1947] COPELAND: PYROLEAE 65

OBSERVATIONS ON THE STRUCTURE AND
CLASSIFICATION OF THE PYROLEAE

Hereert F. CoPELAND

Having discussed the natural classification of the Monotropoi-
deae (1941) and Rhododendroideae (1944), as indicated by
studies of the microscopic structure, I now deal in the same
fashion with a third distinet group within the same order of
plants. I believe that it is right to call this order by the first name
applied to it as such, namely Bicornes L. The rule that a group
cannot be published by enumeration of the included groups seems
merely an excuse for breaches of priority and not entitled to
respect.

History

The tribe Pyroleae coincides with the genus Pyrola as delimited
by Linnaeus (1753). Radius (1821) tells us that the name Pyrola
was introduced by Brunfels, and cites those naturalists who first
discovered or recognized the six species named by Linnaeus: only
the names were original with the latter. These species are moder-
ately divergent, and most subsequent authorities have distributed
them among two or more genera. All agree, however, that none
of them is to be placed quite apart from the others, and that no
additional forms, belonging with them and conceivably represent-
ing additional genera, have been discovered. The names of the
species of Pyrola known to Linnaeus, and those of the genera
subsequently based upon them, are as follows.

1. Pyrola rotundifolia is the obvious type of Pyrola and has been
construed as such by all authorities except one. Alefeld (1856)
made the group typified by it a distinct genus Thelaia.

2. Pyrola minor is typical of the genera Erzlebenia Opiz, 1852,
and Amelia Alefeld.

3. Pyrola secunda was treated by Alefeld as the typical Pyrola.
As a segregate from Pyrola, it has been named Ramischia Opiz and
Actinocyclus Klotzsch (1851).

4, 5. Pyrola umbellata and P. maculata belong to the genus
Chimaphila Pursh (1814).

6. Pyrola uniflora typifies the genus Moneses Salisbury, 1821.

Linnaeus (1764) placed Pyrola in the natural order Bicornes;
Jussieu (1789) placed it in order Ericae. I have not had access
to various other early essays in natural classification, and draw a
part of the following information from a discussion by Domin
(1915). The Pyroleae were so named as a separate order or

1Dates in parentheses are references to literature cited. Dates not in
parentheses are those of publications which I have not been able to consult,
and do not list.
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family by Lindley, 1821, and this group was renamed Pyrolaceae
by Agardh, 1825. In 1830, Lindley included the monotropoid
plants in his order Pyroleae. De Candolle (1839) admitted as
distinct orders both Monotropeae and Pyrolaceae. He misplaced
among the latter the genus Galax; this mistake gave him occasion
to apply to the typical examples the name Pyroleae as that of a
tribe. Asa Gray (1848) included both Pyroleae and Monotropeae
in Ericaceae; Bentham and Hooker (1876), while maintaining a
separate order Monotropeae, included Pyroleae in Ericaceae.
Klotzsch (1851) had followed Lindley to the extent of combining
the pyroloid and monotropoid plants in a separate order which he
called Hypopithieae. Drude (1889) maintained the same group
as the family Pirolaceae, placing it before Ericaceae as if defi-
nitely more primitive.

The most recent comprehensive treatment of the group is by
Andres (with whom, in happier times, I had the honor and benefit
of regular correspondence) in a series of papers (1909-1936) the
main item of which (1914) is in effect my point of departure and
primary object of criticism. In it, Andres followed in many re-
spects the usage of Drude. He conscientiously misspelled Pyrola
and the names derived from it; declared the family typified by it
to be primitive as compared with Ericaceae; and construed this
family as including the Monotropoideae. The system of the
pyroloid plants was in outline as follows:

Pirolaceae subfamily 1. Piroloideae Dumortier. This is to be
understood as including a single tribe Piroleae.

Genus 1. Ramischia Opiz. 1. R. secunda (L.) Garcke, in all
northern continents; 2. R. truncata Andres in eastern North
America.

Genus 2. Pirola Salisb. [ !]

Subgenus 1. Amelia Hook. f. 1. P. minor L., in all
northern continents.
Subgenus 2. Thelaia Hook. f.

Section 1. Ampliosepala Andres. Sepals short, tri-
angular. The subsections are distinguished by
details of the texture and form of the leaves.

Subsection 1. Elliptica Andres. 2. P. elliptica
Nuttall in North America; 3. P. alpina Andres
in Japan and North America.

Subsection 2. Obscura Andres. 4. P. chlo-
rantha Swartz in all northern continents;
5. P. renifolia Maximowicz, 6. P. soldanell:-
folia Andres, 7. P. morrisoniana Hayata, 8. P.
gracilis Andres, 9. P. atropurpurea Franchet,
all in eastern Asia.

