JOURNAL

OF THE

ARNOLD ARBORETUM

— -

Vor. XXXV JANUARY 1954 NUMBER 1

——

STUDIES IN THE BORAGINACEAE, XXVI
FURTHER REVALUATIONS OF THE GENERA OF THE
LITHOSPERMEAE

IvAN M. JOHNSTON

PREPARATORY TO A GENERAL DIscUSSION of the Lithospermeae to be
published in the near future, seventeen genera of the tribe are given indi-
vidual treatment in the present paper. These, along with six genera dis-
cussed previously, Jour. Arnold Arb. 34: 258-299 (1953), include all the
genera which can be referred to the tribe if that is to be a homogeneous
division of the Boraginoideae. Of the seventeen genera here discussed only
one, Lithospermum, has representatives native to both America and the Old
World or has direct relations with genera in both regions. Since the dis-
tribution and relationships of all other genera are confined within one or
the other of these major regions, the primary division in my key to the
genera has been deliberately based on geography. For most uses this will
be a convenience. Furthermore, it also has the advantage of permitting
sharper contrasts of immediately related genera. A synopsis of all the genera
of the tribe and technical keys for their identification will be provided in

the following paper of this series.

KEY TO THE GENERA

PLANTS NATIVE TO AMERICA.

Anthers completely exserted from the throat; filaments elongate, 6-70 mm.
long, exserted 1-65 mm. from the corolla mouth; corolla large, 39-90 mm.
long, trumpet-shaped, lobes usually ascending or recurved or reflexed; pollen
ellipsoidal to ovoid or ovoid-oblong, 23-33 X 15-28 » ... 1. Macromeria.

Anthers completely included in the throat or only partially exserted from the
corolla mouth: filaments at most 10 mm. long and usually very much shorter,
completely included or exserted less than 1 mm.; corolla smaller, usually
less than 25 mm. long and never more than 50 mm. in total length, tubular
to salverform, lobes erect to spreading.

Flowers precociously sexual, corolla opening and exposing stamens and style
before attaining full size; corolla-lobes erect, sharply acute or acute with
an attenuate tip, very narrowly imbricate in the bud, usually evidently
longer than broad; sinus between the corolla-lobes plicate and inflexed and
thickened at the base: pollen ovoid, 16-24 X 13-22 p.. ..2. Onosmodium.
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Flowers not precociously sexual, corolla opening only when fully developed:
corolla-lobes obtuse or rounded, frequently as broad as long or even
broader than long, broadly imbricate in the bud: sinus between the
corolla-lobes neither plicate nor thickened nor inflexed at the base.

Filaments about half the total length of the corolla, twice as long as the
anthers, arising low in the corolla, towards the base shaggy with
slender multicellular gland-tipped hairs; anthers borne high in the
corolla-throat with its sterile tip exserted; tip of anther 1-2 mm. long:
pollen ovoid, 25-28 X 21-33 w. = 3. Nomosa.

Filaments less than a third of the total length of the corolla and usually
much shorter than the anther, usually arising at or above the middle
of the tube, glabrous or bearing only a few inconspicuous stipitate
glands; anthers without a sterile tip or the tip less than 1 mm. long.

[1laments broadening upwards from a narrow attachment: anthers with a
small but detinite sterile tip, with a well-developed sinus at the base.

Corolla lacking faucal appendages, corolla-lobes deltoid: filaments
oblanceolate, almost as long as the anthers; anthers conspicuously
hairy on the back, with an erect tip, thecae without darkened
margins; pollen ovoid, 20-23 X 16-20 u: coarse plant with broad
strongly velned leaves ... . ... . - 4. Lasiarrhenum.

Corolla with evident faucal appendages: corolla- lobes rounded ; filaments
triangular or obovate-triangular, half as long as the anther: anther
glabrous, with a recurved tip, thecae with darkened margins; pollen
ellipsoid, 24-25 X 20 u; small slender-stemmed plant with very
narrow veinless leaves = o e o Perittostemad.

Filaments linear or subulate or unguuulate anther only very rarely
bearing a sterile tip, base emarginate or rounded.

