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PREFACE MOSSES AND
LICHENS has been written with the hope that it may meet a need often expressed, for a book with
pictures which will help to identify some of the many beautiful growths which, winter and summer,
in wood and open, excite the admiration and arouse the curiosity of all nature lovers. It is the
result of the author's desire to know something of the dainty plants which are so lavishly employed
by nature in beautifying the trails and brooks of the North woods. The more striking mosses and
lichens were collected and carried about until by the kindness of one friend and another "learned
in mosses," names were secured for them. No book was found which offered an easy path to the
knowledge desired. In truth, no book was found which could be used at all until many months of
patient labor in a botankal laboratory gave the necessary foundation. Then the author, urged on
by friends who would have an easy path or none, set to work to make pen-and-ink sketches of bits
of moss and details of structure. After a number had been made with some degree of success, a
new plan was suggested by experience. An accurate detail was made with the aid of a microscope
or was procured from a rare work, Bryologia Europce; and with this detail a tuft or cushion on a
large scale was built up and then reduced to natural size with a camera. Later, with the success
crowning persistent attempts, Mr. J. A. Anderson and Miss H. C. Anderson succeeded in
photographing specimens not too small, direct from nature. The plates in the book are the
measure of their success. Thanks are due to Dr. Lucien M. Underwood, of Columbia University, for
his never-failing readiness to give encouragement and valuable assistance; also Mrs. E. G. Britton,
who has named most of the mosses collected by the author and has been ever ready to suggest
works for reference and to render assistance in other ways. Thanks also are due to Dr. Howe, of the
New v : I Mosses and Lichens York Botanical Gardens, and to Dr. Curtis, of Columbia, for
assistance with certain subjects; and especially to Mr. Williams, a moss and lichen specialist of the
New York Botanical Gardens, who named the lichens pictured in the book and undertook the
laborious task of reading the copy before it was submitted to the publishers. The pen-and-ink
drawings were made by the author direct from nature or were redrawn from the works mentioned
in the ''Authorities consulted."
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CHAPTER I MOSSES AND LICHENS AT HOME V " Children of lowly birth, Pitifully weak; Humblest
creatures of the wood To your peaceful brotherhood Sweet the promise that was given Like the
dew from heaven: 1 Blessed are the meek, They shall inherit the earth*; Thus are the words

fulfilled: Over all the earth Mosses find a home secure. On the desolate mountain crest,
Avalanche-ploughed and tempest-tilled, The sweet mosses rest; On shadowy banks of streamlets
pure, Kissed by the cataracts shifting spray, For the bird's small foot a soft highway For the many
and one distressed. Little sermon of peace." Willis Boyd Allen. No FREQUENTER of the woods can
be unfamiliar with the more conspicuous lichens and mosses. It is with them that nature adorns
her bare unsightly children. She drapes the time-worn evergreens with gray fringes (see
Frontispiece) and decks the old tree-stumps with red or yellow corals. Soft lichens spread over the
ground in the deep shade of the pine trees, while pale green or yellow rosettes creep over the
fence-rails and the big rocks in the pasture lot. (See Colour Plate II.) " Far above among the
mountains the silver lichen spots rest, starlike, on the stone; and the gathering orange stain upon
the edge of yonder western peak reflects the sunsets of a thousand years."— Ruskin. Lichens and
mosses are met with all over the world, in the cold North and in the sunny South, in the East and in
the West, Mosses and Lichens by the seashore and on the highest mountain peaks. They are the
first growths to appear on the rocks and in the places which give no foothold to other plants. When
the side of a mountain is torn away by frosts and floods, and the bared rocks, shorn of their forest
trees and shrubs, are left unsightly with nothing to tempt other plants to make a home on their
ledges, then the lichens come and cover the bared cliffs with delicate traceries and mantles of
exquisite grays and greens. They need no soil, a polished rock will meet their need. "Meek
creatures; the first mercy of the earth, veiling with hushed softness its dustless rocks; creatures full
of pity, covering with strange and tender honour the scarred disgrace of time."— Ruskin. The
foothold of the lichens is often so insecure that one must exclaim as he sees them, " How do you
grow in such unfavourable places? On what do you subsist ? No soil! No water! Dry as tinder!
Crumbling at any rude touch!" If the plant could answer, no doubt it would say, "There must be
pioneers to open up new territory for higher plants, so from the earliest times nature has
employed us to do this work. We travel swift as the wind for we travel with the wind. We are fed by
the rains and the dews, the hard rocks soften at our touch and give us food." " The chapel and
bridge are of stone alike, Blackish-gray and mostly wet; Cut hemp-stalks steep in the narrow dyke,
See here again, how the lichens fret And the roots of the ivy strike." Browning — By the Fireside.
