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[. Intro du c t ion 

In this paper, we shal1 discuss some of the eYolutionary and taxonomic 
problems associated with the family Violaceae and in particu lar the ge.mrn 
Viola. rrhis genus has long been studied by the botanists of Europe and North 

.. America; and though very much remains to be discovered, enough is ]moV\ n 
to provide a basis for an examination at all levels from the family to the specie:'. 

II. Th e Family 

We shall begin with a brief consideration of the Violaceae, which apprn1·R 
to be a fairly natural farnjJy , and in which most of the genera are restricted to 
the southern hemisphere and particu]ar]y to 8. America. This fact has been 
interpreted by CAMP ( 104 7) to moan that the fami] y originated in this arm: 
and he has used it to support his general thesi s that the Angios1Jerrnae ori 
ginated in the sonthern hemisphere, a thesis which wiJl not be fort.her discussed 
here . It is, however , worth drawing attention to the relative sizes of the genera 
of the Violaceae, which are listed in Table 1. As regards both nurn ber of species 
and geographical area covered, Viola is clearly the first , and it is folJowed by 
Rinorea, a genus of small trees found in the tropics of both the old and the 
new vwrlds, and differing from Viola int er a l i a in having actinomorphic 
flowers. The remaining genera, apart from Hybanthits, are all small. 

As was firRt. point.nd out hy vVtLLTS (Hl22), and later in moro d etail by vVJL LTAMS (In44). t.lti s 
patte t'n of gC'nC'ric RizC's in a fami ly, i .e. fow large genf'l'a and m a ny small oncH. is uni\·e rsal in Hll 
fargo groups of organisms, both an ima l and plant, wh ic·h h ave been class ified by Rys tornati sts: 
an d the question of itR inte rpretation is a n intereRting one. 1 n any part.icular g rnup, we have first 
to ask ourseh-C':s o n what characterR thl· genera an-l based . In t.he angiosperms in ge neral. and 
in t h e Violacoao in particular, the elassification is baRed prinmrily on flornl characters. Thus tho 
Violeue differ from the Rinoreae in the symmetry of the flower ; and 1-lybantJms differs from Viola 
in haYing a gibbous r ather than a spurred a nterior petal. SuC'h floral characters may he inkr
prf'tnd as indicat ing pattern s of adapt.ation to vario us typos of iuseet visitors. Other character 
used in the dasR ification, e.g . whether the fruit is a capsule or a be rry, may be n oiganled as types. 
of adaptation to seed di spersal. Both succeRRful sexual re producti on b y croHs-pollination and 
eff ic ient seed di Rp ersal may w e ll be regarded a s vital to tho surviva l of plant populations; and it 
may thus be al'gued that s uch r eproduct ive characL0rR arc less liable to rapid evo lutionary modi 
fication t.han vegetat ive charact.crs which have , as it wPrc, a wide r marg in of toleranf'c, and <'an 
safely vary within wide limits . In this way, the u se of roprolluctive characters in eonst ructin g 
a natural clasRification can be justified. Whil e this argument is probably soundly based, it admits. 
of many cxcopt.io ns. This has been well d cmonstrat0d in t.hu wind -pollinated Grarnineae, a fami ly 
in whil'h :floral characters may be obscure, so that diffe rences may be overlooked or misinterpreted. 
Here the use of a variety of vegetative charaders, such as those of leaf anatomy, has led in recent. 
years to t ho re-definition and re-oriC'ntation of a number of gen era. A t ypical r ecent example is 
provirl ecl h y t.he work of REEDER and ELLINGTON (19GO), who have shown that the genus Cala.
movilja,, formerly placed in the Ji'estucoideae, should b e transferred to the Eragrnstoideae. 
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\iVe may however proceed on the assumption that the genera of the Violaceue 
are reasonably natural. How are vve then to account for the great Yariation 
in generic size, and, for example, the very large number of species described 
in the genus Viola? We may put the statement of facts in another ·way by 
saying that large numbers of taxonomic species are known which show tlw 
characteristic zygornorphic Viola pattern. Other charackrs which these specie s 
haYe in common is habit (herbs or small shrubs) and life-form (predominantly 
chamaephytc s and hemicryptophytes). It may also be added that sufflcirnt 
is lmo~n about the genus to make it certain that most of the species are 
good specieR. efficiently isolated, and are not mere figments of the taxonorniFt 's 
imagination. ]f we now compare Viola with its related genera in the rest of 
the family, it appears to show advancement and specialization in both its 
Horal and vogetativc characters; and this conclusion is supportC'cl by its geo
graphical distribution. Like the family as a whole, it is widespread in the 
southern hPmispherc; but unlike the other genera, it has succeeded in colonis
ing largo arcaR of the northern ]wrnisphcrc , many of its species finding a home 
as ,·ernal herbR in the field layer of dccidnous forests. \Ve may thus legiti 
mately speak of the gem1s aR successful; and "\VO may interpret its characten..; 
as adaptiorn; to temperate woodland conditions. This idea has a,lrcady been 
put forward by CLAUSEN (rn5l). 

Another general character which can be similarly interpreted iH that of 
the breeding system. The violets , in so far as they are visited by insect s, arc 
to some extent regular out-breeder:;;. Yet so far as is know11 , they arc all 
self-compatible; and in large sections of the genus this self-compatibility has 
developed into a regular selfing mechanism , the cleistogarnous flower (or 
cleistogene), by which selfed seed is regularly set. This combination of rcgnl ar 
in-breeding with a certain amount of out-breeding may be regarded as a highly 
efficient breeding system ; and the property of self-compatjbility, which pcrrnitH 
the establishment of new populations at a distance, by the agency of a sing le 
Hoed ( BAKEH,, I 055) may likewise have been a significant factor in the estab
lishment of the genus over a very wide area. 