Subsection 3. Scotophylla Andres. 10. P.
spathulata (Alefeld) Andres; 11. P. aphylla
Smith ; both from western North America.
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Subsection 4. Rotundoides Andres. 12. P.
uliginosa Torrey, in North America.

Anomalous species: 138. P. oxypetala Austin, in
New York.

Section 2. EKuthelaia (Alefeld) Andres. Sepals
elongate.

Subsection 1. Erazlebenia (Opiz) Andres.
Sepals tongue-shaped, more than one-third
and less than half as long as the corolla.
14. P. sororia Andres in eastern Asiaj; 15. P.
media Swartz in northern Europe and Asia;
16. P. Faurieana Andres, 17. P. Corbier: Le-
veillé, 18, P. nephrophylla Andres, in eastern
Asia; 19. P. Sartorii (Alefeld) Hemsley in
Mexico; 20. P. paradora Andres in western
North America.

Subsection 2. Alefeldiana Andres. Sepals
lance-acuminate, at least half as long as the
petals. The three included groups are dis-
tinguished by details of the form of the
leaves.

Group 1. Genuina Andres. 21. P. For-
restiana Andres in eastern Asia; 22. P.
rotundifolia L. in all northern continents;
28. P. japonica Siebold ; 24. P. americana
Fernald [actually of Sweet]; 25. P. sub-
aphylla Maximowicz in eastern Asia;
26. P. asarifolia Michaux in eastern
North America; 27. P. bracteata Hooker
in western North America.

Group 2. Amoena Andres. 28.P.decorata
Andres and 29. P. alba Andres in east-
ern Asia.

Group 8. Pictoides Andres. 30. P. septen-
trionalis Andres, 31. P. blanda Andres,
and 32. P. Conardiana Andres, in west-
ern North America.

Genus 3. Moneses Salisbury. 1. M. uniflora (L.) Salisb., in
all northern continents.
Genus 4. Chimaphila Pursh.
Sectionl. Aristata Andres. 1. C. japonica Miquel.
Section 2. Campanulata Andres. 2. C. umbellata
(L.) Nuttall [actually of Barton] in all northern
continents; 3. C. maculata (L.) Pursh in eastern
North America; 4. C. Menziesii Sprengel in west-
ern North America.

In Andres’ other papers one finds minor variations from the
framework of classification just set forth. In 1936 he added P.
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coreana (said to be a subspecies, though designated by a binomial)
and P. sumatrana, both placed next to P. japonica. His elaborate
system of categories was extended downward into an elaborate
subdivision of the collective species P. rotundifolia. This compli-
cation of classification is objectionable as a matter of taste and
expediency rather than of fact and hypothesis. One can express
the opinion that certain species are related by placing them under
a common key-heading and by listing them in succession; it is not
necessary to make of every such cluster a named subgeneric
group.

Rydberg (1914) referred duly to Andres when dealing with
the North American pyroloid plants in a work which goes to the
extreme in avoiding recognition of subsidiary categories. In his
treatment, these plants were the family Pyrolaceae, of five genera,
Pyrola, Erxlebenia (Pyrola minor L.), Ramischia, Moneses, and
Chimaphila. Under Pyrola, eighteen species were recognized;
three of Andres’ species were reduced, two new species were
described, and six older ones reduced or overlooked by Andres
were restored.

Henderson (1919) studied extensively the macroscopic and
microscopic structure of the pyroloid and monotropoid plants, and
concluded that these groups are not primitive, but derived from
Ericaceae. ‘

Fernald has discussed specific limits in the group of Pyrola ro-
tundifolia (1904) and has shown (1941) that P. virens Schweigger
is the right name of the species generally known as P. chlorantha.
Camp has dealt with specific limits in Chimaphila (1939) and
among the allies of Pyrola picta (1940).

Several morphological contributions, old and new, will be
cited below.

MATERIAL AND METHODS

Alefeld opened his classic paper with the words, “Im Sommer
1845 fand ich einmal auf einem ganz kleinen Raume 6 deutsche
Arten von Pyrola L. beisammen. Dies veranlasste mich, diese
Pflanze niher zu untersuchen und vergleichen.” My introduction
to the group was by a quite similar experience: in the summer of
1920, I saw at Jonesville (a locality in Butte County, California,
at an altitude of about 1500 m.) seven distinct races of Pyroleae.

