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AQUIFOLIACEAE Houuy FamiLy

A small family of trees and shrubs, related to the Ebenaceae.

Iuex L. HoLny

Grains oblately flattened when moist, 26.8 to 33.1 » in diam-
eter. Furrows three, meridionally arranged, or occasionally four
or six, tetrahedrally arranged, in which case the grains may or
may not be giants. Furrows broad and long, somewhat tapering
to rounded ends, their membranes heavy and conspicuously
flecked with coarse granules; germ pores represented by hyaline
thickenings, one below the center of each furrow, causing a
rounded bulge which may or may not break through the furrow
membrane when the grain is moistened. Exine very thick and
rigid, presenting a coarsely pebbled appearance in surface view,
structurally composed of rounded prisms embedded in a matrix
of material of different refractive index.

The genus comprises about 280 species of shrubs, mostly
America. The pollen of various species has been recovered from
Postglacial silts, and in this connection that of I. agrifolia has
been described and illustrated by Docturowsky and Kudrjaschow
(1923) and Erdtman (1923). The hollys are not regarded as
hayfever plants.

Ilex bronxensis Britt. Northern winterberry (Plate IX, Fig. 6)
type. Grainsg uniform, 29.6 to 33.1 u broad, 28.5 to 31.9 u deep.
Fxine exceedingly coarsely granular, presenting a pebbled
appearance.

A medium-sized shrub with evergreen leaves and orange-red
berries. Flowers in June and July, insect pollinated but sheds
rather a large amount of pollen.

Ilex decidua Walt. Swamp, meadow, or deciduous holly.
Grains 26.8 to 28.5 u broad and 22.8 to 23.9 u deep. Furrows
occasionally four or six. Some grains united in tetrahedral
tetrads, with the three pores of each grain opposite and adjacent
to one of each of its three neighboring grains. Exine heavy and
coarsely granular but less so than in the type.

ACERACEAE Marie Faminy

A family of trees containing, besides the genus Acer, only
the monotypie genus Dipteronia Oliv. of central China.
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ACER L. Marre

(irains when moistened oblately spheroidal, ranging in size
in the different species from about 28 to 36 u in diameter, pre-
vailingly tricolpate, but occasionally dicolpate or, less frequently,
tetra-, penta-, and hexacolpate.

In normal tricolpate grains the furrows are equally spaced
around the equator and directed meridionally (Plate X, Fig. 1),
but in the grains with higher numbers of furrows they are not
so arranged; instead they tend to conform to the tetrahedral
configuration, though they are more often badly deformed, and
their furrows unrelated to any system. When unexpanded
the grains are ellipsoidal, with the furrows appearing as shallow,
longitudinal grooves, but upon expanding they gape widely
open, permitting the grain to become decidedly flattened.
The furrow membranes are smooth or oceasionally slightly
flecked. They are not provided with germinal apertures;
instead, the germ pore is represented only by a slight swelling
in the center of each. The general surface of the exine is always
conspicuously granular, and in the grains of all species, except
those of A. Negundo, the granules are arranged or tend to be
arranged in rows, giving the exine a more or less striate appear-
ance. In this respect the grains of the maples resemble those
of the roses. The patterns of the granular striae are not exactly
duplicated in any two species, giving this character high diag-
nostic value.

The maples are mostly large or medium-sized trees. All,
except A. Negundo, are primarily insect pollinated. Neverthe-
less, they are rather imperfectly adapted to this mode of pollina-
tion, and the pollen of several species of maple, besides those of
A. Negundo, can often be caught on atmospheric pollen plates
at considerable distances from the trees. The part that the
maples play in the production of hayfever is not yet understood,
but it is likely that they should be regarded as a contributory
cause of the early spring type. Maple pollen is occasionally
found in Postglacial silts; and in this connection are figured
grains of A. saccharwm (Sears, 1930) and unnamed species
(Docturowsky and Kudrjaschow, 1923).

Kry To THE SPECIES

1. Surface granules arranged in rows forming more or
less distinct striae.
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A. Striae always distinet and unmistakable (less
distinet in A. rubrum). A. Pseudo-platanus
A. platanoides
. A. rubrum
B. Striae extremely faint and in some grains not

present at all. A. saccharum
I1. Burface granules not arranged in rows, surface not
striate. . . A. Negundo

Acer Pseudo -platanus L. Sycamore maple (Plate X, Fig. 1)
type. Grains mostly uniform, when fully expanded spherical,
35.5 to 36.3 p in diameter; tricolpate, with furrows meridionally
arranged, or rarely dicolpate, with the furrows opposite, fused
at the poles and encircling the grain as a single furrow. Furrows
normally long and tapering, their membranes smooth., Exine
granular-striate,

The surface texture of these grains is very characteristic; at
lower magnification it has the appearance of being striate, with
the striae forming patterns which resemble those of thumb-
prints. These striae have a tendency to run parallel to the
furrows and are obviously modified by them in their arrangement.
Seen with the higher resolving power of the microscope, the
texture may be described as coarsely granular, with the granules
arranged in rows of various length. The striate pattern, though
difficult to deseribe, is highly specific.

The sycamore maple is a medium-sized tree extensively planted
about city streets. It flowers in June, the flowers openihg after
the leaves have fully expanded. The flowers are insect polli-
nated but rather imperfectly adapted to this mode of pollination,
so that much pollen is scattered in the air and probably should
be considered as a contributory factor in hayfever.

Acer platanoides L. Norway maple. Grains similar to the
type but slightly smaller and less uniform in size, 32 to 34 &
in diameter, oblately spheroidal, always tricolpate. Surface
markings similar to but finer than in the type. Furrow mem-
branes slightly flecked.

A large tree extensively planted about city streets. Flowers in
June. Insect pollinated but sheds much pollen which becomes
atmospherie and can readily be detected in the air and is probably
a contributory cause of hayfever. The pollen is also sometimes
found in Postglacial silts and in this connection has been figured
by Erdtman (1923).
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Acer rubrum L. Red maple, scarlet maple. Grains similar to
the type, except that the surface striae are much less distinet,
always a large proportion of the grains abnormal; tetracolpate
and pentacolpate giants, with the furrows in the tetrahedral
position, some double zonate or more often irregular and asym-
metrical. Normal grains 30.8 to 35.3 p in diameter, tricolpate.

A large tree in swamps and low grounds and much planted
elsewhere. Nova Scotia to Manitoba, Nebraska, Florida, and
Texas. Flowers appearing before the leaves in March or April.
Primarily insect pollinated but very imperfectly so. Its pollen
is frequently caught on atmospheric pollen plates and is probably
a contributory cause of early spring hayfever.

Acer saccharum Marsh. Sugar or rock maple. Grains essen-
tially as in the type, occasionally dicolpate, with the furrows
fused at the poles and encircling the grain as a single furrow,
ellipsoidal, 36.5 to 40 p in diameter. Texture extremely finely
granular, with the granules tending to be arranged in striae, but
less so than in the grains of A. rubrum, in this respect inter-
mediate between the latter and those of A. Negundo.

Apparently these grains do not expand so much upon being
moistened as the type, for they retain their ellipsoidal form, and
the furrows do not gape widely open.

Acer Negundo L. (Negundo aceroides Moench., N. fraxinifolia
Nutt.) Box elder, ash-leaved maple. Grains similar to the type,
prevailingly tricolpate but frequently dicolpate with furrows
opposite and fused, encircling the grain as a single furrow or
in the position of the tricolpate furrows, as if one had been
omitted; occasionally with more than three furrows, but such
grains are usually irregular. Texture granular but not striate,
in which character this species appears to be unique in the genus.

A large tree common along streams and much planted else-
where. Maine and Ontario to Manitoba south to Florida,
Texas, and Mexico. Flowers in April, wind pollinated, shedding
large quantities of pollen which undoubtedly causes some hay-
fever in the early spring. Several varieties are recognized which
greatly extend its range. Variety violacewm Kirch. in the eastern
States, variety fexanum Pax. in eastern Texas and adjoining
states, variety dnferior Sarg. in the Rocky Mountain states,
variety arizonicum Sarg. in southern Arizona and New Mexico,
variety californicum Sarg. in the Pacific coast states. For a
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discussion of these different varieties the reader is referred to
Sargent (1922).

The pollen of Acer Negundo in one or more of its varieties is
said to be important in the production of hayfever in Oregon
(Chamberlain, 1927), and its pollen has been shown to occur
abundantly in the air in the neighborhood of Kansas City while
the trees are in bloom (Duke and Durham, 1928).

TILIACEAE Linpex Faminy

A large family of trees, shrubs, or rarely herbs, represented in
northern regions by the single genus T4lia.

Tilia americana L. Basswood, Linden (Plate X, Fig. 2). Grains
uniform in shape and size, oblately flattened and about 36.5 by
28 u; germ pores three, rarely two or four,
deeply sunken, elliptical in shape, and
equally spaced on the equator. FExine
reticulate pitted.

Furrows in the ordinary sense of the
word are absent, but the pits in which the
pores are situated are slightly elongate
in a meridional direction and must

) undoubtedly be regarded as vestigial

Fig, 105-—Pollen grain furrows. Underlying each pore is a

firzélff;t?(fﬁfr;f?ﬁﬁ;hmnsﬁ relatively large thickening of the intine

which forms a very conspicuous feature

of the grain in optical section (Fig. 105) and causes the region
surrounding the pore to be slightly elevated.

A large tree widely distributed throughout the eastern half of
the United States. Flowersin May and June. Insect pollinated
but generally shedding much pollen. It is not a factor in hay-
fever, but its pollen is frequently caught on atmospheric pollen
plates and is foun(\i abundantly in Postglacial silts. In this
connection this and other species of the genus have been described
and illustrated by Sears (1930) and by Docturowsky and Kudr-
jaschow (1923), who describe the rudimentary furrows as false
pores, merely pits in the exine.

VIOLACEAE VioLeT Faminy
VIOLA L. VioLsr

Graing when dry ellipsoidal‘or tending to be cylindrical with
rounded ends, the furrows appearing as shallow grooves. When
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moistened becoming spheroidal, the furrows gaping widely open.
Furrows generally three, occasionally four or six (in V. #ricolor
var. hortensis five, six, or four, never three) long and tapering
to pointed ends; furrow membranes smooth, easily ruptured;
germ pore circular or more or less irregular. Xxine nearly or
quite smooth.

The furrows when three are equally spaced around the equator,
with their long axes meridionally directed, or, when there are
four or six, in the tetrahedral configuration, except in the grains
of V. iricolor var. hortensts, in which they are approximately
equally spaced on the equator, with their long axes directed
almost exactly meridionally, though they may tend somewhat
to converge in pairs. Violet pollen grains have a strong tendency
to overexpand when moistened, with the complete rupture of
the furrow membrane, permitting the cell contents to protrude
from the furrows, the grain becoming flattened and angular in
outline. In this condition, which is, indeed, the one most
generally encountered, unless precautions are taken to prevent its
occurrence, they bear g superficial resemblance to the grains of
Quercus but may easily be distinguished from the latter by the
smooth texture of their exine and the absence of hyaline bodies.

A large genus of low shrubs and herbs, flowering in the early
part of spring or, by cleistogamous flowers, throughout the
summer; insect pollinated, producing only small amounts of
pollen; not a cause of hayfever.

Viola lobata Benth. Violet type. Graing as in the generie
description, spheroidal, tricolpate, 28.5 to 31.9 p in diameter.
Exine faintly granular.

California and southwestern Oregon.

Viocla palmata L. Farly blue violet. Grains as in the type,
generally tricolpate or occasionally tetracolpate or hexacolpate,
with the furrows in the tetrahedral configuration, about 30.8 u
in diameter. April and May. Massachusetts to Minnesota,
southwest to Florida.

Viola hirsutula Brainard Southern wood-violet. Grains ellip-
soidal when moist unless overexpanded, tricolpate, about 37.6 u
in diameter, otherwise as in the type. Flowers in April and May,
southern New York to central Alabama and Georgia.

Viola cucullata Ait. Marsh. Blue violet. Grains spheroidal,
tricolpate, 36 to 40 p in diameter, exine smooth, otherwise as in
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type. April and June. Quebec to Ontario, southward to
Georgia.

Viola odorata L. English or Sweet violet. Grains as in the
type, 28.6 to 31.2 p in diameter. Flowers March to May.
Introduced from Europe and frequently planted in America.

Viola conspersa Reichenb. American dog violet. Grains
spheroidal, generally tricolpate, occasionally tetra- or hexa-
colpate, with furrows in the tetragonal configuration, about
30.8 u in diameter, otherwise as in the type. Flowers April and
May. Quebee to Minnesota, southward to Georgia,

Viola tricolor L. var. hortensis DC. Pansy, Heartsease. Grains
various in size; when dry cylindrical with rounded ends, with the
furrows showing as shallow, longitudinal grooves; when expanded
decidedly oblately flattened, about 85 by 63 u, with the furrows
more or less equally spaced around the equator and nearly or
quite meridionally arranged, except when there are f our, in which
case they tend to converge in pairs. Furrows long and tapering
to pointed ends; furrow membranes flecked, easily ruptured by
overexpansion. Germ pore irregular in outline but tending to
be circular. Texture finely granular.

Flowers in early summer, cultivated.

HALORAGIDACEAE Warsr-MILFOIL Famiry

Aquatic or marsh plants with inconspicuous flowers in leafy
spikes. The family includes about 100 species in eight genera.

MYRIOPHYLLUM L. WATER MILFOIL

Grains similar to those of Alnus but lacking the connecting
bands between the pores; uniform in size, oblately flattened and
angular in outline, with the pores at the angles, 23 to 33 x in
diameter. Pores aspidate, with narrowly elongate or slit-like
apertures, four, three, or rarely five, their number bearing no
reference to the size of the grain, equally spaced around the
equator—when three, meridionally arranged; when four or five,
with their axes biconvergent. Texture of the exine slightly
rough, especially around the pores.

These grains may be distinguished from those of Alnus by
their narrower germinal apertures, less sharply defined aspides,
and absence of connecting bands between the pores.
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The genus is represented by about 10 species in North America
and about 10 others elsewhere. All are perennial aquatic herbs,
apparently wind pollinated but shedding little pollen. They
are not a cause of hayfever, but their pollen is found in Post-

‘glacial silts, and, in this connection, that of four species has been

deseribed and illustrated by Meinke (1927,
page 384).

Myriophyllum spicatum L. (Fig. 106)
type. Grains uniform, 23.1 to 33 ux in
diameter, germ pores four, three, or rarely
five, their apertures 2.85 by 1.14 u.
About twice as many grains have four
pores as have three.

Low, aquatic herb, growing in deep  ¥is. 106.—Pollen grain
water, with submerged leaves and aerial toim‘fygg‘;gfl/”‘li’:wSPZCI‘;
flowers, widely distributed throughout pore shown in optical
most of North America, except the south- section.
eastern United States and Mexico. Flowers in summer.

Myriophyllum heterophyllum Michx. Grains about 32 p in
diameter, essentially the same as the type, except that they have
nearly always four pores, rarely five or three.

Aquatic herb of ponds and slow streams, mostly near the
Atlantic and Gulf coasts of the United States.

CORNACEAE Doagwoop Faminy

Grains tricolpate. When moist, oblately fattened, 36 to
37.6 u in diameter. Exine finely granular. Furrows long and
tapering, reaching almost from pole to pole, equally spaced and
meridionally arranged. Furrow membranes nearly smooth or
slightly flecked, each provided with a well-defined aperture
through which the germ pore bulges prominently. When dry
the grains are spheroidal or ellipsoidal, the furrows closed tightly,
assuming the form of shallow grooves.

Abortive grains and those which have lost their cell contents
frequently retain the latter form even when wet, though not
invariably so. Consequently, in attempting their identification
in fossilized material, it must be borne in mind that shapes of
these grains may be decidedly flattened, approximately spheroidal
or ellipsoidal. Perhaps the most characteristic feature about
them is the slight inwardly projecting subexineous thickening
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bordering the furrows, more pronounced around the pores.
These thickenings are not conspicuous in normal, healthy grains,
but in abortive grains and those which have lost their contents, as
in fossil material, the thickened rims are conspicuous and serve
as the most reliable diagnostic feature. The granular nature
of the exine is about the same in the grains of both Cornus and
Nyssa and is sometimes difficult to see, particularly in fossil
material, but is of value in identification.

The Cornaceae are trees, shrubs, and perennial herbs, com-
prising about 10 genera, of which Cornus and Nyssa are the best
known in the United States.

Nyssa sylvatica Marsh. Sour gum, Tupelo, Pepperidge (Plate X,
Fig. 5) type. Grains uniform in size, all normal, tricolpate;
when moistened oblately flattened, 37.2 by 27.4 u, triangular
in outline; the furrows at the angles long and tapering, expanding
principally toward their centers, each provided with a distinet
germinal aperture, elliptical in outline and with its long axis
crossing that of the furrow. Furrow membrane flecked, pores
bulging through with a ragged edge, as if having ruptured the
furrow membrane. IExine finely but distinctly granular, with
the granules appearing as the ends of fine, vertical rods of one
material embedded in a matrix of another material of different
refractive index, in optical section appearing radially striate.

Sour gum is a large tree inhabiting moist and swampy ground.
Maine and Ontario to Florida, Michigan, Missouri, and Texas.
Flowers in June. It is primarily insect pollinated but imper-
fectly so, some pollen becoming scattered in the air. In some
experiments carried out by the author it was found that pollen
slides exposed about 500 ft. from a tree caught a few grains of its
pollen every day throughout its flowering period.

Sour-gum pollen is not known to eause hayfever but has been
found by Lewis and Coke (1930) in great abundance in the Post-
glacial peat of the Dismal Swamp in the United States. These
authors have also illustrated the pollen in its fossilized form.

Nyssa Ogeche Marsh. Ogeechee plum. Grains exactly as in
the type.

A large tree in swamps. South Carolina to Georgia and
Florida. Flowers in June.

Cornus florida L. (Cynoxylon floridum (L.) Raf.) Flowering
dogwood. Grains essentially as in the type, except that they are
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a little larger, averaging 37 by 34 x, and the texture of the exine
is less distinctly granular.

A small or medium-sized tree, with large, showy white or
pink flowers. Maine and Ontario to Florida, Minnesota, Ken-

tucky, Kansas, and Texas. Flowers in July. Strictly insect

pollinated and not a cause of hayfever.

OLEACEAE Ouwve FamiLy

Grains spheroidal or somewhat oblately flattened, 19.5 to 30 u
in diameter, generally tricolpate or tetracolpate, with furrows
conforming in arrangement to the trischistoclasic system.
Furrows various in character among the different species. Fur-
row membranes smooth or variously flecked. Germ pores not
sharply defined but represented in the grains of some species
by a small swelling. Exine variously but always conspicuously
reticulate.

The outstanding character of these grains is their reticulate
exine. The pattern consists of a continuous and generally uni-
form lacework of elevated ridges, dividing the surface into
angular lacunae. In the grains of some species the reticulum
is simple; in those of others it is complex, the ridges which par-
tition off the larger lacunae themselves bearing smaller lacunae.
The smaller the lacunae the less angular they are—those borne
in the ridges are almost circular in outline. This type of reticu-
lum is not unique but characterizes the grains of such widely
divergent groups as the Salicaceae, Platanaceae, Liliaceae, and
others. It is thus typieal of a class of phylogenetic characters
which recur again and again with slight modifications in entirely
different associations. We find it in the grains of Saliz, with the
lacunae smaller toward the furrows, and in those of Platanus,
with the lacunae a little smaller and less angular throughout and
associated with furrows which are more sharply defined. We
find it again in the grains of the Liliaceae, associated with a single
longitudinal furrow, and in those of Potamogeton in the absence of
furrows.

In the Oleaceae the pattern is specifically constant but various
among the different species. In the grains of Ligustrum, Syringa,
Forsythia, and, to a lesser extent, Olea it is always rather coarse,
consisting of large, hexagonal and pentagonal lacunae of uniform
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size and with high ridges. In the grains of Ligustrum and Syringa
the ridges are buttressed with rounded thickenings at their bases,
while in those of Forsythia they are thick and bear within their
walls much smaller, roundish lacunae. This form ecalls to mind
the structure of a soap foam consisting of large bubbles of rather
uniform size in a matrix containing much smaller bubbles. In the
grains of Olea there is some trace of the buttressing, but it is much
less pronounced than in those of Ligustrum and Syringa. In the
grains of Fraxzinus, which is wind pollinated, the structure of the
reticulum is less rugged, with the ridges lower and the lacunae
smaller, roundish, and with no trace of buttressing. The relation
of the form of the grains of Frazinus to that of Ligustrum,
Syringa, and Forsythia is parallel to that existing between
the grains of Populus and Saliz, in which similar differences are
definitely correlated with their modes of pollination, the former
by wind and the latter by insects. In the present instance
Ligustrum, Syringa, and Forsythia are insect pollinated, and
asgociated with this is the high degree of development of the
surface reticulum; while Frawinus is wind pollinated, and
associated with this is a marked reduction in the reticulum. If
the degree of this reduction can be taken as a meagure of the
adaptation of these trees to anemophily, Frazinus appears to be
highly specialized in this respect, while Olea exhibits only a
tendency toward anemophily.

Associated with the reduction of the reticulum in the former is
found a flattening out of the furrow margins. In the grains of
Olea and other entomophilous members the furrows are sharply
defined and harmomegathically functional, opening and closing
with the changes in volume of the grain, while in the grains of
the anemophilous Frazinus they are poorly defined and with the
furrow membranes flecked with what appear to be fragments of
the reticulum. Clearly, one of the functions of the furrows is to
permit the contraction and expansion of the cell against the
resistance of a rigid exine; therefore with the reduction of the
reticulum and consequent loss of rigidity of the exine goes
the need of a special structure to accomplish harmomegathy. In
any cage it may be said of the Oleaceae that anemophily is
associated with a reduetion of the surface reticulum and a lessen-
ing in the degree of the development of the furrows.
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Key to TaE GENERA

1. Furrows vaguely defined.

A. Texture finely reticulate, furrows mostly 4. Fraxinus
B. Texture more coarsely reticulate, the ridges slightly
beaded. Furrows mostly 3. Olea

1I. Furrows sharply defined.
A. Texture very coarsely reticulate, the ridges markedly
beaded. TFurrows mostly 3.

i. Furrows short. Ligustrum
ii. Furrows long and tapering. Syringa
B. Texture double-reticulate, 7.e., with smaller lacunae
within the ridges; furrows 3, long. Forsythia

FRAXINUS (Tourn.) L. Asm

Grains uniform, when fully expanded 20 to 25 p in diameter,
flattened and angular in outline, tetra-, tri-, or pentacolpate.
Exine reticulate, the net simple and weakly developed, constant
for all the grains of any given species but of various coarseness
among the different species.

The reticulate pattern resembles that found on the grains of
Saliz and Platanus, but in those of Frazinus it is more uniform
throughout, not tending to become finer toward the poles and
along the margins of the furrows, as is generally the case in the
grains of Saliz, and always it is much coarser than in the grains
of Platanus. In the grains of Fraxinus the size of the mesh is
maintained right up to the edge of the furrows, where it ends with
open lacunae, suggesting that the furrows are torn through it with
the expansion of the grain. This impression is heightened by
the appearance of the furrows themselves. These are rather
poorly defined; as seen in the expanded condition they are short
and broad, with their membranes stretched and bulging and
dotted with small flecks of material which look like fragments of
thestorn reticulum scattered over the surface. They are without
gerfn pores, the whole surface serving as a place of exit for the
pollen tube. They are always equally or approximately equally
spaced around the equator. When there are four or five of them
they cross the equator obliquely, with their axes converging in
pairs alternately above and below the equator, but when there
are three they cross the equator at right angles and converge
toward the poles along meridional lines; thus, whatever their
number they conform to the trischistoclasic system.
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The grains of Frazinus differ from those of the other members
of the family in their finer reticulum, thinner exine, and more
irregular and less sharply defined furrows. These are charac-
teristic morphological modifications resulting from pollination
by wind.

All species of Fraxzinus are excellently adapted to pollination
by wind and scatter enormous quantities of pollen in the air. In
the author’s experience in the vieinity of New York City and in
that of Duke and Durham (1928) in the vicinity of Kansas City
ash pollen becomes very abundant in the atmosphere during the
short flowering period of the trees. Only occasionally, however,
have any of the ashes been reported as factors in hayfever.
Thus, F. oregona is regarded as one of the most important causes
of the hayfever occurring in early spring in western Oregon
(Chamberlain, 1927), and F. attenuata as one of the most impor-
tant in February and March in Arizona (Phillips, 1922, 1923).

Fossilized grains of ash pollen have oceasionally been found in
Buropean bog deposits, and in this connection a species of ash
pollen has been illustrated by Meinke (1927), who points out its
similarity to that of Adoxza (page 381), and the grains of F.
excelsior are illustrated by Docturowsky and Kudrjaschow
(1923). In similar studies in America the grains of . lanceolata
(v.e., F. americana L.) are illustrated by Sears (1930). Hugo
Fischer (1890, page 44) describes the grains of F. excelsior 1. as
generally tricolpate—*‘regelméissig dreifaltig.”

The genus includes about 30 or 40 species of trees and shrubs
widely distributed in the temperate regions of the Northern
hemisphere and in Cuba and Java.

Fraxinus americana L. White ash, Cane ash (Plate X, Fig. 4)
type. Grains uniform, when expanded about 24 x in diameter,
flattened and angular in outline. Furrows four, less often three,
or rarely five, short and broad, gaping widely open as the grain
expands and giving it its angular appearance. Furrow mem-
branes distinctly flecked. ¥xine more finely reticulate than in
the grains of F. coriacea and F. Toumeys. .

The white ash is a large forest tree in rich woods, almost
throughout the United States and Canada. It sheds large
quantities of pollen which is borne great distances in the air,
in April and May, the flowers opening just before the leaves. Tt
is, however, not known to eause hayfever.

OLEACEAE 451

Prate X.—Pollen grains of Aceraceae, Tiliaceae, Cornaceae, Oleaceae, and
Plantaginaceae. 1, Acer Pseudo-platanus, polar view, 36 u in diameter.‘ 2,
Tilia americana, polar view, 33 u in diameter. 3, Olea euroz‘mea,.polar view,
22 u in diameter. 4, Frazinus americana, polar view, 24 p in dlame:ce_r. .5,
Nyssa sylvatica, polar view, 37 u in diameter. 6, Plantaqo lanceolata, 35 p in
diameter. 7, Plantago Rugelit, 23 u in diameter. 8, Ligustrum Ibota, polar
view, 30 u in diameter.
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Fraxinus coriacea S. Wats., (F. velutina var. coriacea Rehd.)
Desert ash. Grains as in the type, about 20 u in diameter, always
a few that are abortive, and with some variation in those that are
normal, the latter nearly always tetracolpate, rarely tri- or
pentacolpate. The reticulum is a little coarser than in the
type.

A large tree shedding much pollen in early spring. Probably
the cause of some hayfever in regions where abundant. It is
one of the commonest ashes in southern Arizona, somewhat less
abundant in adjacent parts of New Mexico and Mexico.

Olea europaea L. Olive (Plate X, Tig. 3) type. Grains flat-
tened, about 22 u in diameter, tricolpate, rarely tetracolpate, and
those that are variously irregular and apparently abnormal.
Exine reticulate, similar to that of the grains of Fraxinus, except
that the mesh is much coarser and the ridges buttressed, in this
respect resembling the grains of Ligustrum. Furrows broad,
rather short, and vaguely defined, as in the grains of Frazinus;
their membranes flecked, without germinal apertures, the latter
represented merely by a bulge which appears in the center of the
furrow membrane when fully expanded.

Underlying the center of each furrow, embedded in the cell
contents and radially oriented, is a hyaline rod, which expands
upon being moistened, causing the bulge in the center of the
furrow membrane. These organs are exactly homologous with
those found in the grains of Quercus, though not quite so highly
developed. The difference between the grains of Frazinus and
Olea lies principally in the better development of the ridges
in the former and in the relatively unimportant, though con-
spicuous, haptotypic character of the number of germinal
furrows, which are predominantly three in the grains of Olea and
four in those of Frazinus.

The olive is primarily insect pollinated, bearing flowers closely
resembling those of privet, but sheds large amounts of pollen
which becomes atmospheric. Flowers in April and May. It is
native of Europe but has been introduced into some parts of
California and Arizona where it is said to be a serious cause of
hayfever and is stated by Rowe (1928) to be important in Cali-
fornia. The genus includes about 40 species of trees and shrubs,

native of the tropics and warm parts of the Old World and New
Zealand.
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LIGUSTRUM L. Priver

Grains similar to those of Olea europaea but cons?derably
larger, ranging in the different species from 28 to 30 p in diameter.
Reticulum of the exine much coarser, with lacunae larger and
ridges higher and buttressed, presenting a beaded ap;r)earance, as
in the grains of Olea but much more pronounced. T owa',rd the
furrows the reticulum is a little finer than elsewhere, andjlt ends
abruptly along the furrow margins with closed lacunae. Furrows
generally three, occasionally four, a little shorter and more sharply
defined than in the grains of Olea, an appearance obviously due
to the more rugged character of the reticulum. Furrow mem-
branes smooth, and each provided with a fairly well-defined germ
poffel;e genus comprises about 50 species _of both deciduot}s and
evergreen shrubs, native of Asia, Australia, gnd the Medzterra—‘
nean region. About a dozen species are cultlya;ted as hedgo;s or
for their showy white flowers which open early in summer. They
are all insect pollinated and are rarely a serious cause of hayfever,
though they have occasionally been guspected of bemg 0.

In the superficial appearance of the plants thfz privets bear
little resemblance to the ashes, but their relationship to the }m}ter
is abundantly attested by the characters of their pollen grains.
Those of the privets differ from those of the ashes only in the
greater thickness of their exine and better development of. the
reticulum, characters which we have already.seen are definitely
correlated with their mode of pollination by_ insects. ’

Ligustrum Ibota Sieb. Privet (Plate % Flg‘ 8) type. Grains
averaging about 30.5 p in diameter, ranging from 28 to 32 p,
otherwise as in the generic deseription. '

A garden shrub closely resembling L. vulggre. Introduced into
America from China and Japan. Flowers in June.. .

Ligustrum vulgare L. Common prive’o.. Grgms umforrfl,
averaging about 28.5 u in diameter, otherwise as in the generic

5C n.
deirg:;gen chrub introduced into America from Europe and
Asia, now common in the eastern United Sta?es and Canada.
Flowers in June, occasionally suspected of causing hayfever. .

Ligustrum ovalifolium Hassk. Privet. Grains abfmt 30 M'lﬁ

diameter, 28.5 to 31 u, generally with three but occasionally wit
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four furrows which are a little shorter than those of the grains of
L. vulgare. Otherwise as in the generic description.

A garden shrub existing in several forms with variegated leaves.
Native to Japan but extensively cultivated in America.

Syringa vulgaris L. Common lilac. Grains spheroidal, similar
to the type (Ligustrum Ibota, Plate X, Fig. 8), about 26.3 @ in
diameter. Furrows three or occasionally four, in which ecase
either strictly tetrahedral in arrangement or irregular and
entirely asymmetrical; normally sharply defined, long, slender,
and tapering, reaching almost from pole to pole, their membranes
smooth, but each provided with a germ pore appearing as a small,
rounded bulge at its center but without a well-defined aperture.

Underlying the pores is a small mass of hyaline material,
similar to but much smaller than the corresponding structures
in the grains of Olea. In the great length of their furrows these
grains are quite distinet from those of both Olea and Ligustrum
but tend to resemble those of Forsythia.

The lilac is a garden shrub introduced into America from
Europe and Asia where the genus is represented by about
30 species. Some haif dozen of these are cultivated throughout
the United States and Canada. All species are entirely insect
pollinated and shed but little pollen, but some have been sus-
pected of occasionally causing hayfever.

Forsythia suspensa Vahl. Forsythia, Golden bells. Grains
various, 19.4 to 37.6 u in diameter, normally about 28.5 M
similar to the type (Ligustrum Ibota, Plate X, Fig. 8). Furrows
three, long and tapering, their membranes smooth; germ pores
not sharply defined, represented by a slight bulge in the middle of
each furrow membrane. Exine doubly reticulate.

The reticulum of these grains is remarkable and beautiful,
composed, for the most part, of a double system, consisting of
rather uniform lacunae separated by ridges which are broader
than those of the grains of Syringa and Ligustrum and bearing
within their walls a series of smaller lacunae. As a result of this
the surface of these grains presents the appearance of lacework
delicately wrought in alabaster and studded with jewels,

Forsythia is a common garden shrub, insect pollinated and
flowering very early in spring before the unfolding of its leaves or
sometimes late in the autumn; not known to cause hayfever.
The genus includes four species, native of Japan, China, and
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southern Furope. Of these, three have been introduced into
cultivation in America.

PLANTAGINACEAE Prantaw Famrny
PLANTAGO L. PrLaNTAIN

Grains spheroidal, 16 to 40 » in diameter. Furrows, in the
ordinary sense of the word, absent. Pores 4 to 14, not elongate,
circular or irregular in outline, scattered. Pore membranes
flecked or with a single central thickening. Ixine thin and more
or less rough-granular. Intine thin and without conspicuous
thickenings.

The pores of these grains should probably be regarded as
shortened furrows; though they are not elongate, their furrow
nature is suggested by their arrangement, which seems to conform
to the trischistoclasic system. Harmomegathy is not required,
because the exine is thin and flexible enough to accommodate all
changes in volume. The thin exine and pore-like furrows suggest
that these grains are reduced in form in response to wind
pollination. '

The genus contains over 200 species of low herbs, of wide
distribution.

Plantago lanceolata L. English plantain (Plate X, Fig. 6) type.
Grains approximately spheroidal when expanded, exceedingly
various in size, 25 to 40 u in diameter. Germ pores 7 to 14,
distributed rather evenly over the surface and for the most part
conforming to the trischistoclasic system, 10 to 14.8 pn gpart,
approximately cireular in outline but sometimes with slightly
wavy margins, 2.8 to 4.6 p in diameter. .

Each pore is encircled by a slight thickening of the exine which
takes the stain a little more deeply than the rest of the surface,
and each is crossed by a delicate membrane marked by a con-
spicuous central thickening. These two characters give the pores
an appearance almost identical with the single pore of the grains
of the grasses. There is much variation in the size of the pores
on different grains, even among those of similar size, but on any
single grain they are uniform. The grains of this species of
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plantain are notable for their great variation in size, a character
which has been discussed at some length by Stout (1919).
There appears to be no definite correlation between the size of
the grain and the size, number, and distance apart of the germ
pores. It can, however, be said that the larger grains tend to
have larger pores, a greater number of them, and at greater
distances apart.

The texture is characteristically mottled, but this is difficult
to see unless the grains are well stained. Though this mottling
is rather coarse, it is much less so than in the grains of the two
following species.

A common weed of gardens and waste places almost throughout
North America. Wind pollinated, flowering from April to
November, shedding large amounts of pollen which is well known
to be a potent cause of hayfever, generally in the early summer
when the plants reach their best development. Plantain pollen
is caught on pollen slides in large quantity almost throughout
the summer.

