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form; but in some individuals there is a tendency for the rays to coalesce, as in some
forms of N. lutea.

(5) Peduncles. The flower stalk in N. lutea is usually 50-70 per cent thicker than
in N. pumila, and this difference in thickness is correlated with a difference in number of
vascular bundles. In N. lutea these are usually distributed in an outer ring and an inner
ring with a solitary central bundle (Fig. 8a). In N. pumila the central bundle and the
outer ring are present, but the inner ring is missing (Fig. 8d). In the peduncles of N.
intermedia the distribution of the bundles is much more variable, 2 common arrangement
being an outer ring and a central group of four (Fig. 8b), so, in this character again, the
condition is intermediate. In the Avinlochan colony the central bundle is retained, but
there are a greater number of vascular bundles in the outer ring, compared with N. pumila

(Fig. 8c).

VEGETATIVE CHARACTERS

Sample data for leaf size are tabulated in Table 3, the dimensions given being maximum
length and width of leaf. Again N. intermedia lies between N. lutea and N. pumila,
approaching more closely the latter. This relationship is present also in thickness of
petiole and, as with the peduncle, this is reflected in the ratio of the number of vascular
bundles present in the petioles, the ranges in the plants examined being from 17-23 in
N. lutea (M = 19-81 -+ 0-41), 8-13 in N. intermedia, 7-12 in the Avinlochan colony and
6-10 in N. pumila. The number of vascular bundles is constant from petiole base to
petiole apex. There is alsc some difference in the shape of the petiole in cross-section, a
feature mentioned in most descriptions of the species. That of N. pumila is elliptical
or lens-shaped (Fig. 9d) and that of N. lutea is trigonous (Fig. 9a); again N. intermedia
lies in between the two in this feature (Fig. 9b). The number of lateral veins in the
leaf ranges from 23-28 (M = 25-33 4 0-35) in N. lutea and 11-18 in N. pumila (for the
aggregate sample, P1 4 P2, M = 14-50 4 0:39). In the N. intermedia samples studied
the range was 15-22 (M = 18-08 -4 0-53).

TaBLE 3
Leaf characters of European Nuphar taxa (all size measurements in cm.).
Leaf
Taxon No. of lateral veins ;
Length : Width

N. pumila .

P.oa 1450 + 0-39 1260 4 044 960 4 0:36

P.b 13-86 + 0-65 9-87 4 0-22 7-38 4+ 016

P.c 1200 4 036 989 4 015 724 + 0-15
N. intermedia

I a 18-08 £ 0-53 14-80 + 072 10-90 £ 050

1. b 1691 £+ 0:73 11-63 4 0°56 928 + 0-34

L ¢ 14:33 £ 069 11-10 4- 021 10:09 L+ 0-44
N. lutea

L.a 25:33 £+ 0-35 29-50 + 093 26-16 + 1-02

L.b 22:86 + 064 2370 4 1-46 1860 4 1-23

Sources of material : a - living British (for localities see text); b — herbarium British (vice-county sources for
N. pumila : 40, 86-88, 92, 96-98, 109; for N. intermedia 68, 72, 77, 83, 85, 88, 89, 97, 109; and for N. lutea
6-9, 11-23, 25-39, 33, 37, 40, 41, 43, 48, 59, 70-72, 81, 86, 89, 98); ¢ —herbarium continental European
{sources of N. pumila and N. intermedia include Scandinavia, the Alps and neighbouring mountain systems;
N. lutea from Scandinavia, central and western Europe, N.W, Russia and the Balkans).
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Fig. 9. Characteristic forms of petiole anatomy in British Nuphar taxa. (a) N. lutea; (b) N. intermedia;
(c) ““ introgressed ”’ N. pumila ; and (d) N. pumila. Sources of material as in Fig. 2.

