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The Houstoma purpurea group or species-complex includes
seven named species: H. purpurea L., H. canadensis Willd. ex R.
&S., H. temuifolia Nutt.,, H. longifolia Gaertn., H. lanceolata
(Porr.) Britt., H. montana (Chickering) Small, and H. setiscaphia
Carr. These form a unit of closely related species distinct from
all others in the genus. Fosberg (1954) placed H. floridana Standl.
in this group (as a variety ol H. purpurea), but its stout, woody
tap root and “stalked” anthers indicate a much closer relation-
ship to the H. nigricans group.

H. tenuifolia 1s occasionally conlused with H. nigricans (Lam.)
Fern. Although both have narrow cauline leaves, they may be
distinguished easilv by other characters. 'The former species has
many small roots [rom a short, erect or horizontal, rootstock (a
rhizome) and sessile anthers due to adnate filaments: the latter
has a stout, woody tap root and anthers stalked by the freedom
ol the hlaments [rom the corolla-tube.

Fosberg stated n 1937 that the genera Houstona L., Hedyotis
..., and Oldenlandia L. should be merged under Hedyotis. He
reathrmed this view 1n later papers (1941a, 1941b; 1943, 1954).
Shinners (1949) accepted these conclusions and transterred Texas

‘Parts of this study were arded by a Grant-in-Aid from the National Science Foundation
administered through the Highlands Biological Station during the summer of 1957, also by
the tenure 1in 1952-53 of a Mary S. Muellhaupt Postdoctoral Scholarship 1n Botany at the
Ohio Stite Ulniversity. Appreciation 1s expressed to Dr. R. T. Clausen (Cornell University)
tor guidance 1n early parts of this study, to the curators of herbaria from which loans were
groned, and to my wife, Bessie Z. Terrell. Dr. G. M. Schulze (Botanical Museum, Berlin)

sunp-.ied photographs of the type of Howstonia canadensis. Dr. H. L. Blomquist and Dr. R.
I.. Wilbur ( Duke University) made certain suggesuons regarding the manuscript,
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species ol Houstonia to Hedyotis. In contrast, Fernald (1950) and
Gleason  (1952) maintained Houstonia as a separate genus. In
the present paper it is retained as a separate genus, a course I
prefer to follow until further evidence is obtained on the many,
diverse species comprising the large genus Hedyotis (sens. lat.).
[ have not studied these generie relationships in detail, but my
concern has been with relationships within the group that forms
the subject of the present paper.,

MORPHOLOGY AND CYTOLOGY

Morphological evidence about the Houstonia purpurea group
has come from herbarium and field studies and the growing of
plants i pots and in gardens. Field work was most intensive in
the central and southern Appalachians and in southern Ohio. All
taxa have been collected and observed in the field over Parts
or most ol them respective ranges. Certain collections have been
transplanted and grown for short periods. One outdoor trans-
plant of H. purpurea has been observed at intervals over a period
ol scveral years. Although it has not been possible to transplant
all taxa to the same uniform garden, enough transplants have
been made to indicate that morphological differences are Pri-
marily genctic rather than primarily environmental. That this
s true 1s borne out by field observations: where two species grew
together m nature they maintained their differences.

Many morphological characteristics were investigated to de-
termune how the species differ. About a dozen characteristics
turncd out to be diagnostic, and these are more or less Important,
depending on the taxa imvolved. The species differ slightly in
certain floral characters, but these are often inconstant and dif-
ler within a species from one population to another. In cases in
which more constant floral differences exist these are no better
than or are imferior in taxonomic usefulness to vegetative char-
acters.

Over 4000 specimens were examined from the following herbaria
(abbreviations from Lanjouw and Stafleu, 1956) : University ol Cincin-
natt (ciNc): Wiegand Herbarium of Cornell University (cu): Duke
University (puke) ; Chicago Natural History Museum (¥) ; Florida Agri-
cultural Expermmental Station (rras); Florida State University (rsu) ;
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University ol Georgia (cA): Gray Herbarium of Harvard University
(GH) ; State Umiversity of Towa (1A) ; Indiana University (1np) ; Univer-
sity of  Michigan (aicH) ; Missourt Botanical Garden (mo); North
Carolina State College (ncsc); University of North Carolina (Ncv);
Tulane University (No); New York Botanical Garden (Ny):; Oberlin
College (oc):; Ohio State University (os); Philadelphia Academy of
Natural Sciences (pH) ; University of T'ennessee (TENN); U. S. National
Herbartum (us); University ol Wisconsin (wis); West Virginia Uni-
versity (wva). Other herbaria examined include that of the Great
Smoky Mountains National Park and those of Dr. E. Lucy Braun, Mr.
C. C. Deam, and Mr. E. ]J. Palmer.