Plantago Rugelii Dene. Rugel’s plantain (Plate X, Fig. 7).
Grains approximately spheroidal, various in size but less so than
those of P. lanceolata, 22.8 to 24.5 p in diameter. Germ pores
6 to 10, very irregular in shape and with a jagged margin, various
in size and not surrounded by an annular thickening; pore mem-
branes flecked with a number of granules which tend to aggregate
toward the centers of the membranes but are not generally fused.
Texture similar to that of P. lanceolata but with the mottling
coarser and sometimes almost warty.

This grain is eagsily distinguished from that of P. lanceolata
by the ragged edges of its pores, the flecked character of the pore
membranes, and the coarser texture of its exine.

A common weed distributed almost throughout North America.
Flowers from June to September. It is wind pollinated but sheds
so little pollen that it cannot be regarded as a factor in hayfever.
It is occasionally caught on atmospheric pollen slides but in
very much smaller quantity than the pollen of P. lanceolata.

Plantago major L. Common plantain. Grains somewhat
various, approximately spheroidal, 16 to 21 pin diameter. Germ
pores four to six, according to the size of the grain, but generally
five, irregular in shape; their membranes flecked with granules.
Texture of the exine rough and warty.
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In the texture of their exine, which is coarser even than that
of the grains of P. Rugelid, and in the small number and irregular
shape of their germ pores these grains are easily distinguished
from those of the two preceding species.

A common weed, remarkably similar to P. Rugeliz; in fact the
plants themselves are more difficult to distinguish from each
other than are their pollen grains. Of cosmopolitan distribution.
May to September. Wind pollinated but shedding only a small
amount of pollen which, though frequently caught on atmospheric
pollen slides, is not regarded as a cause of hayfever,

COMPOSITAE CoMmMprosiTE FAMILY
CICHORIEAE Cauicory Trise

Grains globular, generally tricolpate, occasionally tetracolpate
or, some abnormal grains, with higher numbers of furrows;
echinolophate or oceasionally simply echinate. Lacunae gener-
ally 12 to 20. Ridges high, generally vertically striate, never
perforate, though occasionally appearing to be. Spines promi-
nent, sharp and conical. Texture of the ridges and thickened
parts of the exine more or less granular.

The pollen grains of the Cichorieae are generally characterized
by an elaborate and beautiful system of sculpturing which, taken
throughout the tribe, exhibits a wide range of variation but, in
the majority of species, does not depart far from a certain form
which may be considered basic for the tribe. Owing to the
nature of the variations among the different species, and the
fact that most of the forms encountered seem to be derivatives,
through modification or reduction, from the basic form, a clear
understanding of the relationship of the different forms to each
other can best be gained by first examining in detail one typical
form.

Such a form is that of the normal grains of Tarazacum (Plate
XI, Fig. 2). These possess a characteristically trimerous pattern,
but, if the sculpturing is stripped off, as sometimes happens when
the pollen is prepared for microscopic examination, the under-
lying shape is found to be oblate-spheroidal, with three large
germ pores bulging out as broad rounded papillae (Fig. 117). It
is the presence of these three pores equally spaced around the
equator of the grain which governs its trimerous pattern. The
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exine is thrown into an elaborate system of high ridges which
anastomose enclosing variously shaped lacunae, the floors of
which are covered by only the thinnest possible layer of smooth
exine. The raised or thickened part of the exine is uniformly
fine-granular and provided with long sharp conical spines, a
condition designated as echinolophate.

Fra. 109,

Fres. 107-109.—Germ pores and surrounding ridges of pollen grains of
Cichorieae: Fig. 107, Scolymus hispanicus; Fig. 108, Tragopogon pratensis; Fig.
109, Tarazacum officinale— al., abporal lacuna; p, germ pore; p.l., paraporal
lacuna; p.a., polar area; p.r., paraporal ridge; e.l., equatorial lacunae; nt. g,
interlacunar gap; e.r., equatorial ridge; 4., interporal lacuna. {#r, transequatorial
ridge.

The normal pattern in the grains of Tarazacum consists of
15 lacunae (Plate X1, Fig. 2), which are of definite shape and
arrangement and can be readily identified from whatever direc-
tion the grain happens to be viewed. The three lacunae which
encompass the three pores are hexagonal in form, but with two
gaps in their ridges, and are known as the poral lacunae. If the
grains be observed in polar view, 7.e., so oriented that the three
pores are on the limb or edge of the apparent disk, and conse-
quently one of the poles is uppermost, there will be seen six more
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lacunae (Fig. 110). Three of these are adjacent to and in
meridional line with the poral lacunae. These are the abporal
lacunae. They are pentagonal in form, and each communicates
with its adjacent poral lacuna through a narrow gap in the
separating ridge (Fig. 109); in the polar view (¥ig. 110) the poral
lacunae are in side view, so that only one bounding ridge of each
is seen, but they are easily recognized by their interlacunar gaps.
Alternating with the pores, and between the abporal lacunae, are
the three broad paraporal lacunae. These are also pentagonal
in form. On the limb of the grain (seen in side view in Plate X1,

Faquatorial
e G cest
Abporal
" Jacuna

thickening
Poral
~—lacuna

Inter lacurnar
ap
“~Germ pore

Fig. 110. Frg. 111,

Fic. 110.—Diagram of the form elements of a pollen grain of Tararacum. The
large polar thickening varies in size and shape in the different grains of this
species.

Fig. 111.—Diagram of the octahedral arrangement of six cells, which fre-
quently occurs in the pollen mother-cells of Tarazacum officinale and some other
species of the Cichorieae. The six cells are represented by heavy lines, the
pollen mother-cell by the enclosing circle; and an octahedron is drawn in faint
lines over the whole group to suggest the octahedral relation that the cells bear
to each other.

Fig. 2) is the equatorial crest traversing the equator from poral
lacuna to poral lacuna, separating from each other the adjacent
paraporal lacunae of opposite hemispheres. In some cases it
gives off a small projection into one or more of the paraporal
lacunae. These, however, are omitted from the figures, because
they seldom occur in the normal grains of Taraxacum; but they
oceur more frequently in the grains of other species, e.g., those
of Scolymus (Plate XI, Fig. 1). Over the pole is seen a rather
large triangular or hexagonal area of thickened exine of variable
extent—the polar thickening (Plate XI, Fig. 2). Since both
hemispheres are alike, the whole pattern of the normal T'arazacum
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pollen grain comprises 3 poral, 6 abporal and 6 paraporal lacunae,
making a total of 15. These are summarized in Table V. T hey
correspond in arrangement to the faces of a pentakaidecahedron,
with 12 pentagonal and 3 hexagonal faces.

The heaping of the material of the exine into vertieal ridges
serves to stiffen the exine to such an extent as nearly to demobilize
the furrows, preventing them from opening and closing freely.
Moreover, in the construction of the pattern of the grains of
Taraxacum, the presence of the equatorial crests exerting a lateral
thrust against the paraporal ridges bounding the furrows effec-
tively prevents them from spreading apart to any extent despite
the presence of gaps in the transverse ridges of the poral lacunae.
As a consequence of this partial or complete demobilization of the
furrows and their resultant loss of ability to accommodate
changes in volume of the grain, the pores are very large and
bulge prominently when the grain is moistened, thus taking over
the greater part of the impaired harmomegathic function of the
furrows.

We have already seen a similar example of the loss of harmome-
gathic function as a consequence of the development of high
ridges on the exine, in the grains of Polygonum and Persicaria.
In those of Polygonum chinense this was compensated by a great
enlargement of the three pores, while in the various species of
Persicaria it was compensated by increasing the number of pores
up to 30 and more, all of which could bulge out as the grain
increased in volume. In the grains of Tarazacum the compensa-
tion for the loss of harmomegathy of the furrows is made by an
inecrease in the size of the pores and not by an increase in their
number, for normally there are only three germ pores.

The basic form as exemplified by the grains of Tarazacum
prevails, with little modification, among the majority of the
species of the tribe. In the grains of Hypochaeris, Sonchus and
Nabalus the pattern of the sculpturing is exactly as described for
those of Tarazacum. In the grains of Cichorium (Plate XI,
Fig. 6), Crepis and Hieractum the pattern differs only in the polar
thickenings ‘being less extensive and triradiate in outline owing
to the encroachment upon them of the abporal lacunae. In the
grains of Haensélera, Krigia, Cynthia, and Laciuca the pattern
differs in the polar thickenings being absent, represented only
by the unexpanded confluences of three ridges at the poles. This
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latter is likewise true of the grains of Scolymus (Plate X1, Fig. 1),
but these, besides, lack the interlacunar gaps between the poral
and abporal lacunae. These grains are of particular interest
because, with the closing of the interlacunar gaps, the furrow is
completely demobilized, and it necessarily follows that its
harmomegathic function devolves entirely upon the pores. Asa
consequence the latter are large. But it is true that they are no
larger in proportion than the pores of the grains of Tarazacum
and others, in which the interlacunar gaps are present. If,
therefore, appears that the interlacunar gaps in such grains as
these are only useless vestiges of vanishing furrows, and that the
closing of the interlacunar gaps in the grains of Scolymus is the
final stage in their elimination, and stamps these grains as repre-
senting a step further in advance along the evolutionary line
which led to the production of the lophate character, with its
resultant demobilization of the furrows.

In the grains of Tragopogon pratensis (Plate XI, Fig. 4) and
Secorzonera hispanica (Plate X1, Fig. 5) are found the widest
deviations from the basic form of pattern encountered in the
tribe. Those of Tragopogon have 15 lacunae, and those of
Scorzonera have 20 (Table V), and in neither case do they corre-
spond at all closely to the 15 lacunae of the grains of Taravacum.
In both cases the poral lacunae are lacking (Figs. 108, 116), and
each abporal lacuna communicates directly with its corresponding
member of the opposite hemisphere through a rather broad gap
in which the germ pore is situated, the two communicating
abporal lacunae thus forming the germinal furrow. There are
no equatorial crests; instead, the regions of the equator between
the pores are occupied by large equatorial lacunae. In the grains
of Tragopogon (Fig. 108) there is a single hexagonal equatorial
lacuna in each of these regions, while in those of Scorzonera
hispanica (Fig. 115) there are two pentagonal lacunae in each.
The joining of the abporal Jacunae to form a furrow and the
absence of equatorial crests in both of these grains, permit lateral
movement of the paraporal ridges, which resemble, in action
and appearance, a crossbow (Figs. 108, 116). Thatin both cases
the two joined abporal lacunae function as a furrow is obvious
from the small size of the germ pore, for in the grains of these two
species it is much smaller than in those of any other member of
the tribe. Its mode of operation is truly unique and brings into
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5

Prare XI.—Pollen grains of Cichorieae. 1, Scolymus hispanicus, polar view,
35 pin diameter. 2, Tarazacum officinale, polar view, 26 u in diameter. 3,
Catananche caerulea, side view, 27.4 ¢ in diameter. 4, Tragopogon pratensts, polar
view, 32 p in diameter. &, Scorzonera hispanica, polar view, 37 p in diameter.
6, Cichorium Intybus, polar view, 40 u in diameter.
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play a mechanism which is effective and beautiful in itssimplicity.
The pore in its interlacunar gap is tightly squeezed, in the one
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Fras. 112-116.—Details of pore patterns and surrounding ridges of pollen
grains of Cichorieae: ¥ig. 112, Dendroseris micrantha; Fig. 113, Catananche
caerulea; Fig. 114, Catananche lutea; Fig. 115, Scorzonera hispanica, with equa-
torial lacunae uppermost; 116, Scorzonera hispanica, with germ pore uppermost.
Parts lettered as in figures 107-109,

ase, between the projecting bosses of the lateral ridges (Fig. 108)
and, in the other, between the ridges themselves (Fig. 116). It
contains a plug of callose substance

which upon absorbing water expands

and in doing so pushes apart the two

lateral ridges which are unhindered in

their lateral movement owing to the

presence of the equatorial lacunae into

which they may move. When the

grains are unexpanded the paraporal

ridges are like bent crossbows with

their backs pressing against the pores, )
but when the grains expand the para- geyarr o0 ‘giff;p;’;
poral ridges straighten like a bow that of its exine to show the basic
has been released. Such a movement, ;Oarg;r‘if’ o g;ﬁlfh its elaborate
so nicely provided for in the grains

of Tragopogon and Scorzonera, is entirely prevented in
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all grains like those of T'arazacum (Fig. 109) by the presence in
these of equatorial crests which exert a thrust counteracting any
lateral movement of the paraporal ridges. The remarkably wide
deviation of the forms of the grains of Tragopogon and Scorzonera
from the basic form of the tribe suggests that they are genetically
divergent from the rest of the tribe but rather close to each
other.

The grains of Dendroseris micrantha and Catananche (Plate
X1, Fig. 3) show the pattern of the Cichorieae reduced to its
lowest terms, which suggests that they occupy isolated positions
in the tribe. But I think that their resemblance to each other is
only superficial and without phylogenetic significance, because
the forms of these grains are such as to suggest entirely different
origins. In the grains of Dendroseris the reduction of the
sculpturing appears to be the result of the extension of the polar
thickenings - toward the equator leaving the lacunae, though
reduced in size, fairly sharply defined in the region of the equator
(Fig. 112); while in the grains of Catananche, though this might
likewise be true, the rudimentary pattern appears more likely
to be due to a partial development of the ridges throughout,
resulting in the formation of unrecognizable vestiges of lacunae
over all of the surface. Moreover, the rudimentary lacunae
appear to be quite different in the two cases (¢f. Table V; Figs.
113, 114). Both forms may be derivative, though the possibility
of one of them being primitive must not be overlooked. If one
of them is primitive, it is most likely that of Catananche, in which
case we witness here, in the clumping of the spines with irregu-
larly shaped blank spaces between them, the initiation of the
echinolophate system which characterizes the grains of almost

the whole tribe; and in the grains of Dendroseris micrantha we

witness the elimination of the echinolophate system by the
encroachment upon it of the polar thickenings and the loss of
spines.

The lacunar patterns of the Cichorieae resolve themselves into
three well-marked types to which all but one of the forms may be
referred as subsidiary or derived. The eardinal types of pattern
are the Tarazacum type (No. 1, Table V, Plate X1, Fig. 2), with
15 lacunae, including 3 poral but no equatorial lacunae; the
Tragopogon type (No. 3, Table V, Plate XI, Fig. 4), also with
15 lacunae, including 3 equatorial but no poral Ia%(g:una,e; and the
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Scorzonera type (WNo. 4, Table V, Plate X1, Fig. 5), with 20
lacunae, including 6 equatorial and no poral lacunae.

The Tararacum type of lacunar pattern is represented in by far
the greatest number of species. It characterizes, with certain
modifications such as the fluctuation in extent of the polar thick-
enings, the grains of Cichorium, Haenselera Krigia, Cynthia,
Lactuca, Hypochaeris, Crepis, Hieractum, and Nabalus. A four-
pored tetraradiate derivative of this form, with 20 lacunae, char-
acterizes about 90 per cent of the grains of Sonchus oleraceus
(No. 1a, Table V) and a fair proportion of those of Tarazacum,
Cichorium, Hieractwm auranitacum, and H. pratense. This
differs from the basie trimerous pattern only in the addition of a
fourth set of form elements. The tetraradiate pattern, in spite
of its regular symmetry, should probably be regarded as entirely
abnormal and will be discussed below. Another slight modifica-
tion of this type is seen in the Scolymus form of pattern (No. 2,
Table V), which characterizes both of the species of Scolymus
here described. It differs from the Taraxacum pattern only in its
closed poral lacunae (Fig. 167).

The Tragopogon type of lacunar pattern (Table V, Plate XI,
Fig. 4), distinguished by its possession of three equatorial lacunae
and no poral lacunae, is found only in the graing of Tragoepogon
and has no derivatives among the species here considered.

The Scorzonera hispanica type of lacunar pattern (No. 4,
Table V), distinguished by the possession of six equatorial
lacunae, two polar, and no poral lacunae, characterizes, without
modification, only the grains of S. hispanica, but, with the
replacement of the polar lacunae by polar thickenings, it char-
acterizes the grains of S. purpurea, S. graminifolia, S. nervosa; by
an enlargement of the polar thickenings, almost or quite obliter-
ating the interporal lacunae, it characterizes the graing of
S. parviflora and S. humalis; and, by a further encroachment
of the polar thickenings, obliterating the equatorial lacunsae,
possibly those of Catananche caerulea.

The lacunar pattern of Dendroseris micrantha (Table V) is
entirely aberrant in its possession of 12 paraporal lacunae. The
extensive development of its polar thickenings suggests that it is
a derived form but apparently not from one of the three cardinal
forms mentioned above.
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Tetraradiate Grains.—The pollen of many species in this tribe
is characterized by the presence, in varying proportion, of
abnormal grains. For the most part these are asymmetrical and
malformed, often not identifiable. Notable among these,
however, is the occurrence, mentioned above, of tetracolpate
grains which are tetramerous and strictly tetraradiate. They
constitute a fairly large proportion of the pollen of Tarazacum,
Cichorium, several species of Crepis, and about 90 per cent of the
pollen of Sonchus oleraceus. This condition hag also been noted
by Fischer (1880), who says, “Abweichungen von dreifaltigen
Gestalt sind auch hier nicht hiufig; ich fand vier parallele Falten,
mit entsprechender Vermehrung der Flichen und Leisten, bei:
Hieracium aurantiacum, H. villosum, H. boreale, H. rigidum,

Mulgedium Plumieri, Sonchus oleraceus, bei letzterer haufiger als -

die dreifaltigen.” Thus, the condition is apparently widespread
in the tribe. This form is just as radially symmetrical as the
typical forms, differing from them only in the possession of
4 pores and, as a consequence, 4 abporal and 4 interporal lacunae
in each hemisphere, 7.e., a total of 20 on the grain, and with
four- or eight-sided polar thickenings (No. 1a, Table V). Gener-
ally, the 4 furrows converge toward the poles at angles of exactly
90 deg. instead of the usual angle of 120 deg. These are the only
examples that I have ever seen of truly tetraradiate pollen grains.

Such tetraradiate grains are of the utmost interest because they
violate the law of equal triconvergent angles, which seems to be
almost universal for furrow arrangements. Nevertheless, the
reason for the tetraradiate configuration of the furrows of these
grains is quite apparent if we inquire into the carly stages of

their formation. These I have observed in Tarazacum, the

pollen mother-cell of which is notorious for its extraordinary and
numerous irregularities of division. One of the commonest
of these is the division of the mother-cell nucleus into six instead
of the usual four daughter-nuclei. When these happen fo be
all of the same size, as they frequently are, they take up their
positions in the mother-cell equidistantly from each other which
results in their being octahedral in arrangement (Fig. 111).
Then when the subsequent division of the mother-cell, which is
simultaneous by furrowing, takes place, the result is that at the
final separation each of the daughter-cells is connected with four
of its neighbors of the hexad through four pit eonnections with
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the result that each daughter-cell comes to have four furrows
equatorially arranged. Since each of these furrows originates
through a separate impulse, each is independent of the others and
receives a meridional orientation in the same way that the three
furrows in ordinary tricolpate pollen grains receive meridional
orientation through three independent contact impulses,

Among the numerous atypical forms that occur in this tribe,
this is the only one that is radiosymmetrical. There are, besides
these, four-pored grains bearing patterns which are asymmetrical
and variously distorted—frequently so much that it is difficult to
interpret them, but they appear to correspond to the ordinary
tetracolpate form in which the furrows converge in pairs toward
four centers, corresponding in arrangement to four of the six
edges of a tetrahedron, the form of grain which we have seen
results from daughter-cells’ making {wo points of contact with
their neighbors of a tetrad.

The numerous irregularities among the pollen grains of this
tribe are generally, if indeed not always, to be associated with the
widespread occurrence of an irregular distribution of chromosomes
in the reduction divisions. Certainly this is true of some of the
species of Hieracium and Crepis (Hollongshead and Babcock,
1930; Babcock and Clausen, 1929) and can gencrally be asso-
ciated with hybridity of origin, and such pollen is known to be
frequently sterile, the seeds forming apogamously. For example,
Osawa (1913) finds that in Taraxzacum platycarpum Dahlst.
pollination is necessary for seed formation, while in T. albidum
Dahlst. it is unnecessary. In the former the pollen mother-cells
divide normally, forming four pollen grains in the usual way,
while in the latter there is much irregularity in the meiotic
divisions. Frequently the pollen mother-cell nucleus may give
rise to fewer or more than the usual four daughter-nuclei, which,
according to Osawa, is due either to lagging of the chromosomes
in the first division, forming extranuclear chromosomes which
later become cells, or to an amitotic division of the nucleus in the
seeond division.

Since the patterns of the grains are largely the result of their
relations with their neighbors during their formative period—
whether they be formed in diads, tetrads, or hexads or whether
they be smaller or larger than their neighbors—and since these
relations depend largely upon the complement of chromosomes
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that each grain receives, it is likely that much can be learned
regarding the distribution of chromosomes, in cases where such
irregularities occur, by simply inspecting the pollen-grain
patterns.

The lophate character, which is the outstanding feature of the
Cichorieae, is not confined to this tribe alone. Among the Com-
positae it is also characteristic of the pollen grains of the tribe of
Vernonieae, of Barnadesia in the tribe of Mutisieae, and of
Berkheya in the tribe of Arctotidae. In the grains of the Ver-
nonieae™ an enormous range of variation oceurs in the different
species, but they can generally be distinguished from those of the
Cichorieae by the greater number of lacunae which prevails
almost throughout the tribe. Thus, there are 27 in that of
Stokesia (Plate XII, Fig, 2), 30 in the grain of Vernonia Wrightis
(Plate XII, Fig. 3) and 32 in that of V. jucunda (Table V), and
in those of Struchium, and Pacourina (Plate X11, Fig. 1) they are
too numerous to count with certainty. In Barnadesia™ patterns
numerically similar to those of the Vernonieae are encountered;
but the ridges are always without spines (Table V, Plate XII,
Figs. 6 to 8).

Among the Arctotidae the grains of Berkheya heterophylla have
a lophate pattern consisting of 29 lacunae of a quite distinctive
form. 'The crests are without spines, as in Barnadesia; but the
grains may be distinguished from these and all others by the
curious bilateral nature of their pattern, in which there are two
paraporal and two interporal lacunae in each hemisphere (Table
V). In these grains the pattern is as fully and beautifully
expressed as in any of the other groups but so different in the
number and arrangement of its elements that it is scarcely
comparable with any of the others, particularly those of the
Cichorieae. Such a pattern, however, appears to be exceptional
among the Arctotidae, for it is entirely absent in the grains of
Arctotis grandis.  The latter are simply echinate and spheroidal.

From a study of the oceurrence of the lophate patterns among
the Cichorieae and other groups of the Compositae, it thus
appears that the presence or absence of this character is no
criterion of relationship, any more than is the presence or absence
of the ordinary reticulate pattern which we have seen to occur

* For a detailed account of the pollen grains of the Vernonieae seec Wode- *

house (1928a); of Barnadesia, Wodehouse (19285).

.
.
;
:
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again and again in unrelated groups, but the nature of the lophate
character when present is of the highest phylogenetic value; and
the divergences in number and spacial configuration of the
pattern elements are also likely to prove of great value in the
study of the irregular distribution of chromoscmes.

Kgy 10 THE SPECIES
1. Equatorial ridges present, and equatorial
lacunae absent; poral lacunae present; tex-
ture fine-granular or smooth.

A. Lacunar pattern 1.* Interlacunar gaps
present between the poral and abporal
lacunae.

1. Polar thickenings large, triangular or
hexagonal.

a. Grains 19 to 25 u in diameter. Taraxacum officinale
Hypochaeris radicata
Sonchus oleraceus
Nabalus altissimus

b. Grains 26 to 30 u in diameter.

¢. Grains 30 to 35 u in diameter.

2. Polar thickenings moderately devel-
oped, triradiate.

a. Grains 17 to 32 u in diameter. Crepis virens

biennis
japonica
taraxacifolia
tectorum
Hieracium auricula
venosum
patens
aurantiacum
. umbellatum
b. Grains 35 to 40 p in diameter. Cichorium Intybus
3. Polar thickenings not developed, repre-
sented only by the unexpanded con-
fluence of three ridges at the poles.

a. Grains 22 to 25 p in diameter. Krigia virginica
Cynthia virginica
Lactuca virosa
b. Grains 30 to 40 u in diameter. Haenselera granatensis
B. Lacunar pattern 2.% Interlacunar gaps

absent, poral lacunae hexagonal. Polar
thickenings not developed, represented
by the unexpanded confluence of three
crests at the poles.
1. Poral lacunae approximately isodiame-
tric. Seolymus hispanicus
2. Poral lacunae meridionally elongate. Scolymus grandiflorus
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I1. Equatorial lacunae present. Equatorial crests
and poral lacunae absent. Texture coarsely
granular. The pattern may be elaborate,
represented by 15 or 20 lacunae, or may be
greatly reduced, in which case the grains
resemble those of Sec. TIT,

A. Equatorial lacunae 3; polar thickenings
large and hexagonal; lacunar pattern 3.*
1. Ridges high. Tragopogon pratensis
minor
porrifolius

2. Ridges low. orientalis

B. Equatorial lacunae 6.

1. Polar thickenings absent; polar lacunae
present, triangular or hexagonal;
lacunar pattern 4.*

2. Polar thickenings present but not
greatly extended; polar lacunae
absent. Lacunar pattern 4a.*

Scorzonera hispanica

Scorzonera purpurea
graminifolia
NErvoss

3. Polar thickenings greatly extended
lacunar pattern nearly obliterated,

4b.* Scorzonera parviflora
humilis

ITI. Equatorial lacunae absent. Lophate pattern

represented only by the poral and a few
other more or less rudimentary lacunae or
entirely absent. Texture fine-granular.

A. Poral lacunae present.

1. Paraporal lacunae 6, clearly defined,
each separated from its neighbor of
the opposite hemisphere by a well-
defined equatorial crest; lacunar
pattern 7.* Spines sharp conical.

2. Paraporal lacunae 12 but vestigial.
spines reduced or vestigial. Lacunar
pattern 8.*%

B. Lacunae absent, except a poorly defined
vestige of the poral or abporal or both.

1. Furrow constricted once in the middle,
suggesting that it represents the
union of 2 paraporal lacunae, with
lacunar pattern 5.*

2. Furrow constricted twice, on either side
of the pore, suggesting that it repre-
sents the union of a poral and abporal
lacunae, with lacunar pattern of 6.*  Catananche lutea

Dendroseris pinnata

Dendroseris micrantha

[

Catananche caerulea

* See table of lacunar patterns (p. 472).

1
|
2
tH
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Prare XII.—Pollen grains of Vernonieae, Astereae, and Barnadesta. 1,
Pacourina edulis, 50 u in diameter. 2, Stokesta laevis, polar view, 55 u in di.am-
eter. 3, Vernonia Wrightit, polar view, 39.4 u in diameter. 4, Solidagq speciosa,
polar view 23 u in diameter. 5, Enlarged spine of the same as seen in optical
section. 6, Barnadesia irionae, polar view, 50 pin d'ia.metere '7, B venosq, polar
view, 67.5 p in diameter. 8, B. berberoides, polar view, 52 u in diameter,
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Taraxacum officinale Weber (7. Tarazacum Karst., T. Dens-
leonis Desf. Leontodon Tarazacum 1.) Dandelion (Plate XI,
Fig. 2) type (see page 457). Grains extremely various; about
one-half of them abnormal, i.e., asymmetrical or deviating in
various ways from the basic form of the family. Normal grains
24 to 27.5 p in diameter, with ridges about 4.6 x high and spines
2.3 u long. Polar thickenings various in extent, hexagonal,
triangular, or tending to be triradiate. Texture distinetly
granular, and crests marked with conspicuous vertical striae.

Among the atypical grains are found many that are tetracolpate
and hexacolpate. Most of these are extremely irregular and
entirely asymmetrical, though some are strictly tetraradiate.
This latter form has already been discussed at some length
(seec page 466).

The dandelion is a common weed of almost universal distribu-
tion. It is said to have lost its sexuality, its embryos developing
by apogamy (Strasburger, 1908, pages 93, 518). Indeed, the
appearance of most of its pollen grains suggests that they are
ineapable of effecting fertilization.

The genus consists of 20 or 25 species of low perennial or
biennial herbs with radical pinnatifid or runcinate leaves; native
of Europe, but some species widely distributed elsewhere.

Hypochaeris radicata L. Cat’s-ear. Grains uniform, oblately
spheroidal, 19.4 to 20.5 p in djameter, as in Tarazacum type.
Polar thickenings large; texture fine-granular, vertical striae of
the crests faint; spines short but sharp, irregularly arranged over
the greater part of the polar thickenings but serried along their
margins.

A low herb with basal leaves and slightly branching scapes
bearing a few small heads of yellow flowers. Introduced in fields
and waste places in eastern North America. The genus containg
about 40 or 50 species, native of Hurope, the Mediterranean
region, northern Asia, and South America.

Sonchus oleraceus L. Common or Annual sow thistle.
Grains oblately spheroidal, 26.2 to 28.5 p in diameter, ridges
about 2.3 u high, spines 2.3 u long.

As in the case of dandelion pollen, both triradiate and tetra-
radiate forms are found, the latter constituting about 90 per cent.
Both forms are essentially the same as the corresponding forms
of the dandelion pollen, except that in the tetraradiate form of
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Sonchus the polar thickenings are more or less broken by small,
asymmetrically arranged lacunae. The grains of Sonchus appear
always to form in tetrahedral tetrads; therefore the explanation
of the tetramerous forms is not the same as in the case of Tarara-
cum and deserves investigation.

A common weed with leafy stems, bearing small heads of pale-
yellow flowers in summer; widely distributed in waste places.
Native of Kurope.

The genus includes about 45 species of herbs, native of the
Old World.

CREPIS L. HAwK'S-BEARD

Grains essentially as in the Cichorium type but generally
smaller and with the polar thickenings larger in proportion. The
pollen of some species is characterized by great lack of uniformity,
often presenting many atypical grains. There is generally
much variation in the character of the polar thickenings among
the different species or even among the different grains of the
same species; sometimes the polar thickening is only a small,
triradiate expansion of the three convergent ridges at the poles,
and sometimes it is as extensive as in the grains of Tarazacum.
When large it is generally broken and occupied by one or more
rudimentary and asymmetrically placed lacunae. The texture
of the ridges is only faintly striate; that of the polar thickenings,
faintly granular.

The genus comprises about 170 species of small or occasionally
large herbs, with yellow or sometimes red flowers. Mostly of
the Northern Hemisphere in the Old World, also in North
Ameriea, tropical Africa, and one species in the Andes of Bolivia.

Crepis biennis L. (Hedypnois biennis Huds.) Rough hawk’s-
beard. Grains varjous in size and form, the majority abnormal.
Normal grains oblately spheroidal, 20 to 27.5  in diameter, with
ridges 3.5 p high and spines 2.3 p long.  Polar thickenings large,
as in the Tararacum type, but generally broken, provided with
one or more rudimentary lacunae. Otherwise as in the Cichorium
type.

A large proportion of the grains are tetracolpate, but these
are not tetraradiate; they are, instead, variously irregular.

A low biennial herb, native of Europe but introduced into
California.
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Crepis japonica Benth. Grains somewhat various, a? small
proportion of them exhibiting irregularities of patt:ern. L\‘or.mal
grains about 18.2 p in diameter, with ridges 3.4 p high and spines
1.7 w long. Otherwise as in the Cichorium type.

Tropical Asia and Australia. .

Crei))is taraxacifolia Thuill. (C. praecox Balb. ‘ Ba?‘khausz?z.
tarazacifolic DC.). Grains uniform, 19.8 to 22 win ‘(hametel,
ridges 2.3 p high, spines 2.3 u long. Polar t-hwkenl‘ngs more
extensive than in the Cichorium type but less so than in that of
Tarazacum. ’ .

This species is regarded by Hegl (1929) as a subspecies of
C. vesicaria.

Kurope. . -

Crepis tectorum L. (Hieracium tectorum I;xarS(:ll‘.) IQVarmW—
leaved or smooth hawk’s-beard. Grains unif().rm in size and
pattern, 19.4 to 20.5 p in diameter; ridges 2.3';1 high; spines 2.'3 ;;
long; paraporal lacunae generally provided with a sma.ﬂ group o
detached spines; texture scarcely granulgr, and ridges only
faintly striate. Otherwise as in the Cz’chommr% type.

A slender herb about 1 ft. high and branching from thf} base.
In fields and waste places, naturalized in America from hu.rop(?.

Crepis capillaris (I.) Wallr. (C. virens L. Lampsana capﬂzllar.zs
L.) Smooth hawk’s-beard. Grains uniform, 19.4 to 20.5 x in

diameter, ridges 2.3 p high, spines 1.7 u long. Pattern of tfhe
ridges and lacunae as in the Cichorium type, except that L}}e
polar thickenings are larger, in some cases even larger than in
the grains of Tarazacum. i .
A low herb 1 to 3 ft. high. Almost throughom}t Europe and in
the Canary Islands. Introduced into Califo.rma. It. cccurs in
many different forms, some of which have received specific names.

HIERACIUM L. HAWKWEED

Grains indistinguishable from those of Crepis, 17 to 35 pin
diameter; ridges about 2.3 high, faintly or not at all striate on
ir side ranular on their tops.
th&&?iﬁiiﬁi %}f some species exhibit irregulgrities 'which are o
extreme as to baffle analysis and make it 1mposs1ble to .rela»te
them to any type form. Most of such grains are obviously
abortive or otherwise defective.
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Hispid or hirsute and often glandular perennial herbs, with
single or panicled heads of showy, generally yellow flowers in
summer and early autumn.

Hieracium auriculaL. Grains uniform, about 17 pin diameter,
ridges 2.3 u high, and spines 2.3 g long. As in the Cichorium
type but with the polar thickenings somewhat more extensive.

Small herbs with slender scapes bearing a few heads of yellow
flowers throughout the summer. Native of Furope.

Hieracium venosum L. Rattlesnake weed. Grains uniform,
about 22.1 p in diameter, ridges 2.3 » high, and spines 2.8 1 long,
which is unusually long for grains of this genus. Otherwise as in
the Cichorium type.

Herbs with stem 1 to 2 ft. high arising from a basal rosette
of purple-veined leaves. Dry plains and woods, eastern United
States and Canada.

Hieracium pratensis Tausch. Field hawkweed. Grains vari-
ous, many of them abnormal and obviously abortive. Normal
grains 19.4 to 20.5 p in diameter, essen"cially as in the Cichorium
type, except that the polar thickenings are more extensive, and
the germ pores elliptical—elongate in the equatorial direction,
an unusual condition in the family.

Many grains are tetracolpate, and some of these are strictly
tetraradiate, as in the pollen of Tarazacum.

A low herb of Europe and northern Asia.

Hieracium aurantiacum L. Orange or Golden mouse-~ear,
Devil’s-paintbrush, Tawny hawkweed. Grains extremely various
and irregular, more than half of them tetracolpate but not
tetraradiate. Normal grains about 22.5 p in diameter, ridges
1.7 u high, and spines 2.8 u long.

The pattern of these grains is so much distorted that it is
impossible to relate it to any type. There is a marked tendeney
for the lacunae to become obliterated, the grain approaching the
form of Catananche. Such grains, however, are apparently
always defective.

The plant is a low, hispid or hirsute herb, with deep orange-
to flame-colored heads of flowers, borne in panicles or singly,
on leafy scapes arising from a rosette of basal leaves. A com-
mon weed of flelds and roadsides.

New England to New York. Naturalized from Europe.

