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I. INTRODUCTION

NE RESULT of the extensive investigations on the genus Crepis has been the
formulation of a fairly definite hypothesis concerning the origin, devel-
opment and migrations of this essentially monophyletic group of plants. This
hypothetical history of the one hundred and ninety-six species of Crepis has
been found to be consistent with a great mass of other evidence concerning the
origin and migrations of floras in the northern hemisphere. A review of this
evidence.together with a detailed discussion of the data on Crepis will be
presented in a monograph which is in press.

The criteria of phylogenetic relations in Crepis represent five different dis-
ciplines. The primary basis for classifying all the species into twenty-seven
sections and arranging the sections in an approximate phyletic series is com-
parative morphology. Second in importance have been the data on chromo-
some numbers in one hundred and thirteen of the species (cf. Babeock and
Jenkins, 1943). Thirdly, the cytogenetic analysis of certain interspecific
hybrids has confirmed the conclusions reached concerning the phyletic rela-
tions of the parent species as determined on the basis of comparative morphol-
ogy and chromosome numbers, and has revealed the evolutionary process by
which reduction in chromosome number in the series 6-5—4—3 has been accom-
plished (cf. Babeock, 1942, pp. 176-178; Tobgy, 1943). Fourthly, purely
genetic data o1 many interspeeific hybrids have substantiated the grouping of
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Fig. 1. Crepis geracioides ausskn. «, plant, X 145 b, flower-head, X 2; ¢, a floret lacking
the ovary, x 4 ca.; ¢/, trichome from the eorolla-tube, X 100 ca. ; d, anther-tube slit and opened
out, x 8 ca.; e, detail of anther-appendages, X 32 ea.; f, g, two achenes and a pappus-seta
from ecach, x 8 ca.; I, I’, two inner involueral bracts showing outer and inner faces respee-
tively, X 4 ca.; i, haploid set of ehromosomes, x 1500.



Fig. 2. Crepis senccioides Delile. a, b, ¢ and k, plants and parts, X % ; d, m, flovets lacking

the ovary, x4 ca.; e, n, anther-tubes slit and opened out, x 8 ca.; f, o, details of anther-

- appendages, x 32 ca.; g, h, p, ¢, achenes and single pappus-setae, X Sca.; r, haploid set of
- chromosomes, X 1500,
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the species into sections on a morphological basis; and the genetic analysis
of hybrids has shown the importance of gene mutation as a cause of speciation
in Crepis. Fifthly, a study of geographic distribution in the genns as a whole,
taken section by section, when considered in the light of well-established paleo-
botanical evidence, has led to the formulation of a phylogenetic history of
the genus. )

Iu order to give the reader a concrete notion of the morphological contrasts
between the most primitive and most advanced types of Crepis species, one of
each is illustrated (figs. 1 and 2). The differences in size and habit of the
plant, in size of the heads, flovets, fruits, etc., are so obvions, it seems hardly
neeessary to point them out. The primitive species, C. geracioides, is a montane
perennial which is endemic in the southern Balkan Peninsula. The advanced
species, C. senecioides, is a precocious, desert annual which has been colleeted
at a number of stations scattered along the Egyptian-Tunisian littoral. Be-
cause of its wide distribution it is not cousidered to be an endemie species in
the restricted sense in which that term is used in the present paper. But, since
it is the most advanced species in the genus on morphological grounds, it has
been used to illustrate the extreme reduction in size which has aceompanied
development of the annual habit, extreme precocity, and remarkable Jongevity
of the tiny seeds (achenes), all of which adapt it so well to desert conditions.
The fact that these two species, which represent the earliest and latest stages
in a very long developmental history, now exist on opposite sides of the Medi-
terranean Sea, which is only some 600 kilometers (400 miles) wide in this
region, is sufficient to pique one’s curiosity as to whence and how they eame
to be there. .