CuroMosoME NUMBER AND FEerTiLITY OF THE CHARTNERS Loucu Prants

The somatic chromosome number of N. intermedia was determined from root-tip
material of plants from Chartners Lough collected in July and fixed in Nawashin’s modifi-
cation of Langlet’s fluid. In all of the plants examined 2n = 34. This is the first count
reported for N, intermedia. The number 2n = 34 is the same as that determined for
both N. lutea and N. pumila from continental material (Langlet and Sederberg, 1927) and
is the same as that observed in British plants of N. lutea from Ellesmere, Esthwaite Water
and Monkhill Lough, and of N. pumila from Shropshire, examined cytologically during
the present studies. A mitotic metaphase plate from N. intermedia is illustrated in Fig.
10b, together with ones from N. lutea (Fig. 10a) and N. pumila (Fig. 10c), all from British
sources. There appear to be no characteristics of chromosome size or morphology which
would serve in any way to discriminate the three,
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It has unfortunately not yet been possible to observe the course of meiosis in N.
intermedia. That this is irregular is suggested by the low pollen fertility of the Chartners
Lough plants, c. 15 per cent. This contrasts with a pollen fertility of c. 97 per cent in
N. lutea (plants from Ellesmere), c. 85 per cent in the Avinlochan colony and c. 95 per
cent in N. pumila (plants from Lochanovie). The average diameter of the fraction of
perfect grains produced by the Chartners Lough N. intermedia was 45-57 o + 0-41 and
this is not significantly different from the pollen diameter of N. lutea (44-9 p £ 0.30)
although significantly greater than that of the pollen of N. pumila (42-87 & 4 0-34).
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Fig.10. Somatic chromosomes in British Nuphar taxa. (a) N. lutea from Esthwaite Water; (b) N. intermedia
from Chartners Lough; and (¢) N. pumila from Shropshire ( X c. 3,000).

Infertility is equally well marked on the female side in N. intermedia. Whereas
ripening of the fruit proceeds quite normally, a high percentage (c. 80 per cent) of ovules
aborts, so that the loculi of the ripe fruit are very irregularly filled. Among the seeds
which do set there is considerable variability in size {range in maximum length : 2-00-5-00
mm., M = 4-06 + 0-08). The range of variation is smaller in both N. lutea (range
3-50-5-00 mm., M = 4-96 -+ 0-05) and in N. pumila (range 2-00-4-00 mm., M = 3.32 +
0-05).

Attempts to germinate N. intermedia seed were made during 1952. Fruits from
Chartners Lough were allowed to rot in water and the seeds collected immediately they
were released. Germination actually began in these N. intermedia seeds more rapidly than
those of N. lutea or N. pumila collected and ripened in the same season. Of a total of
102 seeds, 7 germinated within two months of release and initial growth was vigorous.

N. intermedia ELSEWHERE IN THE BriTisH IsLes : THE EvipEncE or HERBARIUM MATERIAL

To supplement the study of N. intermedia in Chartners Lough twenty specimens
of British plants referred to N. intermedia preserved in various herbaria have been examined.
The localities from which these were collected are those indicated in Fig. 1. These
herbarium specimens may be taken to represent a fairly random sample from the taxonomic
unit *‘ N. intermedia ”’ as it has been interpreted by British botanists. In Table 4 the

TABLE 4

Meristic and size data for floral characters in British Nuphar taxa (ex herbariis; localities as in Table 3).

Sepal Carpel Peduncle
Taxon [
length width number diameter diameter
N. pumila 16:77 1 0-28 10-52 4+ 0-18 9:53 4+ 0-29 562 4 0-26 3-86 4 0-09
N. intermedia 19-09 4+ 0-22 1511 4 071 10-53 4 0-36 629 4 0-19 4-67 4 0-27
N. lutea 29:16 4+ 057 2369 + 0:70 15-58 + 0-30 1031 + 025 6-:33 4 021

(All size measurements in mm.)
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data obtained from them are compared with equivalent data derived from 105 specimens
of British N. lutea and 58 specimens of British N. pumila. Naturally not all of the herbarium
specimens have been equally favourable for the assessment of the selected attributes, but
in no case do the means of Table 4 refer to less than 15 individuals for N. intermedia, 16
for N. pumila and 51 for N. lutea.