It is tempting to generalise from the example of Viola , and to argue that 
a ll Jarge natural genera owe their success to a favourable combination of floral 
characters and breeding mechanism which , in the particular environments 
available to them, has alJowcd them to spread and to radiate. Other smaHer 
genera could thus have remained small either because their overall adaptafaon 
was not so good or because they occupied an environment unfavourable to 
radiation. This interpretation of the pattern of generic sizes in terms of fitness 
and available environment is worth detailed consideration by taxonomist;.;. 
The alternative view, put forward by WILLIS ( 1922) , is that natural selection 
has nothing to do with the case , and that the size of a genus and the area which 
it covers are primarily governed by its age. There is , of course, no doubt 
that age is an important factor. The mere process of speciation, involving 
as it frequently must repeated migr~tion and geographical isolation, takes 
time, so that a large genus must , of necessity , be fairly old. That Viola is 
an old genus is indicated by its wide range, and by the existence of endemic 
species in Hawaii , Australia, etc. But it does not follow that the small genera 
are neces8arily young; some may be , but others wi11 be small for a variety 
of reasons, which cannot be analysed in detail here. 
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III. T h e gen u s Vi o la 

We come next to the question of variation within the genus. BECKER 
{1925) divided it provisionally into 14 sections, with an uneven size distribu
tion pattern very similar to that of the genera within the family. Lack of 
knowledge prevents us from analysing the genus as a whole, and we shal1 
have to restrict ouselves to those sections found in the north temperate regions. 
The relationship of these to the Andine violets, for example, has never been 
explored, and it represents one of the major outstanding problems in the genus. 

In Europe and N. America, the sections Nomimium, Melanium, Dischidium, Ohamaemelanium, 
Xy linosiurn and Delphiniopsis occur. The two latter are represented by a few species of very 
small shrubs in the Balkans a nd the Mediterranean region, and must be regarded as old relic 
groups. Delphinopsis with its linear leaves and very long-spurred flowers, is clearly highly spe
cialised and has probably always been a small group. The only well-known species of the small 
section Dischidium is the circumpolar V. biflora L.; as CLAUSEN (1929) has pointed out, there is 
a case for including it in the section Ohamaemelanium. Some of the distinguishing characters of 
these sections are shown in Table 2. N omimium is much the biggest and most widely distributed; 
Melanium is mainly European and Ohamaemelanium mainly North American. Some guidance 
as to the relationship of the three sections is provided by chromosom e counts and hybridization 
experiments. Thus, all the species of Ohamaemelanium which have been investigated have a basic 
c hromosome number of 6; the basic numbers in the other sections are more variable. GERSHOY 
(1934), in an extensive series of hybridization experiments, was unable to obtain any viable 
intersectional hybrids (except from Dischidium X Ohamaemelanium), whereas at least some intra
::mctional hybridization was always possible. Very extensive interspecific hybridization is one of 
tho characteristic features of the genus, and we shall introduce at this point a short discussion 
on the evolutionary and taxonomic significance of such hybridization. 

If we survey the genera of any well known flora , such as the European 
Hora, we find a tremendous variability from genus to genus in the numbers 
of natural interspecific hybrids which are recorded. For example, in the genera 
V icia and Trifolium , such hybrids are very rare, whereas in Epilobium and 
Salix, to take the other extreme, they are very common, and the reasons 
for this difference are by no means clear. As ANDERSON (1949) has pointed 
out, hybridization in natural populations is often associated with hybridization 
of the habitat; in other words, populations which under completely natural con
ditions are ecologically isolated may be brought together into new habitats 
created by man, and thus given ~pportunities for hybridization which they 
would not normally have. While recognising that this effect is of great im
portance (it will be referred to below), it cannot provide the whole explanation; 
for in some genera, e.g. Trifolium, the barriers to hybridization are internal 
and it is difficult or impossible to make artificial hybrids even between species 
which are taxonomically closely related (EVANS and DENWARD, 1955). Failure 
to hybridize in such cases may be due to failure of pollen to grow on the style, 
but it is probably more frequently due to post-fertilization breakdown of the 
endosperm and embryo (seed incompatibility). 

On the other hand, it is possible in some groups to make very wide hybrids, such as intergeneric 
l1ybrids. These possibilities are only now beginning to be explored, and the results are likely 
to be of much taxonomic significance. ADAMS and ANDERSON (1958) have recently emphasised 
the frequency of intergeneric hybrids in the Orchidaceae, and STEBBINS (1956) has discussed their 
significance in the phylogeny and classification of the Hordeae. Two interesting examples, one 
of an artificial and one of a natural hybrid, have recently been reported in the Rosaceae. ELLIS 
( 1958) has succesfully crossed species of Potent,illa and Fragaria, and STEBBINS (1959) has reported 
observations made in North America on natural hybrids between species of the very distinct 
genera Oowania and Purshia. In the latter case the hybrids are partially fertile, and introgression 
in natural populations has been observed. 
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In these and similar cases, the taxonomist is led to consider some revision 
of existing .generic limits. As has been pointed out, hybrids between members 
of different section of the genus Viola have not so far been obtained; and 
though negative evidence of this kind must be interpreted with caution. 
the result must certainly support the taxonomic divisions which have been 
made. It should however be pointed out that . the barriers to hybridization 
here are of two kinds. Thus GERSHOY (1 H34) attempted to make crosseH 
between V. tricolor L. (Secti011 Melanium) , and species of the sections Nomi 
rnium and Chamaemelanium, using V. tricolor as the seed parent ; and he 
found that the failure of the crosses ,,~as due to the failure of the pollen to 
grow on the · stigma. This in turn could be correlated with the fact that 
the optimum sucrose concentration for germination of tricolor pollen was widel)' 
d ifferent from that for the other two sections. On the other hand, in crosscR 
bctwep1 certain spC'cies of the sections Chamaemelanium and Nominium. 
Uershoy obtained seeds which contained embryos, but the seedR faileQ. to 
germinate. This my perhaps indicate a relatively close relationship between 
the sections , and there is a possibility that further experiments might lead 
to the production of viable hybrids. Another interesting series of experimcnt8 
by DODD and GERSHOY (1043) showed that it was possible to obtain suc~essful 
grafts between members of aJI three Aectioils. Jn rnme g(:ncra, such as Gossy
}-/ium, HuTCHl N SON , StLOW and STEPHENS (ln47) have shown that succesH 
of grafting and of hybridization cmTesportd fairly closely and give a useful 
a ·seRsment of relationship. and a similar conclusion was reached by E-vANS 

