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PREFACE.

Tue volume of my Scientific Lectures which contains a
chapter on Flowers being now almost out of print, Messrs.
Macmillan have proposed to me that I should reprint
that chapter, together with two subsequent Lectures, one
on Fruits and Seeds, the other on Leaves, as an additional
volume in their Nature Series, under the title of * Flowers,
Fruits, and Leaves.” To this I have gladly assented, and
have taken the opportunity to make several corrections
and additions, as well as to insert several new illustrations.
For permission to use Figs. 8o, 82-87, 88-go, and 95,
I am indebted to the courtesy of Messrs. Lovell Reeve

and Co.

Hica Erms, Down, KENT.
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I.] CROSS-FERTILISATION. 3

from the stamens to the pistil, but in transferring it
from the stamens of one flower to the pistil of another,
Sprengel had indeed observed in more than one in-
stance that this was the case, but he did not altogether
appreciate the importance of the fact.

Mr. Darwin, however, has not only made it clear
from theoretical considerations, but has also proved it,
in a variety of cases, by actual experiment. More
recently Fritz Miiller has even shown that in some
cases pollen, if placed on the stigma of the same
flower, has no more effect than so much inorganic
dust ; while, and this is perhaps even more extra-
ordinary, in others, the pollen placed on the stigma of
the same flower acted on it like a poison. This he
observed in several species ; the flowers faded and fell
off, the pollen masses themselves, and the stigma in
contact with them, shrivelled up, turned brown, and
decayed ; while flowers on the same bunch, which were
left unfertilised, retained their freshness. -

The importance of this “cross-fertilisation,” as it
may be called, in contradistinction to “self-fertilisa-
tion,” was first conclusively proved by Mr. Darwin in
his remarkable memoir on Primula (Linnean fournal,
1862), and he has since illustrated the same rule by
researches on Orchids, Linum, Lythrum, and a variety
of other plants. The new impulse thus given to the

- study of flowers has been followed up in this country
by Hooker, Ogle, Bennett, and other naturalists, and
on the Continent by Axell, Delpino, Hildebrand,

I Kerner, F. Miiller, and especially by Dr. H. Miiller,
who has brought together the observations of others,

and added to them an immense number of his own.
E 2
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I INSECTIVOROUS PLANTS. 5

by a drop of an exceedingly viscid solution, which,
olittering in the sun, has givenrise to the name of the
plant. If any object be placed on the leaf, these
glandular hairs slowly fold over it, though if it be inor-
ganic they soon unfold again. On the other hand, if
any small insect alights on the leaf it becomes en-
tangled in the glutinous secretion, the glands close
over it, their secretion is increased, and they literally
digest their prey. Mr. Frank Darwin has recently
shown that plants supplied with insects grow more
vigorously than those not so fed. It is very curious
that while the glands are so sensitive that even an
object weighing only g+ of a grain placed on them
is sufficient to cause motion, yet they are “insensible
to the weight and repeated blows of drops ™ of even
heavy rain.

Drosera, however, is not our only English insect-
ivorous plant. In the genus Pinguicula, which fre-
quents moist places, the leaves are concave with
incurved margins, and the upper surfaces are covered
with two sets of glandular hairs. In this case the
naturally incurved edges curve over still more if a
fly or other insect be placed on the leaf.

Another case is that of Utricularia, an aquatic
species, which bears a number of utricles or sacs,
which have been supposed to act as floats. Branches,
however, which bear no bladder float just as well as
the others, and there seems no doubt that their real
use is to capture small aquatic animals, which they do
in considerable numbers. The bladders in fact act on
the principle of an eel-trap, having an orifice closed
with a flap which permits an easy entrance, but







1.] FLOWERS FERTILISED BY WIND, 7
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Indeed, it may be laid down as a general rule that
those flowers which are not fertilised by insects, as for
instance those of the Beech and most other forest
trees, are small in size, and do not possess either
colour, scent, or honey:.

Before proceeding further let me briefly mention
the terms used in describing the different parts of a
flower.