Hieracium umbellatum L. Grains extremely various, appar-
ently all or nearly all defective, exactly as in H. aurantiacum.

&
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A low herb with slender, leafy scape, 6 to 12 in. high, with
one or a few large, showy heads of yellow flowers.

Throughout Europe, parts of Asia, Japan, and North America.

WNabalus altissimus (L.) Hook. (Prenanthes altissima L.)
Rattlesnake root. Grains uniform, about 22 u in diameter,
ridges about 3.4 p high and spines 3.4 plong. Texture dis-
tinetly and rather coarsely granular, and ridges conspicuously
striate. Pattern essentially as in the Tarazacwm type, but
ridges a little narrower; polar thickenings of various extent
but generally rather large. Germinal lacunae rounded hexagonal,
usually isodiametric, or occasionally elongate in the equatorial
direction.

Tall, perennial herbs, with a slender, leafy stem rising to a
height of 3 or 7 ft. and bearing numerous small heads of greenish
or purplish flowers, in late summer.

Rich woods, New England to Minnesota and northward.

The genus comprises about 26 species, mostly of Europe, the
Canary Islands, and Japan.

Haenselera granatensis Boiss. Grains uniform, spheroidal
or somewhat oblately flattened, 28 to 35 p in diameter, with
ridges about 4 u high and spines 3.4 u long; pattern nearly
always symmetrical, similar to the Tarexacum type, except
that the polar thickenings are represented only by the unex-
panded confluence of three crests at the poles, as in the grains of
the Scolymus type (Plate XI, Fig. 1). The poral lacunae
are elliptical, lengthened in a meridional direction, and each
closely surrounds its bulging germ pore, which is large and has
apparently entirely taken over the harmomegathic function.
Interlacunar gaps are present but generally small and incon-
spicuous. The ridges are faintly striate and granular both on
their tops and on their sides.

This grain is distinguished from that of Tragopogon by the
presence of equatorial crests instead of lacunae, from those of
Scolymus by the presence of interlacunar gaps and its heavier
ridges, from those of Taraxacum and the species associated with
it in the key by the lack of polar areas, and from those of Krigia
and genera associated with it by its much larger size.

Perennial herb with a smooth, leafy scape, bearing a single
head of yellow flowers. Regarded by Boissier as closely related
to Scolymus.
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The only species of the genus rather rare in southern Spain.

Krigia virginica (1..) Willd. Carolina dwarf dandelion. Grains
uniform 22.5 to 25.5 p in diameter, ridges 4.0 p high, spines 1.7 u
long. Kssentially as in Haenselera, excepting their smaller
size and shorter spines, differing from the Tarazacum type in the
lack of development of the polar thickenings, in which respect
they resemble those of Scolymus.

Small herbs with lyrate leaves resembling those of the common
dandelion. Flowers yellow in small heads. April to August.
New England to Minnesota and southward.

Cynthia virginica (L.) D. Don (Krigia amplexicaulis Nutt.)
Cynthia, Virginia goatsbeard. Grains uniform, about 25.1 pu
in diameter; ridges faintly striate, about 2.8 u high, spines 1.7 p
long; in pattern indistinguishable from those of Krigia, sharing
with them the unusually short spines.

Plants similar to Krigia, generally growing on moist banks,
common. Minnesota and southward, bearing small heads of
yvellow flowers.

Lactuca virosa L. (L. scariola L.) Prickly lettuce. Grains
uniform, 24 to 25 p in diameter, ridges 3.5 u high, spines 2.3 p
long; in pattern, ete., indistinguishable from those of Krigia.

A common weed with prickly leaves, generally vertically
oriented, waste grounds and roadsides; flowers purplish in small
heads, appearing in summer. Introduced from Europe but now
widely distributed throughout North America.

The genus contains about 100 species, mostly native of the
Old World, and a few in North America and the West Indies.

Cichorium Intybus L. Chicory, Succory (Plate XI, Fig. 6)
type. Grains extremely various, many of them giants, tetra-
and hexacolpate and sometimes tetraradiate. These are of the
utmost interest in throwing light on the origin of symmetry
patterns of the Compositae and other groups (Wodehouse,
1929). Normal grains are three pored and with a triradiate
pattern, oblately sphercidal in form, about 40 p in diameter,
provided with vertical ridges about 5.7 p high, conspicuously
striate, and topped with conical, sharp spines about 2.3 u long.
The pattern is similar to that of the Tarazacum type, which has
been fully described (page 457). The poral lacunae are circular
or hexagonal, each closely surrounding its large, bulging germ
pore and communicating with the adjacent abporal lacunae

"
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through generally narrow interlacunar gaps. The three lacunae
so joined form a germinal furrow which possesses partial harmo-
megathic function. The equatorial crests extend in a straight,
unbroken line from poral lacuna to poral lacuna around the
equator of the grain, occasionally giving off a short projection
into one or more of the large, pentagonal, interporal lacunae.
The three ridges which converge toward the poles are expanded
at their confluence into a polar thickening which is triradiate
and not triangular or hexagonal in shape, as in the Tarczacum
type.

Chicory is a common weed with heads of delicate blue flowers
appearing in summer. Introduced from Europe, it is now widely
distributed in fields and along roadsides throughout most of the
eastern half of the United States and Canada. BSeveral varieties
are cultivated and are of considerable culinary value.

SCOLYMUS L. GOLpEN THISTLE

Grains uniform, oblate-spheroidal, about 35 p in diameter, with
the pattern well developed, sharply defined, and beautifully
gymmetrical (Plate XI, Fig. 1). It consists of 15 lacunae
separated by high uniform ridges which are conspicuously marked
by vertical striae and topped with a row of conical sharp spines.
Their pattern conforms, in general, with the basic pattern form
of the tribe but is distinetive in its possession of closed poral
lacunae (¥Fig. 107). These are hexagonal, isodiametrie, or
elongate in a meridional direction but do not communicate with
the abporal lacunae through interlacunar gaps, as the poral
lacunae do in the grains of most other members of the tribe.
The paraporal lacunae are large and pentagonal, and the equa-
torial ridges which separate those of opposite hemispheres from
each other generally give off into each a short projection bearing
two or three spines. The abporal lacunae are elongate-penta-
gonal, their apexes converging toward the poles but separated
from each other at the poles by a triradiate crest which is not
expanded to form a polar thickening. The closed poral lacunae,
together with the absence of polar thickenings, serves to dis-
tinguish the grains of Scolymus from those of all other members
of the tribe so far examined.

The genus comprises three or four species of perennial herbs,
native of the Mediterranean region.
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Scolymus hispanicus L. Spanish oyster plant, Salsify (Plate XI,
Fig. 1) type. Grains about 34.2 p in diameter. Ridges 4 to
4.6 p high, topped with spines of varying length, about 3.4 1 long.
Germ pores large, about 11 p in diameter, each tightly filling
its hexagonal poral lacuna.

The poral lacunae are nearly isodiametric and are apparently
too short to permit harmomegathy, this function being entirely
taken over by the large, bulging germ pores. The polar areas
are generally oceupied by the unexpanded confluences of three
convergent ridges, but occasionally the confluence is spread
apart to admit a polar lacuna at one or both poles. This condi-
tion, however, is generally accompanied by various other irre-
gularities and often asymmetry of pattern.

A biennial herb about 2 ft. high, with spiny, thistle-like leaves
and a few heads of golden-yellow flowers. Native of southern
Europe, it is cultivated for its edible root which is similar to that
of the true salsify (Tragopogon porrifolius).

Scolymus grandiflorus Desf. Grainsg uniform, similar to the
type but with ridges a little thinner, 3.4 to 4.6 u high, topped with
spines, 2.3 to 3.4 ulong. The poral lacunae are always elongate
in a meridional direction and appear to exercise some harmome-
gathy, for the pores are considerably smaller than those of the
type. The pattern is much less uniform and frequently exhibits
a pentagonal or irregularly shaped lacuna at one or both poles,
introducing various irregularities.

These grains may always be distinguished from those of the
type by the lighter construction of their ridges and their elongate
poral lacunae. The grains of this species have been described
and illustrated by Fritzsche (1837).

A perennial herb, oceasionally cultivated for the beauty of its
golden-yellow flowers.

TRAGOPOGON L. GOATSBEARD

Grains generally symmetrical and wuniform, spheroidal or
somewhat oblately flattened, 28 to 38 u in diameter; ridges
rather broad, coarsely granular on top, conspicuously marked
with vertical striae and topped with slender, conieal, sharp-
pointed spines (Plate X1, Tig. 4).

The lacunar pattern of these grains is unique, quite different
from that of the grains of any other member of the family. The
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ridges anastomose in such a way as to form 13 symmetrically
arranged lacunae, some of which correspond to those of the grain
of Taraxacum, and others of which do not. There are always
three pores equatorially arranged but smaller than in the Taraza-
cum type and not enclosed in lacunae (Fig. 108); poral lacunae in
these grains are entirely absent. The abporal lacunae are
hexagonal in shape, and each communicates with its meridionally
adjacent neighbor of the opposite hemisphere through a broad
gap in which the germ pore is situated. The two lacunae, so
connected, obviously serve as a germinal furrow possessing
harmomegathy; and this is reflected in the small size of the pore,
since it is not called upon to accommodate changes in volume.
The equatorial crest is absent, unless two short bosses abutting
against each pore on the equator be regarded as vestiges of it.
The three areas on the equator between the pores are occcupied
by as many six-sided equatorial lacunae; and it is obviously the
presence of these broad spaces, in place of the usual equatorial
ridge, which permits the free expansion of the furrows. Alter-
nating with the abporal lacunae in each hemisphere are three
large, four-sided, interporal lacunae.

The lacunar pattern of this grain therefore includes six tetra-
gonal and nine hexagonal faces. Relating this to polyhedrons,
we find that no pentakaidecahedron with such a combination of
faces can exist (see page 199). If, however, the two polar areas
be regarded as filled-in hexagonal lacunae, making 17 lacunae in
all, the pattern corresponds to a heptakaidecahedron with 6 tetra-
gonal and 11 hexagonal faces, which appears to be the proper
interpretation of this pattern.

These grains may be distinguished from those of all other
members of the family so far investigated by their lack of poral
lacunae together with their possession of three equatorial lacunae
and their much coarser granular texture. These two former
characters stamp Tragopogon as genetically distinet. ‘Their
grains thus represent the culminating development of the lophate
character in the tribe, equaled only in the grains of Scorzonera.

The grain of a species of Tragopogon has been described and
illustrated by Fritzsche (1837), but he regards the polar thicken-
ings as lacunae filled with spines and so describes the grain as
having 17 instead of 15 lacunae.
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The plants are stout, glabrous biennials or perennials with
entire grass-like clasping leaves and large, solitary heads of
yellow or purplish flowers. The genus contains 30 or 40 species,
in the Mediterranean region and central Asia.

Tragopogon pratensis L. Goatsbeard (Plate XI, Fig. 4) type.
Grains uniform, about 32 g in diameter, with ridges about 3.2 u
high and spines 3.4 p long. Otherwise as in the generic
description.

A weed of fields and roadsides. New England to New Jersey
and Minnesota. Introduced from Europe. Flowers yellow,
summer.

Tragopogon minor Mill. Grains uniform, 28 to 34.5 x4 in
diameter. Otherwise as in the type.

Regarded by Hegi (1929) as a variety of T pratensis. Native
of Europe.

Tragopogon porrifolius L. Salsify, Oyster plant. Grains uni-
form, about 28.5 p in diameter, ridges about 5.7 u high, spines
3.5 wlong. Otherwise as in the type.

Plant similar to T. pratensis; cultivated for its edible taproot.
Introduced into America from Europe and occasionally escaped.
Flowers purple, summer.

Tragopogon orientalis L. Grains uniform, about 32 p in
diameter, ridges about 4 u high, spines 2.9 p long. Otherwise as
inthetype. Regarded by Hegi (1929) as a variety of T'. prafensis.

Native of urope and northern Asia.

SCORZONERA L. Virer's-GRABS

CGrains 28 to 42 » in diameter, extremely various in the different
species, from fully echinolophate almost to simply echinate with
the pattern represented only by the lacunae of the equatorial
region, and then reduced in size. Poral lacunae absent. Abporal
lacunae of opposite hemispheres joined to form a single hour-
glass-shaped lacuna (functionally the germinal furrow with the
germ pore at the center of the constriction. Equatorial lacunae
6, arranged in pairs tandem fashion with their apexes impinging
on the pores.

The most elaborate form of grain of the genus is that of S.
hispanica (Plate XI, Fig. 5). In this the ridges are high, of
uniform width, topped by short, conical spines, and frequently
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they present the appearance of being perforated by a row of small
holes between the bases of the spines. The floors of the lacunae
are covered with a thin layer of exine which exhibits a fine but
distinetly granular texture. The pattern formed by the ridges is
quite unique, as far ag I am aware, not duplicated elsewhere in
the tribe. The ridges anastomose in such a way as to form
20 lacunae instead of the usual 15 (Fig. 116). The poral lacunae
are entirely absent. The abporal lacunac are hexagonal in
shape, but the sixth side is missing because each communicates
with its neighbor of the opposite hemisphere through a gap which
replaces the sixth side. In this gap the germ pore is situated,
recalling the condition in the grains of Tragopogon which they
resemble, except that in the grains of S. hispanica the gaps are
wider and without the projecting bosses. The two lacunae thus
joined form an hourglass-shaped germinal furrow which is
evidently effective in accommodating changes in volume because
the pores are too small to serve this purpose. The polar area is
oceupied by a large, six-sided polar lacuna of which the three
sides facing the pores are short and the three facing between the
pores are long. The paraporal lacunae are absent; but between
each pair of pores on the equator are two pentagonal equatorial
lacunae arranged tandem fashion (Fig. 115), base to base, with
their separating ridge crossing the equator in a meridional
direction midway between the pores and forming a trans-
equatorial ridge, and with their apexes rounded and impinging
upon the pores. In each polar hemisphere are three large,
interporal lacunae (Plate XI, Fig. 5), so called because they
alternate with the abporal lacunae. Each is pentagonal, with its
base on a long side of the polar lacuna, two of its sides against
the abporal lacunae, two against the equatorial lacunae, and its
vertex impinging upon the end of a transequatorial ridge. The
complement of lacunae of these grains therefore consists of 2
polar, 6 abporal, 6 interporal, and 6 equatorial, giving a total of
20 lacunae, corresponding to the 20 faces of an eikosahedron with
12 pentagonal and 8§ hexagonal faces. They lack the polar thick-
ings, paraporal lacunae, and equatorial crests, elements that oceur
in the patterns of the grains of most Cichorieae.

In the other species of this genus the polar lacunae are absent,
their places being occupied by polar thickenings similar to those
of the grains of Tarazacum (Plate XI, Fig. 2) bui enormously
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variable in extent. In fact, the main differences between the
grains of the species of Scorzonera are due to the differences in
extent of the polar thickenings. In some they are quite small, in
which case the rest of the pattern is essentially the same as in the
grains of S. hispanica; in others the polar areas are so extended
that only vague fragments of the lacunae are represented in the
region of the equator. But always the pattern about the pores
is essentially the same, consisting of an hourglass-shaped furrow
with the pore at its constriction and six equatorial lacunae.
These serve to distinguish the grains of Scorzonera from those of
all other genera, though the forms in which the extension of the
polar thickening is excessive otherwise bear a strong resemblance
to those of Catananche lutea.

The genus comprises about 100 species of large or small herbs,
native of Europe, the Mediterranean region, and Central Asia.

Scorzonera hispanica L. Black salsify, V iper’s-grass (Plate X1,
Fig. 53) type. Grains somewhat various in size, 32 to 42 u in
diameter, but uniform in pattern. Ridges narrow, of uniform
width, about 5.1 g high, topped by short, conical spines about
2.8 u long.

The ridges are conspicuously striate and present the appear-
ance of bearing perforations between the roots of the spines,
lacunar pattern 4 (Table V). This form is selected as the type
of the genus and fully discussed above.

A branching perennial herb with yellow flowers borne on long
peduncles, and a black-skinned edible fleshy root, for which it is
cultivated, like that of the true salsify, Tragopogon porrifolius.
Native of Central and Southern Europe; cultivated in America
and occasionally escaped. Said to be closely allied to salsify.

Scorzonera graminifolia L. Grains oblately flattened, about
36 p in diameter, with ridges about 4.6 x high and spines 4 » long.
Essentially as in the type, except that the polar lacunae are
absent, replaced by large polar thickenings, Lacunar pattern
4a (Table V) and not quite so sharply defined as in the type.
Native of Siberia.

Scorzonera purpurea L. Grains uniform, oblately spheroidal,
about 37 u in diameter, with ridges about 4 u high and spines
about 3 u long. Similar to the type, except that the polar areas
are occupied by thickenings instead of lacunae. Lacunar pattern
40 (Table V).
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The plant is a low herb with a leafy scape bearing one or a few
large heads of showy purple flowers. Native of Europe and
northern Asia. .

Scorzonera nervosa. Trev. (S. latifolia DC.). Grains uniform,
about 28.5 u in diameter, with ridges about 5.7 p high an(% spines
3.5 plong. Similar to the type but with polar thickenings instead
of lacunae, and these are so extensive as to oceupy the greater
part of the surface of the grain. Nevertheless, all of the lacunae
except the polar are represented, though small and poorly
defined. The lacunar pattern is expressed by 4a (Table V).

Native of Persia. '

Scorzonera parvifiora Jacq. (8. caricifolia Paﬂ.): G.ralns
oblately spheroidal, about 28 to 32 p in diameter, with }"1dges
about 3.4 u high and spines 2.3 to 3.2 u long. The polar thicken-
ings are excessively extended, encroaching upon the 1‘(—{5‘5 of the
grain to such an extent that almost its whole surface is evenly
echinate, except the three furrows. These are hourglass—s‘hap.ed,
clearly representing the two abporal lacunae intercom.munlcatlng
through a broad gap in which the pore is situated,‘a.s in the type.
The equatorial lacunae are small and triangular in sha}pe, sepa-
rated from each other by a broad area of thickened exine Whieh
represents the greatly expanded transequatorial crest. The
pores are larger than in the type, probably on ac.count of the
partial demobilization of this furrow—owing to its shox:tness

and the stiffening effect of its well-developed paraporal ridges.
The assemblage of lacunae around the pores, however, clearl_y
indicates the relationship of this form of grain to the type. Itis
numerically expressed by the lacunar pattern 4b (.Table V).

Native of Europe and northern and western Asia. '

Scorzonera humilis Jacq. Grains uniform, app1jox1mately
spheroidal, about 36.5 p in diameter; almost the entire surface
covered with sharp, conical spines about 4.6 u long; texture
granular. ' .

These grains have been described by Fischer (1890) as ringsum
stachlig, wie Catananche.” In spite of the extrel?ne reduction of
their pattern they resemble the type of the genus in t}.le hourglass
shape of the furrow and the presence of equatorlai. lacunae,
though the latter are small and poorly defined. 'Their lacunar
pattern is numerically expressed by No. 4b (Table V).
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- The plant is a low herb with heads of yellow flowers borne
singly on slender seapes rising from a cluster of basal linear
leaves. Native of Europe.

CATANANCHE L.

Grains oblately spheroidal, rather uniform in size, 27 to 31 ux
in diameter. The surface is without the pattern characteristic
of the family; instead its rather thick exine is covered with short,
conical, sharp spines.  The only characteristics which hint at any
connection of these grains with the rest of the Cichorieae are an
irregular and clumped distribution of the spines, with small,
irregular, blank spaces between them which suggest rudimentary
lacunae and the constrictions of the furrows which suggest that
they are composed of two or three fused lacunae.

The genus contains five species of low herbs, native of the
Mediterranean region.

Catananche caerulea L. Blue succory (Plate XI, Fig. 3) type.
Grains oblate-spheroidal, tricolpate or tetracolpate, 27.4 to 28.4 u
in diameter. Spines about 4.5 u long. Furrows various but
generally short, hourglass-shaped with a single constriction
opposite the pore (Fig. 13). Lacunar pattern 5 (Table V).

In the tetracolpate grains the furrows are longer than in the
tricolpate grains, equatorially arranged and converging in pairs
alternately above and below the equator, in the ordinary hexa-
colpate configuration. Frequently they are fused at some or
all of their points of convergence, and so traverse a broken or
continuous zigzag course around the grain.

The plant is a perennial garden herb, cultivated for the beauty
of its blue flowers, which it displays throughout most of the
summer. Native of the Mediterranean region.

Catananche lutea L. f.  Grains similar to the type, uniform and
all tricolpate, about 30.8 p in diameter; texture granular. Fur-
rows longer and narrower than in the type and exhibiting two
constrictions which vaguely suggest their derivation from the
fusion of three lacunae (Fig. 114). This rudimentary pattern is
numerically expressed by 6 (Table V).

DENDROSERIS D. Don

The grains of the two species here described are so far distinet
that they are treated separately, under their species headings.

.

CICHORIEAR 487

The plants are known only from the island of Juan Fernandez.
According to Bertero (Decaisne, 1835), who originally described
these plants under the name of Rea, all of the species are small
trees 10 to 20 ft. high, with the trunk or branches terminated with
leaf clusters from the center of which arise large panicles of
strange and exotic-looking flowers. The bark is smooth and
green, and the flowers are snowy white, recalling in shape certain
species of Prenanthes. Bertero describes the pollen as “‘pollen
globosum, echinulatum,” but in spite of its aberrant character, he
regards the genus as most closely affiliated with Sonchus.

Bentham (1873) regards the genus as divergent from the rest of
the tribe but associated with another arborescent genus, Fifchia.
He says, “Both are truly Cichoriaceous in their corollas, anthers
and styles, and Dendroseris, at least, in the milky juice of its
bark; but their achenes are different from those of the Cichori-
aceae generally, as well as their involuere and habit; and Fitchia
in its receptacular paleae, awned achenes ete., recalls the Heli-
anthoideae.” I have examined the pollen grains of Fitchia and
find that their form virtually excludes the possibility of the
plants’ belonging to the Cichorieae but conforms rather well to
the pollen-grain form of the Heliantheae. I have therefore
excluded Fitchia from this discussion of the Cichorieae.

Dendroseris micrantha Hook. & Arn. (Rea macrantha Bert.)
type. Grains oblate-spheroidal, about 25 p in diameter, gener-
ally tricolpate, but a small proportion tetracolpate. Lacunar
pattern 5 (Table V), but greatly reduced by the excessive
encroachment of the polar thickenings upon it. Poral lacunae
present, communicating through interlacunar gaps with the
small meridionally adjacent abporal lacunae (Fig. 112), the three
lacunae so joined forming a short furrow. Paraporal lacunae
small and poorly defined or, occasionally, absent. Spines mostly
reduced or vestigial. Texture coarsely granular.

Altogether this form of grain is so far aberrant from the basic
form of the tribe that, were it not for the peculiar form of its
germinal furrow, consisting of three lacunae joined together, it
would be difficult to recognize it as belonging to the Cichorieae.

An excessively branched tree, with leaves large and entire,
somewhat alternate, though mostly collected at the ends of the
branches. Flowers white, borne in small heads in large panicles.
In cool and shady woods in mountains. Flowers in May.
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Dendroseris pinnata Hook. & Arn. (Rea pinnata Bert.).
Grains spheroidal or somewhat oblately flattened, uniform, about
27.5 p in diameter. Lacunar pattern greatly reduced by the
encroachment: of the polar thickenings. Polar lacunae present,
communicating through broad interlacunar gaps with the adjoin-
ing abporal lacunae forming a medium-sized furrow. Paraporal
lacunae present, three in each hemisphere, each separated from
its corresponding member of the opposite hemisphere by the
well-developed equatorial crest which reaches from poral lacuna
to poral lacuna around the equator. Spines conical and sharp,
about 4.6 y long. Texture minutely and faintly granular. The
grains resemble the type (D. micrantha) only in the great extent
of the polar thickenings which occupy the greater part of its
surface. They differ from the type in the greater length and
conical shape of their spines, their 6 instead of 12 paraporal
lacunae, and their continuous equatorial crest reaching from pore
to pore. These differences are such as to suggest that the two
plants may be genetically unrelated.

A tree 10 to 15 ft. or more high, with pinnate leaves 1 ft. or
more long, the pinnae unequally bifurcate. Flowers SNOWyY
white, borne in small heads in large, branching panicles.

ASTEREAE Aster Trism

The grains of the Astereae are spheroidal or slightly flattened
(Plate XTI, Fig. 4). In size they range from about 16.5 to
about 32 u in diameter. They are always provided with well-
developed and characteristic spines which are uniform in gize
and present the appearance of uniformity of distribution over
the surface. The spines are short, broad at the base, and nearly
conical in shape (Plate XII, Fig. 5). Sometimes they are
strictly conical to their apexes, and sometimes they taper slightly
into a more or less acuminate tip. Though the shape of the
spines is occasionally obviously different in the different species
this variation is generally too slight and intangible to lend itself
to analysis. The length of the spines and their distance apart
are somewhat various in the different species, and there is
evidence that measurements of the spine lengths and spine
intervals may be used to distinguish some of the genera,

The arrangement of the spines in the grains of most species of
Astereae appears to be highly uniform and regular, arranged in
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the isometric system, patterned after the arrangement assumed by
spherical bodies of uniform size when crowded together, as for
example, when shot are caused to pack closely together in a
single layer on a plane surface. This arrangement may be
described by saying that if any one of the shot is regarded as 2
center, it will be surrounded by six others, all in contact with it
and with each other. In other words, the centers of the shots are
all equidistant from each other along the sides of an equilateral
hexagon and equidistant from that of the shot at the center of
the hexagon. In the distribution of the spines over the surface
of the grains such an arrangement appears to be follf)xved as
faithfully as possible, but, owing to certain mathematical con-
siderations which are discussed elsewhere, a continuous, regular,
hexagonal pattern is impossible on the surface of a sphere. Thus
we always find interspersed among the hexagonal groupings
a few that are pentagonal, and we find upon measuring the angles
and intervals between the spines, even in the most regular—appear—
ing hexagonal configurations, that the variations are su?prlsmgl‘y
great, so we are forced to the conclusion that the regularity of this
arrangement is more apparent than real. Neverthel(:zss, the
intervals between the spines and their spacial configurations are
almost as uniform as is mathemetically possible over the surface
of a sphere. . '

The texture of the grains of the Astereae is always granulgr;
the roughening is rather faint between the spines, but surrounding
their bases it is coarser and somewhat more sharply defined;
this granular appearance, however, does not e}.ctend far up th_e
shaft of the spine, which throughout most of 1t§ upper pa.rf: is
quite smooth and homogeneous in appearance. V}ewed in opm'cal
section, the structures which appear as granules in sprfacg view
are seen as radial striae of darkly staining material in a lightly
staining matrix (Plate XII, Fig. 5). 5 -

The pollen of many species of Astereae is characterized .by
excessive abnormalities. Besides the usual number qf abortive
grains there are frequently found many giants with super-
numerary furrows and some dwarfs with fewer or no f'urro.ws at all.
Such abnormalities are encountered from time to tnjn.e in nearly
all groups of Compositae and many other' pla;n’o families. Their
origin is generally due to an irregular distribution of chromosc.m.les
in the maturation divisions (Beer, 1907), as the result of hybridity
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(Jeffrey, 1916) or from other causes. The problem of the origin
of such forms is a subject deserving further study.

A comparison of the dwarf, normal, and giant grains shows that
the length of the spines and their distance apart bear no relation
to the size of the grain; the dwarfs do not, as a consequence of
their small size, have spines reduced or packed any closer together,
and the giants do not have giant spines, nor are they more widely
separated. It is as though each grain had at its disposal a
quantity of exine of a standardized pattern; and of this it appro-
priates enough to cover its surface, which is accomplished by a
little stretching here and there to fit the curvation or a little
compressing to fit awkward corners, but uses it without other
modification, whether the grain be a dwarf with only a small
surface or a giant with several times the normal surface area.
The total number of spines on these grains therefore is a function
of their surface area. Hence it is useless to count or estimate the
total number of spines per grain. The number of spines per unit
area, however, or spine frequency is a definite and useful charac-
ter. The spine frequency, spine length, and various other
characters of the exine are emphytic. The basic morphogenetic
principle involved is that the size of the pattern elements and
the size of the grains are not positively correlated.

Throughout the entire tribe there is little variation in the
emphytic characters, which is in keeping with the close relation-
ship believed to exist between all the species. The interrelation-
ships of these species are so close that their differences do not
come to visible expression in basic characters such as those of
the structure of the pollen grains.

SOLIDAGO L. GouLpENROD

Grains generally uniform in size and shape, 17 to 26 u in
diameter, spheroidal or slightly oblately flattened; prevailingly
tricolpate, occasionally some grains tetra- or hexacolpate. Fur-
rows of medium length, their membranes smooth and germinal
apertures well defined and circular. Exine rather thick, finely
and faintly granular. Spines apparently uniform in size and
arrangement, typical of the tribe, short-conical and sharp pointed,
2.5 to 3.4 ulong and 4.6 to 5.7 u apart.

The pollen grains of the different species are essentially all
alike; there are slight differences in the average size of the grains,
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and in the size and distance apart of their spines; also some species
show a greater tendency than others to produce grains with
supernumerary furrows. But apart from these relatively minor
differences, there is no means of distinguishing the pollen grains
of the different species from each other.

The genus comprises over 125 species, almost entirely North
American in distribution, except for a few in South America and
two or three in Europe. The plants are branching perennial
herbs producing showy yellow (occasionally white) flowers during
the latter part of summer. The flowers are insect pollinated,
though somewhat imperfectly adapted to this mode of pollina-
tion. Most species shed only minute quantifies of pollen.
Nevertheless, there are several species, notable among which are
S. speciosa and S. sempervirens, that produce much pollen, which
certainly becomes at times atmospheric.

The question of whether or not goldenrod is a cause of hayfever
has received much discussion in the past, and there are still
adherents to both the affirmative and negative sides. In the
minds of many hayfever sufferers the goldenrods are inseparably
associated with their affliction. But this is largely due to a
misconception rising out of the fact that goldenrods flower during
the latter part of the summer, during a time which very nearly
coincides with the third and most serious hayfever season of
each summer. It may be said, however, that, in the main, the
conception of causal relationship between the two is not well
founded, observers having overlooked the various wind-pollinated
species such as ragweed, false ragweed, and cocklebur, which are
nearly always associated with the goldenrods and escape atten-
tion because, they lack attractive coloring. And it may be safely
said that nearly all late-summer hayfever, particularly in the
eastern United States, is due primarily to the ragweeds and their
allies and not to goldenrods.

On the other hand, the goldenrods, in some regions, unques-
tionably play a contributing part in the production of late-
summer hayfever. Practically all hayfever patients who
respond to ragweed pollen by means of the skin test respond to
goldenrod pollen to the same or only a slightly lesser extent.
Hence it follows that, should such patients breathe goldenrod
pollen in quantities comparable to that of ragweed, they would
get comparable hayfever symptoms. Under certain conditions



492 POLLEN GRAINS

this is possible, e.g., when the hayfever sufferer gathers goldenrod
flowers or otherwise comes in close proximity to one of the several
species which produce a sufficient quantity of pollen. Hayfever
from close association with goldenrod is well known. For
instance, a flower gatherer carelessly whisking a bunch of golden-
rod in front of the face of a hayfever victim can easily precipitate
a spasm of sneezing. It is such obvious connection as this
between cause and effect that has led goldenrod to assume more
than its share of the blame for producing hayfever.

Even without coming in actual contact with the goldenrod
flowers, hayfever patients may at times breathe a certain amount
of goldenrod pollen. In experiments with atmospheric pollen
I have found that, in the city of Yonkers, during the
ragweed season, among the numerous ragweed-pollen grains
caught by the slides there are nearly always a few grains that
can be identified with almost positive certainty as belonging to
goldenrod. Their number is very variable. For the most part
it is quite small, averaging from day to day under normal
weather conditions about 1 or 2 per cent of the total pollen
caught. But in dry, windy weather their number rises con-
siderably, and toward the end of the season when the ragweed
plants are on the wane, which is the time when Solidago speciosa
is at its height, the number of goldenrod-pollen grains caught on
the atmospheric pollen slides may outnumber those of the
ragweeds; consequently, there can be no doubt that goldenrod is
at times a factor in hayfever, paling, it is true, by comparison
with the enormously more abundant and prolific members of the
ragweed tribe.*

Solidago speciosa Nutt. Showy or Noble goldenrod (Plate XI1,
Fig. 4) type. Grains uniform in size except for a very few that
are abortive and a small proportion of aberrant forms. About
22.8 p in diameter. Spines about 2.8 u long and 5.1 u apart.
Texture finely and rather faintly granular.

Among the aberrant forms of grains are found some micro
grains, some dicolpate grains with furrows opposite, a few
hexacolpate, and a few giants which, judging from the pentagonal
configuration which their furrows assume, are 30-colpate, with
their furrows arranged after the fashion of a pentagonal dodeca-

* For a further discussion of this matter see p. 143.
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hedron, though it is virtually impossible to count the furrows of
such complicated configurations.

The showy goldenrod is a tall, showy plant with straight,
columnar inflorescence, one of the most beautiful of the eastern
species; abundant in rich soil, Massachusetts to North Carolina to
Tennessee to Arkansas to Minnesota. Insect pollinated but
shedding much pollen which, under favorable conditions, becomes
atmospheric. This species sheds many times more pollen than
any of the other species mentioned below, except S. sempervirens,
which, however, is much scarcer and confined to salt and brackish
places. Both species will shed pollen freely when cut and
placed in water. August to October.

Solidago sempervirens L. Seaside goldenrod. Grains rather
various in size, with a large proportion abortive or in other ways
abnormal. Normal grains spheroidal or slightly flattened,
20.5 to 22.8 p in diameter. Spines about 3.1 g long and 5.1 to
6.2 p apart. Otherwise as in the type.

Among the abnormal grains which constitute rather a large
proportion of the pollen of this species are a few micro grains,
grains with 2, 4, 6, and 12 furrows arranged in the trischistoclasic
system, and some grains showing various degrees of reduction of
their spines. Besides these there are a large number of grains
united in tetrahedral tetrads. These appear to be abortive
and are without spines. Among such “tetrads’” are a few
containing a fifth very small grain. The presence of a fifth
grain in some of the tetrads which have brought their develop-
ment to a successful conclusion suggests that it may be the
cause of the aberrant forms, introducing asymmetrical contacts
in the tetrad. The presence of the fifth grain is probably
traceable to an irregular distribution of chromosomes in the
reduction division, a matter which suggests hybridity of origin
and invites further cytological study.

The seaside goldenrod is a tall, erect plant with thick, fleshy
leaves rather abundant along seashores and in tidal marshes,
New Brunswick to Florida and Mexico, also in Bermuda.
August to December. It is insect pollinated but sheds large
quantities of pollen which can easily be collected by placing
the plants in water and allowing them to shed on sheets of
paper. In hayfever a minor factor of only local importance.
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Solidago rugosa Mill. Tall, Hairy, Wrinkle-leaved or Pyramid
goldenrod. Grains uniform, except a few that are abortive,
spheroidal or slightly flattened, about 26.2 p in diameter, with
spines 2.3 plong and 3.4 t0 5.7 papart. Otherwise as in the type.