The plants growing at Jonesville have afforded the mass of my
material. This has been supplemented by the generous contribu-
tions of correspondents. On the present occasion as on former
ones, it is a pleasure to acknowledge a cordial obligation to the
Juneau Botanical Club, of Juneau, Alaska, and particularly to the
secretary, Mrs. Lucille Stonehouse ; and to Dr. W. H. Camp of the
New York Botanical Garden. By their contributions, the avail-
able material has amounted to a fair representation of the range
of the group.
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2a

PraTe 9. StrRUCTURE OF THE PYROLEAE. Plants, approximately natural size,
photographed by E. B. Copeland at Jonesville, Butte County, California, July,
1920. Fie. 1. Chimaphila Menziesii. Fic. 2. Pyrola picta.

The races of which material in histological fixatives has been
available are listed below. As it seems expedient to designate
these races by the names which appear correct, and to place them
in the sequence which appears best as a representation of natural
classification, the listing implies some of the conclusions which
are to be stated explicitly in the sequel.

1. Ramischia secunda (L.) Garcke, collected at Jonesville; on
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Mount Rainier, Washington, by Camp; and on the Mendenhall
Flats, near Juneau, Alaska, by the Juneau Botanical Club.

2. Chimaphila umbellata (L.) Barton, collected at Jonesville;
and in Oregon and in the Alleghany National Park, New York, by
Camp.

3. Chimaphila maculata (L.) Nuttall, collected at Chilhowees,
Tennessee, by Camp.

4. Chimaphila Menziesii Sprengel, collected at Jonesville; and
on Mount Rainier by Camp.

5. Pyrola minor L., collected on the Mendenhall Flats by the
Juneau Botanical Club.

6. Pyrola wvirens Schweigger, collected on Mount Rainier by
Camp.

7. Pyrola picta Smith, collected at Jonesville; and on Mount
Rainier by Camp.

8. Pyrola dentata Smith, collected on Mount Rainier by Camp.

8a. Pyrola dentata var. integra Gray, collected at Jonesville.

8b. Pyrola dentata var. apophylla n. var.,? collected at Jonesville.

9. Pyrola americana Sweet, collected in Alleghany Park by
Camp.

10. Pyrola uliginosa Torrey and Gray, collected at Jonesville.

11. Pyrola bracteata Hooker, collected by Camp on Mount Rai-
nier. A plant collected by the Juneau Botanical Club on Menden-
hall Flats, and sent under the name of P. asarifolia Michaux,
appears to represent the same species.

12. Moneses uniflora (L.) Gray, collected at Lena Cove and the
Shelten Islands by the Juneau Botanical Club. The material from
the Shelten Islands is said to represent var. reticulata (Nuttall)
Blake.

The material listed has been used principally in study by
routine histological methods. The necessary herbarium and li-
brary study has been facilitated by the continued, unstinted, and

2 Pyrola dentata var. apophylla n. var., laminis foliorum reductis. Jones-
ville, Butte County, Calif., H. F. Copeland, sm., July 28, 1935; type in the
Herbarium of the University of California.

Aphyllous forms of Pyrola have repeatedly been collected in western North
America; they have generally been referred to P. aphylla Smith. Fernald (1920,
1941), however, has described and named one of these forms as a variety of
P. virens, and Camp (1940) has identified the classic P. aphylla as a form of
P. picta. The aphyllous plants of Jonesville appear, by their distribution in
the woods, to represent P. dentata var. integra. It is not possible from Hooker’s
(1834) plate of P. aphylla, and it would probably be impossible from Smith’s
type specimen, to decide whether this name belongs to a variant of P. virens,
P. picta, or P. dentata var. integra: the loss of leaves obliterates the distinctive
characters. Under these circumstances it appears best arbitrarily to treat
Camp’s action as sound, that is, to consider the classic P. aphylla as a form of
P. picta; and to give the new name here published to the leafless variant of
P. dentata var. integra. The plant which Holm (1898) described as P. aphylla
appears, by the characters of its sporadically occurring foliage leaves, to repre-
sent the present variety.
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cordially appreciated hospitality of the Herbarium and Biology
Library of the University of California.

The observations lead to conclusions as to the proper place of
these plants in the taxonomic system, and as to their expedient
arrangement in genera. Specific limits remain obscure in some
parts of the group, and the present observations are of little help
in clarifying them.