and DENWARD (1955) for 'Prifolium. In Viola , the case appears to be rather 
different, in that grafts between Melanium and the other sections succeeded . 
1vhereas crosses a lways failed; but a good deal of further work on grafting 
ifl required to justify firm conclusions. 

IV. The s e c t i ons 

\!Ve shall next examine hybridization within the section Noniimium; the 
extent of this is remarkable , ·and very large num hers of species can be linked , 
directly or indirectly, into a single hybridizing group or comparium, to use 
the term suggested by DANS1iJ H (In20). HECKER (1925) divided Nomimi'l,lm. 
into 17 sub-sections. The hybridizing re lationship between five of the largest 
and most important of these, and their basic chromosome numbers are shown 
in Fig. 1. The Rostratae are a caulescent group , represented in Europe by 
such species as V. riviniana H,cnB. ; typical European representatives of the 
other groups are V. odorata L. ( Uncinatae), V. palustris L. (Stolonosae) and 
V. selkirlcii PuRSH (Adnatae). The Boreali-Americanae are confined to N. Ame
rica. 

CLAUSEN (1020. 1951) has suggested that the Uncinatae and the Rostratae 
Le grouped together as the Section Rostellatae, an<l that the other sub-sections 
should form the Section PlagioBtigma; this distinction, based on a diffenncc 
in the shape of the stigma, has long been used by taxonomists. BECKER 

( l 925) on the other hand, who was familiar with a much larger number of 
r pecies of Viola than any other worker , preferred not to group the sub-sections 
in this wav. While the evidence from basic chromosome number is in favour 
of placing ~ together the Rostratae and U ncinatae, it is equa1ly against uniting 
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the Boreali-Americanae with the Stolonosae and Adnatae. Further, if we take 
the (admittedly incomplete) evidence from hybridization into account, it 
does not appear to favour Clausen's interpretation. It is worth while, at this 
point, discussing in a little more detail the specific case of the relationship>s 
of the U ncinatae. 

The U ncinatae, a group which is absent from N. America, is unique in the 
genus in the form of its capsule and method of seed dispersal. In all other 
violets, the walls of the capsule are elastic, the 'Capsule is erect or ascending 
at maturity, and the seeds are shot out as the elastic walls of the capsule 
valves oontract. In the Uncinatae, on the other hand, the walls of the capsule 
are not elastic, the pedicels bearing the capsules (at least those of the cleisto
gamous flowers) are decumbent at maturity, and the seeds, wi~h their con
spicuous caruncle, lie loose in the open capsule or spill on to the ground, 
and may be collected and dispersed by ants. In some of the Boreali-Americanae, 
the cleistogamous fruits may alrn be decumbent, but just before maturity 
the capsules are erected and the seedsshot out in the normal way; but they 
are interesting in illustrating a possible intermediate stage in the transition 
from one method of seed dispersal to another. 

A few hybrids between the Uncinatae and the Rostratae have been rec6rded 
in nature. BECKER (1910) cites, for example V. riviniana X thomasiana 
(Italy) and V. alba X reichenbachiana (France). I have attemped to make 
artificial hybrids between V. hirta (2n = 20) and V. rivinia_na (2n = 40); 
the crosses failed with hirta as seed p~rent , but gave a reasonable yield of 
seed with riviniana as seed parent. Most of the seeds, however, were empty 
or imperfect ; the two heaviest (0.72, 0.94 mg.) were sown, but failed to ger
minate. The experiments are being repeated. Donn and GERSHOY (1943) 
were, however, successful. They used V. riviniana as one parent and V. odorata 
(2n = 20) , which is closely allied to V. hirta and readily hybridises with it, 
as the other. The hybrids were vigorous and sterile; and Dodd and Gershoy 
were able, by colchicine treatment, to produce a fertile amphidiploid from the 
sterile FI hybrids. 

A number of conclusions can be drawn from these observations. First, 
the unique capsule and dispersal mechanism of the Uncinatae serves to distin
guish the group from all other northern violets; its species can be hybridised 
with those of the Rostratae only with difficulty, and whether they hybridise 
with members of other sub-sections is as yet unknown. There is at least 
as good a case for giving the U ncinatae sectional status as there is for uniting 
them with the Rostratae to for·m the section Rostellatae; and it is clearly wisest 
for the present to retain the system of BECKER, in which all the sub-sections 
of N ominium have equal status, and to postpone re-grouping until further 
data are available. 