A tall, handsome plant, from 1 to 7 ft. high, usually in dry
places in fields and roadsides. Newfoundland to Western
Ontario to Texas to Florida. July to November. Sheds much
less pollen than the two preceding species and is of slight
importance in hayfever,

Solidago altissima L. (8. procera Ait., S. canadensis scabra T. &
G.) Tall or high goldenrod. Grains essentially as in the type,
uniform except for a small proportion of abortive or aberrant
forms, slightly flattened, 17.1 to 20.5 p in diameter, with spines
2.3 to 2.9 p long and 4.0 to 5.1 u apart. Besides the grains of
normal form, there are a few dicolpate grains, with furrows
opposite and united enecircling the grain as a single furrow with
two apertures.

A tall, handsome plant, 2 to 8 {t. high, common in dry soil,
Maine to Ontario to Texas to Georgia. August to November,
shedding relatively little pollen, of secondary importance in
hayfever. '

Solidago juncea Ait Karly or sharp-toothed goldenrod. Grains
uniform, only very few abortive and no aberrant grains are seen;
spheroidal in shape or slightly flattened, 17 to 19.4 u in diameter,
with spines uniform, about 2.5 u long and 4 p apart. Otherwise
as in the type.

Plants 114 to 4 ft. high, common in dry soil in waste places and
roadsides. New Brunswick to Hudson Bay to Saskatchewan to
Missouri to North Carolina. June to November. Sheds
relatively little pollen, but the plants occur in enormous num-
bers. Of secondary importance in hayfever.

Solidago latifolia 1. (S. flexicaulis L.) Zigzag or broad-leaved
goldenrod.

Grains uniform, except for a few abortive and a few that are
tetracolpate; spheroidal or slightly flattened, about 20 p in
diameter, with spines uniformly 3.4 p long and 4.6 to 6.8 apart.
Otherwise as in the type.

A small plant 1 to 3 ft. high, in rich woods. Nova Scotia to
Missouri to Tennessee. July to September. Sheds insignificant
amounts of pollen. Not a factor in hayfever.
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Solidago bicolor L. White or pale goldenrod, Silverrod.

Grains uniform, except a very few that are abortive, slightly
flattened, 21.6 to 22.8 p in diameter, with spines uniformly
3.4 u long and 4.6 to 5.7 u apart. Otherwise as in the type.
A low plant 14 to 4 ft. high, in dry soil. Prince Edward Island
to Ontario to Minnesota to Tennessee to Georgia. July to
September. Sheds insignificant amounts of pollen. Not a
factor in hayfever.

Callistephus chinensis Ness. China aster. Grains as in
Solidago speciosa (q.v.). Uniform except for a few abortive
and a few tetracolpate grains, slightly flattened oblately, 21.6
to 23.9 x in diameter, with spines 2.3 to 3.4 u long and 4.6 to
6.4 u apart.

China aster is a common garden annual introduced from China
and Japan; with ray corollas of almost all colors except yellow.
Flowers in late summer and fall. Insect pollinated but shedding
rather large amounts of pollen which may cause hayfever if the
flowers are handled.

ASTER L. Asrer

Grains in no way distinguishable from those of Solidago (q.v.).
A genus of about 250 species of herbs, mostly of North America.

Aster patens Ait. Late purple aster. Grains rather uniform
in size, except for a few that are abortive; spheroidal or slightly
flattened, 27.5 p in diameter, with spines about 2.9 u long and
4.6 p apart, texture finely granular, particularly at the base of the
spines. New York, Minnesota, Florida, Louisiana, and Texas.
August to October.

Aster novae-angliae L. New England aster. Grains essentially
as in the type, uniform except for a few that are abortive, about
21.6 1 in diameter, with spines 2.8 ulong and 5.7 u apart.

Fastern United States, August to October. Not a factor in
hayfever.

Erigeron strigosus Muhl. (E. ramosus (Walt.) B.S.P.) Daisy
fieabane. Grains extremely various, and many abortive.
Many giants with furrow numbers ranging up to 12, furrows very
irregular, frequently not conforming to any pattern. Normal
grains 18.2 p in diameter, spines about 2 plong and about 3.2 ¢
apart. The grains of this species are the most irregular yet
encountered in the Astereae. :
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A common weed of waste places, almost throughout North
America. Flowers from May to November. Not an important
factor in hayfever but may produce symptoms upon contact.

ANTHEMIDEAE Mavwesp Trism

Grains 17 to 34.2 p in diameter, normally tricolpate, but some
species with varying proportions of their grains with other
numbers of furrows arranged according to the trischistoclasic
system. IFurrows of medium length, broad and tapering to
pointed ends, their membranes smooth, each provided with a
conspicuous germ pore. Exine moderately to exceedingly thick,
coarsely and conspicuously granular; in insect-pollinated mem-
bers provided with broad, comical spines; in wind-pollinated
members, with spines greatly reduced or entirely absent.

The most distinctive and constant character of the graing of
the Anthemideae lies in the coarse-granular nature of their exine.
In the echinate forms, in which the exine is always extremely
thick, the granules are most conspicuous, but even in the non-
echinate forms, in which the exine is much less thick, they are
quite pronounced. In the echinate grains the exine, if observed
in optical section, is seen to consist of two layers (Plate XIII,
Figs. 1, 2). The inner is the thicker and appears to be built up
of large, vertical prisms presenting the appearance of coarse,
radial striae. Overlying this is the much thinner layer of more
transparent material marked with very fine radial striae. In
surface view the inner layer shows plainly through the outer,
presenting the coarse-granular appearance consisting of large,
irregularly shaped, deeply staining bodies embedded in a less
deeply staining matrix. The overlying fine-granular layer can
be seen in surface view only with difficulty, even under the most
favorable conditions, on account of its transparency and the
optically disturbing effect of the underlying layer. In the non-
echinate grains, in which the exine ig thinner, the same sort of
granular texture prevails, but usually it is much finer, and in
optical section the outer layer appears as only a thin, structureless
line, while in surface view it does not show at all. Nevertheless,
there is a certain similarity between the granular nature of the
two types of grain, which, though elusive of description, becomes
recognizable from experience and is the best diagnostic character
of the graing of the tribe.
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The furrows are generally long and sharply defined and, owing
to the thick and semirigid nature of the exine, are required to
function freely as harmomegathi. They are deep and in most
cases give the grain a three-lobed appearance. The furrow
membranes are always smooth, and the germ pores circular in
outline, rather large, and bulging prominently when the grains
are expanded.

The spines, when present, are broadly conical, sharp pointed,
and generally large in proportion to the size of the grain. They
range, among the insect-pollinated species, from 1.1 to 4.6  in
length and from 1.6 to 11.4 p in distance apart. They are uniform
in length on any given grain but somewhat various in their
distance apart. Nevertheless, there is a rough correlation
between these two dimensions. Thus, in a general way, it may
be said that the shorter the spines the more closely together they
are placed. For example, in the grains of Leucanthemum
Leucanthemum, in which the spines are 4.6 p long, they are 8 to
10.2 p apart; while in those of Tanacetum gracile, in which they
are only about 1.1 u long, they are 4.5 to 5.7 u apart; in the grains
of the wind-pollinated Crossostephium insulare, in which the
spines are only vestigial—too small to be measured—they are
only a little over 1 p apart. These differences are quite apparent
to the eye, even unaided by measurements. For example, if the
grains are observed in optical section and polar view, in those of
Leucanthemum only 3 or 4 spines are seen on each of the three
lobes at its limb; in those of T. gracile about 6 are seen on each
lobe; while in those of Crossostephium 15 or more tiny protuber-
ances are seen on each lobe. This relation between the length
of the spines and their distance apart is not a peculiar property of
the grains of the Anthemideae but likewise exists in the grains of
the Ambrosieae and the Cynarieae and appears to be universal
among the Compositae. But owing to the wide normal variation
in the distance apart of the spines, the numerical relation between
this distance and their size could be expressed only after making
many measurements and striking averages for many different
species. Until this is done, all that can be said on this point
is that the smaller the spines the closer together and more
numerous they are.

The cause of the wide difference in the number and size encoun-
tered among the grains of the members of this genetically rather
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com‘pact group is most certainly due to their different modes of
pollination. We have seen in other plant families that ane-
mophily tends to induce a thinning of the exine and a loss of its
external decorations. So it is in this group. The different
species of Anthemis, Leucanthemum, and Chrysanthemum, which
are insect pollinated, have grains in which the spines a’re well
developed and the exine thick; while those of Artemisia. Cros-
soszﬁephium, and Picrothamnus, which are wind pol]inated’ have
grains in which the spines are vestigial or absent and the’ exine
H}uch less thick.  On this basis the members of this tribe may be
divided rather sharply into two groups—those which are echinate
grained and insect pollinated and those which are nearly or quite
smooth grained and wind pollinated.

The genetic gap between the two groups is wide. I have not
been able to find any really intermediate forms; and there appear
to be now in existence no nicely intergrading series of forms, like
those in the Ambrosicae, between the fully echinate—grained, and
the nearly smooth-grained forms. Nevertheless, there is con-
siderable variation both in the size of the spines among the grains
f)f the echinate group and in the prominence of the spine vestiges
in the nonechinate group. Perhaps the most extremely echinate
form is typified by the grains of Leucanthemum and Chrysanthe-
mum, in which the spines are about 4 u long; and the least echinate
by those of Ariemisia and Chamartemisia, in which the spines are
vestigial and generally too small to be seen with certainty or are
even entirely absent.

Though there are no truly intermediate forms, it is interesting
to note that among the echinate-grained group the grains with
the smallest spines are found in the genus Tanacetum eg., T.
gracile and T. camphoratum; and among the nonechina’cé—grai’ned
group those with the most prominent spine vestiges are found in
the genera Crossostephium, Sphaeromeria, Vesicarpa, and Chamar-
temisia. In a way this is in keeping with the classification of
Rydberg (1916), who places these four genera between Tanacetum
and Artemisia. At the same time, however, the characters of
these pollen grains suggest that these four genera are much
closer to Artemisia than to Tanacetum. |

That the echinate character is closely associated with the mode
of pollination is attested by the fact that the echinate pollen is
always produced in relatively small amounts and is heavily
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impregnated with lipoid substances which cause the grains to
adhere together, effectively preventing them from being carried
by air currents. A corollary to this is that they cannot be
counted among the serious causes of hayfever, but there is no
doubt that several of the species may, upon close contact, cause
hayfever symptoms with some people. T hough I have on several
oceasions found on atmospheric pollen slides echinate grains of
Anthemideae, which were probably those of Leucanthemum, it
seems unlikely that these never occur in sufficient abundance to
cause hayfever. When they are caught on the slides they gener-
ally oceur adhering in groups of three or four. On the other
hand, the nonechinate-grained species produce large amounts
of pollen which is light and borne long distances by the wind; and
among these are counted some of the most important hayfever
plants of the western United States, e.g., the sagebrushes and
mugworts. The pollen of these possesses relatively little surface
oil—not enough to cause them to adhere to each other—and
when they are caught on atmospheric pollen plates they occur
separately and in large numbers.

Grains with supernumerary furrows and aberrant furrow
patterns are strikingly abundant in the pollen of most of the
species of this group. It cannot always be assumed, however,
that the irregularities of furrow pattern which are here recorded
are universal for the species, because these records are based on
too few observations. Sometimes such irregularities may be
only individual peculiarities. Nevertheless, in the one instanee
in which this question was put to the test, viz., that of Picro-
thamnus desertorum, it was found that plants collected in widely
separated localities yielded grains with exactly the same aberrant
furrow arrangements, just as numerous and in the same propor-
tHons. As we have seen (page 182), such aberrant forms arise
from differences in size of the daughter-cells of a pollen mother-
cell, an irregularity which, in turn, is generally due to an irregular
distribution of chromosomes at the reduction divisions; these
aberrant furrow patterns therefore point to a lack of genetic
stability among the species which exhibit them. That such a
lack of stability exists among the Anthemideae in general is
abundantly attested by the large number of forms, varieties,
and minor variations recorded in the literature (¢f. Hall and
Clements, 1923). Particularly is this true of the genus Artemasia.
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The measurements of the grains here recorded were all made
with them fully expanded. In each case they are the maximum
and minimum of some half-dozen or dozen normal grains taken at
random, avoiding only the aberrant forms. Consequently, they
do not generally represent the entire range of size of even the
normal grains and make no attempt to include that of the
aberrant forms. The measurements of the grains do not include
the spines but do include the thickness of the exine to the base
of the spines. When only one dimension is given it is always the
equatorial diameter.

The classification followed is essentially that of Rydberg (1916).
The distribution of the pollen-grain characters throughout the
tribe is, for the most part, quite consistent with it, but there are a
few instances where they are found to be decidedly at variance.
Unfortunately, in such cases the pollen-grain characters are of
more negative than positive value; though they occasionally
point rather definitely to a lack of consistency in the classification,
they seldom suggest a better arrangement. Consequently, I have
had to content myself with pointing out the instances of disagree-
ment between the pollen-grain characters and Rydberg’s classi-
fication, retaining his arrangement virtually unmodified. It is
to be hoped, however, that other investigators will be stimulated
by the suggestions of the pollen-grain characters to reopen the
question of the classification of the Anthemideae.

. Ky o taE Specizs
I. Echinate, with spines conspicuous,
broadly conical, but sharply pointed.
Exine very thick and coarsely granu-
lar, heavily impregnated with oil.
A. Grains 22.5 to 34.2 p in diameter;
spines 2.3 to 4.6 u long and 4.6 to
1.4 p apart. Achillea
Cota
Anthemis
Maruta
Leucanthemum
Chrysanthemum
Tanacetum (in part)
B. Grains 19 to 26.2 p in diameter;
spines 1.1 to 2.3 u long and 4.6 to
9.1 p apart. Chamomilla
Tanacetum gracile
Tanacetum artemisioides
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I1. Nonechinate; spines vestigial or entirely
absent. Exine not excessively thick.
Grains 17.5 to 29.6 p in diameter.
Exine generally sharply and coarsely
granular but less so than in 1.
A. Spine vestiges distinctly visible,
approaching in some cases the . o
condition described as subechinate. Crossostephium artemisioides
Artemisia norvegica
B. Spine vestiges minute but large _
enough to be seen with certainty. Sphaeromer‘la .
Crossostephium insulare

Crossostephium foliosum
Crossostephium californicum
Vesicarpa potentilloides
Pierothamnus desertorum
Artemisia frigida
Artemisia camporum
Artemisia canadensis
Artemisia pycnocephala
C. Spine vestiges represented by only a
vanishing trace or, in some grains, o B
apparently absent. Artem}sTa Bigelovii
Artemisia gnaphalodes
Artemisia Absinthium
Artemisia dracunculoides
D. Spine vestiges generally entirely
absent, though a trace of them
may occasionally be seen in some

grains, Artemisia heterophylla

Artemisia filifolia
Artemisia tridentata
Chamartemisia compacta
Artemisiastrum Palmeri.

Anthemis nobilis L. (Chamomille nobilis Gord., Matricaria
nobilis Baill.) White or low camomile. Grains essentially as in
the Tanacetum type (page 504), uniform, 24 to 25 p in diameter,
spines about 3.4  long and 8 u apart. Exine thick and coarsely
granular.

A low herb with daisy-like flowers. Native of Europe but
extensively cultivated elsewhere and occasionally escaped.
Flowers June to August.

Maruta Cotula (L.) DC. (Anthemss Cotula L.) Mayweed, dog
fennel, fetid or wild camomile. Grains essentially as in the type,
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indistinguishable from those of Anthemis nobilis. 22.5 to 25.5
in diameter, spines about 2.8 u long and about 8 u apart.

A common weed with strongly aromatic odor, similar to the
preceding species ‘but less showy. Native of Europe, now
naturalized throughout North America. Flowers June to
November.

CHAMOMILLA (Hall) Gilib. CaMomiLs

Grains similar to the Tanacetum type (page 504), 19.4 0 22.8 u
in diameter. Spines 1.7 to 2.3 p long and 4.6 to 6.8 4 apart.
These are the smallest grains yet found among the echinate-
grained Anthemideae, except those of Tanacetum gracile.

The genus includes about 20 species of daisy-like perennial
herbs, of wide distribution.

Chamomilla Chamomilla (1.) Rydb. (Matricaria Chamomilla
L.) Wild camomile. Grains as in the generic description, except
that a large proportion of them are giants with 4, 6, or 12 furrows,
always arranged in the trischistoclasic system. Normal graing
19.4 to 20.5 p in diameter, with spines 2.3 y long.

Native of Europe. Sometimes cultivated and in America
extensively naturalized. Flowers in Summer.

Chamomilla occidentalis (Greene) Rydb. (Mairicaria occi-
denfalis Greene). As in the generic description, 19.5 to 22.8 uin
diameter, spines 1.7 p long and 4.6 to 8 u apart.

Middle California to southern Oregon.

Chamomilla suaveolens (Pursh.) Rydb. (O discoidea J. Gay,
Mairicaria discoidea DC., M. matricarioides (Less.) Porter)
Rayless camomile or wild marigold. Grains uniform, as in the
generic description, about 20.5 u in diameter, with spines 2.3
long and 5.7 to 6.8 u apart.

Pacific coast and eastward to Arizona. Also occasionally
naturalized in the eastern United States and in Europe. May
to August.

Leucanthemum Leucanthemum (L.) Rydb. (Chrysanthemum
Leucanthemum L.) Oxeye daisy. Grains as in the type, uniform,
about 24 to 28.5 p in diameter, spines 4.6 u long and 8 to 10.2 ©
apart.

A common weed, native of Europe but naturalized almost
throughout North America and elsewhere. May to November.
The daisy is entirely insect pollinated, but its pollen is recognized
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as an occasional cause of hayfever symptoms upon direct contact.
It is also occasionally caught on atmospherie-pollen slides.
Leucanthemum arcticum (L.) DC. (Chrysanthemum arciicum
L.) Arctic daisy. Grains indistinguishable from those of L.
Leucanthemum.
Similar to the preceding species but somewhat smaller.  Coast
of Hudson Bay to Alaska, also in arctic Kurope.

CHRYSANTHEMUM L.

Grains essentially as in the type, Tanacetum. In most of
the species here recorded, however, they are somewhat various,
and many of them abnormal. Normal grains 24.2 to 34.2
u in diameter, spines 2.3 to 4.6 p long and 5.7 to 11.4 p apart.

The inner layer of the exine is extremely thick and very coarsely
granular, but the outer layer is thinner than in the.type.yet
sharply and distinctly granular and generally easily discernible.
The furrows are long and pointed and, on account of the great
thickness of the exine, are deeply depressed. o

The genus comprises about 100 species of wide distribution
in the Northern Hemisphere. All are entirely insect pollinated
and, as a general rule, do not cause hayfever, though some of
those which are cultivated are known to produce hayfever
symptoms upon the patient’s coming into direct contac? with the
plants. Also the leaves of some species are saild occasionally to
cause dermatitis (Goldstein, 1931). .

Chrysanthemum coccineum Willd. (Pyrethrum roseum Sieb.)
Common Pyrethrum. Grains rather various, many of them
tetra- and hexacolpate, and many giants. Normal grains as
in the generic description, 24.2 to 28.5 p in diameter, spines
4.6 p long and 5.7 to 8 u apart. .

The plant is a bushy herb, resembling the oxeye daisy and
bearing white, pink, lilac, or crimson flowers. Native of Asia ‘m.m
extensively cultivated both as a source of insect powder and, in
some of its varieties, as a garden perennial. ‘ o

Chrysanthemum morifolium Ram. (C. sinense Sabine) Florists
chrysanthemum. Grains rather various; many tetra- gnd hexa-
colpate, and many variously irregular. Normal grains 31 to
34.2 u in diameter, with spines 2.3 p long and 8 to 11..4 u apart,

The plant is a cultigen of unknown origin but beheve(.i to be
a hybrid with an admixture of C. indicum L. The defective and
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variously irregular condition of its pollen points to hybridity of
origin.

Chrysanthemum carinatum L. (C. tricolor Andr.) Tricolor
chrysanthemum. -Grains as in the generic description, uniform
and all normal, except for a few abortives and dwarfs. Normal
grains 28 to 30 x in diameter, spines 3.4 p long and 6.8 to 8 &
apart.

Annual, 2 to 3 ft. high. Disk flowers purple and rays banded
with two other colors. Native of Moroceo. Several garden
races with different-colored ray fowers are in cultivation.

TANACETUM (Tourn.) L. Tansy

Grains approximately spheroidal but deeply three lobed by
their furrows, 25 to 32 u in diameter. FExine excessively thick
and composed of two layers (Plate XIII, Figs. 1, 2), the inner
coarsely granular and much the thicker of the two, the outer
finely but distinctly granular and thicker than usual in this tribe.

There is considerable variation in the size of the spines among
the different species; they are generally broadly conical and so
large in proportion to the size of the grain that only four show on
each lobe at the limb. The furrows are long and tapering to
pointed ends, with their membranes perfectly smooth, but each
provided with a round germinal aperture through which the germ
pore may bulge prominently. Owing to the extreme thickness
of the exine, the deep furrows impart to the grain a deeply
three-lobed form, even when fully expanded.

The genus comprises about 30 species of coarse, aromatic, Ieafy
perennial herbs, of wide distribution in the northern hemisphere.
All species appear to be primarily insect pollinated, and none is
known to cause hayfever. But they suggest a tendency toward
anemophily in the reduction or suppression of the ligulate
corollas of the marginal flowers, and there can be no doubt of
their rather close relationship to Arfemisic which is entirely
anemophilous.

Tanacetum vulgare L. Tansy type. Fully one-half of the
grains abortive, many of them dicolpate, fewer tetra- and hexa-
colpate. Normal grains uniform, as in the generic description,
25 to 26.5 p in diameter, with spines 2.8 u long and 4.6 to 6.8 u
apart.
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Among the abnormal grains those that are dicolpate are as
large as those that are normal; their two furrows are opposite and
united at the poles, thus encircling the grain as a single furrow
with two germ pores. The tetra- and hexacolpate grains are
apparently always giants, and the furrows are arranged in the
trischistoclagic system.

Native of Furope and Asia but naturalized as a roadside weed
throughout North America. Flowers July to September.

Tanacetum Camphoratum Less. (Plate XIII, Figs. 1, 2).
Grains as in 7. vulgare, except that they are a little larger—29.7
to 32 p in diameter—with spines 2.2 p long and about 9 u apart.
Di-, tetra-, and hexacolpate grains also present.

Beaches, California and Oregon.

Tanacetum bipinnatum (L.) Sch.-Bip. Grains essentially as
in the type. A few tetracolpate grains are found.

Alaska, Yukon, and Mackenzie, also eastern Siberia.

Tanacetum Falconeri Hook. Grains essentially as in the type,
all normal, 27.5 to 32 u in diameter, with spines 3 to 4 p long and
8 to 10.8 p apart.

The Himalayas.

Tanacetum huronense Nutt. As in the type, 27.4 to 28.5 p in
diameter, spines 3 to 4 u long and 8 to 10.3 u apart, New
Brunswick and Maine to Michigan and Hudson Bay.

Tanacetum longifolium Wall. As in the type, 27.5 to 28,5 u
in diameter. Spines 2.4 p long and 6.5 to 8.0 u apart.

The western Himalayas. ]

Tanacetum Douglasii DC. (7. huronense Gray). As in the
type, 28.5 to 30 u in diameter, with spines 2.8 u long and 8 fo
10.3 p apart.

British Columbia to Oregon.

Tanacetum artemisioides Sch.-Bip. As in the type, a large
proportion of the grains abortive. Normal grains 22.8 to 26.2 p
in diameter; spines about 2.2 plong, 6.8 to 8.0 u apart.

Western Tibet.

Tancetum gracile (Flook.) F. Thomas. Similar to the type,
except that the spines are much smaller.  19.4 to 20 pin diamete}",
Spines 1.1 u long, and 4.6 to 5.7 p apart. The grains of this
species approach in character most closely to those of the non-
echinate group.

Closely related to the preceding species. Native of western

Tibet.
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SPHAEROMERIA Nutt.

Grains similar to the Crossostephium type (Plate X111, Figs. 3,
4) but with their spine vestiges smaller, standing in this respect
intermediate between the Crossostephium and Artemisia types.
The exine is rather thick and rigid but much less so than that of
such echinate forms as Tanacetwm and appearing to lack the
overlying layer of fine, granular material characteristic of the
latter. The furrows are long and rounded at their ends, but,
on account of the much thinner exine, they do not impart a three-
lobed outline to the grains, as do the furrows of those of
Tanacetum. Nevertheless the furrows function freely in accom-
modating the exine to the changes in volume of the grain.
When the grains are fully expanded they are approximately
spheroidal or slightly flattened oblately, but when they are dry
the furrows close, and the grains tend to become ellipsoidal. The
furrow membranes are smooth, and each is provided with a
rather small germ pore. The thinness of the exine and smallness
of the spines are clearly correlated with their mode of pollination
by wind and, at the same time, point to a closer relationship to
the smooth-grained Artemisias than to the echinate-grained
Tanacetums, unless, of course, anemophily was developed in this
genus independently of Artemisia, which is unlikely.

The genus consists of about five species of low, cespitose
perennials with woody base or small shrubs. In many ways these
are intermediate in appearance between Tanacetum and Artemisia
but resemble the latter more closely. Nevertheless, they are
regarded by Hall and Clements (1923) as representing a section of
the genus Tanacetum, associated with the plants which are
treated here as Chamartemisia. Their pollen-grain characters
confirm their relationships with Chamartemisia but suggest that
both are more closely related to Artemisia than to Tanacetum.
Furthermore, the marginal flowers are not ligulate, the heads
lacking entirely the radiate character which marked all of the
echinate-grained species. This, together with the smooth
character of the pollen grains, seems ample justification for
removing these plants from the genus Tanacetum.

Sphaeromeria argentea Nutt. (Tanacetum Nuttalii T. & G.).
Grains uniform, similar to the Crossostephium type, 24 to 25.5 u
in diameter. Spine vestiges clearly visible though extremely
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minute—slightly smaller than in the type but more prominent
than in the three succeeding species.

Arid hills, Wyoming and Montana.

Sphaeromeria cana (D. C. Eat.) Heller (Tanacetum canum D.
C. Eat.). Grains uniform in size, 20 to 22.8 p in diameter,
essentially as in the Crossostephium type, except that the spine
vestiges are slightly less prominent.

Nevada, eastern California, and Oregon.

Sphaeromeria capitata Nutt. (Tanacetum capitatum T. & G.).
Grains uniform, 25.1 to 29.6 p in diameter, essentially as in the
Crossostephium type, except that the spine vestiges are slightly
less conspicuous.

Wyoming and southern Montana.

Sphaeromeria simplex (A. Nels.) Heller (T'anacetum simplex A.
Nels.). Grains similar to the Crossostephium type, except that
the spine vestiges are much less conspicuous. They can be seen
only with difficulty under the most favorable conditions and
are distinetly smaller than in the preceding species.

Wyoming.

CROSSOSTEPHIUM Less.

The grains of three of the four species of this genus are prac-
tically indistinguishable from those of Artemisia, while those of
the fourth, C. artemisioides (Plate X1II, Figs. 3, 4), differ in their
spine vestiges, which are more prominent than those of any of the
species of Artemisia. The grains of all four species are approxi-
mately spheroidal when expanded. The exine is rather thick
and coarsely granular but much less so than that of the grains of
Tanacetum. The furrows are only moderately long and not
sharply pointed. They function freely as harmomegathi but do
not impart a three-lobed outline to the normal grains, as do the
furrows of the grains of Tanaceium. Abortive and empty grains,
however, are deeply lobed, with the furrows tightly closed at
the bases of the grooves.

According to the classification of Rydberg (1916, page 243),
which is followed in this discussion, the genus includes the four
species mentioned below, but Hall and Clements (1923, page 32)
retain in it only C. artemisioides, which grows in Japan, the
Philippines, and China, and they refer the other three species,
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which are American, to Artemisia. Apparently the latter
treatment more correctly interprets the phylogeny of these
plants, for in view of the striking difference in their pollen-grain
characters it seems decidedly inappropriate to place the Asiatic
C. artemisioides in the same genus with the three American
species.

The plants are small or large shrubs of arid and semiarid
regions, with the habit and appearance of the sagebrushes. All
are wind pollinated, and one at least is the cause of much
hayfever.

Crossostephium artemisioides Less. (C. chinense (L.) Merr.,
Tanacetum chinenses Gray, Artemisia chinensis Val.) (Plate X111,
Figs. 3, 4) type. Grains as in the generie description, 20 to 22.8 u
in diameter. Spine vestiges quite distinet, the largest found in
the nonechinate group and occasionally almost reaching the
proportions described as subechinate. In this respect this
species seems to occupy a somewhat intermediate position
between Tanacetwm and Artemisia, though closer to the latter.

Much cultivated in Japan, China, the Philippines, and Indo-
China, a native of China, currently known in Manila, where it is
cultivated in pots, as ajenjo, which is a Spanish name for
Artemisia.

Crossostephium insulare Rydb. (Ariemisia californica Less.).
Grains extremely various. Many of them abortive, giants or
dwarfs, and some with two furrows. Normal grains differing
from the Crossostephium type in their much smaller spine
vestiges and thinner exine, resembling more closely the Ariemisia
type (Plate X111, Fig. 5), 21.6 to 22.8 p in diameter.

According to Hall (1923, page 54), this species should be
regarded as a minor variation of 4. californica Less. (C. califor-
nicum Rydb.). The presence in its pollen of a large proportion
of abnormal and defective grains suggests that the plant is a
hybrid, and the thinner exine and extremely vestigial nature of its
spines suggest that it is more closely related to Arfemisia than
to the type of the present genus.

Crossostephium foliosum (Nutt.) Rydb. (Arfemisia foliosa
Nutt.). Grains uniform, as in the Artemisia type and indistin-
guishable from those of the preceding species.

A woody shrub regarded by Hall (1923, page 53) as a minor
variation of the next species.

ANTHEMIDEAE 509

% 9
Prarm XIII.—Pollen grains of the Anthemideae and Ambrosieae. 1, Tan-
acetum camphoratum, polar view, 20.7 u in diameter. 2, The same in optical
section. 3, Crossostephium artemisioides, polar view, 20.9 u in diameter. 4,
The same in optical section. 5, Artemisia irideniata, polar view, 28.5 u in diam-
eter. 6, The same in optical section. 7, Ambrosia elatior, 18.3 u in diameter.
8, Ambrosia psilostachya, 25 pin diameter. 9, Ambrosia trifida, 17,7 uin diameter.
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Crossostephium californicum (Less.) Rydb. (Artemisia cali-
fornica Less.) Coast sagebrush. Grains mostly uniform but
accompanied by a small proportion of giants, and some with
supernumerary furrows. Normal grains as in the Artemisia
type, with spine vestiges extremely minute, oblately flattened,
22 to 26.2 p in diameter.

A shrub 3 to 9 ft. high, extremely abundant along the hills of
the coast ranges from central California southward. Wind
pollinated, shedding large amounts of pollen, which is the cause
of much hayfever during the latter part of summer (Rowe, 1928;
Selfridge, 1920; Hall 1917, 1923).

Vesicarpa potentilloides (Gray.) Rydh. (Artemisia potentil-
lovdes Gray, Tanacetum potentilloides Gray, Sphacromeria poten-
tillovdes A. Heller). Grains as in the Artemisia type, 22.8 to
25.1 p in diameter, with rather long, pointed furrows, fine but
distinetly granular texture.

A perennial herb with woody root. The genus is regarded by
Hall (1923) as most closely related to Tanacetum. The form of
its pollen grain, however, in the absence of spines and its thin
exine, points to a much closer relationship with Artemisia. The
plant itself presents an appearance intermediate between Tanace-
tum and Artemista.

Chamartemisia compacta (Hall.) Rydb. (Tanacetum com-
pactum Hall).  Grains uniform, as in the Ariemisia type, with
spines represented only by doubtful traces, apparently entirely
absent in most grains, 20.5 to 22.8 y in diameter.

A small, cespitose perennial, with woody root, resembling in
appearance Sphaeromeria. XKnown only to occur at the head of
Lee Canyon, Charleston Mountains, Nevada. The genus is
most closely related to Sphaeromeria. Hall (1923) treats the
two genera together as a section of Tanacetum. Their pollen
grains, however, while in every way similar to each other, differ
from those of T'anacetum in their lack of spines and in their much
thinner exine and suggest that both Chamartemisia and Sphaero-
meria are more closely related to Artemisia than to Tanacettim.

Picrothamnus desertorum Nutt. (Ariemisia spinescens Kat.).
Bud sagebrush.  Grains extremely irregular, only a small propor-
tion of them normal. Many are obviously abortive and empty,
while others are dwarfs or giants. A large proportion of the
latter are provided with supernumerary furrows, generally
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arranged in the trischistoclasic system. The furrow arrange-
ments which are most in evidence are the tetracolpate, hexacol-
pate, octocolpate, nonacolpate, and dodecacolpate. Besides
these there are a number of grains of the zonate type, and still
others which are variously irregular.

The normal grains are exactly like the Artemisia type, with
spine vestiges recognizable but extremely small, 21.6 to 27.4 p in
diameter. In the giants the diameter may reach as much as 43 .

Low, spiny shrubs of desert areas, somewhat similar to sage-
brush when growing in similar habitats. Wyoming to New
Mexico, Oregon, and California. Flowers from March to June,
producing large quantities of pollen which is the cause of much
hayfever (Scheppegrell, 1917; Hall, 1923).

This plant is regarded by Hall (1923) as a member of the genus
Artemisia in the section prAcUNcULUS, in which he finds it in
agreement in all important technical characters with A. dracun-
culus and A. campesiris. The characters of the normal pollen
grains certainly show no reason for separating it from Artemisia.
The large proportion of abnormal and defective grains suggests
that it may be a hybrid, Contrary to such a view, however, is
the fact that the species exhibits a remarkable lack of variability,
which has been noted by Hall (1923, page 133), who says, ‘“ Per-
haps it is because of its fixed characters and incapacity for
adaptation to new environments that the species has produced
no forms that have received taxonomic recognition.” It is
difficult to see how a plant with such extreme variability of its
pollen should exhibit such great somatic stability, unless, per-
chance, the pollen is not required for fertilization, the plant
producing its seeds apogamously, as do the common dandelion
and some species of Hieractwm, a problem which deserves further
study.

ARTEMISIA L. SacesrusH, Mueworr, WORMWOOD

Grains when expanded spheroidal or oblately flattened, 17.6 to
28.5 1 in diameter, normally tricolpate. Furrows long and
tapering, fully functional, their membranes smooth, provided
with a germinal aperture. Ixine thick and coarsely granular,
though much less so than in the Tanacefum type, the outer layer
thin, occasionally slightly overlapping the furrow membranes
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along their margins. Spine vestiges small or absent (Plate XIII,
Figs. 5, 6).

In optical section the grains generally appear rounded-tri-
angular in shape, with the pores bulging out on the three sides;
the exine is seen to be thickest in the middle of the lunes, tapering
in thickness gradually, in sweeping curves, to the edges of the
furrows. The coarsely granular nature of the exine appears
coarsely striate in the optical section.

