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E MUSTARDS AND RELATED PLAN
T}%:AMILIES IN EASTERN TENNESSEE! T

MILDRED HEBEL
DEPARTMENT OF BOTANY, UNIVERSITY OF TENNESSEE

INTRODUCTION

EXTENT OF THE ORDER AND TERRITORY INCLUDED

The Papaveraceae, Cruciferae, Fumariaceae, Capparidaceae, R
sedaceae and Moringaceae are a group of naturally and closely relat e(i
families comprising the plant order, Papaverales. In Fastern T ;
nessee, representatives of only the first four of these families oc ar
Fastern Tennessee, in this case, shall consist of the sixty-three counct"lr.
east of and including Sumner, Davidson, Williamson, Maur nd
Lawrence (Fig. 1). It will be seen that the political bounda};’ al;ld
tween “Middle” and “East” Tennessee practically halves this { -
e erri-

Within the territory is a variety of elevations an i
The regiqn at the western boundiry is known as tclllerci\clla:slfl(\)zﬁ?eatll'on&
stone basin, or bluegrass regien. It is composed of fossiliferou l!me-
stone and calcareous shales. The average elevation of th, I;S *'lm?-
about 500 feet. It is in this region that two endemic speciees Z:)sfmtl:s
Papaverales, Lesquerella Lescurii and Leavenworthia stvlosa ar;,3

found. A few other species noted i i
Dol g fem of regiolil ‘ noted in the paper oceur only in this

East of the limestone basin i
s the Cumberland Plat
;:ibtiell)ang d(cieply cut by many streams. The Plateau is ma?:lu); uz:ldflif
y sandstones and sandy shales. There is an altitudinal range of

from 1,800 feet at Si '
at Cumberland Gap. ignal Mountain, near Chattanooga, to 3,000 feet

Ris::;t oé :(;1[2 Par]:;llel‘to'the Plateau is the Valley of the Tennessee
i M limg;,c? ¥, 1t 1s composed chiefly of Knox dolomite (a
et 0 e ats (():1;:;) and calcareous shales. In elevation, it varies
ginta oo, ap & ttanooga to 1,500 feet near the Tennéssee-Vir-

¢ Plateau and Valley form a belt 60 to 80 miles in

width from north
5 cast to southwe: s .
has a peculiar flora for the order zg:cch?rfsdthe stHte, Neither region

The Souther

h n Appalachia:

territory. The ns occur at the eastern boun

T This stud y are composed mostly of Cambrian rocks fk;?;r(:iif::
u : ?

( 1930-1932)yw2f11§he Papaverales which

have been impossible h,
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sandstones, shales and slates. In this area the altitude varies from
around 1,000 feet to above 6,000 feet. Most of the area is wooded.
Here are found remnants of the primeval forests of America. Over
100,000 acres of virgin timber stand undisturbed. Mountain forms
such as Cardamine clematitis, Dicentra eximia, and Adlumia fungosa
are found nowhere else in Tennessee.

It is readily seen that the territory included offers a wide range
of elevation and a variety of soil composition allowing abundant floral

variations (Fig. 1).

FEARLIER RELEVANT STUDIES
f the mustards and their nearest relatives
dental to general floral surveys. Locally,
no study has been confined to this natural group.

Dr. Augustin Gattinger became acquainted with the flora of the
state as a whole probably better than any other man. A physician by
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Fig. 1. Tennessee showing the areas involved in this study.

profession, a philosopher by nature, and a botanist at heart, he dedi-
cated to the citizens of Tennessee, in 1901, his Flora of Tennessee.
In this volume he has listed seventy-five species within the Papaverales
known to occur in the state, chiefly in Middle Tennessee. In his list
were included many species known to be recent escapes from local
gardens, e. g., Papaver somniferum L. and Capparis spinosa L. His
collecting was done mostly in and about the vicinity of Nashville,
in the western limit of our territory. His entire collection of flower-
ing plants, now incorporated in the University of Tennessee herbarium,
has been the most extensive of any single investigator in the state.
His specimens of the Papaverales, especially those from the Nashville
region, have been invaluable in the completion of this study.