The production of a fertile amphidiploid from the V. odorata-riviniana 
cross is a result of great interest, as it illustrates very well the way in which 
two related groups of species, which must have diverged a long time ago, 
are able to be re-united to produce a new type with new evolutionary poten
tialities. From this point of view, the persistence of interspecific crossability 
within the section Nomimium can be regarded as a character of considerable 
evolutionary importance. 
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V. The s u b - s e c t ion s .1 

liAs has been pointed out by CLAUSEN (1951), the patterns of evolution Within 
t~ sections of Viola show a number of interesting differences. We shall at
tempt here to illustrate this by reference to two of the sub-sections of No
mimium, viz. the Boreali-.Americanae and the Rostratae. 

(a) The Boreali-Americanae 

This group consists of some 28 to 30 species which are confined to North 
America, though there may possibly be one species in Mexico. Most of the 
species are fur her confined to the eastern regions; only four or five occur 
west of the Appalachian mountains, and only one ( V. nephrophylla GREENE) 
reaches the western seaboard. The range of the group is from Newfoundland 
and Quebec in the north to New Mexico , Texas and Florida in the south. 

The plants are all perennials, characteristically with fleshy rhizomes ; 
lateral branches of these are easily detached, and the plants commonly form 
quite large clones. In spring, the flowers and leaves arise directly from the 
rhizome, on long peduncles; the flowers are violet, and the styles are swolkn 
and somewhat flattened at the apex. Later in the year, more leaves are produced, 
and also numerous self-pollinated cleisto·gamous flowers. The group is divided 
into three sub-groups on the basis of the posture of these flowers , viz. whether 
they are prostrate (as in V. palmata L.) ascending, (as in V. a/finis LE CONTE), 
or erect (as in V. cucullata AIT.). A striking feature is the variation in shape 
of the mature leaves from species to species; the leaves, which are usually 
cordate, may be almost entire, or they may be three-lobed, or palmately or 
pedately divided. 

What have long been recognized as natural interspecific hybrids are very 
common, and BRAINERD (1924) who studied the group in detail, described 
and figured no less than 73 such hybrids. A little later, GERSHOY (1032) suc
ceeded in making 33 different artifical interspecific hybrids in the group, 
nearly all of which were vigorous and most of which were fertile; however, 
two or three of the hybrids (e.g. V. a/finis x cucullata) showed reduced fer
tility. The chromosome numbers of all the species and hybrids investigated 
was found to be 2n = 54. Relatively little work on the genetics of the hybrids 
has been done, though BRAINERD (1924), especially in crosses between species 
with dissected and entire leaves (e.g. V. fimbriatula X rpalmata), was able to 
demonstrate very convincing segregation of leaf-shape in the F2 generation. 

Recently RussELL has made a number of studies of wild populations in 
N. America, using mainly the character of the leaves. He has been able to 
show that in some cases (e.g. in V. pedatifida X sororia, RUSSELL (1956)) 
hybridization is locally fairly common, but that there is little evidence of 
introgression. In other cases (e.g. V. cucullata X septentrionalis , RussELL 
(1955)), in'-."'."ogrossion has proceeded to a considerable extent in both direc
tions, so much so that in many localities , it is difficult to be sure what the 
original populations were like before hybridization had occurred. This dif
ference in behaviour in the two examples may be related to the extent to 
which the habitats of the two species overlap and to the length of life and 
fertility of the hybrids, which in turn may be connected with the degree of 
genetic relationship between the species. 

No detailed account of the isolating factors in the group has yet bAen pub
lishe .l. Geographical isolation is certainly important, some species, such as 
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V. villosa WALT. being southern in range, and not overlapping with northern 
species such as V. septentrionalis GREENE. Ecological isolation is also important; 
the group occupies a wide range of habitats, from dry prairie to wet swamps ; 
:-:ome occur only in specialised habitats, such as V. egglestoni BRAINEitD, 
which is restricted to open calcareous soils in the south. However, two-thirdR 
of the species are typically found in woodland of some kind or in habitatH 
such as scrub and meadows which have been derived from woodland; and 
many show a considerable ovelap in geographical range. Most are spring
Jfowering plants, and have rather similar flowers, so that they are likely to 
have insect visitors in common; and as GERSHOY's experiments have shown, 
the internal barriers to crossirig between many of the species are slight. The 
fact that hybridization is so extensive is probably mainly due to the breakdown 
of ecological isolation between the sympatric species. It has been suggested 
by RUSSELL and others that this is largely a result of man's activities in 
modifying natural communities and the natural ecological barriers. CAMP 
( L 961) has also suggested that natural forces have been partly responsible for 
the breakdown of isolation. He has envisaged the development of the group 
as a series of species, differentiating allopatrically in geographical isola
t ion, during pre-glacial times. During the Pleistocrne glaciations these species 
were repeatedly driven southwards down the eastern regions of the United 
States, and repeatedly migrated northwards again during inter-glacial pe
riods. This will have provided opportunities for the species to meet in their 
constricted southern area during glaciation, and will have allowed the species, 
modified by hybridisation and introgression, to spread northwards again to 
occupy new habitats. Thus the process of hybridization, and the blurring 
of species boundaries, may have begun long before the advent of man, though 
in recent times, it may have been accelerated by man's effect on the habitat , 
a s indicated above. There is no doubt that at the present time , in many areas , 
it is difficult to match the natural populations with the taxonomists' descrip
tions. In a detailed study of a single area, CAMP (1061) has shown that the 
violet populations arc in a state of flux , and are best intepreted as complex 
hybrid swarms. 