Perhaps the most noteworthy feature of the Artemisia pollen
grains is the minuteness of their spines. Nevertheless, in the
pollen of nearly all species some vestige of them can be seen in at
-least some of the grains. Moreover, there is considerable varia-
tion in this character among the grains of the different species,
and this is of such a nature that it is of some diagnostic value.
Thus, on the basis of the size of the spine vestiges, it is possible
to group the species which are considered here into four different
classes as follows: (1) spine vestiges conspicuous, only slightly
smaller than in the Crossostephium type (Plate XIII, Fig. 3),
Artemisia norvegica; (2) spine vestiges minute but still quite
large enough to be seen with certainty under favorable conditions,
A. frigida, A. camporum, A. Pycnocephala, A. canadensis; (3)
spine vestiges represented only by a vanishing trace or even
entirely absent in some grains, A. gnaphalodes, A. Bigelovii,
A. Absinthium, A. dracunculoides; (4) spine vestiges generally
entirely absent, though a trace of them may occasionally be
seen on some grains, 4. heterophylla, A. filifolia, A. tridentaia.
The distinction among these groups is generally vague. There
is, however, no trouble in distinguishing the grains of group
1 from those of group 2 or those of group 2 from those of group 4;
but the distinction between those of groups 2 and 3 and between
those of 3 and 4 is somewhat uncertain.

The artemisias are all wind pollinated, and most of them shed
large amounts of light pollen which may be borne long distances
in the air.  Virtually all species that occur in suffieient abundance
are generous contributors to the production of hayfever.

The taxonomy of the group is extremely complicated and
difficult. The number of species recognized by different authors
varies from 17 to 72. Many of them are unstable, occurring
in a great array of forms, varieties, and minor variations. It is
largely owing to a lack of agreement among the different authors
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regarding the status of these that such disagreement originates
in the numbers of species recognized by them. Nevertheless,
the interrelationships between most of these is now exceedingly
well understood, owing to the extraordinary and beautiful
researches of Hall and Clements (1923). In the present treat-

' ment I am following the classification and terminology of Rydberg

(1916), owing to its simpler nature and to the fact thgt- this is
not primarily a taxonomic work in which ultrataxonomic refine-
ments are required.

Artemisia norvegica Fries. (4. arclica Less. A. hyperborea
Macoun) Boreal sage. Grains somewhat various, some of them
giants, abortive, or variously irregular. Normal grains 23.9 to
274 u in diameter. Exine conspicuously but rather finely
granular, provided with spine rudiments only sl,ighfly less
conspicuous than those of Crossostephium (Plate XIII, I‘l'g. 3).

A cespitose perennial herb, widely distributed in America agd
Europe in northern and mountainous regions. I oceurs in
many forms and varieties, some of which have been given specific
names. Flowers from July to October and may cause some
hayfever. ‘

Artemisia Suksdorfii Piper (4. heterophylla Nutt., A. vulgaris
californica Gray, A. vulgaris litoralis (Suksd.) Hall) California
mugwort. Grains essentially as in the A. trideniata type,
uniform, oblately flattened, 25.1 to 28.5 p broad and about
23.9 u deep. Exine distincetly and rather coarsely granular.
Spine vestiges generally entirely absent. |

Large, bushy perennial herb, 3 to 6 ft. high; common along
stream banks and elsewhere. California to British Columbia.
Flowers during the latter part of summer, shedding enormous
quantities of pollen which is known to be an important cause of
hayfever, particularly in the coastal regions of California (Hall
in Scheppegrell (1917), Selfridge, 1920).

Artemisia gnaphalodes Nutt. (4. vulgaris gnaphalodes (Nutt.)
Hall) Prairie or Western sage, Cudweed mugwort, Sagewort.
QGrains somewhat various, a small proportion of them giants,
with four or six furrows or otherwise abnormal. Normal grains
rather uniform, slightly flattened, 24 to 25.3 x in diameter.

A low, cespitose perennial, attaining scarcely 3 ft. in height.
Extremely abundant in prairie regions. Ontaric and Michigan
to Missouri, Texas, Coahuila, California, British Columbia, and
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Saskatchewan and sparingly introduced in the eastern United
States. Flowers during the latter part of summer and, in
regions where abundant, is the cause of much hayfever.

Artemisia Bigelovii Gray. Flat or dwarf sagebrush. Grains
extremely various, many of them dwarfs or giants with super-
numerary furrows. Normal grains 24 to 25.6 p in diameter,
Texture conspicuously and rather coarsely granular; spine
vestiges extremely minute, but generally visible.

Among the aberrant forms are dicolpate grains with furrows
opposite, and hexa- and dodecacolpate grains, any of which
may or may not be giants. In all, except the dicolpate forms, the
furrow arrangements correspond rather closely to the trischisto-
clasic system, though one or more of the furrows may be missing
from any of the configurations without otherwise deforming
their arrangement.

A low perennial shrub, 6 to 18 in. high, silvery canescent
throughout. Western Texas to southern Colorado, Utah, and
Arizona. Flowers August to October. Known to be a7 con-~
tributing factor in hayfever.

Artemisia Absinthium L. Common wormwood, Sagewort
Absinth. Grains uniform, as in the Arfemisia type. Texture’.
coarsely granular, spine vestigesscarcely visible or entirely absent.

A perennial herb with woody base and fragrant leaves; about
3 to 6 ft. high. Native of Europe, where it is much cultivated
for the aromatic oil that may be obtained from its roots. Widely
introduced into North America, particularly in the eastern
states. July to October. At present it is only an unimportant
factor in hayfever but is spreading rapidly.

Artemisia frigida Willd. Carpet, Pasture, or Prairie sage.
Grains mostly uniform, essentially as in the type, spheroidal or
slightly flattened when expanded, 21.6 to 25.1 1 in diameter.
Spine vestiges extremely minute but visible. = Besides the normal
grains there are a few that are tetracolpate and larger (27.5 u
in diameter).

A low perennial 10 to 20 in. high, with woody base, silky
canescent throughout. On dry plains and in rocky soil.  Minne-
sota to Saskatchewan, Yukon, Idaho, Nebraska, Texas, and
Arizona. July to October. An important cause of hayfex;er.

Artemisia dracunculoides Pursh. (4. dracunculus glauca
(Pallas) Hall, A. Dracunculus Pursh.) Indian wormwood, Linear-
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leaved wormwood. Orains extremely various, many of them
abortive, and many gilants with three or higher numbers of
furrows. Normal grains 20.5 to 27.9 p in diameter. Spine

vestiges extremely small but visible in most of the grains.

A glabrous perennial, 2 to 4 ft. high. Abundant on dry plains
and prairies. Manitoba to British Columbia, Illinois, Missouri,
Nebraska, Texas, Chihuahua, New Mexico, and California.
July to November. Next to A. {ridentata this is the most
plentiful species in North America and is known to be an impor-
tant cause of hayfever throughout a large part of its range
(Rowe, 1928; Selfridge, 1920; Hall, 1917).

Artemisia canadensis Michx. (4. campesiris borealis (Pallas)
Hall, A. peucedanifolia Juss.) Field sagewort, Canada sage.
Grains extremely various; many of them giants, abortive, and
with supernumerary furrows (e.g., 6, 9, and 12). Normal grains
essentially as in the A. tridentata type, 19.4 to 21 u broad and
17 to 18.5 u deep. Spine vestiges extremely small but generally
visible.

Stout herb 1 to 2 ft. high from a perennial creeping rootstock;
in rocky soil. Newfoundland to Hudson Bay, Maine, Vermont,
westward along the Great Lakes and to the Pacific Coast.
July to August.

Artemisia camporum Rydb. (4. campetris pacifica (Nutt.)
Hall, A. pacifica Nutt.) Field sagewort. Normal grains uniform,
essentially as in the type, 17.6 to 19.8 p in diameter but accom-
panied by many giant grains ranging in size from 24 to 33.6 p in
diameter and usually with supernumerary furrows (i.e., tetra-,
hexa-, and dodecacolpate) generally in the trischistoclasic system,
though there are some in which they are entirely irregular.
Texture coarse and conspicuously granular; spine vestiges
minute but conspicuous enough to always be seen with certainty.

Ontario to Saskatchewan, Yukon, Arizona, and Nebraska.

Artemisia pycnocephala (Less.) DC. (4. campestris pycno-
cephala (Less.) Hall). Grains essentially as in the type, uniform,
19.4 to 21.6 p in diameter and with furrows a little shorter than
in the type. Texture finely granular; spine vestiges minute but
always large enough to be seen with certainty.

A perennial with cespitose, woody base from which emerge
stalks bearing the inflorescences. Common on sea beaches,
central Oregon to Monterey, California. Said to be an important
cause of hayfever in regions where abundant (Rowe, 1928).
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Artemisia filifolia Torr. (4. plattensis Nutt.) Silvery worm-
wood, Band sagebrush. Grains as in the type, uniform, except
for a few that are abnormal, 22.8 to 24.5 u in diameter. Among
the abnormal grains are bicolpate grains with furrows opposite
and hexacolpate grains with furrows in the trischistoclasic system,
Spine vestiges generally not visible, though oceasionally a trace
of them may be seen.

A coarse, bushy shrub 1 to 3 ft. high, shedding large quantities
of pollen during the latter part of summer. Known to be the
cause of much hayfever in regions where abundant. Nebraska
and Wyoming to Nevada, Chihuahua, and Texas.

Artemisia tridentata Nutt. Common sagebrush (Plate XIII
Figs. 5, 6) type. Grains as in the generic description. Wheri
expanded oblately flattened, 25.1 to 28.5  in diameter and about
23.4 p deep. Texture coarsely and distinctly granular. Spine
vestiges generally entirely absent—in only a few grains can
traces of them be seen.

A coarse, bushy shrub or small tree, extremely abundant in
arid and semiarid regions: South Dakota and Montana to
British Columbia, Lower California, and New Mexico. July
to September. An important cause of hayfever. In some parts
of Arizona outranking the ragweeds (Phillips, 1923). In regions
o.f the Rocky Mountains, where the plant reaches its greatest
size, it causes a type of hayfever known locally as “mountain
fever.”

Artemisiastrum Palmeri (Gray) Rydb. (Ariemisia Palmers
Gray) Tall sagebrush. Grains uniform as in the Artemisia type
18.8 to 21.1 u in diameter. Spine vestiges entirely absent 01i
represented by doubtful traces.

A tall shrub with herbaceous branches, rather rare and of

loeal distribution in southern California and northern Lower
California.

AMBROSIEAE Racwusp Trise

Grains spheroidal or oblately flattened, 16.5 to 30 u in diameter
gen?r'aliy tricolpate; but in the pollen of some species tetracolpate’
grains  are frequent, and hexacolpate occasional. Furrows
various, long and tapering, of medium length or merely rounded
pits only slightly meridionally elongate, almost coinciding in
extent with their enclosed germ pores. Exine rather thick
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but generally less so than in the grains of entomophilous Com-
positae, more or less distinetly granular; generally provided
with spines which are short-conical or rounded, or vestigial,
less frequently with spines well developed and sharp pointed.

In the following discussion the ragweeds and their allies will
be treated as a tribe of the Compositae. In recent years Britton
and Brown and other authors of floras have chosen to give
the group the status of a family, making of the Compositae
three families, Ambrosiaceae, Cichoriaceae, and Carduaceae.
Bentham (1873) has truly stated that “the Compositae are at
once the largest, the most distinet, and the most uniform, and
therefore the most natural, of all orders of phenogamous plants”;
and Bentham’s statement still remains unchallenged. Since the
business of taxonomy is to show relationships and suggest the
trend of evolution, the breaking up of the most natural of all
orders of flowering plants is not in the best interests of taxonomy.

The relationship of the Ambrosieae to the other tribes of the
Compositae has been very definitely established as closest to the
Heliantheae, though some investigators have regarded it as
closer to the Anthemideae. Cassini (1834), the greatest of all the
carlier synantherologists, regarded the Ambrosieae as related
to the Heliantheae, also to the Anthemideae. Delpino (1871)
believed that they were related to the Anthemideae through the
Artemisias. Bentham (1873) stated, “They are, without doubt,
connected with Artemisia as well as with the Melampodineae,™
having much of the habit of the former and passing into the latter
through Parthenice; but geographically as well as structurally,
the relationship to the Melampodineae appears to me to be the
closest.” Small (1917) says, “The affinity between Iva and
Parthenice is so close that there can be no doubt of the systematic
position of the Ambrosiinae in the Heliantheae and . . . the
origin of the subtribe . . . via Parthenium and Parthenice.”
Moreover, the closeness of the relationship of the Ambrosieae
to the Heliantheae is abundantly attested by the morphology
of their pollen grains; consequently, the taxonomy might be even
better expressed by treating the Ambrosieae as a subtribe of
the Heliantheae, thus retaining the classification of Bentham
and Hooker (1873).

*The Melampodineae are a subtribe of the Heliantheae, including
Parthenium and Parthenice.
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There is wide variation of form in the pollen grains of the
Ambrosieac, and all the pollen characters which the members of
the tribe possess in common are likewise found in the other
tribes of the family, yet it is nearly always easy to recognize the
pollen grains of the Ambrosieae by the characters which they
possess individually. In spite of their wide variation the differ-
ent forms are clearly related to each other; they appear to repre-
sent stages in a progressive evolution of the pollen grains of this
group away from the basic thick-walled, echinate form, which
characterizes the family, and toward the smooth, thin-walled,
highly specialized form of the Euxanthium section of Xanthium.

The pollen-grain characters of the different species of the
Ambrosieae which appear to have distinctive or phylogenetic
value are listed in Table, VI and some of them illustrated in
Plate XIV.* The important points brought out here are the
marked differences in the size of the spines and length of the
furrows in the grains of the different genera. The spines show-a
more or less progressive reduction through the different groups,
from the completely echinate form of the grain of Ozxytenia
(Plate XIV, Fig. 1) to the nearly smooth form of the grain
of Huxanthium (Plate XIV, Fig. 7). The furrow likewise
shows a progressive reduction throughout the series. It is long
in the grains of most of the subtribe Iveneae but slightly reduced
in those of Huphrosyne and greatly reduced in those of Iva
(Plate XIV, Fig. 5). Tt is short in those of all the subtribe
Ambrosineae (Plate XIV, Figs. 6 to 8; Plate XIII, Figs. 710 9).
Correlated with the reduction of the spines and the Iength of the
furrow is a noticeable reduction in thickness of the exine. This
is not shown in the table, but it may be stated here that all the
long-furrowed grains, e.g., those of Oxytenia (Fig. 118), Chorisiva
(Fig. 119), and Cyclachaena (Fig. 120), i.e., those of all of the
Iveneae except Iva, have a noticeably thicker exine than those
of Jva and those of the Ambrosineae, which have reduced spines
and short furrows, e.g., Xanthium (Fig. 122) and Ambrosia
(Fig. 121).

Another point which is brought out by Table VIis thatin genera
which are represented by more than a single species the pollen

* The classification and nomenclature relating to the Ambrosieae (exelu-

sive of Xanthium) are used here as expressed by Rydberg (1916, 1922);
and that pertaining to Xanthium, by Millspaugh and Sherff (1916, 1922).
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Prarme XIV.—Pollen grains of the Ambrosieae and allied genera. 1_, Oxytenia
acerosa, side view, 18.1 w in diameter. 2, Chorisiva .nevadensw, ‘51de_v1ew, 16.5
in diameter. 3, Cyclachaena ambrosiaefolia, side view, 19 in d}ameter‘ 4,
The same in polar view. 5, Iva azillaris, side view, 20.9 u in diameter. E%,
Ambrosia psilostachya, side view, 23 u in diameter. 7, Xanthwm pgnnsylvam-
cum, side view, 23.4 u in diameter. 8, Xanthium cqtka?“tzcum, side v1ew,'20.9 "
in diameter. 9, Anthemis nobilis, side view, 23.1 p in dlarr}ete}'. IQ, Helmnthafs
annwus, side view, 27.7 p in diameter. 11, Parthenice mollis, side view, 15.8 p in

diameter.
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graing exhibit marked uniformity throughout the genus, and the
grains of most genera, except those which are admittedly very
closely related, present some distinguishing character. Thus it
is seen that in the grains of all four species of Cycluchaena
(Plate X1V, Figs. 3, 4) the furrows are long and constricted, the
grains are subechinate and flattened, and in size they vary only
from 17.8 to 19 u in diameter. In Dicoria the grains of the two

Frg. 118, Fic. 119, Fre. 120.

Fra. 121. Fia. 122.

Figs. 118-122.—Pollen grains of Ambrosieae, diagrammatic equatorial sec-
tions, showing progressive thinning of the exine and reduction in the size of the
spines through the ascending phyletic scale. Figure 118, Oxytenia acerosa;
Fig. 119, Choristva nevadensts; Fig. 120, Cyclachaena zanthifolia; Fig. 121,
Ambrosia elatior; Fig. 122, Xanthium speciosum.

species recorded in the table are subechinate, with furrows long
and constricted, and are practically identical with each other in
all other observable respects. In Ive the grains of all species
are subechinate, with the spines still further reduced, and in
size they range only from 19.1 to 21 u in diameter. Their most
striking character is their uniformly short furrows, a character
which separates them distinetly from the rest of the Iveneae
and stands in sharp contrast with the long-furrowed grains of
Cyclachaena, despite the fact that both C. zanihifolia and C,
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ambrostaefolia are regarded by many botanists as belonging to
the genus Iva.

In the grains of Ambrosia (Plate X1V, Fig. 6), and Acan-
thambrosia, which is admittedly very closely related to it, the
furrcws are short in the grains of all species; the grains are
subechinate, showing in this respect slightly less reduction in the
spines than do those of Hymenoclea or even most of the Ivas.
In size somewhat greater variation is found in the grains of these
two genera than in the others; still it is not extreme, ranging
only from 17.3 to 23 p in diameter.

In Franseria, which is regarded as a transition genus between
Ambrosia and Xanthium, the grains show a corresponding
variation. In Franseria fenuifolia they are subechinate, with
the spines quite as prominent as in those of Ambrosia. From
this condition the spines range downward in size through the
various species to those of the grains of F. ¢licifolia and F. deltoidea
in which they are represented by the merest traces. In fact the
grains of F. delioidea are scarcely distinguishable from those of
the various species of Euzanthium (Plate XIV, Fig. 7) in
which the spines are vestigial. It so happens that those species
of Franseria which are most like Ambrosia in their grosser
morphological characters have subechinate grains like those of
Ambrosta, while those that are most like Xanthium have nearly
smooth grains like those of Euxanthium.

In the grains of the genus Xanthium the most conspicuous
thing is the wide difference in form existing between those of the
two sections. In Acanthoxanthium the grains are small, with
spines rather well developed, fully as prominent as in those of
Ambrosia, while in FEuxanthium the grains are larger, and
invariably the spines are only vestigial. In view of the extreme
uniformity of pollen-grain form found in most of the other genera
of this tribe, this seems to be strong evidence that the two sec-
tions of Xanthium represent widely different genetic lines and
should not be retained within the same genus. Indeed, the
morphology of the plants themselves shows considerably more
difference between these two sections of Xanthium than exists
between the genera Ambrosia, Franseria, and Aconthambrosia,
80 on this ground alone, if these three genera are to be admitted,
the classification would be much more consistent if the two
sections of Xanthium were likewise given generic rank. The
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curious objection is offered to this procedure by American
systematists that there is but a single American species belonging
to the section Acanthoxanthium.

The grains of all species of the Ambrosieae are rather small,
the average of the species listed in the table.ranging from 14.8 to
26.4 p in diameter. At first sight this might be regarded as an
adaptation to wind pollination, but that this is not so is seen
from the fact that the most highly specialized group, Xanthium,
have the largest pollen grains, while the less highly specialized
genera, Ozytenia and Chorisiva, have the smallest; in other words
the development within the tribe has been toward an increase in
pollen-grain size. Strange as it may seem, this increase in size
in the development of the pollen grains of the Ambrosieae may
actually be a response to wind pollination, for, from a study of
wind-pollinated plants of other families, we find that neither
those with very small nor those with very large pollen grains
are ever wind pollinated but only those of intermediate size,
ranging generally between 17 and 40 u in diameter. The size of
Xanthium pollen grains thus appears to be the optimum.

The reduction in the size of the spines and the thinning of the
exine which are encountered among the Ambrosieae are almost
certainly the result of their anemophilous habit. We have
already seen that in groups where wind pollination is the rule
the pollen grains are without spines or conspicuous adornments
of any kind and with thin exines. This is true of such ane-
mophilous families as the Gramineae, Cyperaceae, Juglandaceae,
Betulaceae, and Chenopodiaceae and of Populus among the
Salicaceae, of Rumex among the Polygonaceae, and of Artemisia
and its allies among the Compositae. Here, again, among the
Ambrosieae is further evidence of the law that anemophily leads
to a thinning of the exine and a reduction of external adornments.

A graphical expression of the probable sequence of the characters
discussed above is displayed in Fig. 123. The grain of Oxyienia
is placed at the beginning of the sequence, representing the form
least removed from the basic echinate form of the Compositae,
1.e., least affected by anemophily. Its spines are sharp and prom-
inent, and its furrows are long and constricted at their ends.
By a simple reduction of its spines this form could have given
rise to that of Chorisiva, by a further reduction to those of
Cyclachaena and Dicoria, and by a still further reduction to that
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of Leuciva. The derivation of these four forms from that of
Oxytenia is accomplished solely by a reduction of their spines,
together with a slight increase in size, the other characters
remaining constant.

From such a form as that which characterizes the grains of
Cyclachaena and Dicoria, by a reduction in the length of the fur-
rows, could have arisen that of Fuphrosyne; and by a still further
reduction in the length of the furrows and of the size of the spines,
together with a slight increase in the size of the grains, could have
arisen that of the grains of Iva.

These seven genera constitute the subtribe Iveneae, which
are characterized by monoecism with the staminate and pistillate
flowers in the same heads, resembling in this respect section
Dracunculus of the genus Artemisia, where the condition is associ-
ated with and probably induced by anemophily. In Artemisia
it is associated with the most highly specialized forms and is as
far as the separation of the sexes is carried in that genus. But in
the Ambrosieae it is associated with the less highly specialized
forms, characterizing the Iveneae and serving to distinguish them
from the the more highly specialized Ambrosineae in which the
staminate and pistillate flowers are always borne in separate heads.

The separation of the sexes into staminate and pistillate heads
in the Ambrosieae is not accompanied by any abrupt change in
the forms of their pollen grains. Those of Ambrosia, Acanth-
ambrosia, Hymenoclea, and the Ambrosia-like Franserias, in all of
which the sexes are separate, are almost the same as those of
Iva, in which the sexes are united. Higher up the scale though,
in the grains of the Xanthium-like Franserias and of Euxanthium,
the reduction in size of the spine is resumed, and in the latter group
the spines are almost obliterated. In this respect Euxanthium
may be regarded as the climax development of the Ambrosieae.

Since the trend of development within the Ambrosieae is
toward a reduction in the thickness of the exine and the size of
the spines, a reduction of the length of the furrows, and an
increase in size of the grain, by reversing this we are able to say
that the ancestral form of grain must have been small, with
thick exine and well-developed, sharp spines and with long,
tapering furrows. Furthermore, the texture of the exine must
have been finely but distinctly granular, for this character is
fairly constant throughout the group.
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Fie. 123.—Phylogenetic arrangement of the genera of the Am.brosmae, ag inter-
preted from the morphology of their pollen grains.
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Which species among living forms comes nearest to satisfying
these requirements? As we have already seen, it is claimed by
Delpino and others that the relationship of the Ambrosieae is
primarily with the Anthemideae and by Bentham and by Small
that it is primarily with the Heliantheae through Parthenium and
Parthenice. Let us see how near the grains of the Anthemideae
come to fulfilling the requirements of the ancestral form. For
example, the grain of Anthemis nobilis (Plate XTIV, TFig. 9),
which is characteristic of that tribe, has short, heavy spines; its
furrows are rather long but are also very broad and not at all
constricted at their ends; the texture of the exine is much more
coarsely granular than that of any species of the Ambrosieae, and,
in size, the grain of Anthemis nobilis is about 23.1 win diameter—
much larger than demanded by the prototype. Clearly, this
form of grain is quite remote and not at all in line with the trends
within the Ambrosieae. Now let us see how near the grains of
Parthenice, among the Heliantheae, come to satisfying the require-
ments of the prototype. For example, that of P. mollis (Plate
XIV, Fig. 11) is small (15.4 pin diameter)—smaller than those of
either Ozytenia or Choriseva, as would be demanded by the upward
trend in size within the group. The grain of Parthenice mollis is
also echinate, provided with spines essentially the same as those of
Ozytenia. It is tricolpate, with long furrows reaching almost
from pole to pole and strongly constricted toward their ends,
and with the surface texture only finely granular. In all of these
characters it fulfills the requirements of the prototype almost
perfectly—certainly much better than the grains of any of the
Anthemideae. The grains of Parthenium are essentially the
same as those of Parthenice, except for their size, which is some-
what larger (15.4 to 22.7 u in diameter), in this respect, less in
line with trend in size within the group. Parthenice mollis is
regarded by Bentham as still closer to the Ambrosieae than
Parthenium; in keeping with this it has a grain serving better ag
our hypothetical prototype. The evidence of the pollen grain
therefore indicates that the Ambrosieae are connected with the
Heliantheae through Ozytenia among the former and Parthenice
among the latter. ‘

KeY v0 THE GENERA

I. Furrows more or less elongate, functioning as
harmomegathi.
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A. Furrows long and tapering, reaching almost from
pole to pole.
1. Echinate, provided with well-developed,
sharp spines; 16.5 to 19.1 p in diameter.
a. Spines about 2.5 ulong and 4.6 p apart. Oxyt.er}ia,
b. Spines about 1.1 g long and 3.4 p apart. Chorisiva
2. Bubechinate, with spines greatly reduced,
and somewhat rounded; 16.5 to 19.0 p in
diameter. Cyelachaena
3. Not echinate, spines represented only by
vestiges; about 20.9 u in diameter; spines .
2.3 to 2.8 u apart. Leuciva
B. Furrows short to medium length but clearly
functioning as harmomegathi. Grains about
16.2 p in diameter; spines greatly reduced,
almost vestigial, about 2.3 p apart. Euphrosyne
II. Furrows greatly reduced, without harmomegathic
funection, generally represented only by pits in the
exine and scarcely extending beyond their
enclosed germ pores.
A. Subechinate, with spines reduced but presenting
a conspicuous feature of the exine, 17 t0 26.2 »
in diameter. Hymenoclea
Tva
Ambrosia
Acanthambrosia
ACANTHOXANTHIUM
Franseria (in part)
B. Spines vestigial, usually represented only by
inconspicuous papillae. ' .
1. Grains about 20.3 u in diameter. Franseria deltoidea
2. Grains 22 to 30 u in diameter. BUXANTHIUM

Oxytenia acerosa Nutt. (Fig. 118; Plate XIV, Fig. 1). Grains
uniform, oblate-spheroidal, about 19.1 by 17.2 p. Furrows long
and tapering, almost meeting at the poles ; germ pores rather
large and generally somewhat bulging. Exine thick, finely
but distinctly granular. Spines conical and sharp, about 2.5 u
long and 4.6 p apart. ' .

Monoecious shrubs 3 to 6 ft. high, with canescent, pinnatifid
leaves. In dry and sandy places; southern Colorado, southern
Utah, Arizona, and southeastern California. Flowers in August.
Not known to cause hayfever.

Chorisiva nevadensis (Jones) Rydb. (Iva nevadensis Jones)
(Fig. 119; Plate XIV, Fig. 2). Grains similar to those of Oxytenia,
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uniform in size, less flattened, about 16.5 p in diameter. Spines
about 1.1 1 long and about 3.4 x apart. Exine finely granular.

A low, diffusely branched annual 4 to 8 ft. high, with canescent,
pinnately cleft leaves. Deserts, Nevada.

CYCLACHAENA Fresn.

Grains oblate-spheroidal, 16.7 to 19 4 in diameter, subechinate,
with spines more or less conspicuous, 2.3 to 4 u apart. The grains
are generally tricolpate, but in the pollen of some species a small
proportion are tetracolpate. The furrows are always long and
tapering, almost meeting at the poles and obviously funectioning
as harmomegathi. Exine rather thick and finely but distinetly
granular. These grains differ from those of Ozxytenia and
Chorisiva only in their smaller spines. Those of the four species
of the genus are virtually indistinguishable from each other;
the only observable differences between them are that the spines
of Cyclachaena zanthifolia and C. pedicellata are slightly larger
and farther apart than those of €. ambrosiaefolia and C. lobata,
and in the pollen of C. zanthifolia are found a few grains with
four instead of the usual three furrows. But these distinctions
are too slight to be relied upon as criteria. f

The genus includes four species of coarse annuals, mostly of
arid and semiarid regions of the southwestern United States and
Mexico. They are quite distinet from Iva, though frequently
treated as a section of that genus. Though all possess the
characters of hayfever plants, only C. zanthifolia is known to be
a cause of hayfever.

Cyclachaena xanthifolia (Nutt.) Fresn. (Iva xanthifolia Nutt.,
Euphrosyne xanthifolia Gray) Prairie ragweed, Burweed, Horse-
weed, Careless weed (Fig. 120; Plate X1V, Figs. 3,4). Grains as
in the generic description, 17.6 to 19.8 u in diameter, spines
2.3 to 3.4 u apart.

A tall, coarse annual, 2 to 6 ft. high, in waste places, Illinois
to Saskatchewan, Idaho, New Mexico, Texas, and Missouri.
Flowers July and August, shedding large quantities of pollen
which is the cause of much hayfever in regions where the plant
is abundant. Mullin (1922) states that in Colorado 27 per cent
of the hayfever patients react to this pollen ; Hall (Scheppegrell,
1917) states that in the Rocky Mountain and Pacific coast states



528 POLLEN GRAINS

prairie ragweed ranks as a hayfever plant next in importance
to Artemisia.

This plant is perhaps more frequently known by its synonym
Iva xzanthifolia, which is a misnomer. And, because of its mis-
taken association with the genus Iva, it is frequently called marsh
elder. In hayfever studies it is generally known as “burweed
marsh elder.” ‘

Cyclachaena pedicellata Rydb. Grains as in the generic
description, 17.6 to 18.7 u in diameter, about 15.4 x measured
through their polar axes. Spines 2.8 to 4 u apart.

A tall annual herb, similar to the preceding but less common.
New Mexico and western Texas.

Cyclachaena ambrosiaefolia (Gray) B. & H. (Huphrosyne
ambrosiaefolia  Gray, Iva ambrosiaefolia Gray) (Plate XIV,
Figs.3,4). Asin the generic deseription, 18.7 to 20 u in diameter.
BSpines 2.3 to 2.8 u apart.

A low annual herb, about 114 ft. high. Texas to Arizons,
Zacatecas, and San Luis Potosi. ‘

Cyclachaena lobata Rydb. Grains as in the generic descrip-
tion, 16.5 to 18.7 p in diameter. Spines 2.3 to 3.4 p apart.

A little-known annual, California.

DICORIA T. & G. Dicoria

Grains similar to those of Cyclachaena, uniform, oblate-
spheroidal, 16.5 to 18.7 u in diameter; subechinate, spines
2.3 to 3.4 u apart; tricolpate, furrows long and tapering but less
extended than in the grains of Cyclachaena. Exine distinctly
but finely granular. The graing of the two species here described
are identical in appearance. ‘

The genus contains about seven species of annual or bienr%za.l
herbs, sometimes with a woody base; inhabiting the arid regions
of southwestern United States and Mexico. Known to be
capable of causing hayfever but unimportant in this respect
owing to their restriction to desert regions.

Dicoria canescens Gray (D. calliptera Rose & Standl.).
Annual herb 2 to 4 ft. high. Desert wastes. Arizona, southern
California, and Utah. Flowers June to November.

Dicoria Brandegei Gray. A diffusely branching cinereous
herb 1 to 3 ft. high. Sandy bottoms. Southern Colorado to
southern Utah to Arizona. Flowers in August.
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Leuciva dealbata (Gray) Rydb. (Jva dealbata Gray). Grains
somewhat various, nearly one-half of them tetracolpate, with
furrows arranged in the trischistoclasic system. Normal tri-
colpate grains similar to those of Cyclachaena, oblately flattened,
about 22 by 19.4 u, subechinate, with spines very small, almost
vestigial and only slightly more prominent than those of the
grains of Cyclachaena. Texture rather coarsely and distinctly
granular.

Low tomentose annual, about 114 ft. high. Of deser$ regions.
Texas, New Mexico, Coahuila, and Chihuahua. This species
was formerly included in the genus Jva but appears to be more
closely related to Cyclachaena.

Euphrosyne parthenifolia DC. (Gymnosiyles  parthenifolia
Moc.). Grains uniform, oblately flattened, subechinate, with
spines almost vestigial. Furrows short and tapering but
obviously functioning as harmomegathi, though less effectively
than those of Cyclachaena. Germ pores slightly larger than in
the preceding species. :

Perennial herb about 214 ft. high. Mexico.

HYMENOCLEA T. & G. GrREASEBUSH

Grains mostly uniform, oblately flattened, 18 to 19.6 4 in
diameter, subechinate, with spines greatly reduced, almost
vestigial. Furrows short but meridionally extended beyond
the pore as pointed projections. Pores small, elliptical, about
2.7 wlong, with their long axes directed meridionally. Obviously,
neither the pores nor the furrows of these grains are sufficiently
developed to accommodate changes in volume. The exine,
however, is thin, and when the grain contracts it is drawn
inward, forming three deep meridional depressions with the
pores at their bottoms. Exine finely but distinctly granular.

The grains of the three species here recorded are practically
identical, except that a large proportion of those of H. MONOGYTa
are tetracolpate.

Dioecious shrubs with unisexual flower heads, the pistillate
one-flowered and with the involucre dilated to form a number of
transverse wings. In distribution confined to desert regions
of southwestern United States and Mexico. The pollen of
several species is known to be an active cause of hayfever, but,
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owing to their restriction to deserts, the shrubs are not often
important in this respect.

Hymenoclea Salsola T & G. (H. polygyra Delpino). A large
shrub 3 to 6 ft. high. Southern Utah and Arizona to California
and Lower California.

‘Hymenoclea fasciculata A. Nels. A low shrub, 1 to 3 ft. high.
Nevada.

Hymenoclea monogyra T. & G. A large shrub 3 to 12 ft. high.
Western Texas and Coahuila to southern California and Sinaloa.

IVA L. MagrsH SLDER, POVERTY WEED, BOZZLEWEED, SALT SAGE

Grains oblate-spheroidal, 19 to 21 p in diameter, subechi-
nate, with spines relatively small, less prominent than those of
Ambrosia elatior. Furrows very short, merely pits slightly
elongate meridionally and without harmomegathic function.
Exine finely but distinctly granular. In general these grains
are similar to those of Hymenoclea but somewhat larger. Those
of the four species recorded here are practically identical, except
for slight differences in the size and distance apart of their spines.
Their size is always too small to measure, but they vary in
distance apart from 2.3 to 4.9 p.

The marsh elders are perennial or annual herbs or shrubs
resembling the ragweeds but generally growing in swampy or
moist places. The genus contains about 15 species, native of
North America. They all shed large quantities of pollen which
produces hayfever symptoms similar to those caused by ragweed.

Iva oraria Bart. (I. frufescens Bigel.) Marsh elder, High-water
shrub. Grains as in the generic deseription, 21 to 22 p in diam-
eter. Spines 4 to 4.9 p apart. July, August.

A common shrub on banks of tidal streams and in salt marshes,
along the Atlantic coast from Massachusetts to Virginia. Its
pollen produces skin reactions with ragweed-hayfever patients
but, owing to the localized distribution of the plants, is not a
serious cause of hayfever.