Albert Ruth, a citizen of Knoxville and East Tennessee for over
thirty years, made extensive collections of the flora in general. Many
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of his spegimens, NOW i'n 1)oslscssion,of thq Un’ivcrsity, are gpon:
within the order under discussion,  His studies, Jike ( sattin ger',”“'e'
confined to no one group, » Were
J. K. Small, whose Flora of the Southeastern United Syq4, "
has been used, together with other manuals, in i‘k‘mifying the
mens here described, once visited the northeastern portiog of th Speci.
His sojourn was so cursory as to have had little significance ¢ State,
tributing to our knowledge of the flora of T'ennessee iy p"“'ticligm .
¥, Lamson-Seribmer, 1, H, Kearney, Jr., and §, M oy f,
likewise made important additions to the University herhagjy, n?!n ha\:e
collections, to, were extensive and general, though Seribner Thej
pecially intent on the grasses, Kearney (1897), incidental] was eg.
first to note the partial duplication of the Atlantie Coastal [-);i,v'm” .
in the highlands of the Southern Appalachians, lain flor,
The check Tist compiled by Jennison (1929) and 1
tions and records at the University of “f'e
Botany has been most helpful,  Both this
(1901 have been enlarged in the
corvected as accurately as possible

(1913)

sed on eo)

ennessee | )e]mrtmcntle:;
list and that of ( Tattingey
present paper and the terminology
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With the investigations of all of these hotanists ag

; 4 Dacl
t’}’w present paper was undertaken with the intention of ntm}‘%‘m?l;,'
.qraycriqlcg in particular, More specifically, the ohjects of the :(tu lc
mﬂ;"( )KI'" clarify the problem of the relationship of the ‘mlcr('y
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note the distribution, time of Hloom; it e o)

' m ' ishi Y i

et o f demﬂmd,, ing, and dmtmmushmg ceological

Pare 1. Puvipeuny

e
I'he ordinal name (1
apaverales) iy an adaptatio i
name, Papaveraceae, which i derived direct] | the vl famlly

name of the voppy, Pupaver, 114 o orom the cluwsic Latn
4 : oeadales” 16 uged ¢ 4
thc’ l:;:’dl;:dl name for the yame group of fﬂmilicuwl i older works ax
familc) ?L’ilm'ﬁgc ltn'clurl'c the poppies, the Pumarisceae (Fumitory
Crucllerse, do ye. ) ceding hearts and Dutchman's hrecches, the
' o whyu}:drd». and the Capparidaceae, the Capers, ”l‘hc
th comfaet o 11: (thc garden mignonette iy 4 type, is a family of
Dipsaeaee a)rl::l ‘v}\‘mrm except when cultivated, 'I'hiy family
not haye 5 mclmicn fafl ¢ only two families of Jurope which do
tropical and arbm'lzve o in America, e Moringaccae in entirely
oringa p Iﬂrif/o:pcmt'(‘, he roots of e Horse-radish "f'ree
o acrid and piguane o) 41€ ground and the pulp is uped
called hen-puty. rl‘ n?,mmt:‘;?d;mcnt, ced of this same tree are
extractip in Jun el remsed the j '
K perfumes and iy lubricating dvliguzj,fn;::']hi(x’afer';/m et

- R S e

iz e s

Sty

{
§

The Musturds in East Tennessee 335

Since members of the Resedaceae and Morj

in Tennessee, the present study includes only species of
! 1
groups (the Poppy, Fumitory, {/Iustard, and élap}er fz':mﬁ‘l)iest)Tc four

Perhaps one would not guess that a houquet of i
mustards, poppies, and spider flowers contaigefit mrl)]zm}‘; l:fﬁ'igi
genera as to he confined to a single order, Yet they are all relatively
simple types having characteristics in common which naturally unite
them, What is the relationship of these plants to the other orders of
the Plant Kingdom ?

ngaceae do not occur

Pryvioceny v GENERAL

The prevailing opinion among present-day plant taxonomists is
that up to this time no single system of classification adequately por-
trays phylogeny. The objects of the Engler and Prant] system (1887-
1909), 0 universally used, are chiefly descriptive and analytical. Vor
ncarly half a century phylogenetic taxonomy has been based on this
classification, Many taxonomists with the intention of perfecting a
phylogenetic scheme of nomenclature, paradoxically, have founded
their hopes in the traditional system,

Recently, however, three systems have been advocated whose
authors pretend to use phylogeny as their bases, These are the sys-
tems presented by Bessey in 1915; Wettstein, whose latest revived
volume appeared in 1924; and Hutchinson in 1920, The order with
which this paper is concerned is here placed in the Plant Kingdom
according to Wettstein's classification, A brief review of the three
recent arrangements, and justification of the use of Wettstein's, are
expedient, especially since the German text accompanying the latter
system may not he available to many students,