Cytological data on this genus are largely lacking. For H caeru-
leca (not 1n the H. purpurea group) Stevens (1912) reported a
gametic number of 16. Fagerlind (1937) corrected this number
to 18, and believed this species to be tetraploid since the basic
number in the genus 1s 9.

Chromosome counts made by the writer i 1948 from mmmature
anthers yielded the following data:
COLLECTION
SPECIES N UMBER |.OCALITY CuaroM. No.

H. purpurea var. purpurea 1974 Black Mountain, g=ca.9
Harlan Co., Ky. s=ca. 18
S. |. Smith  Tuscaloosa Co.,

5157 Alabama §=cad, 18
H. purpurea var. calycosa 2057 Clinton Co., Ohio g=ca. 8-12
Var. calycosa (typical) 1926 cedar glades, §=Ca. 18
Wilson Co., Tenn.
H. canadensis 2058 Chautauqua Co.,
o s—=ca. 18
Intergradant, H. tenuifolia 1990 Morgan Co., Ky. g=ca.9

— H. longifolia var
compacla

T'hese data suggested that at least three ol the taxa in this com-
plex are diploid.

Sizes ol guard cells are sometimes correlated with polyploidy.
It was thought that determination of these cell sizes in Houstonia
might provide an indication of polyploidy. In 1958 measure-
ments ol stomatal guard cells were made on dried specimens by
the method described by Celarier and Mehra (1958). One to four
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ditferente collections ol the taxa accepted here were wested. Cell
sizes were about the same in all taxa except the following: H
tenuifolia varied from about the same as other taxa to about 3097,
larger: H. purpurea var. montana was slightly smaller. The gen-
cral constancy ol cell size was impressive. These results merely
suggest further that polyploidy may not be involved in this
complex: obviously, no more definite conclusions can be reached

T AXoNOMY OF THE GROUP

I he most recent revision ol this genus was that ol Standley
(1918), m which the six then known species of the H. purpurea
group were constdered to be separate species. Robinson and Fer-
nald (1908) and Fernald (1950) maintained those in the Gray’s
Manual range as distinct, although Fernald previously (1940)
had questioned whether they should not all be considered as vari-
ations ol one species, alter sceing intereradation in the ficld in
southeastern Virginia. Gleason  (1952) upheld their separation,
except an the case ol H. lanceolata. Asa Gray in his Manuals had
merged them as varieties ol one species. Fosberg (1941a) advoca-
ted three species, but later (1951) combined them as Gray had
done. "The present writer (unpublished M. S. Thesis, Cornell
University, 1949) tentatively recognized three species.

[ hat two extreme viewpoints — cach a separate species, or all
one species — have been held in regard to this complex, is indica-
tive ol the nature of the problem it presents. 1f only typical speci-
mens are examined the extremes are so different that many tax-
onomists would recognize three or four, or possibly even seven,
spectes. On the other hand, 1l several hundred specimens ol all
Kinds from throughout the respective ranges are examined, boun-
daries between taxa become indistinet and their circumscription
cithcult. In relerence to this group in Indiana, C. C. Dcam wrote
(1n correspondence) that gencrally the collector with a few SpPecl-
mens 1s able to wdentily them, but with a lareer number, “then
1t 1s that you learn that the set are a bunch of rencgades and do
not conform to any rule or law.”

Apparently with the tacit assumption that all of nature is basic-
ally orderly, the writer several years ago began studving this
problem. After initial attempts at statistical and eraphical meth-
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ods to tame the renegades, the procedures employed evolved into
what has been termed the morphological-geographical method.
When the group is studied state by state, region by region, local
area by local area, and the spatial continuity in morphology i1s
followed, it can be seen that some order obtains and part 1f not
all is not chaotic. Field study has been an important adjunct to
this method, for differences and resemblances show up more
clearly in the field than in the herbarrum.

The present revision is of the basic taxa and does not include
details on putative hybrids except where knowledge of these
bears directly on taxonomy. A subsequent paper 1s planned to
deal with such plants in more detail and to consider what evi-
dence they provide concerning the origin and recent evolution
of this group. Any taxonomic treatment of a species-complex
must consider intergrading specimens and putative hybrids. They
are what make this a complex; if all species were distinct and
non-intergrading, this study would have been completed earlier,
the taxonomy being obvious. The intergradant populations are
now well enough understood so that future findings about them
are not likely to change the taxonomic treatment as presented

here.