Corolla-throat angulate, externally with a small swelling directly below
each sinus; corolla-lobes strictly ascending; filaments partially
exserted from the throat; anthers one half to three fourths exserted
from the throat; inside of corolla completely glabrous and bearing
neither faucal appendanges nor stipitate glands; style exserted:
pollen ellipsoid, 23-26 X 16-22 ». ... ... .. . . . 6. Psxlolacmus

Corolla-throat not angulate, not swollen cxtcrnall) belm\ each sinus of
the limb; corolla-lobes usually spreading: filaments and anthers
always included in the throat; corolla inside with faucal appendages
or stipitate glands or both and sometimes hairy: style usually
included; pollen diverse as to size and form . 12. Lithospermum.

PLANTS NATIVE TO THE OLD WORLD.

Anthers without a sterile tip or with the tip small and inconspicuous and rising
abruptly from the emarginate, truncate or rounded summit of the anther:
base of anther usually rounded or simply emarginate: base of theca not
pointed, usually rounded; anthers always distinct, never joined together:
pollen inconspicuously if at all colpate, pores in one or sometimes two rows.
6—-9 or more.

Nutlets narrowed upwards into a prolonged beak, conspicuously rostrate with
the apex hamate; cymes bractless above the base: upper leaves very
ample and ewdcntl\ veined ; corolla-throat inside abundantl\ and antrorsely
villose-strigose; Japan R R s . - 7. Ancistrocarya.

Nutlets not conspicuously rostrate, apex not hamate cymes bracted through-
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out; upper cauline leaves not conspicuously ample, usually veinless;
corolla-throat inside not villose-strigose.

Corolla-throat inside bearing 5 well-developed elongate vertical guide-lines
for insect visitors: guides consisting of vertical inflexed plaits bearing
hairs or stipitate glands or both, or consisting merely of elongate
vertical bands of crowded hairs and stipitate glands; anthers usually
with small sterile tips; style usually with a prolonged bilobed sterile
apex, always short, always shorter than the mature nutlets. . . .. .......
................................................ 8. Buglossoides.

Corolla-throat lacking guide-lines, bearing localized faucal appendages or
bearing stipitate glands which are scattered or are in localized congrega-
tions, or sometimes naked; anthers only very rarely bearing a minute
sterile tip: style only very rarely with a prolonged bilobed sterile apex,
short to elongate, usually becoming much longer than the nutlets.

.Nutlet attachment not on the true base of the nutlet, borne ventral to
the nutlet base at the lower end of a stipe which 1s directed downward
from the ventral side of the ascending nutlet-body; pollen with
biseriate pores; Mongolian . 9. Stenosolenium.

Nutlet attachment on the base of the erect nutlet body

Pollen bearing 2 rows of pores, one about each end of the elongate
grain, grains oblong or medially constricted, upper and lower halves
of the same size and configuration; corolla without faucal append-
ages, its inner surfaces prevailingly devoid of stipitate glands, such
glands when present scanty, inconspicuous, and confined to the
corolla mouth: flowers heterostylic or monomorphic; stamens
usually whorled, affixed at unequal heights above the corolla base
only in one monomorphic species; Asia extending into Africa
............................................... 10. Arnebia.

Pollen bearing a single row of pores either about the equator or below
the equator about the lower half of the grain; grains globose,
oblong-ellipsoidal or with the upper and lower halves dissimilar in
size and configuration.

Corolla inside without faucal appendages or stipitate glands; annulus
absent; stamens borne at very unequal heights on the corolla-
tube: flowers heterostylic; Caucasus, Armenia, and adjacent
AR A s o b e e K el 3 dr 35 g Tigirer S ki 11. Echioides.

Corolla inside with faucal appendages or stipitate glands or both;
annulus present; stamens whorled, all borne at the same level
above the corolla base; flowers heterostylic or monomorphic;
Eurasia, Africa,and Amenica. ............. 12. Lithospermum.

Anthers narrowed into a prolonged evident sterile tip; base of anther usually
with an open sinus and hence somewhat sagittate; basal tip of theca usually
pointed or narrowly prolonged; anthers usually joined to form a synandrium;
pollen evidently colpate, pores in a single row.