The Boreali-Americanae provide an interesting example of a cosnospecies , 
consisting of a large number of ecospecies or possibly even ecotypes, which 
is still actively evolving. The origin of the group is obscure , although it may 
have arisen from some of the Adnatae (x = 6), a group to which it shows 
some resemblances; whether it. is monophyletic is uncertain , though this is 
the most likely hypothesis. Amongst genera which show both genetical and 
ecological analogies to the Boreali-Americanae, parts of the genera Salix and 
Epilobium may be mentioned. In Salix, witle hybridization and introgression 
occur and produce extensive hybrid populations , particularly in the Arctic , 
though the situation here is rather different in that both diploid and tetra
ploid chromosome levels are involved. The genus Epilobium in Europe , which 
has uniformly 2n = 36, and in which very extensive hybridization occurs ) 
provides another parallel. Both genera are ripe for investigation, and detailed 
population studies , as well as experimental work, are much needed. As with 
the Boreali-Americanae, both repeated migrations, enforced by glaciation , and 
the modifying action of man on habita,ts , have probably been responsible for faci 
litating hybridization ; and the weakness of internal barriers of isolation must 
have been an important factor in allowing the development of hybrid swarms. 
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(b) The Rostratae 

The second sub-section of N omimium to be described here is a little larger 
than the Boreali-Americanae, with about 35 species , and it providfs an inter
esting contrast. To take the morphological characters first, it is canlescent.. 
that is to say it produces leafy overground stems which bear the flowers; 
and its short, generally erect rootstocks are dry and not rcadi]y broken , 
so that vegetative reproduction, except for a few species which produce soboles, 
is not important. The style is characteristically brnked, or hook-shaped a,t 
t,he apex; and the capsules arc erect or ascending, never prostrate . The range 
of habitats occupied is similar to that of the Boreali -Americanue, but the 
geographical distribution is much wider , extending all the way round the 
temperate regions of the northern hemisphere , and occasionally extending 
high into the mountains. Geographical isolation is important, and there are 

.:-;everal groups of species which are confined respectively to Eastern North 
America, to Europe and to Eastern Asia. 

w·ithin these regions, and especially in Europe , where the group has been 
most intensively studied, ecological isolation may break down. Most of the 
species fiowet in the ~pring, floral differences are not great , and the species 
doubtless hav~ insect visitots in common. Jnterspecific hybridization is in 
fact frequent , but unlike the Boreali -Americanae, most of the hybrid s arc 
highly infertile. This is in part due to the chromosomal structure of the group, 
which consists mainly of diploids and tetraploids (2n = 20, 40); and many of 
the ·hybrids are triploid (2n = 30); a good example is provided by the hybrid 
V. ·stagnina KIT. x V. canina L. But this is not the whole story; for some of 
the inter-diploid and inter-tetraploid hybrids are also practically sterile. 
This is the case with the hybrid between the diploid species V. rupestris 
SCHMIDT and V. reichenbachiana JoRD., and also with the hybrid between 
the tetraploid species V. rivianina RcHB. , and V. canina L. The reason for 
this , as will be shown, lies in the lack of homology between the genomes 
of the species concerned, as indicated by failure of pairing at meiosis; and 
this indicates that the genomes of these species are more highly differentiated 
from one another than those of the Boreali-Americanae, in which hybrids 
are generally fertile, and chromosome pairing (presumably) good. This fact , 
taken together with the wide geographical distribution of the group, gives 
u R t he impression that the group is a fairly old one , and that it has a longer 
hi F-J tory than the Boreali-Americanae. 

It is convenient at this point to introduce Table 3, which shows all those 
species between which vigorous artificial hybrids have been made; the data 
are based partly on the work of GERSHOY (1934) and SCHMIDT (1961) and are 
partly original. Jn addition , the Table indicates the level of polyploidy and 
also the geographical regions in which the species occur; no reference is made 
here to the numerous Asiatic and Japanese species, for which information 
about hybridization is lacking though six of these species are known to be 
diploid (MIYAJI, 1929)]. 17 species are shown; and the number of artificial 
hybrids known at present is 44. 22 of these are within the European group , 
8 within the American group, and 14 between European and N. American 
~pecies. Many of the hybrids have made independently by GERSHOY, SCHMIDT 
and v A.LENTINE. 

The chromosome numbers of most of these species have been determined 
by several workers and references are given in VALENTINE (1958); but some 
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are new or worthy of special comment. MOORE (1959) found that V. lactea, 
a species restricted to Western Europe, was a sub-hexaploid, with 2n = 58; 
this count was obtained from plants collected at several points in the range 
of the species. V. sieheana (2n = 60), is the only other hexaploid so far known 
in the group; the count was made by HARVEY (unpn blished) working at 
Durham, and the plants came from the Pontic coast of Turkey and are thus 
not strictly European, though the species is known from European Russia, 
and may occur in the Balkan Peninsule. V. jordani (2n = 40) has recently 
been counted for the first time by SCHMIDT ( 1960) from material collected 
in southern France. 

It may also be of interest to give some details about the success and failure 
of the hybrid crosses. Data for three groups of crosses, made mainly with 
British material, are given in Table 4; the polyploid species in this Table are 
aU tetraploid except the sub-hexaploid V. lactea. The data will not be analysed 
in detail, but attention may be drawn to a few points of interest. First , the • 
crosses between diploids were, on the whole, the least successful, in terms of 
yield of adult hybrids per pollination made. Secondly, as was pointed out 
ab~e when discussing inter-sectional hybrids , there are several points at 
which a cross may fail. First fertilisation may apparently fail, pr-Obably be
cause the pollen does not grow down the style; this effect was marked in the 
cross reichenbachiana ~ X rupestris ()'. Secondly, fertilisation may occur, but 
the seeds may not develop to maturity. This is known as seed incompatibility, 
and it was wel1 marked in the crosses rupestris ~ x reichenbachia.na ~ and 
reichenbachiana ~ x mirabilis ()'.Thirdly the seeds, though well-filled and ap
parently normal, may fail to germinate; and fourthly germination may occur 
but the seedlings may fail to thrive and die before reaching maturity, as for 
example in the crosses stagnina ~ X reichenbachiana 6 and lactea ~ X sta
gnina ()'. A similar range of behaviour in interspecific hybridization has been 
recorded by GERSHOY (1934) in other sections of the genus Viola and by other 
observers in many genera. It may be added that all the hybrids recorded 
in Table 4 are sterile or highly infertile, with the exception of the canina -
lactea hybrid. 