Present evidence indicates that much of the variation 1s the
result of hybridization. However, two species seem to cross n
some localities but not in others, according to observations 1n the
ficld. Where they do not cross there may be intermediate types
of habitats available for intermediate kinds of plants; therefore,
there seem to be genetic barriers, or at least non-ecological bar-
riers, present which prevent crossing. All members of this group
are heterostylous, a condition which in some other plant groups
has been said to favor outcrossing.

In this treatment four species are recognized. Two ol these
have three variceties each and the other two are merely extremely
variable. All species vary irregularly or clinally over their ranges
and must be studied throughout their ranges before valid conclu-
sions are forthcoming. Each species intergrades with the others,
but not all varieties intergrade.

The term, intergrade, 1s used here as either a noun or a verb;
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when used as a noun it is preferred over the noun intermediate,
to indicate not intermediacy but complete intergradation (usual-
ly 1n several characters) between two taxa.

In order to determine how many intergrading specimens there
actually are, a check was made of the writer’s records of collec-
tions 1n two large eastern herbaria, the U. S. National Herbar-
ium and the Gray Herbarium. From a total of 676 sheets, 78
sheets or 11.59, represent intergrades (to various degrees) be-
tween H. purpurea and H. longifolia var. compacta. Such col-
lections are far more numerous than all other kinds of inter-
grades combined, which are only 3 or 49 of the total; in view
of their obvious importance they are discussed 1n detail below.
These percentages are only approximate, as these two herbaria
do not contain by themselves a really complete or accurate sta-
tistical representation. Comparable figures from herbaria 1n
North Carolina would show more than 11.59, of the kind of in-
tergrade mentioned, and herbaria from certain northern states
would show a lower figure. Using the available figures, one ar-
rives at a total hgure of 14-159 for intergrades of all kinds. Thuis,
however, 1s misleading, since some collections assigned to defi-
nite taxa are atypical, or have minor signs of presumed intro-
gression, or are problematical in some other way.

The more significant kinds of intergrades are as follows (cer-
tain other kinds not listed here are cited in the systematic treat-
ment):

l. H. purpurea var. calycosa — H. canadensis. Scattered and local in
southern Ohio, central and western Kentucky, and southernmost In-
diana.

2. H. purpurea — H. tenuifolia. Putative hybrids are rather frequent
in Missouri and Arkansas, but rarer in the Appalachians. Distribution
on Map 4.

3. H. canadensis — H. longifolia var. longifolia. Intermediates occur
in northern Illinois (see Map 3 and citations under H. canadenszis) .

4. H. tenwifolia — H. longifolia var. compacta. Occur 1n eastern
West Virginia, eastern Kentucky, and western Virginia (cited under
former species) .

b. H. purpurea — H. longifolia var. compacta.

These populations, constituting at least 11.59, of the total
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complex, range from Ohio south into Georgia and Alabama (see
Map 4). They are especially numerous in the southeast, where
they recur again and again over a continuous land area in South
Carolina and Georgia. This regional race may deserve some sort
of formal taxonomic recognition, but it seems best to defer such
action until more exact data are available on this morphologic-
ally heterogeneous group. Plants of these populations vary
through the entire gamut of variation from intermediates into
both supposed parental taxa. Leaf shapes vary from ovate, like
purpurea, to narrow-elliptic, like compacta. Lower internodes of
stems may have long, scattered hairs of the purpurea type, or fine,
dense, grayish puberulence of the compacta type, or both types
of vestiture may be intermixed on one plant. Mass collections
from South Carolina and Georgia often include plants with a
variety of leat shapes and stem vestitures. Plants from the sand-
hills of the Carolinas and Georgia tend to be more like var.
compacta and grade into 1t imperceptibly, while plants from the
piedmont tend to be more like H. purpurea and likewise grade
into it. All of these kinds of populations usually occur in dis-
turbed or secondary habitats. In populations from locations
north of the Carolinas it is sometimes very difficult to judge
whether intermediate types of plants may not actually be appar-
ent hybrids between H. purpurea and H. tenuifolia, but it is un-
likely that these would constitute more than 209 of all collec-
tions placed in the present grouping. (Intergrades in this pres-
ent grouping have been annotated generally by the writer in the
past as between H. purpurea and H. tenuifolia, because it was
earlier believed that H. longifolia var. compacta should be con-

sidered a subspecies of H. tenuifolia.).