Iva frutescens L. Marsh elder, High-water shrub. Grains
identical in every respect with those of the preceding species.

The plants themselves differ from the preceding species only
in their geographical distribution which extends, in similar
habitat, from Virginia to Florida and Texas, and in the slightly
smaller size of their involucres and achenes, characters of doubt-
ful value in specific distinctions.
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Iva ciliata Willd. (I. annue Michx.) Rough marsh elder.
Grains about 21 p in diameter, similar to those of 7. oraria but
with their texture more coarsely granular and spines slightly
larger, 3.4 to 4.6 u apart.

A coarse annual 1 to 6 ft. high, resembling Ambrosia, generally
in moist soil.  Illinois to Nebraska, New Mexico, and Louisiana.
Flowers August to September, shedding large quantities of
pollen which is the cause of much hayfever.

Iva axillaris Pursh. (/. foliosa Nutt.) (Plate XIV, Fig. 5.)
Small-flowered marsh elder, Poverty weed. Normal grains
19.8 to 22 p in diameter, similar to those of I. oraria. Spines
very small, about 2.8 p apart. A large proportion of the grains
tetracolpate or variously irregular.

Low, perennial weed with leafy, herbaceous stems rising 1 to
2 ft. high from a woody base; common in alkaline or saline
meadows. Manitoba to Oklahoma to New Mexico to California
to British Columbia. Flowers from May to September, shed-
ding much pollen which certainly causes some hayfever in
regions where abundant. It is regarded by Rowe (1928) as
unimportant in this respect in California but is stated by Hall
(Scheppegrell, 1917) to be next in importance to sagebrush.

Iva Hayesiana Gray. Normal grains rather uniform in size,
21 to 22 u in diameter. Spines small, almost vestigial as in
Xanthium, 2.8 to 3.4 p apart. Many grains tetracolpate or
variously irregular.

A bushy perennial about 3 ft. high; southern California,
Lower California, and adjacent islands. Its pollen probably
causes some hayfever in regions where abundant.

Iva angustifolia Nutt. Grains uniform, about 19.2 x in
diameter. Spines similar to those of I. oraria, about 3.4 u apart.

A slender annual 1 to 3 ft. high. Gravelly banks and ponds.
Arkansas, Oklahoma, Louisiana, and Texas.

Iva cheiranthifolia H. B. K. Grains uniform, about 20 p in
diameter; subechinate, with spines rather prominent, 2.8 to
3.4 u apart.

Bushy perennial. Banks of streams and coastal plains.
Cuba and the Bahamas.

AMBROSIA L. Racweep

Grains oblate-spheroidal, 17 to 24 p in diameter, subechinate,
with spines too short to be conveniently measured but various
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in size and various in their distance apart among the different
species from 2.3 to 4.3 p. Furrows short, not at all or only
slightly elongate in a meridional direction, virtually coinciding
in extent with the germ pores. Exine rather thin, always
conspicuously granular. The pollen of the different species can
occasionally be distinguished from each other by the diameter of
the graing, the size and distance apart of their spines, and the
presence or absence of tefracolpate grains. But these disfine:
tions are generally rather slight and of difficult application.

The ragweeds are monoecious, branching herbs, notorious for
the enormous quantities of pollen that they produce, and among
them are counted the worst known causes of hayfever. The
genus consists of about 15 species of wide distribution in North
America.

KeY 1O THE SPBCIES

I. Grains 17 to 20 p in diameter.

A. Spines comparatively large, 3.4 to 4.3 p apart. . bidentata
. trifida
. elatior
. aptera
. cumanensis
. tenuifolia
. peruviana
. psilostachya
. coronopifolia
. hispida

Ambrosia elatior L. (4. artemzsiaefolia 'T. & G.). Common or
Short ragweed (Plate XIII, Fig. 7) type. Grains spheroidal
or slightly oblate, uniform, nearly always tricolpate, rarely
tetracolpate, 17.6 to 19.2 p in diameter (average 18.3 u), sub-
echinate. Spines flat-conical, scarcely pointed at their tips,
about 2.8 p apart. Fxine rather thin and flexible, distinetly, and
comparatively coarsely, granular. Furrows short, merely small
pits, almost coinciding with their enclosed germ pore.

These grains may be distinguished from those of A. #rifida by
their larger average diameter, and by the smaller size, less pointed
character, and closer arrangement of their spines. They may
be distinguished from those of A. psilostachya and A. coronopifolia
by their smaller average size, smaller and more closely arranged
spines, and the almost total absence of tetracolpate grains which
characterize the pollen of the two latter species.

B. Spines comparatively small, 2.3 to 3.4 n apart.

I1. Grains 22 to 30 x in diameter.

P e
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A coarse, branching annual with fibrous roots, a pernicious
weed of cultivated fields throughout the northern part of the
United States and adjacent Canada, though less abundant west-
ward. It is known to consist of several slightly differing races,
and, though all are probably equally active in producing hay-
fever, there is evidence that some of them possess slight immuno-
logical distinctions. August to October.

Ambrosia psilostachya DC. (Plate XIII, Fig. 8; Plate X1V,
Fig. 6) Western ragweed. Grains spheroidal or oblately flat-
tened, somewhat various in size, 22 to 24.7 p in diameter, tri-
colpate or tetracolpate with about equal frequency. Spines
larger than those of the grains of A. elatior, resembling those of
irifida, 2.8 to 3.4 p apart.

Bushy herbs from perennial, creeping rootstocks; similar in
outward appearance to A. elatior but distinguished by their
perennial habit. Louisiana to New Mexico and Tamaulipas.
August to October. A frequent cause of hayfever.

Ambrosia coronopifolia T. & G. (A. psilostachya Gray) Western
ragweed. Grains identical with those of the preceding species—
a similar proportion of them tetracolpate.

The plants of this species are distinguished from those of
A. psilostachya only by the relatively unimportant technical
characters of the presence on their fruit of fewer and less pointed
tubercles and the absence of pustulate bases to the hairs of their
leaves. In view of the identity in form of their pollen grains and
the presence of the same proportion of tetracolpate grains among
both, it seems likely that these two species should be merged.

The present species (generally spoken of as A. psilostachya)
is extremely abundant in lowland and waste places. Ilinois to
Saskatchewan, Texas, Mexico, and California. Throughout
much of its range it is the cause of a large proportion of all the
hayfever oceurring during its flowering period, from July to
October.

Ambrosia hispida Pursh. (4. maritime TFerrero). Grains
oblate, rather various, 22.8 to 28.5 u in diameter, many tetra-
colpate which may or may not be giants. Spines similar in
appearance to those of A. elatior, 2.9 to 4 p apart.

Sea beaches, southern Florida and West Indies. Flowers
almost throughout the year but is not regarded as a serious cause
of hayfever.
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Ambrosia trifida L. Tall or Giant ragweed (Plate XIII,
Tig. 9). Grains uniform, spheroidal or somewhat oblately
flattened, 16.5 to 19.2 u in diameter (average 17.7 u), with spines
relatively large and distinctly sharp pointed, about 3.4 u apart.
Texture distinctly granular.

These grains can be distinguished from those of A. elatior
by their smaller average size and by their spines which are slightly
larger, more sharply pointed, and farther apart. They can be
distinguished from those of A. psiosiachya and A. coronopifolia
by their smaller size and the almost total absence of tetracolpate
grains which characterize the pollen of the two latter species.

A coarse, annual weed, characteristically branching at the
base, reaching a height of 13 ft.; with leaves undivided, three
parted or five parted, and their petioles marginate. FExceedingly
common throughout the northern part of the United States and
adjacent Canada, less abundant westward. It sheds enormous
quantities of pollen from early August until killed by frost. Its
pollen and that of A. elatior, with which it is frequently asso-
ciated, are the cause of most of the late summer hayfever in
the northeastern United States.

Ambrosia aptera DC. (4. irifida fexana Scheele). Grains
oblate-spheroidal, about 18.2 p in diameter, excepting a few
giants which are about 22 p in diameter; apparently always
tricolpate. Spines distinctly sharp, resembling those of the
grains of 4. {rifide, 2.6 to 3.1 u apart.

A tall annual, 3 to 15 ft. high, closely resembling A. trifida
but may be distinguished from it by the lack of lateral wings on
its petioles and its habit of branching high up instead of at or near
the ground. Louisiana to Arizona and adjoining Mexico. The
cause of much hayfever in regions where abundant but not
generally distinguished from A. irifide in hayfever studies.

Ambrosia cumanensis H. B. K. Grains oblate-spherocidal,
uniform, 17.3 p in diameter, with spines greatly reduced, similar
to those of A. elatior, 2.8 to 3.4 u apart.

A bushy perennial, 214 to 6 ft. high. Mexico to Colombia,
Brazil, and Cuba. Not known to cause hayfever.

Ambrosia bidentata Michx. Grains uniform, oblate-spher-
oidal, 19.8 to 21 u in diameter. Spines sharp and rather promi-
nent, similar to those of 4. trifida, about 4.3 u apart.

A low, hirsute annual, usually much branched, 1 to 3 ft. high.
Prairies, Illinois, Kansas, Louisiana, and Texas. July to Sep-
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tember. Known to be the cause of some hayfever within its
somewhat restricted range, though in hayfever studies it is not
generally distinguished from the other species of Ambrosia with
which it is usually associated.

Ambrosia tenuifolia Spreng. Grains uniform, oblately flat-
tened, 19.8 to 25 u in diameter, with spines rather prominent;
similar to those of A. trifide, 2.8 to 3.4 u apart.

A low annual 1 to 2 ft. high. Native of Argentina and Uru-
guay but naturalized in Louisiana and Puerto Rico.

Ambrosia peruviana Willd. (4. artemisiaefolia Benth.).
Grains uniform, oblately flattened, 17.6 to 19.8 p in diameter.
Spines greatly reduced, similar to those of A. elatior, 2.6 to
3.4 u apart.

An annual or perennial herb 2 to 6 ft. high. Jamaica, Puerto
Rico, Mexico to Chile and Paraguay.

Acanthambrosia Bryantii (Curran) Rydb. (Franseria Bryantii
Curran). Grains somewhat various, about one-quarter of them
having four instead of the usual three furrows. Normal grains
spheroidal or slightly oblate, 22 to 23.1 p in diameter. Spines
small, similar to those of A. elatior, 3.7 to 4.6 u apart.

A low shrub. Lower California.

FRANSERIA Cav. (Gaertneria Medic.) FALSE RAGWEED

Graing similar to those of Ambrosia, oblate-spheroidal in
shape, 18 to 23.5 p in diameter, subechinate, the spines various
in size, in some species vestigial.

The false ragweeds are annual or perennial herbs or shrubs, to
be distinguished from the true ragweeds only on minor technical
details. They likewise shed large amounts of pollen which
causes much hayfever, mostly during the latter part of summer.

Franseria tenuifolia Harv. & Gray (Gaertneria fenuifolia Ktze.,
Xanthium tenuifolium Delpino). Slender ragweed. Grains vari-
ous; many of them tetra- and hexacolpate, and these may or
may not be giants. Normal grains 19.8 to 22 u in diameter.
Spines slightly more prominent than those of Ambrosia trifida,
the most prominent observed in the genus, about 1.5 u long and
3.3 to 3.4 p apart.

A perennial herb, in general appearance resembling western
ragweed and frequently confused with Ambrosia tenuifolia, which
it resembles even more closely. “It grows in warm dry districts
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from the westerly part of the Mississippi valley to Colorado,
Nevada and southern California and ranges southward to Texas.”
(Hall in Scheppegrell, 1917.) Flowers May to November and
is the cause of much hayfever in Arizona (Phillips, 1923) and in
California (Selfridge, 1920).

Franseria dumosa Gray (Gaerineria dumosa Ktze.) Sandbur.
Grains uniform, 19.8 to 24.2 u in diameter. Spines small, less
prominent than those of Ambrosia elatior, 2.8 to 3.4 p apart.

“A low spreading, white-stemmed shrub, with brittle, woody
branches. It grows in great abundance on the hot dry deserts
from southern Utah to southeastern California and southern
Arizona.” (Hall in Scheppegrell, 1917.) Flowers March to June
and is known to cause much hayfever.

Franseria acanthicarpa (Hook.) Coville (F. Hookeriana Nutt.,
Gaertneria acanthicarpa Britt., Ambrosia acanthicarpa Hook.)
Bur ragweed. Grains uniform, 18.7 to 20.3 u in diameter.
Spines less prominent than those of Ambrosig elatior, 2.8 t0 3.7 1
apart.

A spreading, bushy annual or biennial weed with ashy-gray
leaves, somewhat resembling western ragweed. It inhabits
sandy plains and is common in arid sections from the Rocky
Mountains nearly to the Pacific coast. In California, Oregon,
and Washington it is restricted to the eastern or drier parts of
the states. Flowers from August to December and is the cause
of much hayfever throughout a large part of its range (Phillips,
1922, 1923; Selfridge, 1920).

Franseria ilicifolia Gray (Gaertneria ilicifolia Ktze.). Grains
various, but apparently none has supernumerary furrows, 20.9
to 22 p in diameter. Spines vestigial, only slightly more promi-
nent than those of the grains of Euxanthium, 2.8 to 2.9 w apart.

A shrubby perennial about 3 ft. high. Arizona, southern
California, and Lower California. Not known to cause hayfever.

Franseria albicaulis Torr. Grains uniform, rarely tetra-
colpate, about 18.7 u in diameter. Spines small, less prominent
than in the grains of Ambrosia elatior.

A low, branching shrub, finely tomentose when young. South-
ern California to southern Utah, Sonora, and Lower California.
Not known to cause hayfever. '

Franseria bipinnatifida Nutt. (Gaertneria bipinnatifide Ktze.,
Ambrosia  bipinnatifolia  Greene). Beach sandbur. Grains
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rather uniform, 22.5 to 25.3 p in diameter; a few tetracolpate.
Spines almost vestigial only slightly more prominent than in the
graing of Euxanthium.

A low, spreading herb of sea beaches and sand dunes, occa-
sionally elsewhere in waste places. Flowers from April to
December and is believed to be an important cause of hayfever
in California (Rowe, 1928).

Franseria deltoidea Torr. (Gaerineria delioidea Ktze.) Canyon
ragweed, Rabbit bush. Grains uniform, 20.3 to 22 ¢ in diameter.
Spines vestigial as in the grains of Euxanthium.

A shrubby perennial with finely tomentose branches. South-
ern Arizona. Flowers in spring and early summer and is an
important cause of hayfever (Watson and Kibler, 1922; Phillips,
1923).

XANTHIUM L. CockLEBUR

Bection 1. Acanthoxanthium. Grains subechinate, with the
spines prominent and sharp pointed, larger than those of the
grains of Ambrosia trifida, 3.4 to 5.1 u apart. Furrows extremely
short, only slightly extended beyond the small germ pore which
each encloses. Texture finely but conspicuously granular. The
grains of the three species here included are virtually alike but
are entirely dissimilar from those of all the species of the second
gection of the genus, Fuxanthium, in their smaller size and much
larger spines (Plate X1V, Fig. 8).

Xanthium spinosum L. (Acanthovanthium spinosum Fourr.)
Spiny clothbur, Clotweed, Burweed. A large, coarse annual
herb with dark-green leaves, smooth and shining on the upper
surface and armed with conspicuous three-pronged axillary
spines.

Sporadically introduced almost throughout the United States,
particularly abundant in California where it is regarded as an
important cause of hayfever (Rowe, 1928). June to November.
Native of the Mediterranean region and Australia.

Xanthium ambrosioides B. & H. Grains uniform, as in the
sectional description.

Xanthium catharticum Kth. (Plate XIV, Fig. 8). Grains as
in the sectional description.

Section 2. Euxanthium. Grains spheroidal, mostly larger
than those of section Acanthoxanthium, 22.1 to 29.1 v in diam-
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eter, with spines vestigial, generally scarcely apparent, 2 to 2.8 4
apart. Furrows short, scarcely extending beyond their enclosed
germ pore. Exine thin, collapsing easily as the grain shrinks,
rather coarsely and conspicuously granular. There is scarcely
any difference between the grains of the following species, except
possibly in their size and in the distance apart of their spine
vestiges.

Coarse, branching, rough, annual herbs. About 15 species
of wide geographical distribution. Most of them produce large
amounts of pollen which is known to give reactions by skin test
with hayfever patients but generally less than the ragweeds, and
several of them are important causes of hayfever.

Xanthium speciosum Kearney. Great clotbur (Fig, 122).
Grains as in the sectional deseription.

A coarse and very stout weed 3 to 415 ft. high. North Dakota
to Wisconsin, Tennessee, Montana, Nebraska, and Texas.
August to September. An important cause of hayfever, pro-
ducing more pollen than most of the other species.

Xanthium strumarium L. (X, brevirostre Wallr.). Grains as
in the sectional description.

Coarse, branching, pubescent herb about 3 ft. high. Native
of Europe, introduced into California and Massachusetts.

Xanthium globosum Schull. Grains as in the sectional
description.

Low, spreading herb with reddish, purple, or straw-colored
stems. Missouri and Kansas. ,

Xanthium pennsylvanicum Wallr. (Plate XIV, Fig. 7). Grains
as in the sectional description.

Coarse, scabrous herbs, about 214 ft. high. Throughout the
United States and adjoining Mexico and in the Hawaiian islands.

Xanthium chinense Mill. (X. longirostre Wallr., X. canadense
Rowlee.). Grains as in the sectional description.

Coarse, robust herbs, reaching a height of 6 ft. Ontario to
Massachusetts, Florida, Texas, and rarely California, Mexico,
and throughout the West Indies.

GLOSSARY

Abporal lacuna, a lacuna meridionally opposite a germ pore. It may be
closed as in the grain of Scolymus (Plate X1, Fig. 1), communicate with
its adjoining poral lacuna as in that of Tarazacum (Plate XI, Fig. 2),
or, if the poral lacuna is absent, it may communicate with its meridion-
ally opposite abporal lacuna.

Acolpate, without furrows or pores. See Colpate.

Aspidate, bearing aspides.

Aspis, pl. aspides, a shield-shaped, subexineous thickening surrounding a
germ pore,

Bladder, see Wing.

Cap or disk, the thickened dorsal surface of the winged grains of the Abie-
tineae and Podocarpineae.
Circumpolar lacunae, those lacunae, generally six in each hemisphere,
surrounding the polar lacuna or polar thickening in lophate grains.
Colpate, possessing germinal furrows or harmomegathi, generally used with
numerical prefixes as mono-, di-, and tri-, signifying the number of
furrows (Gr. rkéAros, a fold).

Cribellate, possessing & number of rounded germinal apertures more or less
equally spaced. Example: Salsola pestifer (Plate VIII, Fig. 4) (Lat.
cribellum, a little sieve.)

Disk, see Cap.
Dorsal, the side of the grain turned inward in the tetrad and opposite the
furrow in monocolpate grains; opposed to ventral (q.v.).

Echinate, provided with long or conspicuous and generally sharp, pointed
spines, e.g., the grains of Solidago (Plate X1, Fig. 4) and Oxytenia
(Plate XTV, Fig. 1) (Gr. éxives, a hedgehog).

Echinolophate, lophate, with the ridges bearing spines on their crests.

Emphytic characters, those that are the result of a specifically inherited cell
form (Gr. Zuduros, innate).

Equator, the great circle midway between the two poles and dividing the
grain into two polar hemispheres.

Equatorial lacuna, a lacuna situated on the equator between two germ pores
and as much in one polar hemisphere as the other. It may be remote
from contact with the pores or poral lacunae, as in the grains of Vernonia
Jucunda, or in contact with one of them, as in those of Scorzonera
(Plate XI, Fig. 5), or with two of them, as in those of Tragopogon
(Plate X1, Fig. 4).

541
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Equatorial ridge, an interlacunar ridge extending from pore to pore along
the equator in lophate grains. It may be continuous, as in the grains
of Taraxacum (Plate XI, Fig. 2), or interrupted to admit the equatorial
lacunae when these are present, as in the grains of Scorzonera hispanica
(Plate XI, Fig. 5) and Tragopogon pratensis (Plate X1, Fig. 4).

Furrow, see Germinal furrow and Harmomegathus.

Furrow membrane, the area of the exine enclosed by the germinal furrow,
generally a delicate elastic membrane which stretches as the furrow
opens, e.g., in the grains of Solidago speciosa (Plate XI1, Fig. 4).

Furrow rim, the lip of the furrow, the edge or fold of exine bounding the
furrow, sometimes thickened and in the winged grains of the Podo-
carpineae, bearing the ventral roots of the bladders.

Germinal aperture, a hole in the furrow membrane through which the germ
pore protrudes. The term is also used to designate the rounded
apertures which frequently occur in the general surface of the exine in
the absence of germinal furrows, e.g., in the grains of Salsola pestifer,
though these should probably be regarded as germinal furrows which
are rounded in form and coineciding in extent with their enclosed germ
pores.

Germinal furrow, a longitudinal groove or opening in the exine, either
enclosing a germ pore or serving directly as the place of emission of the
polien tube, also generally serving as a harmomegathus (q. v.). ©

Germ pore, a pollen-tube anlage or the place of emergence of the pollen tube,
generally denoted by a rounded papilla, e.g., in the grains of Eriegonum
gracile (Plate VIII, Fig. 6). Germ pores are generally enclosed in a
germinal furrow as in the above example, but they may penetrate the
exine directly, e.g., in the grains of Salsola pestifer (Plate VIII, Fig. 4).
Cf. Germinal aperture. ¢

Haptotypic characters, those which are due to internal or prenatal environ-
ment, such as the stimuli received by a developing pollen grain from
contacts with its neighbors (Gr. &rrew, touch, and rvmée, make an
impression).

Harmomegathus, an organ or mechanism which accommodates a semirigid
exine to changes in volume, e.g., the three germinal furrows of the
grains of Solidago speciosa (Plate XII, Fig. 4).

Harmomegathy, volume-change accommodation (Gr. &puéte, accommodate
or adapt, and uéyafos, size).

Heterotasithynic, due to unequal lateral stresses, i.e., bilateral stresses,
the forces which produce vertical cracking in a wall. This is due to a
lateral shrinking at right angles to the vertical thrust of gravity.
Such an effect is encountered in the oblong pollen grains of Impatiens,
with four furrows, one at each corner of the grain and not arranged in
the trischistioclasic system (Gr. érepos, other, rdous, & straining, and
i86vero, in a straight line).
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Intercolpar, between the furrows.

Intercolpar thickening, thickened areas in the exine, e.g., in the grains of
Chorizanthe pungens (Plate VIII, Fig. 3).

Interlacunar ridge, one separating lacunae from each other in lophate
grains, e.g., those of Tarazacum officinale (Plate X1, Fig. 2).

Interporal lacuna, a lacuna situated between, and bounded on one or two
sides by abporal lacunae and wholly within one polar hemisphere
in lophate grains, e.g., those of Scorzonera hispanica (Plate XI, Fig. 5).

Isometrie, equal space appropriation, used here in a sense slightly modified
from the usual meaning, characterized by equal measure, to describe
the arrangement of spines and, oceasionally, of pores which tend to be
arranged at equal distances in all directions from each other.

Isotasithynic, due to equal lateral stresses, the forces which produce tri-
schistoclasis, tending to form hexagons on a plane surface or hexagons,
pentagons, squares, and triangles on a spherical surface, e.g., eracks in a
plaster wall, caused by the shrinking of the plaster equally in all direc-
tions. Stands in contrast to heterotasithynic (Gr. foos equal, rdous, a
straining, and i8ivero, in a straight line).

Lacuna, a large pit or depressed space in the exine of lophate or reticulate
grains. Lacunae are never germ pores or furrows but may be occupied
by one or the other of them.

Limb, the visual boundary or edge of the apparent disk of a sphere. In
pollen grains it is the same as the equator only when the grain is viewed
with one of the poles exactly uppermost.

Lophate, with the outer surface thrown into ridges, anastomosing or free,
as for example in the grains of Pacouring edulis (Plate XII, Fig. 1) or
Taraxacum officinale (Gr. Nodos, a crest).

Luae, an area on the surface of a sphere bounded by arcs of two great
circles passing through the poles.

Marginal ridge, the slightly projecting rim of the cap or disk, e.g., in the
grains of Pinus (Fig. 78).

Monocolpate, having a single germinal furrow or harmomegathus on one
side of the grain. Example: Ginkgo biloba (Plate II, Tig. 6). If the
grain is encircled by a single furrow, it is regarded as dicolpate or
zonate.

Operculum, a thickening, of measurable bulk and clearly defined, of the
pore membrane. Example: grass pollen (Plate V, Figs. 2, 3), Castalia
(Plate VI, Fig. 1).

Paraporal lacuna, a lacuna adjoining on one side a poral lacuna and wholly
within one hemisphere, ¢.g., in the grains of Tarazacum officinale (Plate
X1, Fig. 2).

Paraporal ridges, the ridges bounding the germinal furrows and extended
in a meridional direction, e.g., in the grains of T'ragopogon pratensis
(Plate X1, Fig. 4).
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Polar hemisphere. See Equator and Pole.

Polar lacuna, the one or more lacunae at the pole or center of symmetry
in lophate grains in which the pattern is radiosymmetrical or nearly so.
When there are more than one at each pole they are polar lacunae,
unless, by definition, they are interporal or abporal lacunae. Example:
the grain of Barnadesia trianae (Plate XII, Fig. 6) and Barnadesia
venosa (Plate X1, Fig. 7).

Pole, one of the extremities of the axis of symmetry of radiosymmetrical
pollen grains. If there is more than one such axis of symmetry, the
word applies only to the extremities of the axis which is directed toward
the center of the tetrad or was so directed during the grain’s formation.
From these tetrad relations the two poles and two hemispheres may be
designated as inner and outer or proximal and distal, though in mature
pollen grains that are not shed in tetrads the two hemispheres are
rarely distinguishable.

Poral lacuna, a lacuna enclosing a germ pore. It may be open through
a cleft, as in the grain of Tarezacum (Plate X1, Fig. 2), or closed, as in
those of Scolymus (Plate XI, Fig. 1).

Pore, see germ pore.

Pore membrane, a delicate membrane covering a germ pore. It may be
flecked or bear an operculum.

Psilate, unadorned—without spines ridges or projections of any kind, other
than germ pores (Gr. ¢edés, smooth). Examples: Phleum pratense
(Plate V, Fig. 2) and Rumex Acetosella (Plate VIII, Fig. 1).

Psilolophate, lophate, with the ridges smooth on their crests.

-Reticulate, with the surface thrown into anastomosing ridges enclosing
lacunae, generally smaller than in lophate grains, e.g., in the grains of
Ligustrum (Plate X, Fig. 8).

Ridge, see Interlacunar ridge.

Subechinate, provided with short and sometimes rounded spines, e.g., the
grains of Ambrosta elatior (Plate X111, Fig. 7).

Subechinolophate, lophate, with the crests bearing reduced spines, e.g., the
grains of Stokesia loevis (Plate X11, Fig. 2).

Sublophate, with the surface thrown into ridges which are imperfectly
defined, e.g., in the grains of Catananche caerulea (Plate X1, Fig. 3).

Tasicolpate, bearing furrows in some systematic arrangement, apparently
resulting from stresses acting over the surface of the grain; distinet
from the furrow of a monocolpate grain which arises from the collapse
of the grain on its unsupported side (Gr. rdots, straining).

Tasithynic, due to lateral stresses, the stresses that arise from shrinking,
as in plaster, mud, or pollen-grain surfaces (Gr. rdots, a straining, and
i00vero, in a straight line).

Transverse furrow, a short, elliptical or elongate opening in the intine under-
lying the true furrow and with its long axis crossing that of the latter
at right angles.
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Tricolpate, possessing three meridionally arranged germinal furrows,

Trischistoclasic, triradiate cracking, the system in which the furrows of the
pollen grains of the higher dicotyledons tend to form, a system similar
to the cracking of drying mud or shrinking plaster, as if produced by
equilateral stresses (rpls, three; oxwrés, branching or parted; «idous,
-éws, a breaking).

Ventral. The side of a grain turned outward in its tetrad. In monopored
or monocolpate grains it is the side upon which the pore or furrow is
borne. In other grains the dorsal and ventral sides are generally not
distinguishable from each other after the grains have separated from
their tetrads.

Vestigial spines, those of less prominence than of subechinate grains.
Example: Xanthium (Plate X1V, Fig. 7).

Wing, the bladdery projection flanking or surrounding, frill-like, the germinal
furrow of the grains of some Abietineae and Podocarpineae. It is
generally greatly distended and attached by its ventral roots along the
furrow rim and by its dorsal roots just ventrad of the marginal ridge.

Zonate, provided with one or more furrows, each encircling the grain as a
lesser circle, wholly in one hemisphere and usually parallel to the
equatbor.



BIBLIOGRAPHY

Airy, H. 1874. Microseopical examination of air. Nature, 9, 439.

Anicy, J. B. 1824, Observations microscopiques sur diverses espéces de
plantes. Ann. Sci. Nat., 2: 41-70, 211-248, pl. 4.

1830. Note sur le mode d’action du pollen sur le stigmate;
extrait d’une lettre & M. Mirbel, Modéne, July 3, 1830. Ann. Sei. Nat.,
21: 329-332.

AxpersoN, R. J. 1923. Composition of corn pollen; II, Concerning cer-
tain lipoids, a hydrocarbon and phytosterol occurring in the pollen of
white flint corn. Jour. Biol. Chem., 55: 611-628.

and W. 1. Kvre. 1922. Analysis and composition of corn pollen.
Jour. Biol. Chem., 50: 433—453.

AxproNescur, D. J. 1915. The physiology of the pollen of Zea Mays,
36 pp. Department of Agriculture, Kingdom of Rumania.

Axoxymous. 1925. Plants which cause. hayfever. The  Arlington

“hemical Co., Yonkers, N. Y.

ArpER, E. A. NgwrrLy, and Josx Parxin. 1907. The origin of the
angiosperms. Jour. Linn. Soc. Bot., 38: 29-80, 4 figs.

ARMBRUSTER, L., and G. Oxige. 1929. Die Pollenformen als Mittel zur
Honigherkunftsbestimmung. Biicherei f. Bienenkunde, 10: 1-116,
23 pl., 2 charts.

Assarsson, G., and E. GranLonp., 1924, En metod for pollenanalys av
minerogena jordarter. Geol. Firen. Forh., 46.

Bascock, E. B, and J. Cravsex. 1029. Meiosis in two species and three
hybrids of Crepis, and its bearing on taxonomic relationship. Univ.
Calif. Pub. Agric. Sci., 2 (15): 401-432, pl. 58-61, 1 fig.

Bammey, L. H. 1924. A manual of cultivated plants. Maemillan Co.,
New York.

Baker, Ricuarp T., and Henry G. Smrrs. 1910. Pines of Australia.
Tech. Mus. N.S.W. Tech: Ed. Ser. No. 16. Sydney, Australia.

Bawr, C. R. 1910. The history and distribution of Sorghum. Dept.
Agric., Bur. Plant Industry, Bull., 176: 1-62, 16 figs.

Bavyear, R. M. 1927. TFactors which determine the pollen content of the
air. Jour. Lab. and Clin. Med., 12 (12): 8 pp., 2 charis.

1927a. Seasonal hayfever. Oklahoma City.

and T. R. Steman. 1926. The importance of Oklahoma’s wind

borne pollinated plants, 19 pp., 14 figs. Oklahoma City.
and . 1927. Hayfever and asthma. Distribution and
importance of the acnidas. Amer. Jour. Med. Set., 175 (5): 639, 3 figs.

Bawncrorr, Nevnig. 1913, On some Indian Jurassic gymnosperms.
Trans. Linn. Soc. Bot., 2 ser., 8: 69-86, pl. 7-9.

547




548 POLLEN GRAINS

Beer, Ruporem. 1907. The supernumerary pollen grains of Fuchsia.
Ann. Bot., 21: 305-307.
Bexxerr, A. W. 1875, Insects and flowers. Pop. Sci. Rev., 14: 113126,
pl. 119, 120.
Bexson, MARGARET. 1904, Telangium Scotti, a new species of Telangium
(Calymmatheca) showing structure. Ann. Bot., 18: 161177, 1 pl.,
1 fig.
~———. 1808, On the contents of the pollen chamber of a specimen of
Lagenostoma ovoides.  Bot. Gaz., 46: 409-412, 2 figs.
Bexrnam, GroreE. 1873, Notes on the classification, history, and geo-
graphical distribution of the Compositae. Jour. Linn. Soc. Bot., 18:
335-577, pl. 8-11.
and J. D. Hooger. 1873. Genera planiarum, 2: 166. Lovell
Reeve & Co., London.

' Beryron, Harry S. 1928, Hayfever and asthma caused by the pollen
of the paper mulberry (Papyrius papyrifera Ktze.). Jour. Lab. and
Clin. Med., 13 (9): 8290-836.

Besszy, C. E. 1915, The phylogenetic taxonomy of the flowering plants.
Ann. Missouri Bot. Gard., 2: 109-164.

Biourar, P. 1892. Recherches morphologiques et chimiques sur les
grains de pollen. La Cellule, 8: 47-80, pl. 1, 2.

Brossrerpr, K. 1928, Urformen der Kunst, 18 pp., 120 pl., Ernst Was-
muth, Berlin.

BouviLupNng, M., and R. Bovinien~ye. 1930. Recherches expérimentales
sur T'agent toxique du pollen d’Ambrosia div. sp. (Compositacées).
Bull. Classe Sci. Acad. Roy. Belgique, sér. 5, 16: 1052-1073, 3 figs.

1931.  Recherches expérimentales sur Pagent toxique du pollen
d’Ambrosia div. sp. (Compositacées) Bull. Classe Sei. Acad. Roy.
Belgique, sér. 5, 17: 318-338.

Bowzrs, C. G. 1931. The development of pollen and vicin strands in
Rhododendron calawbiense. Bull. Torrey Bot. Club, 57: 285-318,
pl. 11-15, figs. 26, 27.

Brirron, N. L., and A. Browx. 1913, Illustrated flora of the North-
eastern United States and Canada, ed. 2. New York.

BroweniarT, Aporpum. 1827. Mémoire sur la génération et le développe-
ment de embryon dans les végétaux phanérogamiques. Ann. Sei.
Nat., 12: 14-53; 145-172; 225-298.

1828. Nouvelles recherches sur le pollen: et les granules sper-

matiques des végétaux. Ann. Sci. Nat., 16: 381-401, pl. 13, 14.

1831. Observations sur le mode de fécondation des Orchidées
et les Cistinées. Ann. Sei. Nat., 24: 113-130, pl. 5-12.

Brown, Roperr. 1811. On the Proteaceae of Jussieu. Trans. Linn.
Soc., 16: 15-226, pl. 2, 3.

1820. An aceount of a new genus of plants named Rofflesia.

Trans. Linn. Soc., 13: 201-234, pl. 15-22.

1828. Exposé sommaire des observations microscopiques faites

dans les mois de juin, juillet et aotit, 1827, sur les particules contenues

dans le pollen des plantes, et sur existence générale de molécules actives

BIBLIOGRAPHY 549

dans les corps organisés et inorganisés. Ann. Sci. Nat., 1 sér. 14:

341-362.

1833. Observations of the organs and mode of fecundation in
the Orchideae and the Asclepideae. Trans. Linn. Soc., 16: 685-745.