If we examine a common flower, such for instance
as a Geranium, we shall find that it consists, firstly,
of an outer envelope or cafyx, sometimes tubular,
sometimes consisting of separate leaves called sepals ;
secondly, an inner envelope or corolla, which is gener-
ally more or less coloured, and which, like the calyx,
is sometimes tubular, sometimes composed of separate
leaves called pefals ; thirdly, of one or more stamens,
consisting of a stalk or filament, and a head or ant/er,
in which the pollen is produced ; and fourthly, a pzsti/,
which is situated in the centre of the flower, and
consists generally of three principal parts; one or
more compartments at the base, each containing one
or more seeds; the stalk or style; and the stiowmna,
which in many familiar instances forms a small head
at the top of the style or ovary, and to which the
pollen must find its way in order to fertilise the
flower.

But though the pistil is thus surrounded by one
or more rows of stamens, there are comparatively few
cases in which the pollen of the latter falls directly
on the former. On the contrary this transference is
in most cases effected in other ways—generally by
means of the wind, of insects, or, in some cases, of

‘ i
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1.] PREVENTION OF SELF-FERTILISATION.,

between 3,000,000 and 4,000,000 grains of pollen,
The Dandelion is more specialised in this respect,
and produces far less pollen; according to Mr,
Hassall about 240,000 grains to each flower; while
in Geumt wurbanwm, according to Gertner, only ten
times more pollen is produced than is actually used
in fertilisation.

It might, however, be at first supposed that where
stamens and pistil co-exist in the same flower, the
pollen from the one could easily fall on and fertilise
the other. And in fact in some species this does
occur ; but as we have seen, it is a great advantage to
a species that the flower should be fertilised by pollen
from a different stock. How then is self-fertilisation
prevented ?

There are three principal modes.

Firstly, in many species the stamens and pistil are
in separate flowers, sometimes situated on different
plants.

Secondly, even when the stamens and pistil are in
the same flower, they are in many species not mature
at the same time ; this was first observed by Sprengel
in Epilobiuwmn angustifolium as long ago as 1790; in
some cases the stigma has matured before the anthers
are ripe, while in other and more numerous cases the
anthers have ripened and shed all their pollen before
the stigma has come to maturity.

Thirdly, there are many species in which, though
the anthers and sticma are contained in the same
flower and are mature at the same time, they are so
situated that the pollen can hardly reach the stigma
of the same flower.

————wr— — —







1.] INDUSTRY OF THE BEE, 11

fertilised by insects. Such flowers generally have the
stigma more or less branched or hairy, which evidently
must tend to increase their chances of catching the
pollen.

Moreover, as Mr. Darwin has observed, there does
not appear to be a single instance of an irregular
flower which is not fertilised by insects or birds.

The evidence derivable from the relations of bees
to flowers is probably sufficient to satisfy most
minds that bees are capable of distinguishing colours,
but the fact had not been proved by any conclusive
experiments. I therefore tried the following. If you
bring a bee to some honey, she feeds quietly, goes
back to the hive, stores away her honey, and returns
with or without companions for another supply.
Each visit occupies about six minutes, so that there
are about ten in an hour, and about a hundred in a
day. I may add that in this respect the habits of
wasps are very similar, and that they appear to be
quite as industrious as bees. -

I once tested this by training a bee and a wasp to
come to some honey, and then timing them through
a whole day. Knowing they would be early I went
into my study a few minutes after fourin the morning,
but the wasp was already at work, and continued
without a moment’s intermission until 7.46 in the
evening, working without a moment’s rest for nearly
sixteen hours and making no less than 116 visits to
the honey. The bee began at 5.45 A.M., or somewhat
later than the wasp, and left cff also rather earlier.
Perhaps 1 may give the record of the morning's work
of this wasp.