The various types of intergrades listed above and those cited
elsewhere are not the only kinds of problematical populations
in this complex. To assign a certain collection to one taxon 1is
sometimes arbitrary; in some of these cases the plants appear to
be introgressants — more variable due to the influence of genes
from another taxon. Certain other populations suggest hybrid
derivation among three basic taxa. The solution of all such prob-

lems posed by this complex would seem to depend ultimately on



164 Rhodora [VOL. 61

the use of detailed graphical and statistical methods along with
transplant experiments and cytological studies.

It may be asked whether the H. purpurea group should not,
as has been done by Gray and by Fosberg, be treated as one ex-
tremely variable species with several subspecies or varieties. 1o
the present writer the following reasons are to be included
among those favoring trecatment of the extremes as separate spe-
cles:

. The four species in their extremes differ from each
other by several well-marked morphological characters.

2. Many populations of the basic taxa occupy large ex-
tents of land over which they retain their essential distinctness
in spite of a certain amount of intergradation.

3. Two species seem to cross in some geographic areas
but not in others; therefore, 1solating mechanisms exist between
them under certain circumstances.

4. Certain taxa occur sympatrically. In this case they
usually occupy somewhat different habitats but may occasionally
grow together.

The situation in the H. purpurea group is comparable to that
in the Gilia tenuiflova-latiflora group, as described by Grant
(1957). The latter aggregate is a syngameon, a term which ac-
cording to Grant (p. 67) “is the sum total of species or semispe-
cies linked by frequent or occasional hybridization 1n nature; a
hybridizing group of species; the most inclusive interbreeding
population.” In the case of the Houstonia purpurea complex we
do not know definitely that hybridization is the cause of the var-
iation. However, the general similarity of its patterns ol variation
to those in the Gilia group is striking. Grant stated (p. 63) that
“treatment of Gilia tenuiflora, G. latiflora, and G. cana as a single
species would obscure rather than accurately portray their rela-
tionships”. The present writer feels that the same 1s true of the
Houstonia purpurea group.

SYSTEMATIC I REATMENT
The following description includes the more fundamental
characteristics of the Houstonia purpurea group as well as the
less fundamental ones which all four species have 1n common.
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The taxonomic status of this group in the genus as a whole 1s
in doubt until other species have been studied.

Flowers heterostylous. Corollas funnelform. Anthers sessile or with
filaments free from corolla-tube as much as 1 mm.; anthers linear to
oblong, 0.7-1.6 mm. long in thrum? flowers, 0.3-1.2 mm. long in pmn
fAowers. Styles 1.3-2.2 mm. long in thrum flowers, 3-8 mm. long in pin
flowers. Stigmas linear to oblong, 0.2-1.0 mm. long in thrum flowers,
0.5-1.30 mm. long in pin flowers. Capsules subglobose, slightly com-
pressed, (14-) 14 (-34) inferior truncate or rounded or emarginate at
apex. Seeds few — 35 per capsule, subcrateriform, oblong or roundish
or angular, black, reticulate-pitted; hilum centered in concavity and
14,-34 as long as entire seed.

KFY TO THE HOUSTONIA PURPUREA GROUP3

A. Median cauline leaves ovate or lanceolate, widest toward the base or
at the middle: if ovate then 6-34 mm. wide and 1-3.2 times longer than
wide: if lanceolate (4-10 mm. wide and L/W ratio 3.3-6) then witlh
calyx-lobes 4=7 mm. long.

B. Calyx-lobes 1-3.9 mm. long; median cauline leaves broad-ovate to
ovate-lanceolate, 1-3.2 times longer than wide.

C. Lowest internodes sparsely to denselv pubescent (with hairs usually
at least 0.4 mm. long) or hirsutulous or glabrate; median inter-
nodes 2-9 cm. long; median cauline leaves 10-60 mm. long, 6-34
mm. wide; corollas light purple or white.

la. H. purpurea var. purpurea.

CC. Lowest internodes glabrous or stems only slightly pubescent on lower
nodes: median internodes 0.5-4 c¢m. long; median cauline leaves
8-30 mm. long, 6-13 mm. wide; corollas deep purple; plants from
summits of Roan Mt., N.C.-Tenn., and Grandfather Mt., N.C.