Direct comparison between the data for Table 4 and those of Table 1 is not per-
missible except in the case of carpel number, because of the considerable shrinkage
resultant from drying in herbarium specimens, which ranges from 20-30 per cent.
However, it is evident that the size relationships revealed by the herbarium samples of
the three taxa are closely similar to those indicated by the fresh samples, the proportional
differences in sepal size being almost identical (see Fig. 12). The same is true also of
peduncle and carpel diameter. The correspondence of carpel number (a feature not, of
course, affected by drying) between the herbarium samples and the fresh ones is quite
remarkably close for N. lutea and N. pumila (Fig. 11). The difference between the means
for carpel number of the herbarium and fresh samples of N. intermedia (1-16) is quite
small, although just significant statistically (p = -04).
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Fig. 11. The relation of carpel number to carpel diameter in European Nuphar taxa. Series 1 from living

British plants; Series 2 from British plants ex herbariis; and Series 3 from continental plants ex herbariis.

P = N. pumila; I = N. intermedia; and L = N. lutea. The means of each sample are inserted, and distances

corresponding to twice the standard error are indicated either side of the mean. The Avinlochan colony
(" introgressed ”’ N. pumila) is indicated separately.

N. intermedia 1IN CONTINENTAL EURrROPE

As with material from British sources, the specimens of the three Nuphar taxa
from continental localities in the British Museum and Kew herbaria have been employed
as samples for the purpose of a biometrical study. The numbers of plants examined
were 99 for N. lutea, 92 for N. pumila and 87 for N. intermedia. Data from these samples
comparable with those of Table 4 for British samples are given in Table 5. The same
size relationship prevails between the three taxa as in the British fresh and British her-
barium material (Figs. 11 and 12). The continental and British herbarium samples of
N. pumila and N. intermedia are closely similar in size, carpel number, ovary diameter
and peduncle diameter, none of the differences being statistically significant. In N.
lutea, the mean values of sepal length and width for the continental herbarium sample
are slightly smaller than for the British herbarium sample. The carpel numbers are
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not significantly different, although the difference in the diameter of the stigmatic disc
is certainly so.
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Fig. 12. The relation of sepal length to sepal width in European Nuphar taxa. Code as in Fig. 11.

TaBLE 5
Meristic and size data for floral characters in Continental European Nuphar taxa (ex herbariis; localities as
in Table 3).
Sepal Petal Carpel Peduncle
Taxon
length width length number diameter diameter
N. pumila 1793 4+ 0-31| 1002 +0-21{ 585 4+ 0-39| 9:85 4 0-22) 543 + 0-21 348 + 0:08
N. intermedia | 1963 + 0:37| 1374 + 027 7:27 &£ 0-22| 11-96 4+ 0-20| 6-07 + 013 | 384 -+ 0-09
N. lutea 2591 + 0-63| 21-50 4+ 0-50| 14-30 4- 0-39| 1493 4+ 0-20| 7-85 + 017 | 6:05 4 0-23

(All size measurements in mm.).