I







I.] BEES AND COLOURS. 13

In fine weather bees visit often more than twenty
flowers in a minute, and so carefully do they economise
the sunny hours, that in flowers with several nectaries
if they find one dry, they do not waste time by ex-
amining the others on the same plant. Mr. Darwin
watched carefully certain flowers, and satisfied him-
self that each one was visited by bees at least thirty
times in a day. The result is, that even where flowers
are very numerous—as, for instance, on heathy plains
and clover fields—every one is visited during the day.
Mr. Darwin has carefully examined a large number of
flowers in such cases, and found that every single one
had been visited by bees.

In order to test the power of bees to appreciate
colour, I placed some honey on a slip of glass, and
put the glass on coloured paper. For instance, I put
some honey in this manner on a piece of blue paper,
and when a bee had made several journeys, and thus
become accustomed to the blue colour, I placed some
more honey in the same manner on orange paper
about a foot away. Then during one of the absences
of the bee I transposed the two colours, leaving the
honey itself in the same place as before. The bee
returned as usual to the place where she had been
accustomed to find the honey; but though it was
still there, she did not alight, but paused for a
moment, and then dashed straight away to the blue
paper. No one who saw my bee at that moment
could have had the slightest doubt of her power of
distinguishing blue from orange.

Again, having accustomed a bee to come to honey
on blue paper, I ranged in a row other supplies of

e






1] MALVA. EPILOBIUM. 15

e

splvestris (Fig. 7) and Malva rotundifolia (Fig. 8)
which grow in the same localities, and therefore must
come into competition, are nevertheless nearly equally
common.

In Malva sylvestris, however (Fig. g), where the
branches of the stigma are so arranged that the plant
cannot fertilise itself, the petals are large and conspi-
cuous, so that the plant is visited by numerous insects ;
while in Malva rotundifolia, the flowers of which are
comparatively small and rarely visited by insects, the

W
Fic g.—Stamens and stigmas of FiG. ro.—Ditto of Mawwva rotundifolia.
Maloe sylyestris.

branches of the stigma are elongated, and twine them-
selves (Fig. 10) among the stamens, so that the flower
readily fertilises itself.

Another interesting case is afforded by the genus
Epilobium. Epilobium angustifolium has large pur-
plish flowers in conspicuous heads (Fig. 11), and is
much frequented by insects; while E. paroiflorum
(Fig. 12) has small solitary flowers and is seldom
visited by insccts. Now in the former species their
visits are necessary, because the stamens ripen and

——
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1] SCROPHULARIA. 17

or less dependent on insects, from G. pratense to which
they are necessary, to G. pusilfum, which is quite
independent of them ; while the size of the corolla
increases with the dependence on insects.

In those species in which self-fertilisation is pre-
vented by the circumstance that the stamens and
pistil do not come to maturity at the same time, the
stamens generally ripen first.

The advantage of this is probably connected with
the visits of bees. In those flowers which grow in |
bunches the lower ones naturally open first. Con- I
sequently in any given spike the flowers are at first all |
male ; subsequently the lower ones, being the older, |
have arrived at the female stage, while the upper ones
are still male. Now it is the habit of bees to begin
with the lower flowers of a spike and work upwards.
A bee, therefore, which has already dusted herself with
pollen from another flower, first comes in contact with
the female flowers, and dusts them with pollen, after
which she receives a fresh supply from the upper male
flowers, with which she flies to another plant.

There are, however, some few species in which the
pistil ripens before the stamens. One is our common
Seroplularia nodesa. Now why is this? Mr. Wilson |
has given us the answer. S. zodosa is one of our few Ik
flowers specially visited by wasps; the honey being
not pleasing to bees. Wasps, however, unlike bees,
generally begin with the upper flowers and pass down- I
wards, and consequently in wasp flowers it is an ad-
vantage that the pistil should ripen before the stamens.
But though the stamens generally ripen before the
pistil, the reverse sometimes occurs., Of this a very il
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I1. ] THE PURPOSE OF HONEY. 33

than any of the stamens, and in the third it is inter-
mediate in length, so that the stigma lies between the
two sets of anthers.