Nutlets bilocular; calyx-lobes very unequal, strongly imbricate; anthers distinct
or joined by the entangling of the tail-like appendages borne at the base
of the theca: pollen barrel-shaped or ellipsoidal, pores 8, borne in a well-
developed equatorial groove; plant nearly glabrous, leaves with a cordate-
DI TICATL DRSS . i o5 o H AT T R s e s e T 13. Cerinthe.

Nutlets unilocular; calyx-lobes equal or practically so, not imbricate; anthers
usually coherent at the base or along the sides or both; pollen ovoid or
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globose or cylindric or ellipsoidal, pores 3, suprabasal or equatorial, not in

an equatorial groove; plants evidently hairy, middle or lower leaves never

with a cordate-amplexicaul base.

Nutlets bent 90° below the middle, strongly incurved, attachment small
and substipitate appearing to be lateral but actually basal on the short
erect lower section of the nutlet; gynobase with elevated pulvinate lobes
each bearing a small attachment face; indument on herbage with inter-
mixed slender gland-tipped hairs; bracts becoming large and foliaceous;
fruiting calyx frequently on decurved pedicels @~ . .14. Podonosma.

Nutlets straight and erect or nearly so, with a usually broad and evidently
basal attachment ; gynobase not bearing the attachment faces on elevated
pulvinate lobes; indument containing no gland-tipped hairs; bracts
rarely becoming conspicuous and foliaceous:; fruiting calyx borne on
erect or ascending pedicels.

Corolla-lobes well developed, as long as or much longer than the tube,
spreading or decurved; anthers coherent only along the margins of
the terminal appendage, the appendage evidently longer than the
theca; filaments very short and usually bearing a hairy basal append-
age; throat of corolla frequently hairy: southern Arabia, Socotra.
Somaliland to Angola =~~~ . 15. Cystistemon.

15a. Vaupelia.

Corolla-lobes short, commonly about as long as broad, conspicuously much
shorter than the tubular part of the corolla, erect or loosely recurved
(or, in one species, Onosma longilobum, with the lobes elongate,
longer than the tube, but erect); anthers usually coherent at the base
and frequently also along the margins of the thecae and the append-
ages, the appendage almost always shorter than the theca: filaments
usually elongate, not appendaged at the base: throat of corolla never
with spreading hairs; North Africa and Europe to eastern Asia.

Calyx-lobes narrow and elongate, more or less parallel, separated by a
very narrow or closed sinus; corolla having no puffed-out ribs pro-
jecting between the calyx-lobes; filaments within a corolla all
similar; anthers included to completely exserted from the corolla:
nutlets smooth to rough with the surface only very rarely evidently
papillate or muriculate; pollen ovoid to spheric or transversely
o1 e T ST s P T S Y 16. Onosma.

Calyx-lobes more or less triangular, ascending, separated by an open
triangular sinus; corolla with puffed-out ribs projecting between the
calyx-lobes; filaments within a corolla differing in the shape of
their base and in the orientation of their attachment on the corolla:
anthers included; nutlets roughened and with the surface abund-
antly and minutely papillate or muriculate; pollen cylindric or
vertically ellipsoid; Himalaya and mountains of southwest China.

... a17. Maharanga.,

I. Macromeria D. Don, New Edinb. Philos. Jour. 13: 239 (1832). Based
upon M. longiflora Don and M. exserta Don.

Philonomia DC. in Steud. Nom. ed. 2, 2: 320 (1841): Meisner, Pl. Vasc.
Gen. 2: 189 (1836—43), in synom.

Onosmodium § Macromerioides Gray, Synop. FI. N. Am. 21: 205 (1878).
Type species, Macromeria viridifiora A. DC.
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Macromeria § Macromerioides (Gray) Johnston, Contr. Gray Herb. 70: 13
(1924).