Under these circumstances, the possibility of investigating the relationship 
of the species by genome analysis is clearly very interesting, and a beginning 
has been made. Several problems at once arise, of which two of the most 
obvious are first, the bearing of the cytological data on the existing taxonomy 
of the group, and secondly the relationship between the European and N. Ame
rican species. 

The classification of the Rostratae is based mainly on life-form and leaf
shape. The Rosulatae are chamaephytes, with a basal overwintering rosette 
of leaves, and the leaves are only slightly longer than broad; the Arosulatae 
are hemicryptophytes, in which overground leaves disappear during the winter; 
and the leaves are generally markedly longer than broad. (We shall not con
sider here the 2 species placed in the Mirabiles, which occupy a rather isolated 
position). Preliminary investigations by VALENTINE (1958) and more extensive 
investigations by MooRE and HARVEY have provided data for chromosome 
pairing in hybrids involving some European members of these two groups. 
The data are summarised in Fig. 2, which is taken from the paper by MOORE 
and HARVEY ( 1961 ). In this Figure it is assumed that homogenetic pairing 
generally takes place; letters (A, B, C, etc.) have been assigned to the 10 -
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chromosome genomes to conform with the meiotic data. It should also be 
emphasised that the numbers of bivalents and uni alents given in the Figure 
are averag s , and that the occasional occurrence of polyvalent in om of 
the hybrids (notably those involving V. pumila) has been negl cted. 

If this cheme is correct , then it would appear that the Arosulate species 
V. canina and V. lactea have on genome in common (B) with th rosulate 
species V. riviniana. Th diploid sp cies carrying this genome has not yet 
been discovered, but according to HARVEY (unpublished data) it is not 
V. rupestris ; and according to ERSH Y's data it is not one of the N. Am rican 
species (this is being checked). A possible explanation is as follows. In the 
early history of the group, divergence occurred producing both ro u late 
and arosulate diploid forms. At the same time cytological differentiation 
occurred , producing genomes with characteristic pairing prop rtieR; but in 
s me species, the habit diverged and not the genome, and these were the 
s peci s with genome B, as shown in th diagram. 

<: nom e Arosulate Rosu late 

c A 

Subsequent hybridisation, followed by polyploidy, would then produce the 
arosu]ate BC species, and the rosulate AB species. 

Extension of work on this problem to cover a wider range of species, especi
ally those from Western Asia, is clearly needed. SCHMIDT (1961) has recently 
drawn attention to V. jordani HANRY, which ranges from S. France to Kashmir, 
and which was placed by BECKER (1925) in the Arosulatae, close to V. elatior. 
SCHMIDT has pointed out that in several characters this species, which is 
tetraploid, is intermediate between the rosulate V. riviniana and the arosulate 
V. montana, and that its hybrid with V. montana is sterile. It will be of great 
interest to determine the genome of V. jordani , and also to investigate it 
over the eastern part of its range, in which diploid relatives with the B g nome 
may well occur. 

The second problem mentioned above, that of the relationship between 
the European and N. American violets, is at present under investigation; 
and it is too early to present any detailed results. GERSHOY (1932) found that 
V. conspersa, V. rostrata and V. striata all formed more or less fertile hybrids , 
indicating that their genomes were sufficiently similar to pair well at meiosis; 
and he also found 30 univalents in the hybrid V. riviniana X striata, which 
would indicate that the genome of these American species is neither A nor B. 
It is thus probably a distinct genome (F). A very interesting species, now 
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under investigation, is V. labradorica SCHRANK, which is found in the sub
arctic regions of N.E. Canada and Greenland; thus forming a geographicaJ 
link between the N. American species and the European. ( V. riviniana occurs 
in Iceland but not in Greenland). Morphologically this species shows rnme 
resemblances to V. conspersa (rather than to V. adunca SM., with which it 
has been classified by FERNALD (1950)), but its exact relationships have not 
yet been worked out. The relationships of the V. adunca - V. rupestris com
plex, which covers the northern hemisphere , V. adunca in America and V. ru
pestris in Eurasia, are also being investigated. 