In the first place, why is phylogeny so perplexing? Perhaps it is
hecause we must approach the problem more as philosophers than
as scientists! Examination of fossils and a study of comparative
morphology furnish the only evidence upon which scientists may
draw, Accurate and decisive experimentation, to which the scientist
is accustomed, is impractical if not impossible,  With the immense
modern specialized flora in the foreground and scattered fragments
of the flora of past millions of years in the hackground, our cleverest
conclusions can be hut speculative, At the outset, then, the taxonomist
knows that he will never attain his purpose, but only hopes to approach
his goal, He would construct a “tree” from a bundle of clipped twigs
and a few naked branches,

Bessey tried it, and gave us a “tree,” indeed, His conclusions were
sublished in 1915 and have remained essentially the same since then,
owever one may apprize his final solution, he must admit the value
of at least two features of his system: (1) The enumeration of the
criteria (“dicta) by which relationships could evidently he judged;
and (2) his graphic ustration of the relationships of the plant orders
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ig. 2).2 The criteria have been used ip
as he 531\";1 tge?(])rr(f ll)% al% subsequent taxonomists, and the “t
o m-oeé iher attenipts at such delineation. If not accepteq
pr?;ihm:@ then, both of the distinctive features may serve
e . )
{)i\'e guideposts. . ) ) .
Bessev's criteria may be examined in full in thﬁ ori
(1915).' It will be suﬂicient. here to survey the “tree b‘as
criteria (Fig. 2). The horizontal lines in the 7plate imposed upoy,
Bessey’s original chart are according to Pool (19.~9)‘. 'I_‘he most strik.
ing aspect of the “tree” is its monophyletic nature, indicating that all
modern plant orders are derived more or less directly from one recent
phylum, the Ranales. It seems most likely from recently uncovere(
fossil evidence that the modern flora of the world must be derived, ag
far as traceable, from several parallel stocks rather than from g defi-
nite common order still intact such as the _Rangles. If, as far back
as there is evidence, there were several diverging stocks, flowering
plants are said to have had a polyphyletic origin.

Of course there must have been a remote common ancestor. But,
considering the numberless ages during which the flora have been
changing, it is not logical to assume that all of the existing angiosperms
claim more or less direct descent from the modern Ranales. This js
implied in Bessey’s “tree.”

Mmore or
ree” hag
as fixeq
as tenty.

ginal Paper
ed upon the

The most acceptable opinion is that definite and divergent lines of
descent were already established at the time that the early Ranalean
‘types are known to have existed. FElse how can we explain the
abundant Cretaceous amentiferous fossils, contemporaneous with
fossil Ranaleans? Other examples may be cited, all of which point
to a polyphyletic development of the present flora (Campbell, 1928).

With special reference to the problem at hand, the mustards and
their close relatives are seen to have a direct relationship with the
Ranales without intervening types. Together with the Malvales.
Geraniales, Guttiferales, and Caryophyllales ; the Papaverales (Rhoea-
dales) claim the Ranales as their immediate progenitors, Inventive
Ranaleans! One more thing should be noted before passing to the
next system. Bessey agrees with Hutchinson and many other taxon-
omists that whatever their ancestry the mustards and their kin have
been productive of no new types. They were the end of their “line.”
Wettstein believes that from the Papaverales development was con-
tinued through such families as the Violaceae, Cucurbitaceae, and
Compositae.

.Hutc'hm.son’s system is not given since its monophyletic nature
ji{scre;hts it at the outset. This system, like Bessey's, introduces the
petalae as late derivatives from Ranalean ancestors ; whereas these

*The order Pa

Paverales appear
or formulating the cl Ppears on both charts as

harts, it was thought not wise t
t o ch
lest confusion result On consultation of the originals

“Rhoeadales.” In modifying
ange the authors’ terminology,
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forms are known to be at least as old as the Ranales,
revisions are made, Hutchinson’s system may not be widely accepted.

An adaptation of Wettstein's scheme in graphic form is introduced
here also (Fig. 3). It exhibits the acceptable polyphyletic scheme of
phylogeny. The whole framework of the system rests upon the three

Until some

------

[
\\ raceniales

Fig. 2. The Phylogenetic Tree. After Bessey.

foundational and parallel branches proceeding frotgt ;t;t:gult{)a?;g
at length giving rise to our modern dicot and monhoc10 f a“. it
botan;, plant geography, and comparative m_(l))?to ng. il ki
criteria of relationships that attest the plausibility Rl ol
Wettstein’s system will serve as a basis f:;)r determin t% st
of the mustard group. Since Wettstein’s system 1s
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phyletic one of the three, one might inquire the reasons for choosing
it as the basis of classification.