It is true that these little plants as they lie upon the rocks, secrete an acid which dissolves the hard
minerals. It is true that they have the power to condense moisture from the air, however little it
may be, for they must have water as an item of food and as a medium by which mineral-salts
dissolved from the rocks may enter the interior of the plant and may pass from cell to cell to those
parts where they are to be worked up into plant food. The lichens are often the forerunners of
rock-loving mosses as without the scanty soil prepared by their chemical action and, without the
slight foothold which their debris afford, many mosses would be unable to get a start upon the
forbidding rock. Mosses and Lichens at Home With the mosses nature first clothes naked sides
of ditches and clay banks and spaces between stubble of hay and corn. These otherwise unsightly
spots she covers and makes attractive with a bright green carpet. Even the hard soil along the city
pavement or in the tiny city yard she covers with a velvety coat of young moss plants, although
they rarely develop further than this velvet stage. " All green was vanished save of pine and yew,
That still displayed their melancholy hue; Save the green holly with its berries red, And the green
moss that o'er the gravel spread." Crabbe — Tales of the Hall. The blackened embers of the picnic
fire are hidden with Golden Cord-mosses (Colour Plate III) and the roadsides in the woods and the
slopes to the lake are carpeted with sturdy Hairy-caps (Colour Plate X). The crumbling roofs of
deserted cottages and the unused well-sweep and old oaken bucket are decorated with soft tufts
of green. Indeed the mosses are lodged in the crevices of the stones which line the well itself and
late in the winter when all the world is asleep under its blanket of soft white snow, these little
mosses grow and flourish unaffected by the cold above. Nature distributes the mosses lavishly in
all humid climates, regardless of altitude, cold or heat. They are found on trees living or dead, on
earth or on rock, in streams and on the land. " The orange stain, which is time's finger mark on the
gray wall, and the cups with scarlet edges spread for fairy banquets—the soft green beds into
which our feet sink, and all the loveliness which we think of when we think of—mosses."— Ruskin.
Who has not loved the mossy banks and the little velvet cushions which cling to the plaster of the

old wall (Colour Plate IV) or spring up in the crevices of the pavement, giving restful spots of green
to the dreary monotony of brick and stone? Children play with mosses and lichens. Poets sing their
charms. Artists endeavour to reproduce their wonderful colours traced on bark and rock. Aside
from their artistic charm, mosses and lichens have other charms for all who will pause awhile to
study their habits, and for all who will linger long enough to make out what the plants are doing in
their humble way. They have wonderful Mosses and Lichens mechanical contrivances for the
physicist, curious processes of interest to the chemist, and many suggestions for the philosopher.
Go into the woods and pastures after a rain. You will find a beauty and loveliness on rocks and
trees and fallen logs which were not even suggested on a dry sunshiny day. The wood is in her
glory at such times, and everyone who once sees her in her splendour will visit her again. " Here
are cool mosses deep, And thro' the moss the ivies creep.'' Tennyson — The Lotos Eaters: Choric
song. The habit the mosses and lichens have of changing form and colour is one full of interest.
The crisp gray moss cushions, which quickly turn green in the rain, must excite curiosity (Colour
Plate IV). Pause awhile by a fresh green bank of Hairy-caps (Colour Plate X) wet with dew, and as
the sun comes out and shines upon the little plants, watch them shrink away, changing the fresh
bank into one brown and bare. Watch them again in a rain or when the evening dew is falling, to
see every apparently dead brown plant revive and become green as before. The cause of the
change is easily seen by one looking closely. The plant does not die when the sun shines, it simply
folds the edges of its leaves together and turns them up against the stem so that their horny tips,
instead of their delicate leaf surfaces, are presented to the sun. The cause of the upturning of the
leaves of the Hairy-caps, the change of colour of many mosses and lichens from gray to green, the
methods by which they subsist on bare and barren rocks and soils, and endure extreme and
sudden changes in the dryness and humidity of the air, are all interesting questions to be
answered by the microscope, together with careful observations in the field. Gray or crimson
Bog-mosses (see Colour Plate III), steadily working their way over swamps and ponds, preparing a
foothold for larger plants, illustrate to us how the great peat-bogs of Ireland and of other parts of
world were made. Whether one study the mosses and lichens for their natural beauty, for their
habits, or from a botanical standpoint, they are interesting. They are true lovers of fresh air and
clear running water, beautiful creatures in beautiful homes. They are Mosses and Lichens at
Home beautiful even when dried and pressed for the herbarium, so that one with a taste for
collecting may regard the artistic as well as the useful. The wide distribution of the mosses and
lichens and their power of enduring great cold renders them available for study at all times of the
year. They are reported to have been found in all parts of the globe. Dr. Isaac I. Hayes who in 1854
discovered Grinnell Land, tells of finding "moss" as far north as Booth Bay in Greenland, in
Latitude 76° 30'. The uses to which the moss was put in their distress were varied. After
improvising a hut from a crevice in the rock by filling open places with loose stones pried from the
frozen ground, they made a roof of sails and thatched it a foot thick with "moss" dug with their tin
dinner plates from under two feet of snow. All cracks were closed with the moss, and tapers of
"moss" dipped in oil were depended upon to light their dismal quarters. The habit of using moss
for filling in chinks and cracks is a common one among all pioneers, as one may see by observing
the log huts in newly opened districts, for mixed with clay it forms a useful cement. This art is not
known alone to man. " Within a thick and spreading hawthorn bush That overhung a molehill
large and round, I heard from morn to morn a merry thrush Sing hymns of rapture, while I drank
the Sound with joy—and oft an unintruding guest, I watched her secret toils from day to day; How
true she warped the moss to form her nest, And modell'd it within with wood and clay."