It is of interest to compare the patterns of evolutionary divergence in the 
two sub-sections which have just . been described. All the criteria, whether 
of morphology, cytology or crossability, indicate that the Boreali-Americana,e 
form a natural group; and it seems likely that they are also monophyletic. 
We may imagine that hybridization has led, via allopolyploidy , to the form
ation of an ancestral population which, under the conditions in which it was 
established, was able to spread widely in North Amercia and form a large 
number of local populations of ecotypic or ecospecific status. During -this 
process, barriers of crossability were only slightly developed and there was 
little cytological differentiation; and subsequent envirornental changes, which 
brought the species together, have allowed widespread hybridization and con
vergence. As already pointed out, this pattern of evolution is probably wide
spread; another good example is provided by the subgenus Eugeum of the 
genus Geum, which consists of some 25 species of which 15 have 2n = 42. 
and the remainder higher numbers in the polyploid series. The hexaploid 
species have a circumpolar distribution, but they are all capable of producing 
hybrids of at least moderate fertility and with good chromosome pairing; 
and GAJEWSKI (1957) considers the group to be monophyletic. 

rrhe Rostratae also appear to be a very natural group; but here the primary 
radiation has taken place at the diploid level. No less than 17 of the 25 species 
which have been counted are diploid. Although some of these diploids are 
crossable, many of the hybrids are sterile and some show little or no chromosome 
pairing. The 8 tetraploid or hexaploid species which are known have probably 
all been fo!med by allopolyploidy; but these polyploids, though again crossable, 
are .thems~lves largely inter-sterile , as they rarely have more than one genome 
~n comm01;1, and there is thus much failure of pairing. The possibilities of 
~onvergE~1ce by hybridization and introgression are thus much .slighter than 
in the Boreali -Americanae, altho-µgh some examples ar~ known. Thus ScHOFER 
( 1954) has shown that in Germany the triploid hybrid. V. riviniana x reichen-
7..achiana (2n = 30) has limited fertility, and that riviniana populations have 
probably been affected l;>y introgressio:o. from this hybrid. Again MOORE 
( 1959) has shown that introgression appears to be occurring between V. rivi 
niana (2n = 40) and V. lactea (2n = 58) in S. W. England and Portugal , 
in spite of the high infertility of the artificial hybrids. It is interesting to note 
here that although the hybrid between V. canina (2n = 40) and V. lactea 
(2n = 58) is moderately fertile, little or no hybridization occurs, becausEl 
the species generally occur on soils of different base-status and are thus ec;o
Jogically i~olated . . 

With V. canina L. and V. montana L~ the situation is different. While 
· typical forms of these tetraploid species are both ecologically and morphologic 
ally quite distinct , numerous fertile intermediates occur. SCHMIDT (1960) 
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has shown that while the species are often very efficiently isolated by differenco; 
in habitat. montana being mainly a woodland plant and canina a plant of 
more exposed habitats , artificial hybrids between them are completely fertile. 
There is thus a case for giving the taxa subspecific rather than specific rank; but 
further investigations oYer the whole of their range in needed. 

The pattern of evolution found in the Rostratae, with a group of widely 
dispersed diploids on the basis of which localised polyploid groups have bern 
formed, is of course widespread in flowering plants. lt occurs again in tll(' 
section Chamaemelaniurn of the genuR Viola , investigatrd by CLAUSEN (1951 ). 
Another notable example, which Rpans the Atlantic Ocean, is to be fonnrl 
in the fern genus Dryopteris , recently described by S. WALKER (1H60). 

It is clear that the Boreali -Americanae and the Rostratae illu strate different 
genetical patterns of evolution and also that they represent different stages 
in the process of evolution via polypJoidy. Looking into the future , it is con
ceivable that all the diploid species of the Rostratae might become extinct , 
leaving only some of the polyploids. One of these species , e.g. V. riviniana. 
which is already extremely variable (VALENTINE , Hl56) might then beco1rn· 
dominant, and produce a swarm of daughter species comparable to tl1at found 
in the polyploid Boreali -Americanae. The difference in eYolutionary patte1 n 
also helps to explain the taxonomical problems which arise in the two grou11s. 
The overlap in range and the inter-fertility of many of the species of the 

.Boreali-Americanae make it very ·.difficult to delimit hard and fast taxonomic 
boundaries. Jn the European Rostratae on the other hand, although the mor
phological differential characters are not as clear-cut as they might be, iden 
tification of hybrids by their sterility is generally rnsy and introgression rarely 
blurs the boundaries between the species. It may be added tha.t idEntification 
has often been made more difficult in the past by failure to use floral char
acters, such as those concerned with the shape, colour and venation of the 
petals, which are oftEn not usable in herbarium specimens , but which may 
be of considerable importance when fresh material is available. 

VI. C o n c I u s i o n 

rrhe work described in this paper, to which many authors have contributed 
o ver many years will , it is hoped, illustrate some of the ways in which t]w 
Pxperimental taxonomist (or the biosystematist as he is sometimes called) 
selects and approaches his problems. His aims are twofold. First , he is inter
ested in the pattern and process of evolution. He attempts ,to find out _how 
populations are isolated from one another, under what cii;cumstances tbiR 
isolation may break down, and what the effects of such a breakdown may .be. 
At the same time, he is concerned with the process of population differrnti 
ation, and with the factor_s, both internal and external, which are responsible 
for such differentiation. Secondly, he is concerned with the application of 
the knowledge gained in this way to the practical problems of taxonomy 
(e.g. to the revision of sections and genera) and alrn to the problems of phyto
geography, such as the realtionship between the floras of Europe, Asia and 
N. America. As CAMP and GILLY (1943) and VALENTINE and LOVE (1958) 
have pointed out, as an area is more intensively explored, and its flora becomes 
more perfectly known, the profit to be derived from classical taxonomical 
studies becomes less and less, and the desirability of the biosystematic ap-
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proach becomes more obvious. It would be an exaggeration to state that 
our knowledge of the taxonomy of the European flora , for example, is complete; 
but the very fact that the Flora Europaea project has been successfully launched 
is sufficient to indicate that a great deal is known ; and as the project proceeds, 
more and more problems for the biosystematist are revealed. This is wel1 
illustrated by the section Melanium of the genus Viola, of which little has 
been said in this paper. Thus, in some of the annual species of this section, 
e.g. V. kitaibeliana R. & S., CLAUSEN (1951) has shown that chromosome 
races exist, but little or nothing is known of the taxonomy and distribution 
of the races . Again in some of the perennial groups, such as the V. cenisia 
complex, there are many isolated populations l.n the mountains of southern 
Europe whose status is uncertain, and which need to be investigated by bio
systematic methods. Studies of this kind will, in the future , throw much light 
on the evolutionary processes at work and will also help to place the taxo
nomy on a firm basis. 