The real use of honey now seems so obvious that it
is curious to see the various theories which were once
entertained on the subject. Patrick Blair thought that
the honey absorbed the pollen, and then fertilised the
ovary. Pontedera thought it kept the ovary in a
moist condition. Linnzus confessed his inability to
solve the question. Other botanists considered that
it was useless material thrown off in the process of
ogrowth. Kriinitz thought he observed that in meadows
much visited by bees the plants were more healthy,
but the inference he drew was, that the honey, unless
removed, was very injurious, and that the bees were of
use in carrying it off,

Kurr observed that the formation of honey in
flowers is intimately associated with the maturity of
the stamens and pistil. He lays it down, as a general
rule, that it very seldom commences before the open-
ing of the anthers, is generally most copious during
their maturity, and ceases so soon as the stamens
begin to wither and the development of the fruit com-
mences. Rothe’s observations also led him to a
similar conclusion, and yet neither of these botanists
perceived, the intimate association which exists
between the presence of honey and the period at
which the visits of insects are of importance to the
plant. Sprengel was the first to point out the real
office of honey, but his views were far from meeting
with general assent, and, even as lately as 1833,
were altogether rejected by Kurr, who came to the

D
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1] PROTECTION OF PLANTS BY INSECTS. 15

base, and a small, sweet, pcar-shaped body at the tip,
In consequence, it is inhabited .by myriads of a small
ant, which nests in the hollow thorns, and thus finds
meat, drink, and lodging all provided for it. These
ants are continually roaming over the plant, and con-
stitute a most efficient body-guard, not only driving
off the leaf-cutting ants, but, in Belt's opinion, render-
ing the leaves less liable to be eaten by herbivorous
mammalia. Delpino mentions that on one occasion
he was gathering a flower of Clerodendron fragrans,
when he was suddenly attacked by a whole army of
small ants.

I am not aware that any of our English plants are
protected in this manner from browsing quadrupeds,
but not the less do our ants perform for them a very
similar function, by keeping down the number of small
insects, which would otherwise rob them of their sap
and strip them of their leaves.

Forel watched, from this point of view, a nest of
Formica pratensis.. He found that the ants brought in
dead insects, small caterpillars, grasshoppers, cercopis,
&c, at the rate of about twenty-eight a minute, or
more than one thousand six hundred in an hour.
When it is considered that the ants work not only
all day, but in warm weather often all night too,
it is easy to see how important a function they fulfil
in keeping down the number of small insects.

Some of the most mischievous insects, indeed—
certain species, for instance, of aphis and coccus—
have turned the tables on the plants, and converted
ants from enemies into friends, by themselves develop-
ing nectaries, and secreting honey, which the ants

Iy 2







11.] CHEVAUX DE FRISE. 37
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you touch an ant with a needle or a bristle, she is
almost sure to seize it in her jaws ; and if bees, when
visiting any particular species, were liable to have the
delicate tip of their proboscis seized on by the horny
jaws of an ant, we may be sure that such a plant
would soon be deserted.

On the other hand, we know how fond ants are of
honey, and how zealously and unremittingly they
search for food. How is it, then, that they do not
anticipate the bees, and secure the honey for them-
selves ? Kerner has recently published a most in-
teresting memoir on this subject, and has pointed out
a number of ingenious contrivances by which flowers
protect themselves from the unwelcome visits of such
intruders. The most frequent are the interposition of
chevanx de frise, which ants cannot penetrate, glutin-
ous surfaces which they cannot traverse, slippery
slopes which they cannot climb, or barriers which
close the way.

