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FURTHER STUDIES ON MONOTROPOIDEAE

HerperT F. CoPELAND

This paper continues a series (5, 6, 7, 8, 9), of which the
account of Sarcodes by Doyel and Goss (12) is to be considered
a unit. It records observations on Pterospora, Hypopitys, and
Monotropa, and adds to the previous account of Hemitomes (New-
berrya).

It has been a pleasure to acknowledge from time to time the
unstinted cooperation of various institutions and individual cor-
respondents. The following have facilitated the preparation of
the present contribution: the Herbarium of the University of
California; the Dudley Herbarium of Stanford University; the
Herbarium of the California Academy of Sciences; Dr. W. L.
Jepson ; Mr. Willman Spawn ; Dr. W. H. Camp; Dr. P. L. Zimmer-
man ; and the Oregon Biological Supply Company.

PTEROSPORA ANDROMEDEA Nuttall

Pterospora andromedea was described by Nuttall (25) as col-
lected “In Upper Canada, near the Falls of Niagara. Mr. C.
Whitlow.” There has been essentially no nomenclatorial confu-
sion as to this plant; no segregation of species or varieties has
been proposed; Small (28) cites a single obscure synonym. The
plant is common in the mountain ranges of western North Amer-
ica; rare eastward to the region of the type locality.

The material studied was collected from time to time at Jones-
ville, Butte County, California, at an altitude of about five thou-
sand feet. There the plant shares the habitat of Sarcodes and
Pleuricospora, in forests of fir (Abies concolor). As compared with
its congeners, Pterospora emerges from the ground and flowers
noticeably later in the season; it is usually in full anthesis late in
July.

The shoots come up from globular masses of roots. It is
noticeable that whereas they emerge in the neighborhood of dead
shoots of the previous year, they are not in immediate contact
with such dead shoots, nor at a distance to be measured in centi-
meters, but a meter or more away. Jepson (19) believes that the
plant is monocarpic, and it is probable that he is correct. There
is, however, the possibility that the scattered shoots come up from
long roots which have emerged from the masses. This is sug-
gested by the behavior of the generality of monotropoid plants,
in which the genetic individuals are polycarpic, forming shoots
year after year as adventitious buds on the same root system. A
positive determination of this matter could be attained only by
determining the course of individual roots in a mass of humus,
and I have not undertaken it.
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The standard accounts of the gross structure of the shoot, as
by Jepson and Small, leave essentially nothing to add. The tall
and slender stems, densely glandular, are of a light purplish red
color. The greater part of each shoot is a rather lax bracted
raceme, usually but not always exhibiting orthodox phyllotaxy.
The recurved glandular pedicels bear no bractlets. The five
glandular sepals are separate. The five petals form a glabrous
sympetalous urceolate corolla, yellowish in color, becoming char-
taceous in age. Each of the ten stamens bears two horns on the
back of the anther. The globular ovary is belted at the base by
a nectary from which ten evenly spaced lobes project between the
bases of the filaments. Internally, the ovary is five-chambered
below, one-chambered above, filled by massive placentae bearing
numerous ovules. The stigma is obscurely five-lobed, the lobes
opposite the petals, that is, at the ends of the carpels.

MacDougal has described the anatomy of the vegetative parts.
The stem includes a cylinder of bundles so closely packed as
almost to be continuous; around this there is a well developed
continuous sheath of fibers.

The vascular supply of the flower (pl. 8, fig. 1) enters the re-
ceptacle as a cylinder. From this there depart radially, first, five
sepal bundles, and then, alternating with them, five petal bundles.
There are no gaps above these bundles. Five stamen bundles
arise as branches from the upper sides of the petal bundles.
Above the departure of the petal bundles the stele breaks up into
a ring of ten bundles. Of these, the five which are opposite the
sepals bend outward and fork periclinally; the outer branches
constitute the supply to the five remaining stamens; the inner
ascend the ovary wall in the planes of the septa, and are to be
interpreted as fused pairs of lateral bundles of adjacent carpels.
The five remaining bundles enter the ovary in the planes of the
locules, being the planes of the petals and carpels; each of them
is a fused pair of ventral bundles of a single carpel. They branch
out into the placentae and disappear. In several features the
vascular system just described is peculiar. No other monotro-
poid plant is known to be without carpel dorsals (though they are
not well differentiated from carpel laterals in Sarcodes) ; in none
do the placental bundles lie in the planes of the petals. Here it
is as though the proper placental bundles had swung outward into
the ovary wall, and the carpel dorsals inward, into the placentae.
In most plants of the group, the style is supplied by the carpel
dorsals, which ascend in the thin bands of tissue between the
ridges projecting into the style channel. Sarcodes is exceptional
in that the placental bundles supply the style, ascending within
the ridges. In Pterospora, lacking carpel dorsals and having the
placentals in a peculiar position, the style is without vascular
tissue.