Plant perennial. Stems coarse, erect, simple or bearing a few leafy fer-
tile branchlets in the upper axils, hispid or sometimes hispid-villose or
strigose. Leaves well developed, all cauline, lowest ones smaller than the
upper, hispid, velvety or strigose (hairs on upper surface usually with dis-
coid or bulbose bases), with evident midrib and usually two or more pairs of
well-developed evident assurgent veins. Cymes scorpioid, simple or some-
times geminate, terminating the main stems and frequently also arising di-
rectly from the uppermost leaf-axils and sometimes terminating leafy branch-
lets arising from the upper axils, relatively loose, with the flowers not evi-
dently biseriate, after anthesis becoming straight, very loosely flowered,
and very elongate; bracts numerous, conspicuous and foliaceous, usually
somewhat accrescent in age, lanceolate to broadly ovate. Flowers at an-
thesis borne on strict pedicels at the summit of the straightened portion of
the cyme and hence erect, or borne on the still curved portion of the cyme
and directed backwards over the top of the cyme with the abaxial side
uppermost and the corolla accordingly resupinate. Calyx 5-fid, the lobes
elongate, usually evidently unequal, linear to narrowly lanceolate; pedicels
elongating at maturity, strict or ascending. Corolla yellow, yellowish or
oreenish, straight and regular or curved and having the throat prolonged
on the two-lobed adaxial side, elongate, somewhat trumpet-shaped, having
a slender tube which gradually or abruptly expands into an elongate, sub-
cyvlindric or conic-cylindric throat once to twice as long as the tube, the
outer surface always evidently hairy, the inner surface glabrous or rarely
inconspicuously hairy in the tube and on the lobes and along the veins in
the throat, usually glanduliferous in the throat and sometimes on the
lobes: faucal invaginations evident in one species but usually absent or
only very obscurely developed, when present decorated with glands. An-
nulus absent or represented by a very narrow, continuous or interrupted
lineate ridge just above the base of the tube, glabrous, or in one species
with very inconspicuous tufts of minute hairs. Corolla-lobes equal, elliptic
to deltoid. erect to ascending or reflexed at the base or rarely loosely re-
curved, shorter than the throat, imbricate, apex tending to be acute. Fila-
ments equal, terete or distinctly flattened or even strap-shaped, glabrous
or somewhat hairy in one species, arising well above the middle of the
corolla-throat and always exserted from it but in only one species extruded
more than the length of the corolla-lobes, affixed all at the same altitude on
the corolla or at three superimposed levels with the medial adaxial one
highest, the abaxial pair lowest, and the adaxial laterals at an intermediate
level. Anthers straight or sometimes weakly falcate, elongate, oblong or
oblong-linear, several to many times shorter than the filaments, affixed at
or slightly below the middle, commonly in a groove in the connective, strict
and erect or becoming horizontal by a subapical bend of the filament or
sometimes versatile, apex usually rounded or obtusish and with a small
inconspicuous tip formed by the prolongation of the connective tissue, but
in one species emarginate and bearing a subapical gland; thecae parallel
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but unjoined for a short distance above the unappendaged, apparently
emarginate base of the anther; connective evident on the back of the
anther, especially above the middle, glabrous or in one species bearing
short stout hairs above the middle. Pollen broadly to narrowly ellipsoidal
or somewhat ovoid or ovoid-oblong, 25-33 X 15-28 pu, sometimes con-
stricted near the middle, upper and lower half of the grain equal or more
or less dissimilar, pores borne eight or nine in a single row at the equator
or below it and sometimes very low on the grain just above its rounded
base, grain in polar profile circular or obscurely polyhedral. Style filiform,
glabrous, longer than the corolla and becoming evidently exserted; stigmas
two, very small, juxtaposed and terminal on the tip of the style or sub-
terminal and separated (though scarcely if at all surpassed) by an apical
prolongation of the style. Nutlets smooth, ovoid or ellipsoidal, usually
smooth, lustrous and white, straight, erect or more commonly diverging
from the pyramidal gynobase; ventral keel weak or absent, suture com-
pletely closed or represented (sometimes only on the upper half of the
nutlet body) by a lineate groove; attachment scar broad. basal, flat or
convex, usually bearing the projecting end of the tubular bony funicular
canal. Gynobase somewhat pyramidal, usually broadly so and commonly
terminated by the thickened four-angulate base of the style; attachment
faces nearly as broad as long, at maturity each surrounded by an elevated
cartilaginous margin, usually sloping and the basifixed nutlets borne upon
them usually divergent.

A genus obviously related to Lithospermum and most closely so to its
Mexican species. It is distinguished only by the form and large size of its
corollas and by having filaments elongate and exserted from the corolla-
throat. Its eight species are well marked and form a very natural as-
semblage. They range between northern Guatemala and Arizona and New
Mexico in southwestern United States, with most of them confined to very
restricted areas in the mountains of Mexico.