Firstly, then, as regards chevaux de frise. 1n some
respects these are the most effectual protection, since
they exclude not only creeping insects, but also other
creatures, such as slugs. With this object, it will be
observed that the hairs which cover the stalks of so
many herbs usually point downwards. A good
example of this is afforded, for instance, by a plant,
Knautia dipsacifolia (Fig. 31), allied to our common
blue scabious. The heads of the common carline,
Carlina wvulgaris (Fig. 33), again, present a sort of
thicket, which must offer an almost impenetrable
barrier to ants. Some species of plants are quite
smooth, excepting just below the flowers. The






11.] GLANDULAR HAIRS, 39

The beautiful rosy flowers of this species are rich
in nectar : the stamens are short; the pistil, on the
contrary, projects considerably above the corolla.
The nectar is not protected by any special arrange-
ment of the flower itself, and is accessible even to
very small insects. The stamens ripen before the
pistil, and any flying insect, however small, coming
from above, would assist in cross-fertilisation. Creep-
ing insects, on the contrary, which in most cases
would enter from below, would rob the honey with-
out benefiting the plant. 2. amphibauime, as its name

1. 32.—Linnea. F1G. 33.—Cariina.

denotes, grows somctimes in water, sometimes on
land. So long, of course, as it grows in water, it is
thoroughly protected, and the stem is smooth ; while,
on the other hand, those specimens which live on
land throw out certain hairs which terminate in sticky
glands, and thus prevent small insects from creeping
up to the flowers. In this case, therefore, the plant is
not sticky, except just when this condition is useful.
All these viscous plants, as far as I know, have
upright or horizontal flowers.







11.] SLEEP OF PLANTS. 41
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front of the sepals, the other in front of the petals.
Like other night flowers, it is white, and opens
towards evening, when it also becomes extremely
fragrant. The first evening, towards dusk, the five
stamens in front of the sepals grow very rapidly for
about two hours, so that they emerge from the
flower ; the pollen ripens, and is exposed by the
bursting of the anther. So the flower remains through
the night, very attractive to, and much visited by,
moths. Towards threc in the morning the scent

F16. 34.—Silene nulans.

ceases, the anthers begin to shrivel up or drop off, the
filaments turn themselves outwards, so as to be out of
the way, while the petals, on the contrary, begin to
roll themselves up, so that by daylight they close the
aperture of the flower, and present only their brownish-
green undersides to view ; which, moreover, are thrown
into numerous wrinkles, Thus, by the morning’s
light, the flower has all the appearance of being faded.
It has no smell, and the honey is covered over by
the petals. So it remains all day. Towards evening,
however, everything is changed. The petals unfold
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] THE SCENT OF FLOWERS. 43

certain plants produce no seeds at all, unless visited by
insects. Thus, in some of our colonies, the common
Red Clover sets no seeds, on account of the absence
of humble bees ; for the proboscis of the hive bee is
not long enough to effect the object. According to
Mr. Belt, the same is the case, and for the same reason,
in Nicaragua, with the scarlet-runner. Dut even in
those instances in which it is not absolutely necessary,
it is an advantage that the flowers should be fertilised
by pollen brought from a different stock, and with
this object in view insects are tempted to visit flowers
for the sake of the honey and pollen; while the
colours and scents are useful in making the flowers
more easy to find.

Fortunately for us, bees like the same odours as we
do ; and as the great majority of flowers are adapted
for bees, they are consequently sweet; but it might
have been otherwise, for flies, as already mentioned,
prefer unpleasant smells, such as those of decaying
meat, and other animal substances on which they
live as larvee, and some flowers, consequently, which
are fertilised by them are characterised by very evil
odours. Colours also are affected in the same man-
ner, for while bee-flowers (if I may coin such an
expression) have generally bright, clear colours, fly-
flowers are usually reddish or yellowish brown.

Nevertheless although flowers present us with these
beautiful and complex contrivances, whereby the
transfer of pollen from flower to flower is provided for,
and waste is prevented, yet they appear to be imperfect,
or at least not yet perfect in their adaptations. Many
small insects obtain access to flowers and rob them of







Fig. as.—Caracmine chenppodifolia.
a a, ordinary pods ; & subterranean pods.
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FruiTs and Seeds, though not generally so con-
spicuous as flowers, are not less interesting.

In considering them, it is fortunately not necessary
to use many technical terms, though it is impossible
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so-called seeds are really fruits; that is to say, they
are seeds with more or less complex envelopes.