As is known, the anther (pl. 8, figs. 2—7) projects horizontally
toward the style from the summit of the filament, and bears two
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horns, inserted respectively on the two sides of the insertion of
the filament and projecting toward its base. A vascular bundle
runs from the summit of the filament to the inward end of the
anther; by this it is known that the inward end is distal, the end
bearing the horns proximal, the upper side dorsal, and the lower
side ventral. There are four parallel horizontal pollen sacs; the
dorsal ones are larger than the ventral. A cross section shows
the epidermal cells extended into conical points on the dorsal and
ventral, but not the lateral, surfaces. Between the epidermis and
the tapetum there are some two or three layers of wall cells; near
the horns a few of these cells develop reticulate lignified thicken-
ings, as in the endothecium of a typical flowering plant. A
similar structure has been reported in Sarcodes, and will be re-
ported below in Monotropa; it is less extensive in Pterospora than
in these other genera, being apparently merely a relic structure.
The cells of the tapetum become binucleate. The pollen grains
are four-grooved.

Dehiscence of the anther begins by two vertical slits, each of
which crosses the proximal ends of the two pollen sacs of one
lobe of the anther. Formation of these slits amounts to the same
thing as the dehiscence of the anthers of Sarcodes or Monotropsis,
being, as I take it, the typical dehiscence of the anthers of Eri-
cales. Subsequently two secondary slits develop from the
middles and at right angles to the primary ones, that is, in the
plane between the two pollen sacs of each lobe of the anther. By
a general shrivelling of the walls of the anther, accompanied by
growth of the connective, these secondary slits gape widely; it is
through them that most of the pollen escapes. Drude’s (13)
figure of the fully dehisced anther is accurate, though it gives a
false impression that the connective becomes torn in a horizontal
plane from proximal to distal.

The internal surface of the ovary wall is covered by two layers
of well developed fiber-like cells.

A complete series of stages of the development of the seed has
not been seen, and there is nothing to add to my earlier notes (4).
The embryogeny appears to be altogether typical of the group.
The integument is of two layers of cells. The wing on the seed
is of two layers of cells. It commences to form, by proliferation
of the epidermis of the integument at the chalazal end, before the
embryo sac is fully developed.

Hyporitys MoNoTrROPA Crantz

Only two species of monotropoid plants were known to Lin-
naeus (23). One, known in English as the pine-sap, occurs on
all continents of the north temperate zone; the other, the Indian
pipe, occurs in North America and eastern Asia, but not in
western Asia and Europe. The oldest Latin designation of the
pine-sap seems to be Orobanche quae hypopithis dici potest, of
Bauhin (1671). It is of course no Orobanche; Tournefort (1706)
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gave it as name the adjective Orobanchoides; Dillenius (1719) took
up the substantive designation recorded by Bauhin, as Hypopitys.
The Indian pipe, first recorded by Plukenet (1671) under Oro-
banche, was named Monotropa by Gronovius (about 1740). Lin-
naeus included both species in one genus, for which he used the
name Monotropa, the species becoming respectively M. Hypop:ithys
and M. uniflora. 'The breach of priority as to the generic name
was immediately protested by Hill (16): “Linnaeus takes away
its received name hypopitys and calls it monotropa.” Because he
was the first after 1753 to use Hypopitys as the name of a genus,
Hill is cited as authority for it; this in spite of the facts, that he
did not originate it, and that he did not use binomials and cannot
be cited as authority for any of the species. Binomials under
Hypopitys' were first made by Crantz (10), the pine-sap becom-
ing H. Monotropa and the Indian pipe H. uniflora.

Inasmuch as the first post-Linnaean authors gave to Hypopitys
exactly the extent which Linnaeus had given to Monotropa, it
might be held that the two names are exact synonyms, and that
Hypopitys is not available as the name of any genus. On the
other hand, the pre-Linnaean history shows that the two names
are based on different types, and that if the pine-sap is placed in
a different genus from the Indian pipe its name is Hypopitys.
Such in effect was the conclusion of the pre-type-system authors
Nuttall (25) and Bentham and Hooker (1) ; such was the conclu-
sion of Small (27), who made the combination Hypopithys Hypo-
pithys. Repeating binomials being excluded by our rules, we
must accept the first specific epithet published after 1753; this
yields, as has been shown, the combination Hypop:itys Monotropa.
We might be glad to reject this combination as a matter of taste;
it has gone almost completely unaccepted since its original pub-
lication; but the rules are designed to spare us the responsibility
for a choice.