Macromeria, as originally defined and established by David Don, in-
cluded two species, M. longiflora and M. exserta. The most detailed sub-
sequent treatments of the genus have been by De Candolle, Prodr. 10: 68
(1846) and by Johnston, Contr. Gray Herb. 70: 13 (1924). Of the species
which have been referred to the genus, only M. cinerascens DC. (1846)
s to be excluded, that being a species of Lithospermum. Both Gray, Synop.
FI. N. Am. 2': 205 (1878), and Macbride, Contr. Gray Herb. 49: 19
(1917), have suggested that the genus should be reduced to one species,
M. exserta, and that the remaining species be treated as a section of Onos-
modium. As previously noted by me, Contr. Gray Herb. 75: 16 (1924),
such procedure would do violence to natural relationships by separating
M. exserta from its evident relative M. hispida. Tt would also destrov the
homogeneity of Onosmodium. The eight species of Macromeria are obvi-
ously more closely related to one another than any of them are to any
species of Lithospermum or Onosmodium. From the latter genus they
differ in size and form of the corolla, length of filaments, shape of the
anthers, and tardily exserted style.
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The species of this genus are coarse perennials having few to numerous
stems usually over half a meter tall and frequently approaching and rarely
even surpassing a meter in height. The leaves are all cauline, the lower-
most being smaller and proportionately more elongate than those on mid-
dle sections of the stem. The leaf-blades have a strong midrib and also
several well-developed assurgent lateral veins. In foliage, as well as In
general habit, Macromeria is suggestive of Onosmodium and Lasiar-
rhenum, and to a somewhat less degree also of such American species of
Lithospermum as L. viride, L. oblongifolium, L. guatemalense, and L.
CINerascens.

The corollas, 35-90 mm. long, are among the largest in the Boraginaceae,
with those of M. exserta the very largest in the family. They are more or
less trumpet-like in form, having an elongate subcylindric or conic-cylindric
throat usually several times longer than thick and commonly about as long
as the slender tubular portion of the corolla supporting it. The equal, rela-
tively short lobes are ellipsoidal, deltoid, or triangular ovate and com-
monly pointed. They may be straight and ascending or loosely recurving
or abruptly reflexed at the base. In most of the species the corolla is regu-
lar or practically so, but in M. hispida and M. exserta it is curved, the
throat is oblique and evidently prolonged on the adaxial side, and the
stamens are affixed at superimposed levels in the throat, with the adaxial
medial member highest. The corolla in these two species having a very
distinct bilateral symmetry is clearly zygomorphic. This condition is usu-
ally most obvious in the bud of the corolla just before it opens. For most
of its length the bud is gracefully curved adaxially, but in the thickened
apical portion it becomes curved in the reverse direction. The outer thick-
ened portion of the bud, formed of the unexpanded lobes, is evidently
swollen on the two-lobed adaxial side. The bud has its tip not central but
closest to its abaxial side. These zygomorphic corollas of M. exserta and
M. hispida have their two-lobed lip and their medial stamen both on the
adaxial side of the flower.

In most species of the genus, both before and after anthesis, the corolla
stands erect, being borne on strict pedicels at the summit of the straightened
portion of the cyme. In M. hispida and M. exserta the corolla at anthesis,
and also as a mature bud, is borne at a relatively higher position on the
scorpioid cyme, mostly developing on the curve between its arched sum-
mit and the point at which it becomes straight and vertical. Since the
pedicels are strict and borne on the curved portion of the cyme, the flowers
are directed ascendingly backwards over the arched top of the cyme. The
backward direction of the flowers in M. exserta is given further accentuation
by the marked adaxial curving of the throat and tube. As a combined re-
sult of all this, at anthesis the outer parts of the corolla achieve a nearly
horizontal position. By leaning backwards over the tip of the cyme the
corolla has become resupinate.