We all know that seeds and fruits differ greatly in
different species. Some are large, some small ; some
are sweet, some bitter ; some are brightly coloured ;
some are good to eat, some poisonous ; some spherical,
some winged, some covered with bristles, some with
hairs ; some are smooth, some very sticky.

We may be sure that there are good reasons for
these differences. In the case of flowers much light
has been thrown on their various interesting pecu-
tiarities by the researches of Sprengel, Darwin, Miiller,
and other naturalists. As regards seeds also, besides
Geartner's great work, Hildebrand, Krause, Stein-
brinck, Kerner, Grant Allen, Wallace, Darwin, and
others, have published valuable researches, especially
with reference to the hairs and hooks with which so
many seeds are provided, and the other means of
dispersion they possess, Nobbe also has contributed
an important work on seeds, principally from an agri-
cultural point of view, but the subject as a whole offers
a most promising field for investigation. It is rather
with a view of suggesting this branch of science to you,
than of attempting to supply the want myself, that I
now propose to call your attention to it. In doing so
I must, in the first place, express my acknowledg-
ments to Mr. Baker, Mr. Carruthers, Mr. Hemsley,
and especially to Mr. Thiselton Dyer and Sir Joseph
Hooker, for their kind and most valuable assistance.

It 1s said that one of our best botanists once observed
to another that he never could understand what was
the use of the teeth on the capsules of mosses. “Oh,”
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replied his friend, “ I see no difficulty in that, because
if it were not for the teeth, how could we distinguish
the species ? ”

We may, however, no doubt, safely consider that
the peculiarities of seeds have reference to the plant
itself, and not to the convenience of botanists.

In the first place, then, during growth, seeds in
many cases require protection. This is especially the
case with those of an albuminous character. It is
curious that so many of those which are luscious when
ripe, as the Peach, Strawberry, Cherry, Apple, &c,
are stringy, and almost inedible, till ripe. Moreover,
in these cases, the fleshy portion is not the seed itself,
but only the envelope, so that even if the sweet part
1s eaten the seed itself remains uninjured.

On the other hand, such seeds as the Hazel, Beech,
Spanish Chestnut, and innumerable others, are pro-
tected by a thick, impervious shell, which is especially
developed in many Proteacea, the Brazil-nut, the so-
called Monkey-pot, the Cocoa-nut, and other palms.

In other cases the envelopes protect the seeds, not
only by their thickness and toughness, but also by
their bitter taste, as, for instance, in the Walnut.
The genus Mucuna, one of the Leguminosz, is remark-
able in having the pods covered with stinging hairs.

In many cases the calyx, which is closed when the
flower is in bud, opens when the flower expands, and
then after the petals have fallen closes again until the
seeds are ripe, when it opens for the second time.
This is, for instance, the case with the common Herb
Robert (Geranium robertianum). In Atraciylis can-
cellata, a South European plant, allied to the thistles,
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the outer envelopes form an exquisite little cage.
Another case, perhaps, is that of Nigella, the « Devil-
in-a-bush,” or, as it is sometimes more prettily called,
“ Love-in-a-mist,” of old English gardens.

Again, the protection of the seed is in many cases
attained by curious movements of the plant itself.
In fact, plants move much more than is generally
supposed. - So far from being motionless, they may
almost be said to be in perpetual movement, though
the changes of position are generally so slow that they
do not attract attention. This is not, however, always
the case. We are all familiar with the Sensitive Plant
which droops its leaves when touched. Another
species (Awverrioa bilimbi) has leaves like those of an
Acacia,and all day the leaflets go slowly up and down.
Desmodium gyrans, a sort of pea living in India, has
trifoliate leaves, the lateral leaflets being small and
narrow ; and these leaflets, as was first observed by
Lady Monson, are perpetually moving round and
round, whence the specific name gyrans. In these two
cases the object of the movement is quite unknown
to us. In Dionea, on the other hand, the leaves form
a regular fly-trap. Directly an insect alights on them
they shut up with a snap.