VEGETATIVE GROSS STRUCTURE

Linnaeus noted certain Pyroleae as undershrubs, and others as
perennial herbs; all are in fact rather of the latter character, their
aerial shoots being less enduring than the underground structures.
The main underground structure, in all members of the group
except Moneses, is a rhizome. The rhizome is slender, not more
than a few millimeters in diameter, yellow to brown in color, bear-
ing distant small scales. The scales subtend scaly buds; associ-
ated with each of these, as Henderson noted, there is usually a
single root, springing from within the rhizome, and usually brief
and less than one millimeter in diameter. Most buds remain
dormant; the rhizome is sparsely branched, though often quite
elongate. I found one of Chimaphila umbellata which was approxi-
mately 2.5 meters long, connecting two leafy shoots near one end
with a single one at the other. Oceasionally, the tip of a rhizome
turns toward the surface of the soil; produces, at the end of a
growing season, a scaly bud; and gives rise, during the following
growing season, to an aerial shoot.

In Moneses uniflora, the aerial shoots grow upward directly
from slender roots, within which they originate, of course, as
adventitious buds. This habit was first reported by Irmisch
(1855). Itis the same as that of the monotropoid plants. Irmisch
reported that in Ramischia secunda and Pyrola virens the aerial
shoots may arise either from rhizomes or from roots; Holm (1898)
states that this occurs also in P. aphylla (that is, as I suppose, P.
dentata var. apophylla), and in P. picta, Chimaphila umbellata, and
C. maculata. Henderson could not confirm this, nor have I done
so in digging up a moderate number of specimens. It seems safe,
nevertheless, to accept these observations as sound: it is inherently
probable that the roots are capable of the occasional production
of adventitious buds throughout the group.

Various observers, as Wydler (1860), Drude (1889). and
Henderson (1919), have noted the habit of the Pyroleae, of pro-
ducing a winter bud at the end of each season of growth; with the
effect (the scales being persistent) that the stem is found to bear,
alternately, series of scales and of leaves. In Ramischia, the leaves
of each year are distributed along a few centimeters of stem. In
Chimaphila, they are typically crowded near the summit of the
vear’s growth of stem, and give a superficial appearance of being
whorled. In Pyrola and Moneses, the vear’s growth of stem is
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usually very brief; all the leaves on one shoot are crowded in a
single rosette.

Growth as described continues until the year in which the
growing point is used up in inflorescence. This occurs sooner or
later, characteristically in different species. In Chimaphila umbel-
lata and Chimaphila Menziesii it may be delayed until after the pro-
duction of seven or eight annual pseudo-whorls of leaves. In the
group of Pyrola rotundifolia, the shoots seem most often to flower
in the fourth growing season, after bearing leaves during three.
Ramischia, Chimaphila maculata, Pyrola picta, P. dentata var. integra,
and Moneses uniflora flower most often in the third growing season.
P. virens flowers usually after producing a single series of foliage
leaves. Shoots of the various aphyllous races flower in the season
in which they come up.

Axillary buds do not usually open before the terminal bud
above them is ready to produce an inflorescence. If they open
in the same year, it is usually to produce additional inflorescences.
This they do rather commonly in P. virens and the group of P. picta.
In Ramischia, Chimaphila, and the group of P. rotundifolia, they
usually open the year after the stem bearing them has produced
flower and fruit, and produce leaves during two or three years
before bearing flowers in turn. In Moneses, the shoots usually die
after flowering and fruiting.

The leaves are alternate. I examined a few plants and found
the leaves to form a regular spiral: starting from any given leaf,
the third leaf or bract above it stands somewhat to one side, say
the left, of directly above it; the fifth falls a smaller distance to
the right, the eighth a yet smaller distance to the left, and so
forth. Wydler (1860) has noted irregularities in the phyllotaxy
of this group: such irregularities are common in all groups of
plants.

The size, shape, and texture of the leaves, their characters as
petioled or sessile, entire or dentate, are duly set forth in the
manuals and need not be recounted. As noted, the stalked leaves
of Pyrola form rosettes. Usually, both leaves and bracts are per-
sistent; Pease (1917) has found green leaves up to seven years old
on shoots of Chimaphila umbellata, and up to eight years old in
C. Mengiesii. In this genus, the bracts, and later the leaves, are
finally allowed to fall by the action of a disjunction mechanism.
In Pyrola, the leaves wither in place. In the group of P. rotundi-
folia, this occurs usually after they have been green for two years.

ExpranaTion oF THE Figures. Prate 10.

Prate 10. STrRUCTURE OF THE PYROLEAE. Anatomical features of Chima-
phila Menziesii. Fie.3. Longitudinal section of root tip, X 200. Fre. 4. Cross
section of young root, X200. Fic. 5. Cross section of older root, X200. Fie. 6.
Cross section of rhizome, X25. Fic. 7. The marked area of fig. 6, X 200.
Fic. 8. Cross section of young stem, x25. Fia. 9. The marked area of fig. 8,
X 200.





























































