Claire—The Thrush's Nest. CHAPTER II HOW TO KNOW THE LICHENS AND MOSSES —WHAT THEY
ARE DOING ON ROCKS AND TREES Under the name of moss, in the popular mind, are included all
small flowerless plants which grow in cushion-like tufts on stone or wood or bark. The name
"moss" is made to do duty for the lichens, the mosses and their near relatives, the Hepatics, plants
which differ widely in structure and appearance, as those will see who give more than a passing
glance. LICHENS If a small plant, rootless, of almost any colour except bright green, grows as a
dainty mat—a ibal~ lus— Hat (Colour Plate V) or ruffled (Plate II) on its support, one may suspect
that it is a lichen. If in addition to this habit of growth, it bears its fruits in flattened coloured disks

(Colour Plate VII) one may know it is a lichen, also if the plants branch like corals (Colour Plate XI),
or hang in fringes (Colour Plate I) from the trees, and are without leaves, one may suspect that
they are lichens and may be pretty sure of it if the fruits are little coloured disks or cushions on the
tips of the branches. The "Florida Moss," which grows in long gray fringes from the trees in the
South, is neither a lichen nor a moss, but is a true flowering plant with stamens and pistils, the old
seed capsules are often found still clinging to this moss-appearing plant, in the season when it
Aulacomnium Heterostichvm. Moss. How to Know the Lichens and Mosses
Hepatic. Hepatic.
Hepatic. is not in flower. It was probably to this plant Gannet referred when he wrote: "A cloister
dim, where the gray moss waves, And the live-oaks lock their arms at will." TRUE MOSSES If plants
are small and green, with leafy stems, and have the habit of living in such close proximity as to
form
Spore-case without lid. Lid. Spore-case velvety cushions, (Cera- with lid re - . ., : moved
to todon purpiireum) one Spore-case with lid. Bryum argenieum. show teeth wanting. Hedwigia
ciliata may suspect them of being mosses, but if they have this habit of growth, or grow in clusters
resembling tiny ferns or miniature trees and bear their spores in little cases opening by lids, one
may feel confident that they are the true mosses as distinguished from hepatics. Hepatic.
Spore-case split into four symmetrical valves. Ceratodon purpureum, Velvety Cushion. Mosses
and Lichens HEPATICS If the plants are green, growing flat and ribbon-like or as prostrate stems
with paired, veinless leaves and with fruits umbrella-like or cups which do not open by lids but split
irregularly into symmetrical valves in order to permit their spores to escape, one may know them
to be hepatics. The beauty which mosses lend to the surfaces upon which they live is pretty
generally conceded. One has but to recall the frequent reference which our poets make to them to
feel that they have always appealed to the poetic eye. Mnium ajfine. Moss. " On our other side is
the straight-up rock ; And a path is kept 'twixt the gorge and it, By boulder-stones where lichens
mock The marks on a moth, and small ferns fit Their teeth to the polished block. These early
November hours, That crimson the creeper's leaf across Like a splash of blood, intense, abrupt,
O'er a shield else gold from rim to base, And lay it for show on the fairy-cupped Elf-needled mat of
moss." Browning — By the Fireside. Ruskin says: "Tothem, slow-fingered, constant-hearted, is
entrusted the weaving of the dark, eternal tapestries of the hills." How to Know the Lichens and
Mosse Whittier in " The Bridal of Pennacook," to the query of "Why turns the bride's fond eye on
him, in whose cold look is naught beside the triumph of a sullen pride ?" replies: " Ask why the
graceful grape entwines The rough oak with her arm of vines ; And why the gray rock's rugged
cheek The soft lips of the mosses seek : Why with wise instinct, Nature seems To harmonise her
wide extremes, Linking the stronger with the weak, The haughty with the soft and meek ! "
Shakespeare calls the mosses "idle": " It is dross, usurping ivy, brier, or idle moss." Comedy of
Errors, Act II, Sc. a. Scientists of to-day tell us that the rock-loving mosses and lichens are at work
upon the "everlasting hills" to convert them into new soil; that the saprophytic mosses on dead
logs in the forest are at work returning to Mother Earth the materials which her tree-children took
from her many years ago. They tell us that bog-mosses are reclaiming the marshes for higher
plants, and that the water-loving mosses are receiving from the brooks lime-solutions which were
brought up from depths below, and are laying them down in places where they are useful to man.