I follow Kamienski (21) and Domin (11; this work has been
a most valuable guide to the history and literature) in recogniz-
ing only one species of Hypopitys. There are considerable varia-
tions, and Small (28) has recognized five species in North America
alone; but these variations seem so inconstant as to make the
recognition even of varieties a critical matter.

The available material preserved in liquid has included- sev-
eral roots, stems, and flowers collected by Dr. W. H. Camp, in
Oregon, Ohio, and Tennessee, and two shoots with nearly ripe
fruit collected by Mr. Willman Spawn in Rock Creek Park, Wash-
ington, D. C., in July of 1938.

1 Variations in the spelling will be noted. I have not consulted the pre-
Linnaean publications. Linnaeus wrote Hypopithys, Hill and Crantz Hypo-
pitys. 'These are mere variant spellings; but we are forbidden by rule to
meddle with them. In using the word as a specific epithet, we must follow
Linnaeus; in using it as a generic name, we must follow Hill.
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Nothing is here added to knowledge of the gross structure.
The shoots originate endogenously in roots, a mass of which con-
stitutes the permanent organ of the plant. Domin, after a long
discussion of the literature, concludes that the underground struc-
tures are not true roots, but an axis not differentiated as root or
stem, to be called the Prokaulom (anglicizable as procaulon). I
have not examined these structures, but the coneclusion is inescap-
able, from Kamienski’s (20, 21) description and from what is
known of the other monotropoid plants, that Domin is mistaken.
As Christoph (3) has shown, the occasional more or less com-
plete suppression of some of the characters of roots—the cap and
endogenous branching—depends on the presence of mycorrhiza.
The same effacement of character appears in the roots of other
plants when they are beset with mycorrhiza.

The shoot is usually yellowish and more or less pubescent.
The upper part of it constitutes a bracted raceme. When it
emerges from the ground, the raceme is bent to one side, and the
buds or flowers are crowded and more or less pendant; later the
axis and pedicels become erect and the flowers or fruits become
separated. At its maximum the shoot is rarely twenty-five centi-
meters tall.

The lateral flowers (pl. 8, fig. 8) stand in the axils of bracts
whose margins vary from entire to lacerate. There are no bract-
lets; four sepals, a lower pair placed laterally and an upper pair
placed dorsally and ventrally with regard to the flower; four
separate petals with saccate bases, alternating with the sepals;
eight stamens; a nectary with eight horn-like lobes arranged in
pairs which clasp the bases of the petalad stamens; a pistil, the
ovary four-chambered below, one-chambered above, the stigma
obscurely lobed, the lobes opposite the petals. Variations in the
proportions of ovary and style, as well as in color, pubescence,
and the indentation of the margins of the bracts, have been util-
ized for subdivision of the species.

Older accounts definitely described the terminal flower as
pentamerous. I have not found such a flower. I believe that in
the few shoots preserved in liquid which I have examined the ter-
minal flower has been suppressed. The highest flower has been
tetramerous, the pedicel embraced by two bracts instead of one
(evidently as a result of shortening of the last internode, the one
above the insertion of the flower), the lower pair of sepals some-
what removed from the flower.

Domin cites many authors who have disagreed as to whether
the outer envelope of the flower is really a calyx, and its segments
sepals: Eichler is the chief authority in the affirmative, Baillon in
the negative. He quotes observations of Irmisch (17) and
Wydler (80) and gives his own, to the effect (a) that the upper
pair of leaves of this envelope are, one or both of them, often
suppressed; (b) that the lower pair are often somewhat with-
drawn from the base of the flower; (c) that these leaves, espe-



102 MADRONO ['Vol. 6

cially the lower pair, often have buds in their axils. He con-
cludes that they are not true sepals, but elevated bractlets in proc-
ess of conversion into sepals. It seems to me unreasonable to
recognize a calyx in course of coming into existence in any group
as advanced as Ericales: rather, any irregularities are to be inter-
preted as matters of degeneration. Since Allotropa is the only
positively asepalous genus of the monotropoid group; since only
Monotropsis and sometimes Allotropa have definite bractlets; we
may interpret the facts assembled by Domin in some such fashion
as this: the structures of Hypopitys now under consideration are
positively sepals; they are affected by a tendency to degenera-
tion; it is possible that a tendency to produce bractlets, almost
completely extinct in this genus, retains enough strength to affect
the course of the degeneration.