Robert Caspary, who conducted extensive researches on the Nymphaeaceae in the
period 1855 to 1891 , accumulated a very large amount of statistical data on both Nuphar
and Nymphaea in Europe, and must be considered to be the first botanist to recognise
the importance of population studies in investigating the variability of these genera. The
counts of petal number, stamen number and carpel number which he published (1870)
for plants of N. pumila and N. intermedia have been condensed in the data given in
Table 6. The “ N. pumila aggregate”’ in Table 6 refers to collections of the species
from six stations in the Vosges and Black Forest. The N. intermedia sample was also
derived from localities in these areas. For N. lutea Caspary reports only observed ranges
and these are given (together with their mid-points) in Table 6 for comparison. Caspary’s
N. pumila aggregate differs little in carpel and petal number from the British N. pumila
aggregate, for which data are given in Table 1. While his data suggest a reasonable corres-
pondence in carpel number between the N. intermedia samples he examined and that
of the Chartners Lough sample, there is clearly a considerable difference in petal number,
the mean in Caspary’s sample being almost twice that of the Chartners sample, and
actually greater than that for the aggregate British N. lutea sample, for which data are
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given in Table 1. It is also notable that in N. lutea the range quoted by Caspary for
continental plants (13-26) differs in the same direction from the British range of 11-20
in the aggregate sample (83 plants).

TABLE 6
Meristic data for floral parts from Continental European Nuphar taxa (data after Caspary 1870).
Total number
Taxon Petal number Stamen number Carpel number floral parts
N. pumila 10:71 4 016 46:38 4- 103 10-03 &+ 0-05 6908 + 1-42
N. intermedia 1816 4 0:85 9451 -+ 2:20 13:18 4 0-31 130-60 + 2-87
N. lutea
(a) midpoint 19-50 146-50 17-00 190-00
(b) range 13-26 86-207 10-24 130-250

In addition to his data on meristic variation in Nuphar, Caspary (1869, 1879) provided
much information on seed and pollen fertility. For plants referred to N. intermedia he
reported a range of pollen fertilities from 14 to 71 per cent, these being in contrast with
N. lutea and N. pumila, in neither of which did he obtain plants with pollen fertility
lower than 95 per cent. Seed set was correspondingly lower in the N. intermedia examined
by Caspary, but was surprisingly variable, the mean number in colonies observed by him
ranging from 56 to 41-7. This compares with a range of 32:7-135-1 mean numbers per
fruit for N. pumila colonies and 93-8-418-1 for N. lutea colonies.

One of Caspary’s (1869, 1870) most important contributions to the understanding
of N. intermedia was to cross N. lutea and N. pumila reciprocally and bring the F; hybrids
to flower in cultivation. Morphological comparisons of these hybrids with wild N.
intermedia convinced him that the latter had originated in the same manner in nature.
Pollen counts in the artificial hybrids showed 863 per cent malformed pollen (N. lutea
female parent) and 856 per cent (N. pumila female parent). The corresponding average
numbers of seeds per fruit were 14-9 and 18-4.

Driscussion
The status of the presumed parents

The evidence presented above suggests that while both N. lutea and N. pumila may
show considerable local variability, they form reasonably homogeneous units throughout
their European areas and do not intergrade to any appreciable extent. The geographical
distributions of the two are at present not completely mutually exclusive, but, generally
speaking, N. pumila has a more northerly range than N. lutea, and also tends to replace
N. lutea in mountainous regions (Meusel, 1943). However, geographical and ecological
isolation cannot be looked upon as the only, or even the main, factors holding the two
species apart today, since, as we have seen, the experiments of Caspary, in which he
crossed reciprocally typical representatives of the two, showed that, while they are inter-
fertile enough to produce a vigorous Fy, the F itself is of relatively low fertility. There
is thus a partial inherént barrier to gene exchange in spite of their possession of the same
chromosome number, and N. lutea and N. pumila must be looked upon as ecospecies
in Turesson’s terminology. It remains probable, however, that the original differentiation
of the two species from their common ancestor took place under conditions of spatial
isolation, and that the present distributional trends — N. pumila towards the north and
_N. lutea more southerly - in Europe reflect former complete vicariousness. There is no
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evidence from which we can deduce the period when this geographical isolation was last
complete, but there is little reason to believe that it could have been so during the post-
glacial period. Differentiation of the two ecospecies may have actually been completed by
late Tertiary, or it may perhaps have taken place during an interglacial. In any case, it is
likely that during one or more of the Pleistocene glacial maxima the areas of both were
severely compressed in southern or eastern refugia, possibly with some commingling
of the populations. The subsequent immigration in the post-glacial into the formerly
glaciated area would then see a ‘“ sorting out ”’ of the ecospecies, N. pumila penetrating
further north and becoming extinct in the south except where local microclimates favoured
its persistence. The much-studied N. pumila populations of the Vosges and other central
European mountains are no doubt relics of this nature. A similar history may be postu-
lated for the remarkable southern colonies in the British Isles, those in Merioneth and
Shropshire, if indeed the latter has not resulted from a relatively recent human introduction.