As our knowledge of their practical value increases we shall not lose sight of their beauty, a new
wonder will be added to our knowledge and many new interests to our trips "among the nodding
ferns and mosses cool." Their association with aged castles and trees is so familiar to everyone
that the poet has but to mention mosses and lichens to picture lonely places and peaceful decay.
"Moss-muffled forests dim" and "the rocks where the brown lichen whitens " give to us a feeling of
loneliness, while the picture of Oliver— " A wretched, ragged man o'ergrown with hair " is
complete when Orlando finds him sleeping on his back " under an oak, whose boughs are mossed
with age." As You Like It. Act. IV, Sc. 3. Wordsworth tells us: '' There is a thorn—it looks so old, In
truth, you'll find it hard to say Mosses and Lichens How it could ever have been young, It stands
erect and like a stone With lichens it is overgrown." Spenser expresses another idea when he
saysof the ancient oak: "But now the gray moss marred his rine ;" and Shakespeare also when he
introduces Tamora, Queen of the Goths, to " A barren, detested vale . . . The trees, though
summer, yet forlorn O'ercome with moss, and baleful mistletoe." Titus Andronicus, Act II, Sc, 3-

Mosses and Lichens are both soil-makers. They work by two methods. The one chemical, the other
mechanical. By chemical action they either construct plant tissue of gases taken directly from the
air or they first free from rock or wood or earth-mould, the minerals needed and then construct
them into plant tissue. By mechanical action they pry off bits of soil from hard rock, arrest dust and
debris brought to them by the wind, and constantly add to the mass, such plant tissue as they
themselves are continually shedding. " Upon this herbless rock a small gray lichen Did fix her
home. She came with meek intent, To bless her stern and sterile place of rest; And presently her
gentle sisters followed, Some vestal white, and some in robes of brown, And some in yellow
vestures, labouring all At the same work, with tiny cups held out To catch the raindrops, and with
mattocks small To pierce the rock. And well did they effect Their destined purpose." One of the
most important sources of the nourishment of plants is carbon dioxide (C O 2 ). It is the gas which
bubbles up from "soda water" and it is the gas breathed out by animals. It is formed wherever a
candle, lamp, or wood is burning or wherever vegetable or animal matter is decomposing. The gas
is itself a compound of an elementary gas, oxygen (O) united with an elementary solid, carbon (C)
known by the common names of charcoal and graphite. Stated in a general way, the carbon
dioxide passes through the walls of the plant cells into the cell-contents and there by the
leaf-green (chlorophyll) the How to Know the Lichens and Mosses oxygen gas (O) is set free to
return to the atmosphere, and the solid carbon (C) is worked up with water into plant foods called
carbohydrates, compounds of carbon and water, of which starch, sugar, and plant tissues are
examples. " A small sisterhood of plodding lichens Wrought on the rock ; the sun, the wind and
rain, Helping then gladly, till each fissure filled And fit for planting, mosses came in haste And
strewed small seeds (spores) among them, destined they To clothe the stern old rock with softest
verdure With ferns and flowers, where yet the labouring bee May find pasture." Certain lichens
carried by the winds to places unsuitable for other plants, begin their work of dissolving the
inhospitable rock to obtain mineral salts which the leaf-green may, together with water,
manufacture into plant food; the delicate threads of the lichen work their way in and out among
the particles of rock too small to be visible to the naked eye, and as they swell with water absorbed
from the atmosphere, they pry off tiny particles of rock, thus slowly but surely preparing soil for
higher forms. The mosses also can take their start in life on bare and rugged rock, although not so
generally as the lichens. If a tuft of Grimmia apocarpa is lifted away from the limestone upon
which it is growing, one may see corroded depressions in the neighbourhood of the place where
the stemlets of the moss colony meet, and one may see the rhizoids of the moss imbedded in loose
particles of limestone which have been separated from the main rock by a dissolving fluid which
the rhizoids secreted upon the rock. In this way the moss obtains mineral salts which are necessary
for its growth. The solid rock is crumbled to a dust which may be blown by the wind to other
localities, or which may remain on the spot and furnish soil for higher plants. In addition to the
chemical action which the moss exerts in dissolving the rock, it, as well as the lichen, exerts a