Stated as briefly as possible, the answer is as follows. C'repis originated in
Central Asia early in the Tertiary period. Some, at least, of the most primitive
species existed at low elevations, under mesophytic conditions. But migration
into higher altitudes, accompanied by speciation, must have occurred during
the early development of the eenus and before the extensive migrations took
place to the northeast, southeast, northwest and southwest from Central Asia.
The migrations to the sonthwest affected a much larger number of Crepis
species than the other three migrations. The general trend of the southwesterly
migration passed throngh Turkestan and Iran and then followed one of three
main routes: (1) through northern Asia Minor into the Balkan Peninsula
and southern Enrope; (2) tlirough southern Asia Minor, Iraq, Syria and
Palestine into Beypt; and (3) through southern Arabia into Abyssinia and
tropical Africa. These migrations were accompanied or followed by inereas-
ing dessication in southwestern Asia and the Mediterranean region and this,
together with the many topographical changes which occurred. resulted in
increased speciation throughont that general region. Thus C. geracioides
almost certainly migrated from Central Asia around the south end of the
Caspian Sea, through northern Asia Minor, into the Balkan Peninsula where
it still exists in three localities. But ', senccioides almost certainly developed
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where it now exists from some less advanced ancestor which was unable to
tolerate the increasing aridity of the climate. That ancestor, in turn, probably
developed from a still more primitive type somewhere in the Iran-Iraq region.
A presentation of the general background of evidence for these rather dog-
matic statements must await the publication of the monograph.

One of the most interesting aspects of the geographic distribution of Crepis
is the large amount of endemism present and the distribution of the endemic
areas. It is the purpose of the present paper to examine this evidence in order
to determine to what extent it agrees with the phyletic history briefly outlined
above, which was worked out for the genus as a whole. At the same time it may
be possible to derive some conclusions concerning endemism in Crepis which
will have general significance.

The present study is confined to the Old World species inasmuch as the
data on endemism in the New World species have already been reported (Bab-
cock and Stebbins, 1938). With reference to the history of the genus as a
whole, the conclusion was reached that all of the American species either
migrated from Asia across the Beringian land-bridge before the Pleistocene
elaciation could prevent such migrations, or that they were derived from
species of Asiatic origin.

The term endemie, in its usunal biological connotation, 1s applied to a plant
or animal which is restricted in its distribution to a single country, region or
area. This definition becomes much more definite as soon as the size of the
region or area is stated. During the years spent in accumulating data of vari-
ous kinds concerning Crepis species, the writer came to realize that a great
many of them are endemic in the general sense defined above ; and that a con-
siderable number of them are also of very restricted distribution. Some of
these restricted species are insular, being confined to one or other of such
islands as Crete, Sicily, Majorca, Madeira or Fuerteventura and Lanzarote
of the Canary Archipelago. Others are restricted to a single limited district
on a continent, as in the case of the 22-chromosome forms of C. monticola and
C. pleurocarpa, two of the oldest endemic American species of Crepis (cf.
Babeock and Stebbins, 1938). Still others are similarly restricted by ecological
factors, but they occur in two or more small districts and these may be either
near together or widely separated within a given endemic area. An example of
the latter is C. geracioides; but the three localities at which C. geracioides is
known to occur are separated by a maximum distance of approximately 150
kilometers (90 miles). Hence this species can hardly be deseribed as a narrow
endemic except in a purely relative sense, as when compared with such a wide-
spread species as C. seneciotdes.

In order to obtain more definite information as to the amount and possible
significance of endemism in Crepis, it was decided to set arbitrarily a lower
limit of fifty kilometers (30 miles) and an upper limit of 150 kilometers (90
miles) ; and to classify all the species whose maximum straight-line distance
between known localities falls within the lower limit as “narrow A’ ; all those
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whose maximum distance between known localities exceeds the upper limit as
“wider”; while those falling between the two limits were elassed as “narrow
B.7 1t was found that there were so few species in the “narrow B” group that,
for the sake of simplieity, the “narrow B” and “wider” groups were lumped
togethier, thus recognizing only two categories, “narrow” and “wider,” with
the dividing line at 50 kilometers.

On this basis it was found that there are forty-eight species of Crepis for
which the available data indicate a “narrow” distribution. Twenty-eight of
these are known from only one locality while the other twenty are known from
two or more localities. Of the twenty-eight that are known from a single lo-
cality, twenty-four are known to the writer from just one collection ; but the
other four are known to have been collected several times at the one locality.
Three of these four localities are mountain peaks in Greece; the other is the
easteru promontory of Madeira Tsland. The twenty-four localities at whieh
only a single eollection has been made are mostly in regions which have been
less thorouehly explored botanieally, such as Asia Minor, the Caucasus,
Turkestan and tropical Africa. Many of these localities are in mountainons
country and some are mountain peaks. Since many of the ‘“wider” endemies
are known to be very local in their distribution, and half of the “narrow” ones
are known from two or more collections, it is fairly probable that the majority
of the species kuown from only one collection will turn out eventually to be
actually “narrow” as here defined. At any rate the purposes of the present
paper cau be served better by recoguizing them as “narrow” than by ignor-
ing them,