In a great many cases leaves are said to sleep ;
that is to say, at the approach of night they change
their position, and sometimes fold themselves up,
thus presenting a smaller surface for radiation, and
being in consequence less exposed to cold. Mr.
Darwin has proved experimentally that leaves which
he prevented from moving suffered more from cold
than those which were allowed to assume their natural
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(Fig. 36, @) are borne on long stalks, which reach to the
surface of the water, on which the flowers float. The {l
male flowers (Fig. 36, 4), on the contrary, have short |

3

a, female flower ; &, male flower; ¢, floating pollen, k|

straight stalks, from which, when mature, the pollen it

~ (Fig. 36, ¢) detaches itself, rises to the surface, and, A
- floating {reely on it, is wafted about, so that it comes L
: E 2 ;;
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dispersion of the seeds, or, speaking botanically, the
fruits, by the wind. Some plants, as we shall see,
even sow their seeds in the ground, but these cases
will be referred to later on.

In other cases the plant throws its own seeds to
some little distance. This isthe case with the common
Cardamine kirsuta, a little plant, I do not like to call
it a weed, six or eight inches high, which comes up of
itself abundantly on any vacant spot in our kitchen-
gardens or shrubberies, and which much resembles
that represented in Fig. 17, but without the subter-
ranean pods &. The seeds are contained in a pod
which consists of three parts, a central membrane, and
two lateral walls. When the pod is ripe the walls are
in a state of tension. The seeds are loosely attached
to the central piece by short stalks. Now, when the
proper moment has arrived, the outer walls are kept
in place by a delicate membrane, only just strong
enough to resist the tension. The least touch, for
instance, a puff of wind blowing the plant against a
neichbour, detaches the outer wall, which suddenly
rolls itself up, generally with such force as to fly
from the plant, thus jerking the seeds to a distance of
several feet.

In the common Violet, beside the coloured flowers,
there are others in which the corolla is either absent
or imperfectly developed. The stamens also are
small, but contain pollen, though less than in the
coloured flowers. In the autumn large numbers of
these curious flowers are produced. When very young
they look like an ordinary flower-bud (Figs. 37 and 38,
@), the central part of the flower being entirely covered
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force these capsules into the ground, and thus sow
their own seeds. I have not, however, found this to
be the case, though as the stalk elongates, and the
point of the capsule turns downwards, if the earth be
loose and uneven, it will no doubt sometimes so

Fig. 38.—Fiola canina.
a, bud ; &, bud more advanced ; ¢, c.i:;psule open, some of the seeds are already
throwin.

happen. When the seeds are fully ripe, the capsule
opens by three valves and allows them to escape.

In the Dog Violet (V. canina, Fig. 38) the case is
very different. The capsules are less fleshy, and,
though pendent when young, at maturity they erect
themselves (Fig. 38, ¢), stand up boldly above the
rest of the plant, and open by the three equal valves
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(Fig. 39) resembling an inverted tripod. Each valve
contains a row of three, four, or five brown, smooth,
pear shaped seeds, slightly flattened at the upper, wider
end. Now the two walls of each valve, as they become
drier, contract, and thus approach one another, thus
tending to squeeze out the seeds, These resist some
time, but at length the attachment of the seed to jts
base gives way, and it is ejected several feet, this
being no doubt much facilitated by its form and
smoothness. I have known even a gathered specimen

FiG. 39.—Fiola canina. Seed vessels with seed.

throw a seed nearly 10 feet. Fig. 40 represents a
capsule after the seeds have been ejected.

Now we naturally ask ourselves what is the reason
for this difference between the species of Violets :
why do V. odorata and V. kirta conceal their capsules
among the moss and leaves on the ground, while V.
canina and others raise theirs boldly above their heads,
and throw the seeds to seek their fortune in the world ?
If this arrangement be best for Viola canina, why has
not Vila odorata also adopted it? The reason is, I
believe, to be found in the different mode of growth
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of these two species. Viola canina is a plant with an
elongated stalk, and it is easy therefore for the capsule
to raise itself above the grass and other low herbage
among which violets grow.