The corolla in all species except M. viridiflora bears at least scattered
stiped glands in the upper parts of the throat and usually also on the ad-
jacent portions of the lobes as well. In . leonotis the salient mouth of
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the corolla is encircled by a band of glands. In species such as M. barbigera.
M. hispida, and M. exserta, the glands are more scattered, less evident, and
may be distributed from above the level of the filament attachments upward
onto the lower half of the corolla-lobes. In M. Pringlei and less clearly in
M. longiflora the glands are restricted to obscure congregations associated
with small, weak, ill-defined circular or elliptic convexities, one located at
or slightly below each of the corolla-lobes. In M. notata the association
of glands and invaginations is much clearer. In that species there are five
inflexed plaits, cuneate in outline, which have their broad end (1-1.5 mm.
wide) about 2 mm. below the summit of the throat, and from thence,
gradually narrowing, extend outward along the midline of each corolla-
lobe with their pointed end about 2 mm. below the lobe apex. Stipitate
glands are abundant on these elongate swollen areas but practically absent
elsewhere on the corolla. A unique feature of M. viridiflora is the presence
of minute hairs on the inner surface of the corolla. The corolla is villulose
inside the slender tube and may be scantily and minutely strigulose below
the middle of the throat along the vein leading from each corolla-lobe.
Though hairy the corolla bears no glands.

The corollas of Macromeria have no annulus or at most only a weakly
developed one ca. 0.5 mm. above the base of the tube. In M. notata the
annulus is represented by an inconspicuous narrow encircling ridge, and
in M. barbigera by an obscurely five-lobed one, but in all other species it
1S obscure or absent. Hairs, these very minute and inconspicuous, were
noted in association with the annulus only in M. leonotis.

The stamens are affixed in the corolla-throat and within an individual
flower are all at about the same distance (4-10 mm.) below the base of
the corolla-lobes. In regular corollas the filaments arise at equal distances
above the corolla-base. In zygomorphic corollas, however, the throat is
prolonged on the adaxial side and the mouth of the throat is oblique. Be-
cause the stamen attachments have a fixed relation with the summit of
the throat, those on the prolonged adaxial side of the corolla accordingly
have a position at a greater distance above the corolla-base than those on
the abaxial side. This is the condition in M. exserta and M. hispida.

The filaments are well developed. In M. exserta they may become 70
mm. long, and accordingly are very conspicuously long-exserted from the
corolla. The shortest ones (6-9 mm.) occur in M. notata. In other species,
however, the filaments are mostly 10-20 mm. long. They are clearly ex-
serted from the corolla-throat but do not surpass the corolla-lobes when
the latter are in an erect position. In most species the filaments are slightly
compressed. In M. viridiflora, however, they are strongly so, being strap-
shaped, 1.2-1.5 mm. broad just above their base, and then gradually nar-
rowed upwards to become 0.5—-1 mm. wide at the apex. In M. leonotis the
hlaments may be sparsely hairy below their middle and sometimes also on
their decurrent bases, but in all other species they are always glabrous.

The anthers are elongate and have an oblong outline, They are affixed
to the filament at or perceptibly below the middle, usually in an elongate
depression in the connective. Although past authors have stated that they
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are usually versatile, that condition exists, if at all, only in M. exserta. In
M. hispida, M. longiflora, M. Pringlei, and probably M. leonotis also, the
anther may assume a position at right angles to the filament, but that
appears to be the result of a ninety-degree bend of the filament just below
its apex. In M. viridiflora and apparently also in M. barbigera the anthers
are strictly and firmly affixed to the filament and are erect. The connective
is glabrous in most species, but in M. viridiflora, in which the structure
reaches its maximum development, it may bear numerous stout hairs on the
back side of the anther above the middle. In most species the connective
is slightly prolonged to form a minute, usually thickish, truncate or subulate
apicule on the broad summit of the anther. In M. viridiflora the connective
is thickened, apparently glandular, and locally very hairy just below the
anther tip. It is not prolonged beyond the thecae. The anthers in this
species, accordingly, are emarginate at the tip.

The connective is not only broadest but also most readily observed in
M. viridiflora, M. Pringlei, and M. longiflora. In these species the thecae,
after shedding pollen and becoming explanate, are displayed obliquely on
the ventral side of the anther. The back side of the anther is nearly plane.
and the broad connective and the filament attachment are fully exposed
to view. In the five other species of the genus, however, the explanate
thecae have reflexed lower halves, and their surfaces become parallel and
face left and right in opposite directions. Such mature anthers are strongly
compressed laterally. Their back appears to be strongly conduplicate with
the narrow connective and the filament attachment hidden in the depth
of the fold.