Classification of the remainder of the Crepis species as endemie or not en-
demic was accomplished by defining a series of endemie areas and then by
accepting as endemie only those known to be restricted to a single area. Many
of these areas are widely recognized as rich in endemie species of plants. By
this method ninety-one species were selected as “wider” endemies. This does
not mean that these species are continuounsly distributed over a distriet more
than 150 km. (90 miles) in diameter. On the contrary these “wider” endemies
are all more or less loecal in their distribution; althongh a few are fairly
abundant in eertain districts. Thus in the case of C. geracioides it happens
that the three known localities are about 150 kilometers distant from one an-
other; whereas C. terglowensis, another very primitive endemie, is known from
at least twenty high alpine stations ranging from south-central Switzerland
to central Tirol and Upper Austria. In marked contrast with these are such
insular species as O. cretica and C. canariensis which are abundant on the
islands where they exist. A few species have been omitted whieh oeeur mostly
in one endemic area but are also represented in another and hence, on a less
restrieted eriterion, might have been eonsidered as endemie. Interesting ex-
amples are C. pygmaea, a very primitive 12-chromosome speeies of Spain, the
Pyrenees, the southwestern Alps and northern Ttaly; C. smyrnaca, another
12-chromosome primitive speeies known from only three loealities in sonthern
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Greece and western Asia Minor; C. pontana, the most primitive 10-chromo-
some species of Crepis, which oceurs from the eastern Alps to the western part
of the Balkan Peninsula; and C. albida, the next most primitive 10-chromo-
some species which is polymorphie and is distributed from the Grand Atlas
Mts., in Morocco through Spain, the mountains of southern France and the
Maritime Alps. It becomes difficult to know where to draw the line, if one
begilns to ¢o beyond the limits of a single endemic area. But, on this restricted
basis, there are still one hundred and thirty-three endemic species which is
72 per cent of the one hundred and eighty-five Old World species.

II. THE DISTRIBUTION OF THE ENDEMIC
REGIONS AND AREAS FOR CREPIS

The endemic regions and areas for Crepis are defined in Table 1 and shown
on the accompanying map (fig. 8). On this map the large size of the tropiecal
African area (no. 19) will be one of the first things to catch the attention. It
should be emphasized that, in the latter area, all of the eighteen endemic
species found there are extremely local in distribution. AN but three occur
on only one or two mountains or in a single mountain range. These mountains
and ranges are shown as solid circles or narrow cllipses on the map. The other
three species are known from only single stations which are at low elevation
and these are shown as solid squares on the map. Following is a key to the
symbols used to designate these locations in area No. 19 and three others in
area No. 10.

The long winged-shaped ellipse in area No. 10 is the Pamir-Ferghana-Altai
system of mountains.

KEY TO MAP SYMBOLS

Regions are indicated by Roman numerals. Areas are
indicated by Arabic numerals.

Mountains shown by solid circles and ellipses:

AT. Ala-tau Mts., Central Asia.

CH. Mt. Chirinda, southeastern Africa.

DA. Darvas Mts., eastern Russian Turkestan.

CU. Congo-Uganda plateau north of Lake Kiwu, Africa.
HI. Himalaya Mts., Kashmir region, high alpine.
KE. Mt. Kenya, eastern tropical A frica.

KI. Mt. Kilimanjaro, eastern tropical Africa.

KU. Mountains south of Lake Kiwu, tropical Africa.
MC. Mt. Cameroon, western tropical Africa.

ME. Mt. Meru, adjacent to Kilimanjaro.

NY. Mountains of Nyasaland and adjacent Congo.
RM. Mt. Rungwe and Mt. Mbeya, tropical Africa.
UK. TUrundi Provinee, Kisozi, fropical A frica.

UL. Uluguru Mts., Tanganyika Prov., Africa.