Broww, WiLrram H., and Ravymonp Kemvmorz. 1925, Cycas Chamber-
linii. Philippine Jour. Sei., 26 (1): 47-51, 2 pl., 1 fig.

Buppg, H. 1930. Pollenanalytische Untersuchungen im Weissen Venn,
Minsterland. Ber. Deut. Bot. Ges., 48: 26-40, 27 figs., 1 map.

Buruineans, L. I. 1908. The staminate cone and male gametophyte of
Podocarpus. Bot. Gaz., 46 (3): 161, 178, pl., 8-9.

BurLerow, A. 1872. Carl Julius Fritasche. Ber. Deui. Chem. Ges., 5:
132-136.

Cavpwery, Oris W.  1907.  Mycrocycas calocoma.  Bot. Gaz., 44: 118140,
pl. 10-13.

Camrrarivs, Ruvorrr J. 1694, TUeber das Geschlecht der PAlanzen (De
sexu plantarum epistola). Translated by M. Mobius. Wilhelm
Engelmann, Leipzig. 1899.

Campeers, D. H. 1897. A morphological study of Naias and Zannichellia.
Proc. Calif. Acad. Sei., ser 3, 1: 1-62.

Carprnint, G., and E. Soums-Laveacu. 1892, I Tronchi di Bennettitee
dei Musel Italiani. Mem. R. Accad. Sci. Inst. Bologna, ser. 5, 2:
161-215, pl. 1-5.

Cassrnr, . 1826. Oposcules phytologiques. Vol. 2. Paris.

———.  1828. Nouvelles observations sur les granules spermatiques des
végétaux. Amnn. Sei. Nat., 18: 146-153.

Cusamseriaiy, C. J. 1909. Dioon Spinulosum. Bot. Gaz., 48: 401-413.

1912, Morphology of Ceratozamia. Bot. Gaz., 53: 1-19, 1 pl.,

7 figs. )

1915. A phylogenetic study of cycads. Proc. Nat. Acad. Sei.,
1: 86-90.

————.  1819. The living cycads. University of Chicago Press, Chicago.

Cuameerrain, C. T. 1927. Hayfever in the Pacific North West. Ann.
Otol. Rhinol. and Laryngol., 36: 1083-1092.

Coca, A. P., Mataew WaLrzER, and Avevst TrommeN. 1931, Asthma
and hayfever in theory and practice, 850 pp. Charles C. Thomas,
Springfield, IIL

Courrmr, J. M. 1898. The origin of the gymnosperms and the seed
habit. Bot. Gaz., 26: 153-168.

and C. J. CeamsrErrAaN., 1910. Morphology of the gymnosperms.
Chicago University Press, Chicago.

Davvivors, Wirniam, and A. B. Jackson. 1923. A handbook of Coni-
feraec. ILondon.

Darrivesr, W. H. 1901. The microscope and its revelations, ed. 8.
London.

Ducasing, M. J. 1835, Note sur un nouveau genre de Cichoracées,
recueilli par M. Bertero dans Ulle de Juan Fernandez. Gusll. Arch.
Bot., 1: 513.




550 POLLEN GRAINS

Drerpmvo, F. 1871, Studi sopra un lignaggio anemofilo delle Composite
ossia sopra ill gruppo delle Artemisiaceae. Florence.

Docrorowsky, B. C., and B. B. Kuprsascrow. 1923. Pylea w torfie.
Izw. Navcz, Eksp. Inst. Torf. Moskwa., b: 33—44, pl. 1-4.

Duke, Winniam W. 1926,  Allergy, asthma, hayfever, urticaria, 344 pp.,
74 figs. C. V. Mosbey Company, St. Louis.

1928, Pollen content of still air. Jour. Amer. Med. Assoc.,

91:1709-1711.

and O. C. Durmam. 1928. Pollen content of still air. Jour.
Amer. Med. Assoc., 90: 1520-1532.

Duxgsar, W. P. 1803. Weiter Beitrag zur Ursache und spesifischen
Heilung des Heufiebers.  Deut. Med. Wochenschr., 29: 149-152.

. 1903. Zur Frage betreffend die Aetiologie und spezifische
Theropie des Heufiebers. Berlin Klin. Wochenschr., 40: 537-539;
569-572; 596-599.

Epaeworta, M. P. 1877. Pollen. London.

Enrensera, C. G, 1831, Ueber das Pollen der Asclepiadeen; ein Beitrag
zur Auflésung der Anomalieen in der Pflanzen-Befruchtung. AbhL
Akad. Berlin., 1829: 21-40, pl. 2.

EncrEr, A. 1876. Beitrige zur Antherbildung der Metaspermen.
Jahrb, Wiss. Bot. 10: 275-316, pl. 20-24.

Erprman, G. 1922, Pollenanalytische Untersuchungen von Torfmooren
und marinen Sedimenten in Sudwest-Schweden. Arkiv. for Botanik,
17(10): 1-173.

———.  1923. Beitrag zur Kenntnis der Mikrofossilien in Torf und
Sedimenten. Arkiv. for Botanik, 18(14): 1-9, 2 pl., 1 fig.

——. 1927. Literature on pollen statistics published before 1927.
Geol. Firen. 1 Stockholm Forh., March-April.

1929. BSome aspects of the postglacial history of British forests.

Jour. Ecology, 17(1): 112.

1930. Literature on pollen statistics published during the years
1927-1929.  Geol. Féren. 1 Stockholm Forh., March-April.

———. 1932. Literature on pollen statistics and related topics published
1930 and 1931. Geol. Féren. 1 Stockholm Forh. November-December.

1934a. Uber die Verwendung von Essigsdureanhydrid bei

Pollenuntersuchungen. Svensk. Bot. T4d., 28(2): 354-361.

1934b. Literature on pollen-statistics and related topics published
1932-1934. Geol. Firen. Firh., 58(3): 463-481.

—— and H. Erptman. 1933. The improvement of pollen analysis
technique. Svensk Bot. T4d., 27(3): 347-357.

Ervanson, ErweEny W. 1929. Cytological conditions and evidences for
hybridity in North American wild roses. Bot. Gaz., 87: 443-506,
pl. 16-19.

Fare, C. H. 1916. Cytokinesis of the pollen mothercells of certain
dicotyledons. Mem. N. Y. Bot. Gard., 8: 253-317, pl. 27-29.

FrinerG, 8. M. 1929. Progress in hayfever. Jour. Lab. and Clin. Med.,
14(8): 726-746.

BIBLIOGRAPHY 551

Fiscuer, Hueo. 1890. Beitrdge zur vergleichenden Morphologie der
Pollen<kéréner, 72 pp., pl. 1-3. Berlin.

FPranz, B. 1. K. 1908. Beitrige zur Kenntniss der Portulacaceen und
Basillaceen, 50 pp., figs. 1-43. Halle.

Frrrzscus, C. J. 1832, Beitrige zur Kenntniss des Pollen, 48 pp., 2 pl
Berlin.

1833. De Plantarum polline. Berlin, Aug. 10.

———. 1834, TUeber den Pollen der Pflanzen und das Pollenin. Poggen-
dorf's Ann. Physik w. Chemie, 32(31): 481-492.

1837. Ueber den Pollen. Mém. Sav. Etrang. Acad. St. Petersburg,
3: 649-672, pl. 1-13.

FuLier, G. D. 1929. Peat bogs and postglacial vegetation. Bot. Gaz.,
87: 560-562. ’

Gates, R. R. 1925. Pollen tetrad wall formation in Lathraea. La Cellule,
36: 49-51, pl. 1. .

Gerasivov, D. A. 1930. On the characteristics of the pollen of Lariz
and Pinus cembra in peat. Geol. Foren. Forh., 52(1): 111-115, figs. 1, 2.

GuercreN, Winmerm. 1764, Das Neuste aus dem Reiche der Pflanzen.
Erben.

Grerx, J. R. 1891. Diastase in pollen. Ann. Bot., 5: 511-512.

Grew, NepeMmian, 1682, The anatomy of plants. London.

Grarrrry, J. W., and A. HexrrrEy. 1875.- Micrographical dictionary.
John van Voorst. London.

GrirpiTas, Davip. 1912, The grama grasses, Bouteloua and related
genera. Contributions Nat. Herbarium, 14(3): 343-428, pl. 67-83,
Jigs. 19-36.

Groowm, PErcy. 1916. A note on the vegetative anatomy of Pherosphaera
Fitzgeraldi. Amnn. Bot., 30: 211-314, 3 figs. §

GuiLLeMiN, AxToiNE. 1925. Recherches microscopiques sue le pollen.
Mém. Soc. Hist. Nat. Paris, 2: 101-124, pl. 8.

Havn, H. M. 1917. The relation of farm weeds to hayfever. Monthly
Bull. (Sacramento, Calif.), 6(2): 4447, figs. 8-9. .

e, 1918. Walnut pollen as a cause of hayfever. Science, 68 (221):
516-517. »

e 1922, Hayfever plants of California. Pub. Health Rep., 37(14):
803-822. ' ‘

1928. The genus Haplopappus, a phylogenetic study in the
Compositae. Carnegie Inst. Wash. Pub., 399: 1-391, pl. 1-16, figs.
1-14.

——— and F. E. Cupmexts. 1923. The phylogenetic method in
taxonomy. Carnegie Inst. Wash. Pub., 355 pp., 58 pl., 47 figs.

Harrer, R. A. 1908. The organization of certain coenobic plants. Bull.
Univ. Wis. Sei. Ser., 3: 279-334, pl. 1-4. ‘

1918. Organization, reproduction and inheritance in Pediastrum.
Proc. Amer. Phil. Soc., BT: 375-438. '

Hrar, Gusrav. 1929, Tllustrierte Flora von Mitteleurope. vol. 6, pt. 2.

Hrmwrzr, Aveustus. 1927. Cormofyternas Fylogeni, 170 pp. Hékan
Ohlssons Boktryckeri. Lund.




552 POLLEN GRAINS

Heven, F. W. 1919. The protein extract of ragweed pollen. Jour.
Amer. Chem. Soe., 41: 670-682.

Hrrcrcock, A. 8. 1905. North American species of Agrostis. Dept.
Agric., Bur. Plant Industry, Bull. 68.

1920. 'The Genera of the grasses of the United States (America)

with special reference to economical species. Dept. Agric., Bull. 772,

307 pp., 18 pl.

1935. Manual of the Grasses of the United States. U. 8. Gov.
Printing Office, Washington.

Hgee, Ove Arso. 1924. Pollen of humble-bees from Novaya Zemlya.
Report of the scientific results of the Norwegian expedition to Novaya
Zemlya, 1921, No. 27. Christiania.

1929. Pollen on the humble-bees from Ellesmere Land. Det
Kongelige Norske videnskabers selskab. Forhindlinger, 2 (16) 55-57.

Hourmesarap, Linnian, and ErNesT BaBcock. 1930, Chromosomes and
phylogeny in Crepis.  Univer. Calif. Pub. Agric. Sei. 6 (1): 1-53, 24 figs.

Hooxer, J. D.  1863. On Welwitschia, a new genus of Gnetaceac. Trans.
Linn. Soc., 24: 1-48, pl. 1-14.

Hommany, Hans. 1929. Die pollenanalytische Unterscheidung von
Pinus montana, P. silvestris and P. cembra. Oesterr. Bot. Zeitschr., T8:
215-228, 1 pl.

Isramiv, AamET CAN.  1933. Sporen des Aegirhorizontes des Ruhrreviers.
pp. 1-46, pl. 1-8. (Diss. Techn.) Hochschule Berlin.

JerrrEY, E. C. 1916. Hybridism and the rate of evolution. Amer.
Nat., 1: 129,

1917. The anatomy of woody plants. University of Chicago
Press, Chicago. .

Junrys-Szarer, J. 1928. La structure des membranes du pollen de
Corylus, de Myrica et des espéces européennes de Betula et leur déter-
mination & Uétat fossile. Bull. Acad. Polen. Sci. Lettr., Classe Sei.
Mathém. et Nai., sér. B; Se. Nat., pp. 75-125, 3 pl.

Jurinyr, Lupwic. 1872. Ucher den Bau und die Entwickelung des
Pollens bei Ceratozamia longifolia. Jahrb. Wiss. Bot. §: 382-400, pl.
31-34.

1882. Beitrige zur Kenntnis des Pollenentwickleung der Cycadeen
und Conifereen. Bot. Zeit., 40: 814-818; 835-844.

Kavman, Orro. 1904, Zur Kenntnis des Roggen-Pollens und das derin
enthaltenen Heufiebergiften. Beit. z. Chem. Physiol. w. Pathol., 5:
346-354.

Kevrer, P. 1929. Pollenanalytische Untersuchungen an einigen Mooren
des 8t. Gallischen Rheintales. Jahrb. St. Gall. Naturw. Ges., 64 : 74-88.

1929. Analyse pollinique de la Tourbiére de Pinet. Arch.
Botanigue, 4: 57-63.

Kerny, James W. 1928. Methods of colleeting and preserving pollen
for use in the treatment of hayfever. Dept. Agric., Bur. Plant Industry,
Cire. 46:1-9.  figs. 1-7.

Kry, S. N. 1918. The etiology of winter hayfever in Texas. Tezas State
Jour. Med., January.

BIBLIOGRAPHY 5563

Kmsron, R. 1906. On the microsporangia of the Pteridosperms. Phil.
Trans. Roy. Sec. Lond. B., 198: 413-445, pl. 25-28.

Kivpamr, N. J. 1908. Affinities of Phyllocladus. Bot. Gaz., 46 464,

Kircnmmiver, F. 1932, On pollen from the Upper Cretaceous Dysodil
of Banke, Namaqualand (South Africa). Trans. Roy. Soc. South
Africa, 21(1): 41-50, figs. 1~6, pl. B, 6.

1934. Uber Tsuga-Pollen aus dem Tertisr. Planta, Arch. Wiss.
Bot., 22(2): 171-191, figs. 1-9.

Kxowrron, F. H. 1927, Plants of the past, 275 pp., 90 figs. Princeton
University Press, Princeton.

KosmssLrr, J. H. 1918. An analysis of ragweed pollen. Jour. Biol.
Chem., 38: 415-424.

Kourgurer, J. G. 1761-1766. Vorliufige Nachricht von einigen das
Geschlecht der Pflanzen betreffenden Versuchen und Beobachtungen,
nebst Fortsetzungen 1, 2, und 8.  Wilhelm Engelmann, Leipzig.

Kriuser, R. 1929. Die palidobotanischen Untersuchungsmethoden. Jena.

Lamson, R. W., and Auva Warry. 1933a. Anemophilous plants of Selig-
man, Arizona. Jour. Allergy, 4(3): 207-219, figs. 1-14.

1933b. The importance of the Chenopodiaceae in pollinosis,
with special reference to Winslow and Hollbrook, Arizona. Jour.
Allergy 4(4): 255-283, figs., 1-27, tabs. 1, 2.

Lzr, ArTHUR Bouims. 1921. The microtomist’s vade-mecum. Phila-
delphia.

Lewis, I. F., and E. C. Cocrmn. 1929. Pollen analysis of Dismal Swamp
peat. Jour. Elisha Miichel Sci. Soc., 45: 36-58, pl. 3-5.

Lixpuey, Jomn. 1830. The genera and species of Orchidaceous plants.
London.

Locaw, Jamms. 1739. Experimenta et Meletemata de plantarum genera-
tione. Teyden. (Experiments and considerations of the generation
of plants. London, 1749.)

Lorriors, G. 1905. Ueber die Vielkdrnigkeit der Pollenkdrn von Araucu-
caria Bidwillei Hook. Ber. Deut. Bot. Ges., 23 : 335-346, pl. 15.

Luersex, Crristian., 1869. Zur controverse iiber die Einzelligkeit oder
Mechrzelligkeit des Pollens der Onagrarieen, Cucurbitaceen und Cory-
laceen. Jahrb. Wiss. Bot., T: 34-35, 3 pl.

Mavrieui, MarceLro. 1687, Opera omnia. London.

Manain, Lovis. 1886. Recherches sur le pollen.  Bull. Soc. Bot. France,
33: 337442,

1889. Observations sur la membrane du grain de pollen mfr.
Bull. Soc. Bot. France, 86: 274-283.

MarkGrRAF, Frrmpricu. 1929. Monographie der Gattung Gnetum.
Bull. Jard. Bot. Buitenzorg, ser. 3, 10 (4): 407-511, 4 pl., 8 figs.

Masters, Maxwery T. 1900. Glyptostrobus. Jour. Bot., 38: 37-40.

Memvks, H. 1927. Atlas und Bestimmungsschliissel zur Pollenanalytik.
Bot. Arch., 19: 380-449.

Mgzyen, F. J. . 1828. Anatomisch-physiologische Untersuchungen iiber
den Inhalt der Pflanzen-zellen. Berlin.




554 POLLEN GRAINS

1839. Neues System der Pflanzenphysiologie, vol. 3: 155.
Berlin.

Mnuisraven, C. F, and E. E. Susrrr. 1919. Revision of the North
American species of Xanthium. Field Mus. Nat. Hist. Pub. Bot. Ser.,
4:9-42, pl. 7-13.

1922. Xanthium. North American Flora, 33 : 37-44.

Migrger, C. F. 1802. Anatomie végétal. Paris.

1833. Recherches anatomiques et physiologiques sur le Mar-
chanira polymorpha pour servir 4 Uhistoire du tissu cellulaire de
Pépiderme et des stomates, pp. 55-100, pl. 9, 10.

Momnn, Hueo voN. 1835. Sur la structure et les formes des grains de
pollen. Ann. Sci. Nat., 8: 148-180; 220-236; 304-346. pl. 9-11.

1851. Grundziige der Anatomie und Physiologie der vegetabil-

lischen Zelle, p. 123. Braunschweig.

MvurLiN, W. V. 1922, Pollen and hayfever—a regional problem. Trans.
Amer. Acad. Ophthalmology and Otolaryngology, 10 pp.

Nigerur, K. 1842. Zur Entwickelungsgeschichte des Pollens bei den
Phanerogamen, 36 pp. 3 pl. Zurich.

Narrorst, A. G. 1908. Paliiobotanische Mitteilungen 4, Ueber die
Untersuchung kutinisiter fossiler Pflanzenteile. Kungl. Svensk. Vet.-
Akad. Handl., 43 (6), 28 pp., 4 pl. 1 fig.

1909. Paldobotanische Mitteilungen 8, Ueber Williamsonia,

Wielandia, Cycadocephalus und Wilirichia. Kungl. Svensk. Vet.-Akad.

Handl., 46 (4), 38 pp. 8 pl.

1911. Neue Beitriage zur Kenntnis der Williamsonia Bliiten.
Kungl. Svensk. Vet.-Akad. Handl., 46 (4), 29 pp., 6 pl.

Naoman, E. 1925. Plankton. Abderhalden’s Handbuch der biolo-
gischen Arbeitsmethoden. Siisswasserbiologie, 1.

Nzrpuam, M. 1750. Nouvelles observations microscopiques, 525 pp.,
8 pl. Paris.

Norfin, C. O. 1908. Zur Kenntnis der Entwickelung von Saxegothea
conspicua Lindl.  Svensk. Bot. T'id., 2: 101-122, 3 figs., pl. 7-9.

Ourver, F. W. 1904. On the structure and affinities of Stephnospermum.
Trans. Linn. Soc. Lond. 11, 6: 361-400, 4 pl., 1 fig.

——. 1909. On Physostoma elegans, an archaic type of seed from the
Palaeozoic rocks.  Ann. Bot., 28: 73-116, pl. 5-7, 10 fig.

and D. H. Scorr. 1904. On the structure of the Palacozoic seed
Lagenostoma Lomaxi. Phil. Trans. Roy. Soc. Lond. B, 197: 193-247,
pl. 4-10.

Osawa, J. 1913, Studies on the eytology of some species of Taraxacum.
Arch. Exp. Zellforsch., 10: 450-469, 2 pl.

Paron, Junia B. 1921. Pollen and pollen enzymes. Amer. Jour. Bot.,
8 (10): 471-501.

ParrersoN, Pavr M., and Lesuie N. Gay. 1930. The pollen content of
the air and its relation to hayfever in Ba]ﬁimore, Md. during 1930.
Jour. Allergy, 8 (3): 282-295, figs. 1-9.

Pearsow, H. H. W. 1906. Some observations on Welwitschia mirabilis.
Phil. Trans. Roy. Soc. Lond., ser. B., 198: 265-304, pl. 18-20.

BIBLIOGRAPHY 555

1612, On the microsporangium and microsporogenesis of Gnejum.

Ann. Bot., 26: 603-620, 6 figs.

1929. Gnetales, 194 pp., 90 figs. Cambridge Univer. Press,
Cambridge.

Pexvuxp, W. T, and B. G. Erron. 1929. A standardized method for
pollen air analysis. Proc. Soc. Exp. Biol. and Med., 27 : 650-654, 2 figs.

Pureries, B, W. 1922. Treatment of hayfever with Arizona pollens.
Southwestern Medicine, Ap. 9.

1923. Hayfever in central Arizona. Southwesiern M. edicine.,
7 (8): 273-281.

Preeer, R. 1903. Taxaceae. A. Engler, Das Pflanzenreich, vol. 18
(IV, 5): 1-119.  Wilhelm Engelmann, Leipzig.

1916. Die Taxales. Maitt. Deut. Dendrol. Ges. 25: 1-28, pl. 10.

Preer, C. V. 1918. The agricultural species of the bent grasses. Dept.
Agric. Bull., 692: 1-14, figs. 1, 2.

Pouu, Frawz. 1928, Der einfaltige Pollen, sein Verbreitung und phy-
logenetische Bedeutung. Beihefte z. Bot. Centralb., 45 (1): 59-73,
1 fig.

PoLLENDER, Arovs. 1867. Ueber das Entstehen und die Bildung der
kreisrunden Oeffnungen in der aiissern Haut des Blittenstaubes, 20 pp.,
2 pl. Bonn.

Porr, Maxy Aricm. 1925. Pollen morphology as an index to plant
clagsification; 1, Morphology of pollen.  Bot. Gaz., 4B: 63-72, 1 pl.
Porontt, Roserr. 1931a. Zur Mikroskopie der Braunkohlen Tertisire

Blitenstaubformen.  Braunkohle, 16: 1-9, 2 pl.
1931b.  Zur Mikroskopie der Braunkohlen. Tertiire Sporen-
und Blittenstaubformen.  Braunkohle, 27 : 554556, 16 figs.
1931c.  Die mikrobotanische Untersuchung der Kohlen Pollen-
formen. Sitzungs. Preuss. Geol. Landesanstalt, 6: 15-16.
1931d. Pollenformen aus tertisren Braunkohlen. Jahrb. Preuss.
Geol. Landesanstali, 52: 1-7, 1 pl.
1934. Zur Mikrobotanik der Kohlen und ihrer Verwandten.
Arbeiten Inst. f. Paldobotanik u. Petrographie Bremnsteine, 4: 1-125,
pl. 1-6, figs. 1-44.
and Jomany Grrierres. 1933, Ueber Pteridophyten-Sporen
einer eoeciinen Braunkohle aus Dorog in Ungarn. Sttzungs. Ges.
naturforsch, Freunde ausgegeben, 15 Mirz.
Prantr, K. 1891. Magnoliaceae. Engler & Prantl. Die natiirlichen
Planzenfamilien, Vol. 3 (1): 12-19.  Wilhelm Engelmann, Leipzig.
PriNasmriM, N, 1854, Untersuchungen iiber den Bau und Bildung der
Pflanzenzelle, p. 50. Berlin.

Purxingg, Jomannes B, 1830. De cellulis antherarum fibrosis nee non de
granorum pollinarum formis commentationis phytotomica. Breslau.

Raprxorer, L. 1883. Ueber den systematischen Werth der Pollen-
beschaffenheit bei den Acanthaceen. Sttzungs. Mathem.-Phys. Classe
K. bayer. Akad. Wiss., 13: 256-314.

Rawrrez, M. A. 1930. Pyrethrum as an etiologic factor in vasomotor
rhinitis and asthma. Jour. Allergy, 1: 142,




556 POLLEN GRAINS

Raspam, F. V. 1826. Recherches sur les tissus organiques. Mém. Soc.
Hist. Nat. Paris, 3: 209-318.

1828, Observations sur lexplosion du grain de pollen. Mém.
Soc. Hist. Nat. Paris, 4: 347-362.

Recorp, 8. J. 1919. Identification of the economic woods of the United
States (America), ed. 2, 167 pp. John Wiley & Sons, Inc., New York.

Rensore, M. B. 1876, Bassin Houiller et Permien d’Autun et d'Epinac.
vol. 4 of GAtes minéreaux de la France flore fossil 2.

1879. Structure compaére flore Carbonifére. Nowvelles Arch.
Muséum, 11; sér. 2: 28-34, 17 pl.

RomerTsoN, Aenes. 1907. The Taxoideae, a phylogenetic study. New
Phytol., 6: 92-102, 1 pl.

Rosinson, Vieror. 1929, Johannes Evangelista Purkinje. Sci. Monthly,
September, 1929,

RosaNorr, Spre1vs. 1866, Zur Kenntniss des Baues und der Entwicke-
lungsgeschichte des Pollen der Mimoseae. Jahrb. Wiss. Bot., 4:
441450, pl. 31-32.

Rows, Avserr H. 1928. A study of the atmospheric pollen and botanie
flora of the east shore of San Francisco bay. Jour. Lab. and Clin. Med.,
13 (5): 416439, figs. 1-25.

Ruporen, K., and F. Firpas. 1926. Pollenanalytische Untersuchung
subalpiner Moore des Riesengebirges. Ber. Deut. Bot. Ges., 44: 227-
238, 3 figs.

RypeerG, P. A. 1918, Anthemideae. North American Flora, 34: 217-
228,

- 1922, Ambrosiaceae. North American Flora, 38: 3—-44.

SaporTa, DE G, and A. F. Marion. 1885. L’évolution du régne végétal,
les phanérogames, vol. 2, Felix Alean, Paris.

SareENT, CHABLES Spracum. 1922, Manual of the trees of North
America. Houghton Mifflin Company, Boston.

Saxron, W. T. 1930. Notes on conifers; 7, Pherosphaera Hookeriona.
Ann. Bot., 44: 957-963, figs. 1-8.

Scmscer, H. 1860. Ueber den Bau einiger Pollenkérner. Jahrb. Wiss.
Bot., 2: 109-168.

ScuerpearELL, Winniam. 1917, Hayfever, its cause and prevention in
the Rocky Mountain and Pacific states. Public Health Repts., reprint
412: 1135-1152.

1922. Hayfever and asthma, 274 pp., 108 figs. Lea and Febiger,
Philadelphia.

ScurecaTENDARL, D. F. L., and C. G. EnrexsERG, 1829. De antheris et
polline Asclepiadearum. Linnaea, 4: 94-97.

Scemipr, E., and E. Gravmanwp. 1921. Zur Kenntnis pflanslicher
Inkrusten. 1. Mitteilung: Method zur Reindarstellung pflanzlicher
Skelettsubstanzen (1). Ber. Deut. Chem. Ges.,\ﬁé: 2.

Scavarr, Karn, 1929, Embryologie der Angiospermen, in K. Linsbauer,
Handb. der Planzenanatomie, vol. 11 (2); Archegoniaten: 48-52.
Scorr, D. H. 1905. The ecarly history of seed bearing plants. Mem.

and Proc. Manchester Litt. and Phil. Soc., 49 (3): 32 pp.

BIBLIOGRAPHY 587

1607. The present position of Palaeozoic botany. Progressus

Rei Botanicae, 1: 139-217, 37 figs.

1923. Studies in fossil botany. A. & C. Black, Ltd., London.

SEams, Pauvn B, 1930. Common fossil pollen of the Erie basin. Bot.
Gaz., 89 (1): 95-106, pl. 1-3.

Seirripce, Grant. 1920, Vaso-motor disturbances of the nose with
special reference to hayfever—with a report for the year of 1919,
Laryngoscope, 30 (10): 611625, 2 figs.

Sewarp, A, C. 1917. Fossil plants, vol. 3. Cambridge University Press,
Cambridge.

and 8. O. Forp. 1906. The Araucarineae, recent and extinet.

Phil. Trons. Roy. Soc. Lond. ser B., 198: 305-411, pl. 23, 24.

and J. Gowan. 1900. The maidenhair tree. Ann. Bot., 14:
109-154, pl. 8-10.

Smary, James. 1917. The origin and development of the Compositae.
New Phytol., 18: 201-234.

1928. The Ma Huang of commerce. Quarl. Jour. Pharm.,
1 (2): 163-167, figs. 1-17.

SMarn, Jomw K. 19826, Cycads. Jour. N. ¥. Bot Gard., 27: 121-129,
2 figs.

1931. The Cypress, southern remnant of a northern fossil type.
Journ. N. Y. Bot. Gard., 31: 125-135, 5 figs.

Surrn, Cornenia M. 1020, Development of Dionaea muscipula. Boi.
Gaz., 87: 507-530, pl. 20-24, 1 fig.

Smrrs, W. G. 1876. Notes of pollen. Gardener’s Chron., 40 (n.s. 6):
516 et seq.

Soums-Lavsach, H. Grar. 1801, Fossil botany. Clarendon Press,
London.

SereNeErn, Kurr. 1812, Von dem Bau und der Natur der Gewiichse,
654 pp., 14 pl. Halle.

Starr, Orro. 1889, Die Arten der Gattung Ephedra. Vienna.

Starx, P. 1925. Der Gegenwiirtige Stand der pollenanalytischen For-
schung. Zeils. Bot., 17: 89-125,

. 1927. Ueber die Zugehorigkeit des Kiefernpollens in den verschi-
edenen Horizonten der Bodenzeemoore. Ber. Deut. Bot. Ges., 45 : 40-47.

Stiwes, W. 1908, The anatomy of Sazegothea conspicua. New Phytol.,
7: 209-222.

Stour, A. B. 1919, Intersexes in Plantago lanceolata. Bot. Gaz., 88:
109-133, pl. 12, 13. ’

-STRASBURGER, EDUARD. 1872. Die Coniferen und die Gnetaceen. Leipszig.

———., 1882, Ueber den Bau und das Wachsthum der Zellhiute, 264 pp.
8 pl. Jena.

1884. Das Botanische Practicum. Jena.

1889.  Ueber das Wachsthum vegetabilischer Zellhiute. Histol.

Beitrige, 2: 36-93, pl. 3, 4.

1892. Ueber das Verhalten des Pollens und die Befructungs-

vorgénge bei den Gymnospermen. Histol. Beitrage, 4: 1~158, pl. 1-3.




558 POLLEN GRAINS

~—, 1002, Ein Beitrag zur KXenntniss von Ceratophyllum sub-

mersum und Phylogenetische Eroterungen. Jahrb. Wiss. Bot., 87 :477.

——— Frirz NorLy, H. Scue~g, and Georar Karsten., 1908, Textbook
of botany. London.

SvnrzErRGER, M B. and C. B. Wrmnserae. 1930. Dermatitis due to
insect powder. Jour. Amer. Med. Assoc., 95 (2): 111-112, 1 fig.

Syrms, M. G. 1910. The anatomy of Welwitschia mirabilis in the seedling
and adult stages. Trams. Linn. Soc. London II. Bot., T: 327-354,
pl. 34-35, 5 figs.

Tammes, P. M. L. 1930. On the origin of the number and arrangement of
the places of exit on the surface of pollen grains. Rec. Travaus Bot.
Néerlandais, 2. 82 pp., pl. 1-3, figs. 1-21.

Tuomeson, D’Arcy W. 1917. Growth and form, 793 pp., figs. 1-408.
Cambridge University Press, Cambridge.

Tuomson, R. B. 1908. Notes on the pollen of Microcachrys. Bot. Gaz.,
46: 465, 466.

1909. On the pollen of Microcachrys tetragona. Botl. Gaz., 47:

26-29, pl. 1, 2.

1913. On the comparative anatomy and affinities of the Arau-
carineae. Phil. Trans. Roy. Soc. Lond. ser. B., 204: 1-50, pl., 3-7.

Tiscnrer, G. 1908. Zellstudien an sterilen Bastardpflanzen. Arch.
Eaxp. Zellforsch., 1: 33-151, figs. 1-120.

Tison, A. 1909. Sur le Sazegothaea Lindl.  Mém. Soc. Linn. Normandie,
23: 139-160, pl. 9-10.

Trera, J. 1928, Zur Morphologie der Pollenkérner der einheimischen
Tilia-arten. Bull. Acad. Polon. Sci. Lettr. Classe Sci. Mathém. et Nat..
sér B. Sci. Nat.: 45-54, figs. 1-4.

Tscaistiaxors, J. 1876, Ueber die Entwickelungsgeschichte des Pollens
bei Epilobium angustifoliuvm. Jahrb. Wiss. Bot., 10: 7-48, pl. 1-5.

Torewy, P. J. F. 1820, Essal d’une iconographie végétale. Paris.

VerrcH, James, and sons. 1881, A manual of the Coniferae. Chelses.

Vesque, J. 1883. Sur lorganization mécanique du grain de pollin.
Compt. Rend. Acad. Sci., 96: 1684-1687.

Warivg, James J. 1926. Report of the hayfever research committee of
the state historical and natural history society of Colorado, 75 pp.,
26 figs. Denver. .

and Maxy Pore. 1927. The cotton of the cottonwood tree as a

factor in hayfever, a preliminary report. Colorado Medicine, July,

3 pp, 1 fig.

Warving, Eveens. 1881-1888. Familien Podostemaceae. Mém. Acad.-

Roy. Copenhagne, Classe Sci., 2 (1), (3), 14 (8), 9 (2), 11 (1).
Warson, 8. H,, and C. 8. KipLEr. 1922. Hayfever with special reference
to its etiology in the Southwest. Jour. Amer. Med. Assoc., Mar. 11,
Wesser, H. J. 1901. Spermatogenesis and fecundation of Zamia.
Dept. Agric. Bur. Plant Industry, Bull., 2: 7-98, 7 pl.

WemeL, Taropor. 1850. Zur Entwickelungsgeschichte des Pollens.
Zeits. Bot., 8 (12): 225-235, 241-248, 265-270, 289-204, 313-332,
pl. 5.

BIBLIOGRAPHY 559

Wisranp, G. R. 1906. American fossil cycads. Carnegie Insiiiute, Pub.
Vol. 1.

———. 1816, American fossil cycads, Carnegie Institute, Pub. Vol.
2, Taxonomy.

1929.  Antiquity of the angiosperms. Proc. Intern. Congr.
Plant Sci., 1: 420-456, 5 pl.

Woperouse, R. P, 1916. A simple method of obtaining ragweed pollen in
large quantities. Boston Med. and Surg. Jour., 174: 430.

1926a. Pollen-grain morphology in the classification of the

Anthemideae. Bull. Torrey Boi. Club, 53: 479-485. figs. 1, 2.

1926b. Morphology of pollen grains in plant classification.

Jour. N. Y. Bot. Gard., 27: 145-154, 1 pl.

1928a. The Phylogenetic value of pollen-grain characters.

Ann. Bot., 42: 891-934, pl. 20, 21, figs. 1, 2.

1928b. Pollen grains in the identification and classification of

plants, II. Barnadesia. Bull. Torrey Bot. Club, B6: 449-462, pl. 13,

figs. 1, 2.

1929. The origin of symmetry patterns of pollen grains. Bull.

Torrey Bot. Club, 56: 339-350, pl. 16, figs. 7-10.