purely mechanical influence, for a growing rhizoid penetrates wherever the merest particle of
limestone has been dissolved and by mechanical pressure separates the particles of limestone
which remain. The mosses and lichens are truly efficient agents in rendering rocks available for
plant life by retaining minute particles of soil Mosses and Lichens but their work does not stop
here, for as the older plants die and crumble and mingle with the disintegrated rock, an incredible
amount of earth-mould is formed which is a favourable site for higher forms of mosses, ferns, and
other spore-bearing plants. That the leafy parts above arrest to a remarkable degree the dust
which pervades the atmosphere, not only along dusty roadsides and open plains, but also in
remote mountain valleys, in Arctic ice fields, and in most of the elevated parts of the earth's crust,
will be evident to one who detaches and examines a small tuft of Barbula, which everywhere
occurs on roadside walls. He will be surprised to learn the extent to which the road dust has been
lodged in the older dead parts of the plants, and he will be equally surprised to learn with what
tenacity the dust is held. The power the older parts of the plants have of holding the dust is due to
certain alterations which take place in the lifeless cell-tissue. To be convinced that fine dust is also
carried to the more remote and elevated regions, one must examine the lichens and dark
Grimmias, Andr&as and other rock mosses which grow in small cushion-like tufts on

weather-beaten mountain crags, when he will find that not much less dust has been arrested by
them than by the Barbula living near the dusty roadside. Old crumbled lichens, together with dust
blown Andraa rupestnt ,.,.... , , , Plant with spore- thither by the wind, accumulate under the
thallus, case - or leaf-like expansion of the lichen, and soon form a suitable home in which moss
spores may grow. The mosses in turn add their share to the accumulation of humus preparatory to
the coming of the ferns, and the ferns in turn prepare for the trees with winged seeds, the
evergreens and birches, which require no very great depth of soil, sturdy pioneers of mountain
forests. It is true that all green plants do a similar work, but they do not work under such primitive
conditions as do the mosses and lichens. Aquatic mosses possess, perhaps to a greater degree,
the power of arresting and retaining mud and fine sand hurried along by a violent rush of water.
The plants of Hypnum rusciforme and 14 How to Know the Lichens and Mosses Atnblystegiwn
riparium, which cling to rocks in streams, are so conglomerated by mud and sand that they cannot
be freed from it until the plants have become dried and shrivelled. Limnobium molle, which grows
in the turbid waters from glaciers, has such an abundance of earthly particles adhering to it that
only the green tips of the leaf-bearing stems are visible above the gray-coloured cushions
imbedded in the mud. It is the dead parts alone which retain in their thick felt of interwoven
filaments, the firmly divided mud and sand. That they are able to do this is due to the fact that the
cell-membranes swell up and become slightly mucilaginous. This mechanical retention and
storage of dust by rock-plants, and of mud by aquatic plants, is of the greatest importance in
determining the development of the earth's covering of vegetation. The first settlers are
crustaceous lichens, minute mosses, and algae. Larger lichens and mosses are able to gain a
footing on the substratum prepared by them. " Tis spring-time on the eastern hills! Like torrents
gush the summer rills, Through winter's moss and dry dead leaves The bladed grass revives and
lives, Pushes the mouldering waste away, And glimpses to the April day." Whittier — Mogg
Megone, Pt. HI. The dead filaments, stems, and leaves of this second generation arrest dust in the
air and mud in the water, and thus prepare a soft bed for the germs of a third generation, which
on rocks consists of grasses, composites, pinks, and other small herbs, and in the water of
pond-weeds, water-crowfoots, hornwort, and related plants. The second generation is produced in
greater abundance than the first, and the third develops more luxuriantly than the second. The
third may be followed by a fourth, fifth, and sixth, each successive generation crushing out and
supplanting the one preceding it. Another marked and important change results from these small
beginnings. Streams on rather flat lands are turned from their courses by the accumulation of
debris made possible by the arrested sand and mud, ponds have their outlets choked so that often
new outlets must be cut, and small lakes are often cut in two by a natural divide which is due to the
accumulation of sand and silt bound together, first by water plants and later by shrubs and trees.