UT. TUlu-tau Mts., northern Russian Turkestan.
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Single lowland stations in Africa:
EC. Elzabethville, southeastern Belgian Congo.
FU. Tort Portal, Uganda.
CA.  Cului, Angola.
TABLE 1

ExNpEMIC REGIONS AND AREAS FOR OLD WORLD CREPIS

Regions Areas
I. Southwestern Europe; Alps; north- 1. S. Spain and N.W, Morocco
western Moroceo 2. N.E. Spain and W. France
3. European Alps
II. Balkan Peninsula 4. Balkan Peninsula
III. Asia Minor; Syria-Palestine; Cri- 5. Asia Minor
mea 6. Syria and Palestine
7. Crimea
IV, Caucasus; Iran 8. Caucasus region
9. Iran
V. Turkestan-Pamir-Altai region 10. Turkestan (E. and N. Russian) and the
Pamir-Altai mountains
VI. Northwestern India 11. N.W. Ilimalaya Mountains, high alpine
12. N.W. India-Baluchistan, low montane
VII. Southeastern Asia 13. S.E. Asia (=S.E. Tibet, S.W. China, N.
Burma, Laos, Anuam)
VIII. Eastern Siberia 14. E. Siberia (Okhotsk distriet)
IX. Northern Japan 15. Hokkaido-Sakhalin
X. Abyssinia; Eritrea; southwestern 16. S.W. Arabia in Yemen Provinece
Arabia 17. Eritrea
18. N. Abyssinia, mountains
XI. Afriea, tropiecal 19. Africa, tropieal (isolated localities)
XTI. Lybia-Morocco - Cadiz (littoral) ; 20. Liybia (littoral)
southern and western maritime 21. Tunisia (middle and southern)
Ttaly and southern France; Ma- 22. K. Algeria (littoral)
deira and Canary Islands 23, 8. Italy and Toseana, Siecily, Sardinia,

Corsica; S. France

24.W. Algeria, N. Moroeco, Cadiz (mostly
littoral)

25. Madeira and Canary Islands

The distribution of the twelve endemic 1egions defines the east-west distri-
bution of the genus as a whole almost completely, the gaps between the en-
demic regions being occupied niore or less by the various widespread species.
In this connection it should be repeated that the total evidence on geographie
distribution in Crepis, considered in relation to the evidence on phylogeny,
definitely indicates that the center of origin and carly development of Crepis
was in Central Asia, in the Altai-Tian Shan mountain region in the north-
eastern part of region V (fig. 3); and that the present wide distribution of
the genus was accomplished through migration in four general directions
from the center. One of these trends was towards the northwest, into what is
now Russia. Ouly five species exist today in northern Enrope as a result of that
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trend of migration and none of these is endemic. Another migration trend
was to the east and northeast, resulting in two endemics in Japan, one in the
Okhotsk district of Siberia, (region VIII, fig. 3), and all of the American
species. Still another trend was to the southeast, resulting in the nine endemic
species found in region VII. Most important of all the migration trends from
Central Asia, in terms of the number of species involved, was the southwest-

Fig. 3. Map of the Old World showing the endemic regions (Roman numerals) and areas
(Arabic numerals) for Crepis. (In regions V and XTI solid circles indicate single mountains
and ellipses, mountain ranges or systems; solid squares indicate single lowland stations.
See key to svmbols in text.)

erly trend across Turkestan and Iran. From that region the thiree branches
already mentioned led to northwest and tropical Africa; to the Caucasus,
Asia Minor and southern Europe; and to the eastern Mediterranean and
North African littoral. The point to be emphasized here is that the distribu-
tion of the endemic regions for Crepis is entirely consistent with the generic
history briefly outlined above.

ITI. PIYLOGENY AND ENDEMISM IN CREPIS

Based on the evidence from comparative morphology and eytogenetics it
has been possible to classify all the species of Crepis on a relative phylogenetic
basis with some degree of assurance. For purposes of the present discussion
they have been grouped into three classes, the more primitive, the interme-
diate, and the more advanced species. In Table 2 are shown the relations of
the endemic species in these phylogenetic groups to the size of area oceupied
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by each species (narrow or wider), to its altitude class (alpine, montane or
low), its moisture elassification (as occupying a moist, subhumid or arid en-
vironment), its life-duration class (perennial or annual-bienunial), and its
variability elass (monomorphic or polymorplic).