Figure 1 

Artificial crosses and basic chromosome numbers in th scC't ion Nomimium 
(From'~GERSHOY, 1934-, 1!)43) 

(x = 10) 

ROSTRA'l'AE 

....... ....... _ 

(x = 10) ' 
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................. 
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' ............... , 

(x = 27) -------------------------
BOflEALl-AMERICAN AE 

------ = dormantsoe<ls 

--- - = viable hybrid 

(x = ll.12 

.... S1'0LONOSAE 

(JC = 12) 

ADN.A TA E 

The numbe t· of lines indicates the number of different interspecific hybrids successfully roared 
to maturity. All the hybrids were sterile. 
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Figure 2 

Pairing at m eiosis in inter p cific hy brids in th . Rostrata 
(from 1\fooRE & HARVEY, 1961) 
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Table 1. 

GENERA OF THE l'IOLAOEA E (from MEL HIOR, 1925) 

Stamens introrse ; fruit a capsulo or berry 

Flower . actinomorphic; lowor p tal not saccate or spurr d 

Subfamily I 

VIOLOIDEAE 
Tribe I R i n o r e e a e 

Genera Rinorea Tropics, excluding Australia 260 sp cics 
Allexis Tropical W. Africa 3 

Tribe II l' i o l e a e 

Genera 

Subfamily II 

Gloeospermum Tropical C. Am rica. 
M elicytus N ew Z a.land , Fiji 
Hymenanthera New Zealand, E. Australia 
Isodendrion Sandwich I s. 
Amphirrox 
Paypayrola 

Tropical S. America. 
Tropical S. Ameri ·a 

Flowers zygomorphic; lower p tal accate or spurred 

Hybanthus Tropics and sub -tropics 
Agatea N w a.ledonia, N ew Guinea 
A nchietea Tropical S. America. 
Oorynostylis Tropical C. & . America 
Schweiggeria Tropical C. & S. America 
Noisettia Tropical S. America 
Viola Cosmopolitan c . 

LE 0 N I 0 I DE A E Stamens opening t erminally; fruit nut-like 

G e ner a L eonia Tropical S. America. 

7 
4 
5 
4 
5 
7 

75 
12 

8 
4 
2 
1 

400 

3 
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Table 2 

HECTlONS OF 1'10LA IN THE NORTHERN HEMI. PHERE (from Br:c KER, 1925) 

I . Nomimium 

2. ))ischicliwn 

::l . Clinmae-
melanimn 

·L AT elciniuni 

!>. Xylinosin111 

Ii . /)e/ph iniops is 

Diploid 
(2n = 20) 

'I'etrapl9.icl 
(2n = 4~) 

H exap loi<l 
(2n = 60) 

204 

H orbs ; stipulos small; fiowers bluo; ·ty le beaked. 
Wit.h c le istogamous flowers . 

N. H emisphere . 
Many 8pecies. 

H e1·hs ; stipu les small ; flowers y ' llow; style two -lobed N. H emisphere , 
at apex. With cle is togamous flow rs . S. E. Asia. 

8 species. 

H ct•bi::; stipu(ps small; flowers yellow ; . tylc capitate . 
With c le istogu.mous Aow rs . 

H erbs; stipulos loaf-lik ; flowers blue or yellow; 
st y le eapitate . Lacking cleis togamous; flowers . 

~ub -8hrubs ; stipules small; flowers b lne; Rt .vie 
1icithe l' capitute nor· beaked. 

Sub -shrubs ; Htipulc mall ; flowers with , ·cry long 
spur; style neithe r capitate nor beaked. 

Tablo 3 

Asia ancl N. Ame 
rica. l\f any specieR . 

N. H emisphere 
mainly Euro.Ria, 

Tany spe<'ics . 

Medite rranean & 
tho Cape . 
4 species. 

S. EuropC' . 
3 sp cies . 

SP8Cf8S OF THE SUB-SECTION RO . 1.'RATAE 
KNOWN TO HYBRIDIZE DIR8CTLY OR INDIRECTLY 

Europ e an N. A1n e rican 

bfaabilcs • 11 Hosulatno ' . roi:;ulatuo Ho,;ulatae 

niirobilis L. reicheri bachfona s fugnina KTT. I stria ta AJT. 
JOJtD . I consp er.rw :R 'HU. 

. rt1pestris Rc11M. I lahmdori m S CHRANK 
roslrata P l{S H 

adunca 8M. 

I. riviniana HcHH. canina L. Jiowellii GRAY 

1mmila CHAIX (alsu oct·oploid) 
elatior FH. 
Jordani HAN KY 

I II I 

I II 

sieheana 

I 

laclea f:\M. 
w. B CKR. (2n = 58) 



Tablo 4 

Reed-set and p <'rc<'11 t uge gC' nnination in int '" p<'c·ifie ernkHl'S in Ro trnlar 

A. 
Int N -dipl uid 

I H. 
I nter -po lyp loid 

l '. 
J iploid -poly
ploid 

l{cf"c'rc n ccs 
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pwni ln /.. factl'O 

(£ x rivinian 
rciche n baclt iana 

rec iprocal 
rivinian a x r1171estl' is 

I' c ipl'OCal 
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(/ '/ stn'a tri 
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