Mosses and Lichens The fact that at the present time the lichens and mosses are the first plants to
appear on the soil, leads one to think that in ages gone by these little plants may have been the
first to appear on the earth, and that they may have reigned supreme for a time in the plant world.
This view is not sustained by positive testimony from the rocks, as there is no fossil evidence that
mosses existed in Paleozoic times, nor has any certain trace of a moss been found in the
coal-measures. Fossil mosses have been obtained almost entirely from tertiary and quaternary
deposits. Notwithstanding that there is no fossil evidence that mosses did exist, there is no
evidence that they did not exist, as their absence from the plant records written in the older
formations is probably to be accounted for by reason of their insignificant size and the difficulty of
their preservation. Another use the lichens and mosses subserve in the economy of Nature is
illustrated by their habit of retaining great quantities of water in their spongy mass both on lofty
mountain heights and in the forests of the valleys. In many parts of the world it is principally the
moss-covered soil of the forests which, by collecting the rainfall, prevents the pouring down from
mountains of violent and excessive torrents of water. Above the tree-line, in slight depressions on
the sloping, rocky mountain sides, one may often find extensive patches of Sphagnum-moss and
Reindeer-lichens which are crisp and dry on the surface, and yet retain so much water in their
matted bases as to render it possible for one to obtain a supply of clear water. From areas of moss
more extensive and of greater depth, tiny rills often trickle on their way to join other rills of similar

origin. The sources of many a babbling brook or purling spring in the valley may be traced to the
supersaturated moss-bed of a mountain forest. " Desolate ledges, frost-riven and bare, A tiny
rivulet bore on their breast; Cloud-gray mosses and lichens fair Mutely besought her to slumber
and rest.'' Willis Boyd Allen. "Thou hastenest down between the hills to meet me at the road, The
secret scarcely lisping of thy beautiful abode Among the pines and mosses ot yonder shadowy
height, Where thou dost sparkle into song, and fill the woods with light." Lucy Larcom. How to
Know the Lichens and Mosses MARSH BUILDING ON MOUNT MARCY Upon the open summit of
Mount Marcy, 5,344 feet above sea level, there are two small marshy areas. One is a decided
depression in the northeast slope; the other is on the eastern slope and nearer the summit. The
water necessary to maintain the character of these marshes is probably supplied in part by rainfall,
and in part by melting of snows which have accumulated in the crevices of the rocks above. The
two marshes are cold botanical gardens of natural formation, unique indeed, as there is no
evidence that the soil for them could have been brought from other sources, while everything
suggests that the mosses and lichens at the present time growing on the bare surfaces of the rocks
are active soil-makers. The boulders of the summit are variegated by the different colours of the
lichens growing on their hard and almost naked surface. The rock beneath the lichens is more soft
and scaly than elsewhere, and the moss tufts have the spaces between their lower stems and
leaves filled with dirt and sand. The soil in most places is but a few inches deep, and largely
composed of dead vegetable matter. Only plants of the most hardy nature are found here, and
these are small and imperfect representations of similar plants growing at lower altitudes. The
total number of species found on the summit is 206, of which 103—just half of the total
number—are dependent for their existence on the other half, the Lichens, Liverworts, and Mosses.