If it is agreed with Bessey and Hutchinson that the monophyletic
origin of the angiosperms is true, the one phylum from which the
recent orders were derived is the Ranales. Then the common ancestral
flower must have resembled the modern magnolia or the buttercup
flower. It would at least have been anemophilous, and monoecious,
and have had separate carpels and a petaloid perianth. From this
type, the apetalous and diclinous orders must have been reduced, and
therefore must have appeared much later in plant history than their
ancestors. But when we examine all known fossil evidence, what do
we find? Knowlton (Campbell, 1928) believes that the oldest un-
questionable angiosperms are represented in the lower Cretaceous
Patapsco formations of Maryland and Virginia. According to Bessey

and Hutchinson, they should be anemophilous, petaloideous, monoe-

cious, and apocarpous types. But actually, of the sixteen families
represented, all have apetalous or at least insignificant flowers, often
dioecious, and certainly wind-pollinated. The flower-visiting insects
of the Lepidoptera, Diptera, and Hymenoptera are unknown from
the Jurassic and lower Cretaceous ( Campbell, 1928).

According to Bessey and Hutchinson, such orders as the Fagales
and Salicales (the Apetalae) must be “recent” derivatives reduced
from petaloideous ancestors. The primitive Ranaleans, especially the
woody ones, presumably would fossilize as readily as the amentiferous
forms ; but fossil magnolias have not been found until the early upper
Cretaccous (Swingle, 1928, p. 9). So, until magnolias are found
which are undoubtedly older than the oldest known Amentiferae, it
cannot possibly be assumed that the Ranales are the progenitors of
the latter, but the reverse might easily be postulated in the light of
the above evidence.

Wettstein does so postulate, and proposes that the Apetalae emerged
as a closely related group from an ancestor as yet unknown. The
possible relationship to the gymnosperms is indicated by dotted lines
in the chart. From this apetalous group, then, most of the higher plant
orders probably have descended. Several gaps, where the trend of
evolution is obscure, are unavoidable because of the scant number of
fossils and the long ages of time intervening. 1f the line of descent is
questionable, brackets are used in the diagram to indicate the period

of uncertainty.

In addition to the five p:

two other races extend from early anc
from an unknown type, and the other from the tropical Verticillatae.

"This last order, judging from the vegetative structure and the anatomy
of the reproductive organs, is very closely related to the gymnosperms
(Wettstein, 1924, p. 541). The unbroken line indicates nearness of

relationship.

arallel and closely related apetalous groups,
estors : One the Proteales, also
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Upon surveving the whole diagram, one sees Shl'llb-like -
‘n: hecause of the probable p()lypllylt:tw OTigin of the angiospe“%e'
n::d not a “tree” implying lnunnl‘)ll){‘vtl_c Ongm. In the Presence Osf,
‘:ll wailable evidence, it scems more judicious to g
all avail: ,

CCept this st
: . e
Wettstein.  Thus, it is assumed that already in Jurassic ti m of
'ulz‘cs"tral complex of plant phyla was ]_)rese'nt.. and that the
;nndcrn dicotyledons had a polyphyletic origin

Tefore the
Posrt1oN oF THE PAPAVERALES 1N THE Prant KINGDOM

Iixactly where in this polyphyletic 'scheme 1S (‘;he Pg.pagerales IOCa}ed?
What were its ancestors, and what its descgg lants. 11‘0m the dire,.
tion of the ancient Apetalae, the Bamamell ales, partly Petaloyg an(

tly a etalous, seem to be derived. T}}en appeared the Ranaleg
D‘}it){ 11; lycarpicae, according to Wettstein). Ampng the descen-
(e lef tlo'g large o}der are the mustards and thejr close relatiyeg
:Elllltzil?e Rtlloeadfles). Development continued supposed

ly from thi
order until the violets, curcurbits and composites were evolved,

EvorLuTioNn TuROUGH AND BEYVOXND THE PAPAVERALERg

As mentioned before, Wettstein is n dlsagreemept with
taxonomists in proposing that development Wéts c%ntm
and beyond the Rhoeadales. Undoubtedly‘the rucifera :
ized to no particular advantage, and have likely glvetcl1 rise to no gn(?re
complex types. The Moringaceae, too, are g fixe group anCm-
significant. The other families, t.he Papavere}ceae, Fumawgeﬁe, thap-
paridaceae, and Resedaceae contain more flexible forms. _ Within these

many
ued through

€ are special-

(Continued in the October number)
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