1930. Pollen grains in the identification and classification of

plants—V. Haplopappus and other Astereae: the origin of their

furrow configurations. Bull. Torrey Bot. Club, §57: 2146, pl. 1, figs.

11-24.

19316, The origin of the six-furrowed configuration of Dahiia

pollen grains. Bull. Torrey Bot. Club, 67: 371-380, pl. 19.

1932. 'Tertiary pollen; 1. Pollen of the living representatives of

the Green River flora. Bull. Torrey Bot. Club, 59: 313-340, pl. 20-22.

1933a. Tertiary pollen; II. Pollen of the Green River oil shales.
Bull. Torrey Bot. Club, 60: 479-524. figs. 1-54.

Wooprurr, J. G.  1930. Studies of the staminate inflorescence and pollen
of Hicoria Pecan. Jour. Agric. Res., 40 (12): 1059-1104.

Woopwortr, RoreErT H. 1929. Cytological studies of the Betulaceae.
Bot. Gaz., 87: 331-363; 88: 383-399.

Younag, Mary 8. 1910. The morphology of the Podocarpineae. Bot.
Gaz., B0 : 81-100, pl. 4-6.

Zirgrm, Conway. 1932, Some forgotten records of hybridization and
sex in plants.  Jour. Heredity, 23 (11): 433-448, 3 figs.

————  1934. More records of plant hybridization before Koelreuter.
Jour, Heredity, 25 (1): 3-18, figs. 1-3, frontispiece.




INDEX

Numbers in bold face indicate pages bearing principal entries; numbers in
italics indicate pages bearing synonyms

A

Abies, 263-266
Abietineae, 243, 247, 256
Abortive tetrads, 163
Absinth, 514
Acacia, 427, 430, 432436
Acanthambrosia, 521, 535
Acanthoxanthium, 521, 537
Acer, 438-442, 451
Aceraceae, 438, 451
Acid-oxidation method of treating
peat, 115
Acnida, tamariscina, 421
Acolpate grains, 169
Actuopaleontology, 123
Adoxa, 350, 450
Aetheotesta, 211, 221
Agathis, 246, 255
Agropyron, 318
Agrostideae, 309
Agrostis, 130, 313, 314, 320
Ailanthus glandulosa, 132
Ajenjo, 508
Alder, 131, 364, 869-371, 375
Alenda, 292
Alkali blite, 415
Alkali method of treating peat, 114
All scale, 148
Allenrolfia, occidentalis, 416
Alligator tree, 425
Alnus, 131, 364, 369-371, 375
Alpino, Prosper, 26
Alternaria, spores, 133
Amaranth, 133, 147, 148, 419491
family, 419
Palmer’s, 420
VAmaranthaceae, 419
561

Amaranthus, 133, 147, 419-421
Ambrosia, 130, 509, 520, 521, 681-
5385, 536
elatior, 130, 509, 520, 532
psilostachya, 509, 519
tenuifolia, 535
trifida, 130, 509
in hayfever, 130
Ambrosiaceae, 517
Ambrosieae, 509, 516
Ambrosineae, 523
Amici, Giovanni Battista, 47, 53
Amyegdalus Persica, 429
Anacardiaceae, 208
Andropogon, 814, 315
Andropogonieae, 309
Angiospermae, 295
Aniline-oil gentian-violet, method,
109
Aunis tree, Japanese sacred, 336
Chinese, 335
star, 335
Annona, tripetala, 325
Annual bluegrass, 312
Annual saltbush, 418
Anthemideae, 496, 509
Anthemis, 498, 501, 519
Anthoxanthum odoratum, 129, 319
Antigonum, 391, 403
Apple, 429
Aqueous fuchsin, 108
Aquifoliaceae, 427, 438
Araucaria, 245, 246, 255
Araucariales, 246
Ara.ucarineae, 245, 255
Arborvitae, 271
Arctic daisy, 503
Arctotidae, 468
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Arctotis grandis, 468
Arecaceae, 303
Arecales, 303
Aromatic pepper tree, 334
Arrangements of cells in one plane,
184
Arrhenatherum elatius, 316
Artemisia, 133, 498, 508-516
Arthropitys, 219
Asclepias, germinating pollinia of,
38
Ash, 132, 449, 450, 452
Ash-leaved maple, 441
Ashur-nasi-apal, palace of, 23
Aspen, 350
large-toothed, 353
Aspidate pores, 363
Agsyrians, 23
Assyrian winged being pollinating
the date palm, 24
Aster, 495
tribe, 488
Astereae, 471, 488
Atmospheric pollen, 126, 127
slides, 108
Atriplex, 416-418
Austrittsstellen, 90, 98
Avena, 316, 329
Aveneae, 308
Azalea, 160, 161

B

Balsam fir, 264
Bamboo, 310
Bambosidae, 308
Bambusa vulgaris, 310
Banks, Sir Joseph, 37
Barclaya, 342
Barkhausia taraxacifolia, 475
Barnadesia, 468, 471
Basie form of pollen grain, 391
Basswood, 442
Bauer, Francis, 32

epitaph, 39
Bay star vine, 337, 339
Beach sandbur, 536

Beech, 132, 379, 380
family, 373
pollen frequency in peats, 121
Beet, 419
Belbal, 202
Bennettitales, 227, 231, 232
Bennettites, 228, 230
Bent grass, 130
Berkheya, 468
Bermuda grass, 142, 317, 368
Beta vulgaris, 419
Betula, 364-367, 375
Betulaceae, 362, 375
Bigtree, California, 269
Bilsted, 425
Birch, 366, 367
family, 362
hayfever, 136
pollen, atmospheric, 129
Bitternut, 359
Black salsify, 484
Black walnut, 132
Bladdery wings as organs of flight,
254
Blainville, de, 52
Blue beech, 369
Bluegrass, 311
Bluejoint grass, 318
Bluestem grass, 318
Blue succory, 486
Bog, samples from the surface of, 119
Bogs of Alberta, 122
Boreal sage, 513
Bouteloua gracilis, 317
Bowenia, 236
Box elder, 441
Bozzleweed, 530
Bractscale, 418
Bratta, 290
Brome grass, 310
Bromus inermis, 310
Brongniart, Adolph, 49, 53
Broom corn, 315
Broussonetia, 382, 387
Brown, Robert, 37, 51
and Bauer, 37
Brownian movement, 51
Buckwheat, 403
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Bud sagebrush, 510
Biirker chamber, 118

Bur ragweed, 536
Burning bush, 414

Burro weed, 416
Burweed, 527, 537
Burweed marsh elder, 528
Butternut, 132, 358
Buttonwood, 426

¢

California mugwort, 513

Callistephus chinensis, 495

Callitris Endlecherii, 273

Camerarius, Rudolph Jacob, 26, 27
portrait, 27

Camomile, 501, 502

Canada bluegrags, 311

Canada sage, 515

Canary grass, Mediterranean, 319

Cane ash, 450

Cannabinaceae, 382

Cannabis sativa, 389

Cannaceae, 205

Canton water pine, 270

Canyon ragweed, 537

Caprifolinceae, 207

Capriola Daetylon, 377

Carduaceae, 517

Careless weed, 527

Carex, 131, 320, 321

Carpet bent grass, 314

Carpet sage, 514

Carpinus, 364, 368

Carya, 132, 354, 358-361

Caryx stricta, 329

Casse, 436

Cassini, 52

Castalia, 341, 342, 344-346, 360

Castanea, 373, 375, 380, 381

Castanopsis, 372, 380, 382

Jasuarinaceae, 383

Catananche, 462-465, 486

Cat’s-ear, 473

Cattail, 295, 297

Cattail family, 2905

Cattall flag, 295

Cedar, 261

incense, 271

Japanese, 268

of Lebanon, 262

Mexican, 273

mountain, 273

red, 273

rock, 273

southern white, 272

white, 271
Cedrus, 261, 262
Celastraceae, 208
Celtis, 188, 375, 382, 389, 390
Centipede plant, 400
Ceratophyllum demersum, 298
Ceratozamia mexicana, 239
Chaenomeles japonica, 429
Chamaecyparis thyoides, 272
Chamaerops humilis, 28
Chamartemisia, 498, 510
Chamomilla, 601, 502
Champaca, 333
Chenopod, 133
Chenopodiaceae, 405, 410
Chenopodium, 133, 413, 414
Chenopods, in hayfever, 147
Chestnut, 380, 381
Chico, 413
Chicory, 478

abnormal pollen grains of, 164

tribe, 457
China aster, 495
Chinquapin, 380-382
Chlorideae, 309
Chories, 286
Chorisiva, 519, 520, 522, 526
Chorizanthe, 401, 402, 405
Chrysanthemum, 498, 508, 504

Leucanthemum, 5§02
Cichoriacese, 517
Cichorieae, 457
Cichorium, 460, 462, 465, 468, 478
Cinnamon tree, 335
Classification of pollen, Fischer’s, 98

Fritzsche’s, 80

Von Mohl's, 64

Purkinje’s, 42



564 POLLEN GRAINS

Clotbur, great, 540
spiny, 537
Clotweed, 537
Coast sagebrush, 510
Cocklebur, 537
in hayfever, 146
Cockspur, 390
Comfort root, 238
Common plantain, 456
Common ragweed, 532
Common wormwood, 514
Compositae, 457
Composite family, 457
Comptonia, 364, 373
Conglobate pollen, 44
Joniferales, 242-283
ancestral form of, 244
origin of, 243
Coontie, 238
Coral vine, 403
Corallita, 403
Corcho, 239

Cordaianthus Grand’Euryi, 223-226

Cordaitales, 222
Cornaceae, 445, 451
Cornus florida, 446
Corylus, 364, 369, 371, 372
atmospheric pollen, 131
Cottonwood, 350, 352, 353
Crab grass, 130, 312
Crepis, 460, 465, 467, 474
Crested hair grass, 317
Crossostephium, 498, 507-510
Crossotheca, 211, 215, 216
Cryptomeria japonica, 268
Cucumber tree, 332
Cudweed mugwort, 513
Cunninghamia, 271
Cupressineae, 247, 271
Cupressus macrocarpa, 272

Cyclachaena, 519, 520, 522,
527, 528
Cynodon Dactylon, 317
Cynoxylon, 446
Cynthia, 460, 465, 478
Cyperaceae, 320, 329
Cypress, bald, 268
Chinese deciduous, 270
Monterey, 272

D

Dacrydium, 252, 279, 280
Dactylis glomerata, 129, 313
Dactyloctinium aegyptium, 130
Dahlia, 154

six furrows of, 166
Daisy, 502
Daisy fleabane, 495
Dammara Rumphii, 255
Dandelion, 473
Date palm, 302

pollination of, 23

523,

De sexu plantarum, Camerarius, 26

Debregeasia, 383
Decahedron, 195
Dendroseris, 463-465, 486-488
Deodar cedar, 261
Dermatitis, 503

Desert ash, 452

Desert holly, 148
Desfontaing, 52
Desmanthus virgatus, 431
Devil’s-paintbrush, 476
Diaphanol, 117

Dicolpate grains, 170
Dicoria, 520, 522, 523, 528
Dicotyledons, 322

Digitaria sanguinalis, 312
Dionaea muscipula, 422, 427
Dioon spinulosum, 239

Dolerophyllum, 222, 226
Dondia, 415
Dorycordaites, 246
Drimys, 324-326, 329, 333, 335
Drosera, 423, 424
Droseraceae, 421, 427
Dwarf dandelion, 478
Dwarf ragweed, 130
Dwarf sagebrush, 514
E

Keluse, de I’, 26
Edgeworth, M. P., 91
Helgrass, 301
FEleocharis, 321
Elm, 131, 384-386

pollen frequency, 121

water, 386
Elm hayfever, 136
Emphytic characters, 158
Encephalartos, 236
Inecina, 379
Endhymenium, 46
Fndothia parasitica, 381

Engelhardtia, 355, 360, 361, 364

English plantain, 143, 455
Entada scandens, 431
Ephedra, 283, 288-292

Hqual triconvergent angles, law of,

177

Erdtmann, Gunnar, 110
Erigeron, 133, 495
Eriogonum, 391, 400, 401, 405
Buphrosyne, 523, 527, 629
Kurotia lanata, 415
Euryale, 342
Euxanthium, 521, 537
Exhymenium, 46
Iixine, 77, 94, 97

characters of, 158

INDEX

False ragweed, 535
Ferngale, 373
“Fertilizing”’ granules, 45
Fescue grass, 310, 311
Festuea, 310, 311, 329
Festuceae, 308
Field sagewort, 515
Filbert, 369
Fir, 263, 264
China, 271
Douglas, 266
Formosa, 271
Fischer, Carl Albert Hugo, 95
Fischer’s law, 324
Fitchia, 487
Fleabane, 133
Florists’ chrysanthemum, 503
Flowers, wind-pollinated, 4
Forysthia, 447, 448, 454
Fossil gymnosperms, 211
Four furrows, origin of, 166
Frangipanni, 436
Franseria, 521, 635, 536
Fraxinus, 132, 448-452
Fritzsche, Carl Julius, 69-84
portrait, 72

Furrow arrangements, diagrams of,

170, 173, 176

Furrow configurations, 67, 82

common, 179

diagram of, 176

and polyhedrons, 178
possible, 191

significance of, 177
theoretically possible, 199

Furrow patterns, 167

isotasithynic, 187

Furrows, characters of, 157

supernumerary, 169

symmetrical arrangement of six,

@2
Ut

Cutaneous reactions, 151 D%pteronia, 438 Exinium, 94 166

Cyead, 237 Ditch grass, 300 Exintine, 77

Cycadaceae, 236 Dock, 143, 397-399 Eixternal environmental characters, G
Cycadales, 235 Dodecacolpate grains, 175 154. 155

Cycadeoidea, 228-230 furrow ‘conﬁguration, diagram of, : ’ Géartner, Karl Friedrich, 32
Cycadocephalus, 232 176 1 F Germ pores, 156

Dogwood, family, 445
flowering, 446

Cycadofilicales, 211
Cycas, 236-238

Germinal furrows, 156
Germinating pollinia of Asclepias, 38

Fagopyrum, 391, 403
Fagus, 132, 373, 375, 379, 380
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Gesner, Konrad von, 26
Giant ragweed, 130, 534
Ginkgo, 241
Ginkgoales, 240
Gironniera, 382, 386
Gleditsch, J. G., 28
Gleichen Russworm, Baron von, 37,
46
Glyptostrobus, 270
Gnetales, 283
Gnetum, 283, 284, 291-295
Goatsbeard, 480, 482
Goethe, 41
Golden bells, 454
Golden thistle, 479
Goldenrod, 133, 490
as a cause of hayfever, 401
Goldenrod fever, 143
Goose grass, 130
Goosefoot, 413
family, 410
Grama grass, blue, 317
Gramineae, 303-320, 329
Grass family, 308-320, 329
Grass hayfever, 138
Grasses, flowers of, 139
tribes of, 308
Greasebrush, 529
Greasewood, 148, 413
Green amaranth, 420
Greenland peats, 115, 119
Grew, Nehemiah, 16-20
portrait, 17
Guillemin, Jean Baptiste, 48
Gymnosperms, living, 233-295
Qymnostyles parthenifolia, 529

H

Hackberry, 389, 390
Hackberry hayfever, 138
Haenselera, 460, 465, 477
Half-zonate grain, 175
Haloragidaceae, 444
Hamamelidaceae, 425, 427
Haplopappus, 167, 168
Haptotypic characters, 158
Hawlk’s-beard, 474

Hawkweed, 475
Hayfever, 134-152

diagnosis, 149

early spring, 135

early summer, 138

late summer, 143
Hazel, 131, 369
“Hazel forests,” 122
Hazelnut, 369
Heartsease, 444
Heartweed, 409
Hedvpnois, 474
Heliantheae, 208
Helianthus annuus, 133, 154, 519
Hemicycadales, 227
Hemlock, 131

Canada, 266
Hemp, 389
Heptahedron, 191
Herd’s-grags, 313
Hereditary characters, 153
Heredity, 155
Herodotus, 25
Heterotasithynic system of erack-

ing, 187
Hexacolpate grains, 172
Hexad arrangement of daughter
nuclei, 466

Hexahedron, 191
Hickory, 132, 358

nutmeg, 361

shagbark, 359
Hicoria, 359
Hieracium, 460, 465, 467, 475, 476
High-water shrub, 146, 530
Hila, 43
Hill sage, 147
Hiller peat auger, 110
Holceus, 314, 315
Holly family, 438
Holoptelea, 382, 384, 386
Hooke’s microscope, 15, 16
Hop, 133, 388, 389
Hop hornbeam, 368
Hordeae, 308
Hornbeam, 368
Horned pondweed, 301
Horseweed, 527

INDEX 567

Huisache, 436, 437
Humboldt, Alexander von, 41
Humulus Lupulus, 133, 388
Hungarian brome grass, 310
Hydrolysis and oxidation, method
of peat analysis, 115
Hymenoclea, 529
Hypochaeris, 460, 465, 473
I
Icosahedron, 181
Ilex, 427, 438
llicieae, 323, 324
Ilicium, 334-336
Indian corn, 319
Indian rice, 315
Indian wormwood, 514
Inga, 430, 436
Insect pollination, 2
Internal environmental characters,
154, 155
Intexine, 77
Intine, 77
Intinium, 94
Ironwood, 368
Isotasithynic system of eracking, 187
Iva, 519, 523, 526, 527, 529, 530, 531
Iveneae, 523

J

Japanese quince, dwarf, 429
Johnson grass, 142, 314
Joint fir, 288
Jointweed, 403
Juglandaceae, 354, 360
Juglans, 132, 354, 356-358, 360
Juncaceae, 321, 329
Juncoides campestris, 304, 321, 329
Juneus campestris, 327
June grass, 129, 140, 311, 312
Juniper, 128, 272

common, 273

swamp, 272
Juniperus, 272, 273

K

Kadsura, 328, 839, 340
Kéampfer, 277

Kahika, 279
Kahikatea, 279
Kaja, 282
Kentucky bluegrass, 311
Key to the Tamilies, 203
Kharoubh, 286
Kinarch, 278
Kiputri, 278
Kochia seoparia, 414
Koeleria gracilis, 317
Kolreuter, Joseph Gottlieb, 28
Knotweed, 403

family, 391

small shore, 404
Krigia, 460, 465, 478
Kusamaki, 277

IJ

Lactophenol mounting medium, 118
Lactuca, 460, 465, 478
Lady’s-thumb, small, 409
Lagenostoma, 217
Lagerheim, Prof. G., 110
Lamb’s-quarters, 148, 413
Lampsana, 475
Larch, 268

Chinese, 266

golden, 266
Laricopsis Kaempferi, 266
FLarix, 268
Later botanists, 84
Lauraceae, 205
Leeuwenhoek, van, 16 ,
Legrain, 1.., 25
Leontodon Taraxacum, 473
Leucaena glauca, 431
Leucanthemum, 498, 499, 502
Leuciva, 523, 529
Libocedrus decurrens, 271
Lignin and humic acid components

of peat, destruction of, 117

Ligustrum, 447, 448, 451, 458
Lilae, 454
Linden, 133, 442

family, 442
Lindley, John, 56
Linear-leaved wormwood, 514
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Liquidambar Styraciflua, 132, 425,
427

Liriodendron Tulipifera, 329, 333

Logan, James, 27

Lolium perenne, 318

Lophate character of pollen grains,
468

Love-lies-bleeding, 419

Low spear grass, 139, 312

Luersen, Christian, 90

Luzula campestris, 321

Lyginodendron Oldhamium, 216

M

Maclura pomifera, 375, 388
Magnolia, 326, 331, 332
family, 322
Magnoliaceae, 322, 329
Magnolieae, 323
Maidenhair tree, 241
Maize, 319
Malpighi, Marecello, 16, 20
portrait, 21
Malus sylvestris, 429
Mangin, Louis, 94
Mangle, 419
Maotia, 383
Maple, 181, 439
family, 438
Marigold, wild, 502
Marsh elder, 146, 528, 530
Maruta Cotula, 501
Master key, 203
Matricaria, 501, 502
Maydeae, 309
Mayweed tribe, 496
Meadow fescue, 141
Meadow foxtail, 142
Medullosae, 221
Meridionate pollen, 44
Mesquite, 431
Mesquite grass, 317
Methyl-green glycerin jelly, 107
Mexican tea, 414
Meyen, Franz Julius Ferdinand, 85
Michelia champaea, 333
Microcachrys, 239, 252

Mierozamia, 236
Milfoil, 444

family, 444
Miller, Philip, 28
Millington, Sir Thomas, 20
Milo maize, 315
Mimosa family, 429
Mimosacea, 89, 427, 429, 430
Mirabilis Wrightii, 412
Mirbel, Charles Frangois Brisseau-,

52, 55

Mitscherlich, Eilhardt, 70
Mockernut, 359
Mohl, Hugo von, 57

portrait, 58
Momisia, 355, 364, 390
Monocotyledons, 295
Moraceae, 382
Moreland theory of evolution, 46
Morus alba, 387
Mountain alder, 370
Mountain cedar hayfever, 137
Mountain fever, 146
Mouse-ear, golden, 476
Mud cracks, 185, 186
Muehlenbeckia, 392, 400
Mugwort, 146, 147, 511

in hayfever, 499
Mulberry, 387
Musaceae, 205
Muskegs of Alberta, 122
Mutisieae, 468
Myocephalic pollen grains, 44
Myrica, 371-373

pore pattern, 364
Myricaceae, 366, 371
Myriophyllum, 364, 444, 445

N

Nabalus, 460, 465, 477
Nigeli, Karl Wilhelm, 85
Naiadaceae, 297
Naiasg, 297, 302
family, 297
slender, 302
Nangarwal, 290
Natural shedding of pollen, 102
Needham, 45
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Negundo, 441
Nettle, 388

family, 382
Nettle tree, 138, 389
New England aster, 495
Noble goldenrod, 492
Nogal, 358
Nonacolpate pollen grains, 174
Nonahedron, 193
Nothoholcus lanatus, 315
Nuphar advena, 343
Nyctaginaceae, 410, 411
Nymphaea, 341-346, 360
Nymphaeaceae, 340, 360
Nyssa, 446, 451

O

Oak, 129, 373, 376, 377
black, 378
California live, 379
Oak hayfever, 187
QOak pollen frequeney in peat, 121
Oat, 316
wild, 316
Octacolpate grains, 175
Octahedral arrangement of furrows,
466
Octahedron, 181, 191
Ogeechee plum, 446
Olea, 401, 447, 448, 452

Oleaceae, 447, 448, 451

Olive, 452

family, 447
Olmstead, A. T., 23
Opopanax, yellow, 436
Orach, 416, 418

red, 148
Orchard grass, 129, 140, 313
Oreomunnea, 361
Osage orange, 388
Osier, 349
Osmunda regalis, 326
Ostrya, 364, 369
Outeniqua yellowwood, 275
Oxeye daisy, 502
Oxytenia, 519, 520, 522, 626
Ovster plant, 482

P

Pachytesta, 211, 221
Pacourina, 468, 471
Palm family, 302
Palma, 239
Palmaceae, 302
Pansy, 444
Paper mulberry, 387
Parthenice, 517, 519, 525
Parthenium, 517
Pasture sage, 514
Peach, 429
skin, cause of hayfever, 429
Peat auger, 111
from Greenland swamps, 119
hydrolysis of the polysaccharide
fraction of, 118
preparation for microscopic exam-
ination, 112, 115
samples, 111
standard, 116
Pecan, 361
Pediastrum, 327
Pennsylvania sedge, 321
Pentagonal dodecahedron, 180
Pepper shrub, 335
Pepper tree, 334
Pepperidge, 446
Persica vulgaris, 429
Persicaria, 392, 394, 405, 407-410,
429
Phalarideae, 309
Phalaris minor, 319
Pherosphaera Fitzgeraldi, 252, 280
Philydrum lanuginosum, 324
Phleum pratense, 130, 313, 329
Phoenix dactylifera, 291, 302
Phyletic characters, 155
Phyllocladus, 252
Phyllostachys, 810
Phylogeny, 155
Physostoma elegans, 218
Picea, 131, 262, 263
Picrothamnus, 498, §10
Pignut, sweet, 359
Pigweed, 143, 420
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Pine, 131, 256, 258, 260, 279
pollen, diagram of, 257
frequency in peat, 121
white, 279
Pinus, 2586, 258, 260, 261
Plane-tree, 138, 425, 426
family, 425
Planera, 382, 384, 336
Plantaginaceae, 451, 465
Plantago, 132, 451, 4585, 456
Plantain, 132, 455 ’
family, 455
Platanaceae, 425, 427
Platanus, 132, 425-427
Platycarya, 355, 360, 361, 364
Phiny, 26
Ploessel’s microscope, 35
Poa, 129, 311, 312
Podoearp, 278, 279
winged grain of, 252
Podocarpineae, 243, 249, 251, 273
Podocarpus, 252, 273-279
Pollen, analysis, 114
collection of, in large amounts, 101
by the ecarbon tetrachloride
method, 104
counting of grains, 113, 118
counting chamber, 118
desiceation of, 104
diagram, 113
dry, examination of, 109
extracts, 151
frequency, 113, 123
relation of, to abundance of
trees, 120
from living Sphagnum plants, 120
preparation of, for microscopic
examination dry, 109
spectrum, 113
statisties, 110
tubes, 32
Pollen-grain characters, 153
classification based on, 56
forms, evolution of, 250
origin of, 158
patterns, 83
wall, “cellular” structure of, 61
Pollender, Aloys, 90

GRAINS

Pollenin, 75
Polygonaceae, 391, 405
Polygonum, 391, 392, 394, 403-406
Polyhedra, 192
dissections of, 194
modes of changing one into
another, 194
perfect, 189
Pond lily, yellow, 343
Pondweed, 209
horned, 301
Poplar, 132, 348, 350
Poplar hayfever, 136
necklace, 354
Populus, 132, 136, 347, 348, 350-
354, 360
pollen graing of, in peat, 122
Pore patterns, 363
Post, Dr. L. von, 110
Potamogeton, 291, 207, 299, 300
Potagsium chlorate, treatment of
peat with, 117
Pouzolzia, 383
Poverty weed, 146, 148, 530, 531
Prairie ragweed, 146, 527
Prairie sage, 147, 513, 514
Prenanthes altissima, 477
Prépollinie, 222, 226
Prickly lettuce, 478
Prince’s-feather, 409, 419
Pringsheim, 87
Privet, 453
Prosopis, 427, 430, 431
Proteaceae of Jussieu, 37
Protozoa, resemblances of pollen
grains to, 9
Prunus Pergica, 429
Pseudolarix amabilis, 266
Pseudotsuga mueronata, 266
Pteridosperms, 211
Pterocarya, 355, 360, 362, 364
Pteroceltis, 382, 300
Pterostylis Banksii, 35
Ptilophyllum pecten, 231
Purkinje, Johannes Evangelista, 40
portrait, 40
Pyramid goldenrod, 494
Pyrethrum roseum, 503

INDEX

Pyrus japonica, 429
Pyrus Malus, 429

Q

Quack grass, 318
Quadripartitioning by furrowing, 161
Quercus, 873-379

Quick grass, 318

Quitch grass, 318

R

Rabbit bush, 537
Ragweed, 531

bur, 145

dwarf, 144

false, 145

giant, 144

slender, 145

southern, 145

tribe, 516

western, 145

western giant, 145
Ragweed hayfever, 143
Raspail, 51
Rattlesnake root, 477
Rattlesnake weed, 476
Ray grass, 318
Rayless camomile, 502
Rea, 487, 488
Red fescue, 141
Red fir, 266
Red gum, 425
Red maple, 441
Redroot pigweed, 420
Redtop, 130, 141, 313
Redwood, 269
Regular polyhedrons, 181
Retinospora, 272
Rheum, 392, 400
Rhode Island bent, 314
Rhubarhb, 400
Robinson, Dr. Victor, 41
Rock maple, 441
Rosa, 427, 428
Rosaceae, 426, 427
Rosanoff, Sergius, 88

Rose cold, 138
Rose family, 426
Rough marsh elder, 531
Rugel’s plantain, 456
Rumex, 392, 897-399, 405
Ruppia, 291, 297, 200
Rush, 304

family, 321

Russian thistle, 143, 147, 412

Ryve, 318
Rye grass, 318

8

Bagebrush, 146, 511
common, 516
tall, 516

Sagewort, 513, 514

Sago palm, 237

Salicaceae, 347, 360

Salishuria adiantifolia, 241

Salix, 347-360

Salpiglessis, 160, 161, 182

Salsify, 480, 482 ‘

Salsola Pestifer, 405, 412

Salt sage, 530

Salthush, 143, 148, 416
Australian, 417

Saltwort, 412

Sandbur, 536

Sapindaceac, 208

Sarcobatus vermiculatus, 405, 413

Savin, 273
Saxegothaea, 245, 246, 252
Schacht, Hermann, 85, 87

Schizandra, 328, 329, 837-339

Schizandraceae, 324
Schizandreae, 323, 324
Schleim, 75

Seolymus, 458, 461, 462, 465, 479
Scorzoners, 461463, 465, 482485
Sculpturing, development of, 162

Seutch grass, 317

Sea blite, 415

Seaside goldenrod, 493

Secale cereale, 318

Sedge, 131, 320
family, 320



572 POLLEN GRAINS

Selligui’s microscope, 39
Sequoia, 269
Sexuality in plants, 23
Shad seale, 148, 416, 418
Shikimi, 336
Short ragweed, 532
Showy goldenrod, 492
Silverrod, 495
Silver scale, 148
Silvery wormwood, 516
Sitka spruce, 262
Skin reactions to pollen extracts, 150
Slender ragweed, 535
Sodium chlorate treatment of peat,
117
Solidago, 133, 411, 490495
Sonchus, 460, 465, 473
Sorghum, 314, 315
Sorrel, 399
Sour gum, 446
Sow thistle, 473
Spanish oyster plant, 480
Sparganiaceae, 204
Spear orach, 417
Spear rush, 321
Spear scale, 417
Spencerites insignis, 254
Sphaeromeria, 498, §06, 507, 510
Sphenopteris, 217
Spinach, 416
Spinacia oleracea, 416
Spines, of Artemisia pollen grains,
512
of pollen grains, 497
Spiny amaranth, 420
Spirostachys occidentalis, 416
Spleen amaranth, 420
Sponia amboinensis, 387
Sprengel, Konrad, 30
Spruce, 131, 262, 263
pollen, frequency of, in peat, 121
Squirrel-corn, 3
Star-leaved gum, 425
Stengeria, 236
Stephanospermum, 212, 218-221,
223
Sterculeaceae, 207

Sterile hybrids, abortive pollen of,
163
Stinging nettle, 388
Stokesia, 468, 471
Strasburger, Eduard, 93
Streifen, 67
Struchium, 468
Suaeda, 415
Succory, 478
Sudan grass, 315
Sugar beet, 419
Sugar maple, 441
Sugi, 268
Summer cypress, 414
Sundew, 423, 424
family, 421
Sunflower, 133
Svenhedinia, 332
Swammerdam, 16
Sweet fern, 373
Sweet gale, 372
family, 871
Sweet gum, 132, 425
Sweet vernal grass, 129, 140, 319
Sycamore, 132, 425, 426
as a cause of hayfever, 138
Sycamore maple, 440
Sydney golden wattles, 435
Symmetry patterns of seulpturing,
163
Symmetry relations of tetrads, 159
Syntherisma sanguinale, 3712
Syntherisma sanguinalis, 130
Syringa, 447, 448, 454

T

Talauma minor, 332
Tall oat grass, 142
Tall ragweed, 534
Tamarack, 123, 268
Tanacetum, 504510
Tandala, 290

Tansy, 504
Taraxacum, 457, 458, 461-467, 473
Taxaceae, 249
Taxineae, 249, 282
Taxodineae, 247, 268

INDEX

Taxodium, 268, 2771
Taxus, 275-277, 283
Tearthumb, halberd-leaved, 410
Telangium Seotti, 217
Tetracolpate grains, 171
Tetrad arrangements of pollen grains,
159, 165, 325
Tetrahedral arrangement of pollen
grains, 160
Tetramerous grains, 466
Tetraradiate sculpturing, 466
Theophrastus, 25
Thoma chamber, 118
Thuja occidentalis, 271
Tilia americana, 133, 442, 451
Tiliaceae, 442, 451
Timothy, 130, 141, 313
Torreya, 282, 283
Toxylon pomiferum, 388
Tracaulon, 392, 410
Tragopogon, 458, 461-463, 465,
480-482
Trangkil, 204
Tree of heaven, 132
Trema amboinensis, 387
Tricolpate grains, 167
Triplaris, 391, 402
Tripsicaceae (Maydeae), 309
Triradiate eracks, 186
Trischistoclasic system, 185
Triticum aestivum, 319
Tsuga canadensis, 131, 266
Tulip tree, 333
Tumbleweed, 147, 421
Tumbo, 286
Tumion, 282, 283
Tupelo, 446

* Turpin, 46

Typha, 128, 291, 295-297
Typhaceae, 295

U

Ulmaceae, 382

Ulmus, 131, 375, 382, 384-336
Umbrella plant, 400

Urtica, 382, 387, 388
Urticaceae, 375, 382, 383
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Vachellia, 430, 433, 436, 437
Vallisneria, 298
Velvet grass, 142, 315
Venug's-flytrap, 422
Vernonia, 468, 471
Vernonieae, 468, 471
Vesicarpa, 498, 510
Vesque, J., 92
Victoria, 342
Viola, 376, 442-444
Violaceae, 442
Violet, 376, 442444

family, 442
Viper's-grass, 482, 484
Virginia goatsbeard, 478
Vitaceae, 208
Volume change accommodation, 92

W

Walnut, 356-358
California black, 137
family, 354
Walnut hayfever, 137
Water lily, 344-346
family, 340
Water milfoil, 444
family, 444
Water nymph, 345
Water oats, 315
Water pepper, small wild, 409
Water pollination, 298
Wax myrtle, 372
Weimel, Theodor, 87
Welwitschia, 283, 286-288, 291, 293
Western ragweed, 533
Western sage, 513
Western sycamore, 426
Western water hemp, 148, 421
Wheat, 319
Wheat grass, western, 318
White ash, 450
White sage, 415
Whittleseya elegans, 227
Wielandia, 232
Wielandiella, 231, 323
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Williamsonia, 230-232, 323
Williamsoniella, 231, 232
Willow, 131, 136, 350
family, 347
Wind-pollinated flowers, 4
~ Wind pollination, 2
adaptation to, 351
Wine plant, 400
Wing scale, 418
Winged-grained Abietineae, pollen
grains of, 265
Winged pigweed, 148
Winter fat, 415
Winter sage, 415
Winterberry, northern, 438
Winter's bark, 335
Wire plant, 400
Witch-hazel family, 425
Wolff, Christian, 46
Woolly soft grass, 315
Worlds of different sizes, 5
Wormwood, 511
gilvery, 147
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X
Kanthium, 519-522, 637, 540
v

Yew, 283
Yonkers, N. Y., atiospheric pollen
of, 128

Zamia, 236, 238
Zannichellia, 297, 2301
Zea Mays, 319
Zelkova, 382, 384, 387
Zigzag furrows, 171
Zizaneae, 309

Zizania palustris, 315
Zonate furrows, 44, 174
Zostera, 297, 301
Zwischenkorper, 80, 83