MOSSES WHICH BUILD UP LIMESTONE In trickling springs of mountainous regions, and on the
limestone rocks of Niagara Falls, and in other localities are found mosses which obtain part of the
carbon dioxide (C O 2 ) they require by the decomposition of the bicarbonate of lime [H a Ca ( CO 3
) 2 ] dissolved in the surrounding water. The mono-carbonate of lime (CaC O 3 ), which is insoluble
in ordinary water, is then precipitated in the form of incrustations upon the leaves and stems of
the plants. Gymnostomum curvirostre, Trichosto-mum tophaceum, Hypnum falcatum, and others
which regularly occur in streams arising from springs loaded with bicarbonate of lime [H a Ca(CO 3
) 2 ] in solution become completely incrusted with lime, but go on growing at the tips as the older
and lower parts imbedded in lime die off. In consequence, the bed of the stream Mosses and
Lichens itself becomes calcified and elevated, and, in the course of time, banks of calcareous tufa
are formed, which may attain to considerable dimensions. Banks raised in this manner are known
which are not less than forty-eight feet in height. To construct them, it is estimated that mosses
must have been at work on them for more than 2,000 years. CHAPTER III LICHENS IN HISTORY
Somewhat authentic reference to lichens is found in the writings of the Greek philosopher
Theophrastus (382-287 B. C.), a pupil of Aristotle. He gives us imperfect descriptions of Old Man's
Beard (Usnea barbata) and Roccella tinctoria. Dioscorides, a Greek physician, and the founder of
botany, who flourished in the first and second centuries, and also Gaius Plinius, a Roman naturalist
(23-79), wno perished in the eruption which destroyed Pompeii, both wrote of lichens which may
have been those described by Theophrastus. It is not improbable, however, that they were
speaking of Marchantia or some other liverwort. The fact that lichens had few qualities which
rendered them particularly conspicuous, caused them to be largely neglected by the early
botanists. They are not as a rule striking in colour, size, or form and they have no marked useful or
harmful properties. The incentive which led to the early study of plants was a desire to find
properties which would be of use in medicine or in the household, therefore the early herbalists
gave their attention to plants with real or imaginary medicinal properties. The lichens which could
yield a dye were among the first to receive attention. Roccella tinctoria is supposed to have yielded
the blue and purple dye of the Old Testament (Ex. XXV: 4). The dye called oricello, was certainly in
use before the first century of our era. The knowledge of the dye was lost after the fall of the
Roman Empire, but in 1300, Federigo, a Florentine of German parentage, accidentally rediscovered
the method of preparing and using it. He is said to have achieved great success, and to have
become the head of a distinguished family, the Oricellari, Roccellari, and Rucellai. From which we

have orseille, the name of the dye material, and Roccella, the name of the genus of which Roccella
tinctoria is a member. A blue litmus solution is produced by fermenting this lichen. It may be
turned red by adding an acid and then turned blue again by adding an alkali as Mosses and
Lichens ammonia or limewater. For this reason it serves as a test for acid and alkaline substances.
LICHENS AS DRUGS Since many lichens had a fancied resemblance to certain parts of the human
body, they were supposed to be a cure for the disease of that part of the body which they
resembled. Old Man's Beard (Usnea barbata, Colour Plate I) was used to promote the growth of
hair. Yellow wall lichen (Xanthoria parietina, Colour Plate II) was given for jaundice. Peltigera
canina dried and finely powdered and mixed with red pepper formed an anti-hydrophobia powder
(Pulvis antilyssus) of the London Pharmacopoeia. In the history of the Royal Society it is recorded
that several mad dogs belonging to the Duke of York were saved by this powder. A prescription of
Dr. Mead reads: "Patient is bled and ordered to take a dose ofpeltt'gera in warm milk for four
consecutive mornings thereafter. He must take a cold bath every morning for a month, and for two
weeks subsequent, a bath three times a week." LICHENS AS FOOD " Iceland moss" (Ceiraria
Islandica, Colour Plate VII) is even now used as an article of food, as it contains a high per cent, of
lichen-starch. The Spotted Lungwort (Sticta pulmonaria, Colour Plate VII) was considered a sure
cure for lung trouble and was used in a Siberian monastery for a beer which was noted for its
peculiar bitterness. The manna of the Israelites is supposed to have been a species of Lecanora
(Lecanora esculenta). This lichen is plentiful in Algeria and Tartary, as well as in mountainous
districts of other countries. It is its habit to grow and spread rapidly and, as it is loosely attached, it
is often carried by the wind down the sides of mountains into the valley, where it is spoken of as "
Rains of manna." Kirghiz Tartars eat it as "earth bread." It first forms thick-wrinkled and warted
grayish-yellow crusts on the stones. Within, they are as white as parched corn. As the plant grows
older the crust is rent and loosened from the substratum, while the edges curl over until the
loosened piece forms an elliptical warted body about the size of a hazel-nut. The Manna Lichen is
sometimes brought down in such quantities by the rain that it accumulates to a depth of several
inches, and in the Steppe region, and in the high lands of southwest Asia is used as a substitute lor
corn. From the time of Dioscorides in the first century, A. D., until 1825, advance in exact
knowledge of lichens was practically nothing. Between 1825 and 1868 considerable progress was
made in the chemical study of lichens, the investigations still being primarily made with a view to
improving the dye industry. France took the lead in improved methods of extracting dye as well as