Kamienski has accounted in full for the anatomy of the vege-
tative parts; I have here only to describe the vascular supply to
the flower. One bundle from the circle in the stem turns out-
ward. It becomes flattened tangentially and presently splits into
three branches, of which the middle one supplies the bract while
the two on the sides swing together and unite as a cylinder ascend-
ing the pedicel. All this is quite the same as in the genera previ-
ously studied. The cylinder of vascular tissue ascending the
pedicel becomes compressed in the dorso-ventral plane, so as to
approximate a four-sided prism (pl. 9, fig. 10). From each of
its faces there departs a sepal trace, leaving a small gap or none.
The traces to the lateral sepals depart at a much lower level than
those to the dorsal and ventral sepals; this is in harmony with
Domin’s observations as to the relative positions of the sepals.
The petal bundles emerge as broad bands from the angles of the
prism; each promptly forks into three, of which the one in the
middle is the smallest and descends under the sac of the petal,
while the larger lateral ones ascend past the sac. The petalad
stamen bundles are not fused with the petal bundles, but are
closely associated with them ; each originates as a pair of bundles
at the sides of a petal bundle, the pair drawing together and unit-
ing above the petal bundle. The sepalad stamen bundles emerge
at the edges of the siphonostele as it breaks up. The carpel dor-
sals, well developed in the ovary walls and style, are only with
difliculty traced to their origin; the feebly developed provascular
strands that lead into them seem to originate typically as paired
strands beside, above, and resembling the petalad stamen bundles.
Foster (15) has recently quoted Gregoire to the effect that floral

ExpraxaTion or THE Ficures. PraTe 8.

Prate 8. PreErospora ANDROMEDEA. Fi1c. 1. Model of the vascular system
in the receptacle X 50. Ca, sepal bundles; Co, petal bundles; St, stamen bundles;
Cl, carpel laterals; Pl, placental bundles. Fics. 2, 3. Juvenile stamens, X 10.
Fic. 4. Longitudinal section of juvenile stamen, X50. Fic. 5. Cross section
of juvenile stamen at the plane marked « in fig. 4, X50. Fic. 6. Area marked
x in fig. 5, X400. Fic. 7. Cross section of dehisced stamen, X50. HyporiTYs
moNOTROPA. Fic. 8. Old flower in which the fruit is nearly ripe, X 5.
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Pl 7

PraTe 8. PTEROSPORA ANDROMEDEA; HyroriTys MoNoOTROPA
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leaves are distinguished from vegetative leaves by acropetal devel-
opment of the vascular supply. The carpel dorsals of Hypopitys
(and likewise, as will be seen, of Monotropa and Hemitomes) con-
stitute an exception to this principle. The breaking up of the

siphonostele finally yields one bundle to each lateral placenta, and -

two each to the dorsal and ventral placentae. This seems to be
an outcome of the bilateral character of the whole vascular sys-
tem. Itis asthough the ventral bundles of adjacent carpels were
fused at the sides of the flower, but not at the front and back.

It is regretted that no anatomical study has been made of
yvoung stamens. The anther opens by two vertical slits at the
outer, presumably proximal, end ; these slits meet above, separat-
ing a small outer valve from a large inner one; and soon the
valves liberate the pollen by swinging widely apart. Young
stages and old ones (pl. 9, figs. 11, 12) respectively agree exactly
with corresponding stages of Pityopus as illustrated by Eastwood
(14). It is particularly regretted that the position of the pollen
sacs was not ascertained; though it may be presumed that there
are four in each anther, lying horizontally, each slit of the anther
crossing the ends of two of them. The pollen grains are two-
grooved.

The fruit is a capsule, its inner surface covered by a single
layer of elongate cells not distinguished by staining reactions.

The development of the seed has been described in detail by
Koch (22). I have seen only one stage, conforming well to
Koch’s account, and so beautifully clear that I could not refrain
from drawing it (pl. 9, fig. 9).

MoNoOTROPA UNIFLORA L.

Of the name of this genus and species enough has been said
above. The genus is apparently monotypic; no variation even of
varietal rank is recognized as occurring within the United States.
Monotropa coccinea Zuccarini, of Mexico and Central America, and
M. australis Andres, of Colombia, were treated as varieties by
Domin.

The available material preserved in liquid has included six
collections, as follows: (1) Three shoots purchased some years
ago from the New York Biological Supply Company, as a museum
specimen, without collection data. (2) Three shoots presented
by the Oregon Biological Supply Company; collected by R. E.
Griffin, Bullrun, Oregon, July 11, 1989. The fluid preserves the
white color of the plants, and makes specimens excellent for mu-
seum use rather than for sectioning. (8) A number of shoots
presented by the Herbarium of the University of California, with-
out collection data. (4) One shoot, with roots, furnished by Mr.
Willman Spawn; collected in Rock Creek Park, Washington,
D. C., July, 1938. (5) One shoot, with roots, furnished by Dr.
P. W, Zimmerman; collected in the arboretum of the Boyce
Thompson Institute for Plant Research, New York, summer, 1939.
















































