed very poorly, and in free drained soils P. vulgaris
was superior. Table 3 summarises the results. I have included the results for P. veris, a
plant of much drier habitats in Britain, and it will be seen that it performed very well in
free-drained pots, and disliked waterlogging.

TABLE 3. The mean number of leaves, and mean dry weights of plants of Primula vulgaris, P. elatior and
P. veris after 25 weeks under three different drainage regimes. Six plants used for each treatment.

Free drained WaterloggedWater table at 4 cm
Species

Mean no.
leaves

Mean dry
wt.

Mean no.
leaves

Mean dry
wt.

Mean no.
leaves

Mean dry
wt.

P. vulgaris
P. elatior
P. veris

11:1: 3-3
2:1: 0'6

26:1:5-21

2-86:l: 0-77
0-87 :l: 0-02
6.76:l: 0.78

6,44 :I: 1,4
2.5 :I: 0.62
3'76:1: 0,59

6:1: 2.4 0.64 :I: 0.23
0.5:1:0.3 0.45:1:0.01

All dead

Clearly neither species is tolerant of waterlogging, and this result agrees with those of
Abeywickrama (1949) who found little difference in their tolerance to drowning. He
suggested that P. elatior is less tolerant of low soil moisture than P. vulgaris and my results
agree with this. I think it very likely that the controlling factor of these species' distribution
in these woods is drought tolerance; P. vulgaris may resist dry spells more successfully.
One indication of this is the poor flowering of P. elatior in the spring following a dry summer.

5. Conclusion

Despite a high interfertility, and the provision by regular disturbance of ample oppor-
tunity for hybridization, the amount of hybridization between these species is restricted.
Internal restricting factors are probably less important than external ones, especially
ecological differentiation, the nature of which is not yet clear, but which probably involves
drought tolerance. In woods where the species co-exist they are more clearly differentiated
ecologically than when they grow apart, and the hybrids occupy mainly the intermediate
zone between them. There is little evidence of extensive infiltration of the genes of either
of these species into the other, or of replacement of one by the other.
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12:1:: 2.6
4:1::0-9

13:1:: 3-03
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