of applying it. LICHENS " Little lichen, fondly clinging In the wild wood to the tree, Covering all
unseemly places, Hiding all thy tender graces, Ever dwelling in the shade, Never seeing sunny
glade." R. M. E.. Lichens. CHAPTER IV THE ORIGIN AND NATURE OF LICHENS STRANGE opinions
were entertained in regard to the origin of lichens. The belief was general that they were
spontaneously generated. In them the philosopher found the origin of plant life. "Spontaneously,
inorganic stone became living plant!" Dr. Hornschuch wrote in 1819, "Algae, lichens, and mosses
may develop without seed from decomposing water. The decomposition of water induced by
warmth and sunlight gives rise to the common ancestral type of algae, lichens, and mosses. This
ancestral type is a vegetable infusorium known as monas lens which, when acted upon by light
and air, undergoes an evolutionary transformation into algae, lichens, and moss." Nees Von
Esenbeck, in 1820, was wont to lead his pupils to an old castle in order to demonstrate ad oculos,
how the green substance when occurring on rocks will develop into lichens. De Bary was the first
author to hint at the true nature of lichens (1866). His conception of the lichen as a dual organism
composed of a fungus and an alga, was upheld by the researches of Schwendener and Bornet in
1868. Further investigation seems to prove that the lichen is not an individual plant, but that it is
the result of an alliance perhaps for mutual benefit between two forms of plant life, an alga and a
fungus. The alga gives the green colour to the lichen and is a relative of the simple plants which
make damp stone or woodwork green on the shady sides of streets and houses and trees. The
fungus is a relative of the toadstools and moulds. If one look at a piece of white mouldy bread, or
in the ground at the base of a toadstool, one can see a true fungus plant which is simply a network
of fine white treads (hyphce) stealing their food instead of manufacturing it for themselves. They
have lost their leaf-green granules, the tools with which plant-food is manufactured from air and

water and mineral salts, but they have acquired the The Origin and Nature of Lichens An
Alga-fungus company. The cut shows a magnified portion of a lichen, Stereocaulon ramu-losum,
(Sw.), (h) colourless hyphae of a fungus enveloping, (g) filaments of a blue-green alga Scytonema.
power of absorbing great quantities of water and of resisting alternate drying and wetting. The
alga will perish if exposed to dry air, but when kept moist is capable of taking elements from the
air and 01 manufacturing them into plant-food by means of little granules of leaf-green it has in its
cells. In the alliance the fungus is entirely dependent upon the food manufactured by the green
alga and in return keeps the sun's rays from the alga and absorbs water for its work. The
Alga-fungus company, or lichen, is perhaps one of the earliest instances of division of labour, a
little community in which one party manufactures and supplies food to the other which serves as
protector. The gray-green of a lichen is then due to the fact that a bright-green plant is covered
over by a translucent white plant, and the brighter green of the wet lichen is due to the fact that
the wet strands of the fungus are rendered transparent by the absorbed moisture, and permit the
colour of the imbedded green to be seen. A magnified portion of a dissected lichen very much
resembles a tangle of fine white threads in which are scattered bits of green. The white threads of
the fungus creep around in search of moisture and as a rule determine the shape the lichen is to
be, while the green cells or threads of the alga follow their protecting fungus. However little
moisture there may be in the surrounding air, the fungus threads absorb it for their working
companion, and so the lichen can live in places too dry and parched for other plants. "Strong in
loveliness, they neither blanch in heat nor pine in frost." On account of this dual nature it has been
difficult to decide where to place the lichens in the plant kingdom; to decide Mosses and Lichens
whether they belong with the algae, with the fungi or have a place as individual plants. It is
claimed that with the microscope one may often determine the species of the associated fungus,
as well as that of the associated alga and that this alga freed from the lichen-fungus pursues its
normal mode of life and can then be identified. It is also claimed that lichens have been formed
from the spores of a fungus partner allowed to germinate on free-growing algae, and that a
variety of lichens have thus been developed and that the same alga will produce different kinds of
lichens if associated with different fungi, and that spores of the fungus-partner have been grown
on nutrient solutions and have produced a fungus. One instance is known of a fungus-partner
(Cora pavonia) which can lead an existence independent of the alga-partner. HOW A LICHEN IS
MADE According to this theory, if a wandering fungus spore meets a group of algal cells with
which it can live in harmony, a lichen-fungus-company may be founded on the spot. This lichen
may grow and flourish and may from time to time send forth representatives to found new
colonies. By another method, which is somewhat analogous to the budding of higher plants, the
partners for the new colonies arise within the parent lichen company. Certain groups of cells
(So-redia) separate from the rest,each group consisting of one or more algal cells enmeshed in a
dense weft of fungus hyphae. At the proper time the surface of the parent lichen ruptures, and the
numerous social groups appear, giving to the old lichen that attractive hoary or frosted
appearance they so often have. With the aid of the wind these easily travel, to form new
companies. The fungus spores (ascospores) which enter into partnership with groups of alga cells
are produced in sacs (asci, singular
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