Ib. H. purpurea var. montana.

BB. Calvx-lobes 4-7 mm. long; median cauline leaves varying from narrow-

lanceolate to broad-ovate, 1-6 times longer than wide.
Ic. H. purpurea var. calycosa.

AA. Median cauline leaves elliptic or obovate or linear, widest at the middle
or near the apex or about equally wide for most of their lengths, or if
narrow-lanceolate then calyx-lobes less than 4 mm. long; these leaves
-6 (-8.5) mm. wide.

D. Basal leaves definitely ciliolate and pubescent above (glabrate in
plants occurring locally in southcentral Ohio), present during flower-
ing and fruiting; stems with 3-6 internodes; lower and/or middle
internodes usually much longer than upper ones; median cauline
leaves oblonceolate, obovate, or elliptic, 2.5-6 times longer than wide;
calyx-lobes 1.6-3.5 (-4.5) mm. long . . . . . 2. H. canadensas.

?In heterostylous flowers, thrum refers to exserted anthers and included style and stigma,
pin flowers have exserted style and stigma and included anthers.
3Excluding intergrading specimens.



166 Rhodora [VOL. 61

DD. Not as above in all particulars.
E. Lowest internodes densely and finely cinereous-puberulent, with
all hairs uniformly less than 0.4 mm. long, or densely papillose-
puberulent, or if glabrous then median cauline leaves 9 or more

times longer than wide.
F. Stems with 3-9 (-11) internodes; median internodes 3-8 cm.

long; median cauline leaves linear to narrow-elliptic, 7-20 or
more times longer than wide; fertile branches usually with
only 1-3 nodes and elongate (to 20 or even 28 cm. long); in-
florescence very diffuse and open; calyx-lobes usually less than
2 mm. long and not or scarcely exceeding capsules; mature
capsules 1.5-25 mm.long . . . . . . . 8. H. tenuifolia.
FF. Stems with 6-13 internodes; median internodes 1-4.5 cm.
long; median cauline leaves narrow-elliptic, narrow-lanceo-
late, narrow-oblong, to linear, 4-11 times longer than wide;
fertile branches usually with 2-several nodes and to 12 cm.
long; inflorescence not diffuse and open; calyx-lobes 0.5-3.1
mm. long, always exceeding mature capsules; mature cap-
sules 1.8-3.0 mm. long. 4b. H. longifolia var. compacta.

EE. Lowest internodes not as above.
G. Stems with 4-7 internodes, glabrous to somewhat pubescent
or scabrous; New England, Great Lakes region, and Canada.
4a. H. longifolia var. longifolia.
GG. Stems with 6-13 internodes, glabrous or short-pubescent only
at nodes; southwestern North Carolina and adjacent Georgia
and South Carolma . . . . 4c. H. longifolia var. glabra.

NOTE: H. longsfolia var. compacta and var. glabra in most of the herbaria examined in
the present study have been annotated by the writer as H. renwusfolia (see discussion of rela-
tionships under the systematc treatment of the last species).

. Houstonia purpurea L. Sp. PL. 1:105. 1753.

Perennial herbs. Rhizomes simple or branched, horizontal or erect,
sometimes subligneous, shortened or longer and more slender, to 5 cm.
long, bearing many small roots. Stems erect or ascending, one-many,
tetragonal and shightly winged, 0.4-4.5 dm. high, sparsely to densely
pubescent to villous-pubescent below, especially at nodes, with multi-
cellular hairs to 1.5 mm. long, or stem glabrous. Internodes numbering
4-12; median internodes 0.5-9.5 cm. long. Stipules lanceolate to deltoid,
entire, irregularly toothed, or erose, often with dark glands at apices
of teeth, obtuse, acute, or acuminate, to 5 mm. long, to 5.5 mm. wide.
Basal leaves forming a rosette 1n winter, usually withered at time of
flowering, rarely present, varying from oval to spatulate, tapering into
petiole shorter than to rarely longer than blade, to 3.8 cm. long, to
1.3 cm. wide, glabrous below, pubescent or glabrous above, sometimes
ciliolate. Cauline leaves 3-7 nerved: lower leaves sessile or short-petio-
late, oblanceolate to ovate; median leaves sessile, broad-ovate and sub-
cordate to narrow-lanceolate, 0.8-6.3 cm. long, 0.4-3.4 cm. wide, 1-6

times longer than wide, glabrous or pul)('.\'('('nl on nerves below, pul)(‘s-













