Considering first the totals in the right hand column, it will be noted that
twenty-nine of the endemic species are primitive and twenty-nine are ad-
vanced, whereas seventy-five, or more than one-half of them, are intermediate.
Evidently Crepis may be described as a conservative genus and this becomes
more patent when it is realized that of the twenty-nine advanced endemics
only some half-dozen desert or mountane annuals can be considered as very
highly specialized species. There is apparently no correlation between the
phylogenetic grouping and extent of distribution (narrow vs. wider), since
about one-third of all the endemics are narrow and two thirds are wider and
these same proportions hold roughly for each of tlhe three phylogenetic classes.
In altitudinal distribution there is positive correlation between primitive type
and alpine altitude and very strong positive correlation between advanced
type and low altitude. In the moisture classes we find that, of the one hundred
and four endemics in the primitive and intermediate groups taken together,
just one-fifth occur under arid conditions, whereas four-fifths of the advanced
endemics oceur under arid conditions. Hence there is strong positive correla-
tion between advanced type and arid environment. In the life-duration classes
the differences are most striking—all the primitive and intermediate endemics
are perenunial whereas nearly all of the advanced endemiecs are annual or (in a
few cases) biennial. In regard to variability there is a stronger tendency
towards polymorphism in the advanced than in the intermediate or primitive
endemics. All of the primitive and intermediate endemics are perennial species
and more than four-fifths of them are monomorphic and occur at montane or
alpine elevations and under subhwmid or moist conditions. Most of the ad-
vanced endemics are annual species and two-fifths of them are polymorphic;
none occur at alpine elevations and about threc-fourths of them ave found at
low elevations and under arid condilions.

IHaving noted the lack of correlation between extent of distribution (as
expressed by the arbitrary classes “narrow” and ‘“wider” (aud the three
phylogenetic groups, it may be of interest to examine the relations between
extent of distribution and the other four classifications of endemic Crepis
species. In Table 3, in order to reveal the relations involved more clearly, the
actual numbers, given in the upper two rows, are expressed in the lower two
rows as percentages of the respective totals, given in the right-hand column.
The totals given in the middle row are merely for the purpose of checking
against the other tables. Comparing these percentages, it is clear that there is
little or no positive correlation between narrow and wider distribution and
phylogenetic grouping. But it is equally clear that there is positive correlation
of wider distribution with low altitude and arid climate. As for duration of
life and variability, about four-fifths of both the narrow and the wider en-
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demics are perennial ; whereas all of the narrow endemics are monomorphie,
but one-third of the wider endemics are polymorphie.

Cousidering these facts in the light of the conclusions derived from Table 2,
it may be inferred that the advanced, annunal endemic species which are poly-
morphic are mostly of wider distribution and ocenr at low altitude, under arid
conditions. This inference has been verified by reéxamination of the original
data. There are twenty-five annunal endemic species (Table 2) of which twenty-
three occur in an arid elimate and all but oue of these at low altitude. Only
eighteen are known to have a wider distribution ; but, of the other seven, six
are known as vet only from the type locality and further collections may show
that some of these also have a wider distribution.

The contrast between this group of advanced endemics and the strictly al-
pine endemies is most striking. Of the thirty-one alpine endemics, all are
perennial ; twentv-nine are monomorphic and only two, polymorphic; while
all but one oceur nnder subhumid or moist conditions. Six of them are primi-
tive, and twenty-five intermediate—there are no advanced alpine species. This
means, of course, that the alpine endemics are all relatively old specics and
adapted to mesophytic conditions; whereas the lowland endemics of advanced
type are relatively young species and adapted to xerophytic conditions.

But the contrast between the two groups does not hold for size of distiibu-
tional area. Of the thirty-one alpine endemics twenty-one are wider and only
ten narrow in distribution. Furthermore, there are ten other alpine species of
Crepis which are so extensive in geographic distribution that they are not
considered to be endemic. For example, C. conyzaefolia is a primitive alpine-
subalpine species distributed from the Pvrenees to the Balkan Peninsula and
in northern Asia Minor, Transcauncasia, northern Persia and the Altai region.
Such evidence, together with the prevalence of wide distribution among the
alpine endemics, certainly indicates that the alpine endemics were formerly
more widely distributed and have become restricted to their present locations
presumably through radical changes in the environment.

The evidence on chromosome numbers is in good agreement with the forego-
ing generalizations. In Table 4 fifty-three diploid endemic species are classified
opposite their numbers 6, 5, 4, or 3, and in relation to phylogenetic grouping
and the other classifications used in the preceding tables. Phylogenetically,
the 6-paired endemics are all primitive or intermediate, none are advanced;
whereas the 5-paired endemics are about evenly divided among the three
groups and the 4-paired endemics are mostly intermediate or advanced. The
one 3-paired endemic, C. fuliginosa, is advanced, widely distribnted, montane,
xerophytic, annual, and polymorphic. In distribution all of the 6-paired en-
demics are wider as well as most of the 5’s and 4’s; but the small number of
narrow endemics that have been examined cytologically may be partly due to
difficulties in obtaining them in living condition. The data on altitudinal dis-
tribution indicate no correlations except in the 4-paired species which are
mostly of low elevation. As for moisture relations, most of the fifty-three






