The status of N. intermedia

On the basis of the morphological evidence given above, N. intermedia might appear
to be as homogeneous a unit in Europe as N. lutea or N. pumila. Two interpretations of
this situation are possible, namely, (a) that it forms a separate third pure-breeding species,
or, (b) that the plants placed under it are all hybrids of the same parentage presumably
having arisen in several different localities independently. The first of these possibilities
would seem to be ruled out decisively by the impaired fertility of the plants placed under
N. intermedia. No populations are known which would fit the diagnosis of N. intermedia
and which possess at the same time a fertility comparable with that in N. lutea or N. pumila.

This leaves the second interpretation, long accepted by systematists, that N. inter-
media is the assemblage of hybrids from the cross N. lutea X N. pumila. Caspary’s
demonstration that the artificial F; hybrid of this parentage resembles closely plants
placed under N. intermedia would seem to put this interpretation beyond doubt. -

This ascription of a hybrid origin to N. intermedia does not, however, solve all the
problems connected with it. The remarkable apparent homogeneity of N. intermedia,
considered simply as a taxonomic unit, requires some explanation. The data of Tables
1, 3, 4 and 5 show that the intrinsic variability of the three aggregates of the taxon con-
sidered here, the Chartners sample, and those of British and Continental European
herbarium material, is not appreciably greater than that found in comparable samples
of N. lutea and N. pumila. Had the herbarium samples alone been involved, this would
hardly have been a matter for surprise; ““ N. intermedia *’ was, after all, a taxon created
to cover plants falling between N. lutea and N. pumila, and it is only to be expected
that plants preserved in herbaria under this name should have been selected to be as
‘“ intermediate " as possible in character. The case of the Chartners Lough colony is
somewhat different, since the sample analysed covered the full range of variation observed,
there being no question of selection for plants of intermediate character.

The presumed parents of N. intermedia differ from each other mostly in * quanti-
tative "’ characters, and this fact, and the extremely intermediate nature of Caspary’s
artificial hybrids, would seem to suggest a polygenic control of the characters involved. In
a hybrid colony containing generations later than the F), one might expect some degree
of segregation, and certainly a wider range of variation than in *“ pure " colonies of either
parent. The relatively narrow variation range of the Chartners colony, and others like
it, indicates either that subsequent generations to the F; are not present, or that some
form of selection is acting to ensure the survival only of plants near the F; mode (Fig. 5).

The possibility that colonies like that in Chartners Lough are in fact ancient clones
derived from a single original F, plant cannot be dismissed from consideration. The
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capacity of Nuphar to reproduce vegetatively is well known. The bottom of Chartners
Lough in the area of the Nuphar is entirely covered with entangled rhizomes, and although
verification would appear now to be impossible, it does not seem inconceivable that all
are ramifications of a single huge plant. If so, the age of this plant must be enormous,
far exceedmg the century or so for which individual Nuphar plants have been observed
to persist in cultivation.

No seedlings were noted in the Chartners Lough colony, and it is quite obvious
that, under the existing conditions, seedlings would find considerable difficulty in estab-
lishing themselves against the competition of the mature plants, particularly for light.
Nevertheless the successful germination of seeds from the fruits of the season of 1952
shows that propagation by this means is at least feasible. The low pollen and ovule
fertility points to the probability that severe meiotic irregularities are present, arising
possibly from structural differences between the parental chromosomes. If so, it is
possible that genetical recombination is severely limited, and that only those spores
survive and function which approach a particularly favourable genetical balance.