The style is filiform and sufficiently elongate to bear its stigmas com-
monly about 5 mm. beyond the anthers. The minute stigmas are sub-
terminal, being separated and surpassed by the tip of the style in A1.
Pringlei, M. leonotis, and M. notata, but in the other species they are ter-
minal and juxtaposed upon the apex of the style.

As in most other genera of the Lithospermeae, in herbarium specimens
I have found the anthers of Macromeria dehiscent and the pollen shed in
those flower-buds in which the corolla is nearly ready to open. Just previ-
ous to the opening of the corolla, the stigma in seven of the eight species
is pushing against the very top of the bud-cavity, and hence is above the
anthers. The stamens have attained almost full development before the
corolla opens. In M. exserta, however, the very elongate, eventually long-
exserted filaments and style are not completely lengthened before the
corolla expands. The filaments have their middle portion lying pressed
against the curve of the swollen adaxial side of the outer half of the bud.
At the tip of the bud cavity the distal portion of the filaments curves back-
wards for 180° to 360°. The anthers usually lie within the adaxial half
of the most ample part of the bud cavity. The style, shortened by undulate
contortions, bears its stigmas appressed against the tip of the bud cavity
or against the abaxial side of the cavity close to the tip. In Eckium, in
which elongate filaments and style are also curved and contorted inside
the flower bud, the stigmas before the corolla opens may have a position
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amidst the clustered dehiscent anthers. In the bud of Macromeria, how-
ever, the stigmas have a position above or beyond the anthers and so de-
cidedly less accessible to any pollen set free in the bud. The stigma 1s not
precociously exserted. It escapes from the flower bud only when the im-
bricate corolla lobes have begun to loosen — just before the corolla opens,
or, in many cases, not until the corolla is almost completely open.

Macromeria has pollen similar to that of Lithospermum, and especially
like that of the Mexican members of that genus. Each species of Macro-
meria has distinctive pollen with the grains recognizable if not by shape
at least by size. Related species agree more closely in the length of their
grains than in the form of them.

The pollen bears eight or nine pores in a single row. Its pores are fre-
quently detectable as minute swellings on the outline of the grains when
the latter are viewed in lateral profile. Frequently they are sufficiently
prominent to give the sides of the grains a somewhat obtusely angled sil-
houette. The polar profile of the grain is usually circular, and only very
rarely are the pores sufficiently evident to produce a vaguely polyhedral
outline. Evidences of possible shallow furrows on the grain have been
detected only in M. barbigera. The pores are equatorial, and the upper
and lower halves of the grain are equal in M. leonotis (grains globose
ellipsoidal, sides angulate, 25-26 X 23 ), M. barbigera (ellipsoidal, sides
rounded or angled, 30-33 X 25-28 u), M. notata (ellipsoidal, sides tending
to be angled, 28-30 X 23-25 u), and M. Pringlei (ellipsoidal, sides rounded
to nearly parallel, 25-26 X 15-18 ). In two species, M. exserta and M.
hispida, the grains bear the pores very slightly but still perceptibly below the
middle. The lower half of the grain has a more evenly and broadly rounded
curve than the upper half. Macromeria exserta has ovoid-ellipsoid grains
(38-41 X 25-28 p), and M. hispida globose-ovoid grains (38—41 X 33—
37 p). The pollen of the two remaining species of the genus is elongate,
perceptibly constricted below the middle, and bears its row of pores above
its broad rounded base, where its diameter is greatest. Constrictions of
the grain begin directly above the row of pores and form “shoulders” of a
type previously noted in grains of a similar type in Lithospermum, cf.
Jour. Arnold Arb. 33: 310 (1952). Such elongate, medially constricted
grains are characteristic of M. longiflora (25-28 < 16—-18 n) and M. viridi-
flora (28-33 > 18-22 u). Of these two species with constricted pollen,
M. wviridiflora has no close relatives. Macromeria longiflora, however, is
obviously most closely related to M. Pringlei and species having ellipsoidal
grains with equatorial pores. The only agreement is in the length of the
grains.

The nutlets of Macromeria are smooth, shiny, and usually white, and
are symmetric or nearly so and nearly circular in transverse section. In
general appearance they closely resemble those of most American species
of Lithospermum. The venter of the nutlet is only obscurely if at all
keeled. The ventral suture may be represented by a very narrow lineate
groove (sometimes not half the length of the nutlet) or it may be com-
pletely fused and obliterated. It may be present or absent or vary in
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length not only within the species but also among the nutlets produced by
a single plant. The large, nearly circular attachment scar, horizontal or
very slightly oblique, is flat or slightly convex and is always distinctly basal.
In all species towards its ventral margin the scar bears a prominence com-
posed of the slightly protruding broken end of the well-developed bony
tubular funicular canal. In the detached nutlets of M. viridifiora, M. bar-
bigera, and M. notata, the scar also bears another process, this small and
obliquely ascending and apparently representing protrudent tissue about
the base of one of the vascular traces leading to the dorsum of the nutlet
body. This dorsal prominence on the scar appears to be absent on the
nutlets of M. exserta. Since thoroughly mature, self-detached nutlets of
M. longiflora, M. Pringlei, M. hispida, and M. leonotis have not been seen.
the nature of the scar in these species is unknown. The gynobase 1n all
species is well developed, broadly pyramidal, and terminated by a persist-
ing, more or less thickened four-angulate base of the style. The attach-
ment surfaces of the mature gynobase are usually each encircled by a
coarse thickened and elevated cartilaginous margin. When all four nutlets
are matured, the gynobase has more or less distinctly sloping attachment
faces, and the nutlets they bear, being straight and basifixed, are accord-

ingly divergent.
KEY TO THE SPECIES

Corolla with erect or ascending lobes.
Back of anthers hairy above the middle; filaments strap-shaped; corolla
without glands on the inner surface, villulose in the tube; stigmas terminal

Ol LHe SEYI® 2.5 L5 idam ias g S asif & Bawa g Pyl . ) 1. M. vinidifiora.

Back of anthers glabrous; filaments not strap-shaped; corolla glanduliferous
in the throat, tube glabrous inside; stigmas usually subterminal, separated
by the sterile tip of the style.

Corolla bearing 5 evident cuneiform plaits, these glanduliferous and extend-
ing from below the corolla-lobes upward upon the lobes to beyond
PRI DB £ o 7 5 TR T PR ik o e S v 1 P e ATl 2. M. notata.

Corolla without cuneiform glanduliferous plaits, bearing only inconspicuous
small circular or elliptical congregations of glands at or below the base
of each corolla-lobe: upper face of lobes glandless.

Upper surface of leaves without evident hairs, abundantly and very
minutely verrucose or muriculate and hence at most scabrellous;
pollen constricted below the middle and bearing the pores above the
FONNAE0 BASE. Tt L nitr s e e s Re e RS W B 3. M. longifiora.

Upper surface of leaves bearing evident stiff appressed hairs usually
arising from evident pallid dot-like bulbose or discoid bases, surface

scabrous; pollen ellipsoidal, broadest at the middle, pores equatorial.
4. M. Pringle.

Corolla with lobes reflexed or (in no. 6) loosely recurved.
Mouth of corolla densely glanduliferous in a continuous band; stigmas sub-
terminal, separated and surpassed by the short sterile apical prolongation
O EDE SEWIB . [ o s Pl TS R AR A S A R B v a s 5. M. leonots.
Mouth of corolla not conspicuously glanduliferous; stigmas terminal.
Corolla-lobes loosely recurved, deltoid, about as long as broad; corolla
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regular, symmetric in the bud, stamens all affixed at the same distance
above the corolla-base; pollen ellipsoidal, pores equatorial .. . =
............................................... 6. M. barbigera.
Corolla-lobes becoming reflexed, elongate; corolla zygomorphic, asymmetric
in the bud, throat oblique, stamens on adaxial side affixed higher than
those on the opposite side of corolla; pollen bearing the row of pores
slightly below the middle of the grain.
Filaments 10-15 mm. long; corolla 50-55 mm. long: middle stem leaves
usually lanceolate; pollen globose-ovoid .. .. . 7. M. hispida.
Filaments 55-70 mm. long, conspicuously long-exserted; corolla very
large, 60-90 mm. long; middle stem leaves oblanceolate: pollen ovoid-
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