It may be that the uniformity of such colonies as the Chartners one is maintained
by a combination of several factors — by the extensive occurrence of vegetative propagation
of successful plants, by the fact that only a limited amount of genetical recombination is
possible, and by the stringent elimination, through competition, of ill-adapted seedlings.

Anomalous populations

A comment on the Avinlochan colony seems appropriate at this point. This colony
has usually been accepted by systematists as falling within the range of N. pumila, and
was so in the course of the present study until it was realised that it combined a relatively
low pollen fertility with certain anomalous features not encountered in other populations
of N. pumila. Accordingly, the biometrical data relating to this colony have been kept
separate in the tables and not incorporated in the N. pumila aggregate. Considering all
of these data, it will be seen that the Avinlochan colony does, in fact, in its morphological
features depart somewhat from the other colonies of N. pumila in the direction of N.
lutea. Thisand the depressed fertility would seem to indicate that it has in the past suffered
genetical contamination from N. lutea. The ovary fasciation illustrated in Fig. 6 is
present to a greater or lesser degree in the bulk of individuals of the colony, and must be
looked upon as sub-pathological. A similar, but even more extreme, -example of the
incidence of ovary fasciation of this type was encountered by Caspary (1870) in a colony,
referred to N. pumila, in Titisee. Caspary’s data suggest that there is a considerable
amount of variation within and amongst the Nuphar populations of the lakes of the Vosges
and the Black Forest, and here again the possibility of different degrees of introgression
of N. pumila and N. lutea is present. The great variation in pollen fertlhty observed
by Caspary in these colonies points in the same direction.

The distributional problem of N. intermedia

The final problem concerns the existence of N. intermedia in localities like Chartners
in isolation from one or both parents - a circumstance, in the case of the Chartners colony,
once considered to rule out the possibility of its being of hybrid origin (Baker and Tate,
1868). Once again there is more than one possible explanation. The simplest would be
that colonisation has arisen relatively recently from a chance hybrid seed carried by
some agency — presumably water-fowl — from a locality where the two parents exist today
in close proximity. While this explanation cannot altogether be rejected, it would seem
improbable. With the Chartners colony the minimum distance of transport would have
to be of the order of 80-90 miles and it would seem to be pressing the idea of chance



24 YOLANDE HESLOP-HARRISON

long-range dispersal rather far to assume that all of the hybrid colonies marked in Fig. 1
have arisen in this manner.

The alternative explanation, that the isolated southern N, intermedia colonies originated
in their present stations at the time when the two parental species occurred together in
the neighbourhood, would seem to be more probable. It is likely that N. pumila, like
other boreal and montane species, has been in the process of area-contraction for some
considerable time. It can hardly be doubted that N. pumila did exist in N. England at
one time during the early post-glacial period, but without fossil evidence it is difficult
to say how long it is likely to have persisted in the Cheviot area. Two factors probably
led to its extinction: the climatic amelioration and the gradual elimination of suitable
habitats through the growth of peat bogs. Smythe (1930) has suggested that Chartners
and the other remaining lakelets on the Northumberland Fells may have arisen as
moraine-dammed lakes in the closing stages of the last glaciation; how many others in
the area once open to colonisation by N. pumila have now entirely disappeared we have
no means of knowing.

N. lutea, although no doubt a later immigrant into the British Isles than N. pumila,
is known to have been present in early boreal times; reproductive contacts with N. pumila
may have taken place repeatedly during the replacement of one by the other in southern
and lowland districts. Where in the neighbourhood of expanding populations of N.
lutea, the hybrids probably became eliminated by competition and genetical * swamping.”
In a few more isolated localities, particularly in relatively upland stations where their
““ intermediate "’ genotype may have been of adaptative value, they appear to have been
able to persist.
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