V. odorata and V. /irta, on the contrary, have, in
ordinary parlance, no stalk, and the leaves are radical,
Ze. rising from the root. This is at least the case in
appearance, for, botanically speaking, they rise at the
end of a short stalk. Now, under these circumstances,

¥iG. yo.—Fiola canina. Seed vessel after ejecting the seed.

if the Sweet Violet attempted to shoot its seeds, the
capsules not being sufficiently elevated, the seeds
would merely strike against some neighBouring leaf,
and immediately fall to the ground. Hence, 1 think,
we see that the arrangement of the capsule in each
species is that most suitable to the general habit of
the plant.

In the true Geraniums again, as, for instance, in the
Herb Robert (Fig. 41), after the flower has faded, the
central axis gradually elongates (Fig. 41, a, ¢, 4). The
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seeds, five in number, are situated at the base of the
column, each being inclosed in a capsule, which

Fic. 41.—HErr ROBERT ((Feraniinm roberifanimt).
a, bud ; & flower; ¢, flower after the petals have fallen: o, flower with seeds nearly
ripe ; ¢, flower with ripe seeds ; f; flower after throwing

terminates upwards in a rod-like portion, which at
first forms part of the central axis, but gradually

detaches itself. When the seeds are ripe the ovary
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raises itself into an upright position (Fig. 41, ¢) ; the
outer layers of the rod-like termination of the seed-
capsule come to be in a state of great tension, and
eventually detach the rod with a jerk, and thus throw
the seed some little distance. Fig. 41, /, represents
the central rod after the seeds have been thrown. In

o

Diagramn,

Fi1G. gz.—Geranine dissectuns,

a, just before throwing seed ; &, just after throwing seed ; ¢, the capsule still attached
to the rod ; &, the seed.

some species, as for instance in Geranium dissectum,
Fig. 42, the capsule-rod remains attached to the central
column and the seed only is ejected.

It will, however, be remembered that the capsule is,
as already observed, a leaf folded on itself, with the
edges inwards, and in fact in the Geranium the seed-
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chamber opens on its inner side. You will, therefore,
naturally observe to me that when the carpel bursts
outwards, the only effect would be that the seed
would be forced against the outer wall of the carpel,
and that it would not be ejected, because the opening
is not on the outer but on the inner side, This
remark is perfectly just, but the difficulty has been
foreseen by our Geraniums, and is overcome by them
in different ways. In some species, as for instance
in Geranium dissectum, a short time before the
dehiscence, the seed-chamber places itself at right
angles to the pillar (Fig. 42, @). The edges then
separate, but they are provided with a fringe of hairs,
just strong enough to retain the seed in its position,
yet sufficiently elastic to allow it to escape when the
carpels burst away, remaining attached, however, to
the central pillar by their upper ends (Fig. 42, ¢).

In the common Herb Robert (Fig. 43), and some
other species, the arrangement is somewhat different.
In the first place the whole carpel springs away (Fig.
43, b and ¢). The seed-chamber (Fig. 43, ¢) detaches
itself from the rod of the carpel (Fig. 43, 6), and when
the seed is flung away remains attached to it. Under
these circumstances it is unnecessary for the chamber
to raise itself from the central pillar, to which accord-
ingly it remains close until the moment of disruption
(Fig. 41, ¢). The seed-chamber is moreover held in
place by a short tongue which projects a little way
over its base ; while, on the other hand, the lower end
of the rod passes for a short distance between the
seed-capsule and the central pillar., The seed-capsule
has also near its apex a curious tuft of silky hair
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(Fig. 43, ¢), the use of which I will not here stop to
discuss. As the result of all this complex mechanism
the seeds when ripe are flung to a distance which is
surprising when we consider how small the spring is.

In their natural habitat it is almost impossible to
find the seeds when once thrown. I therefore brought

Diagram.

 FiG. 43.—Geranium robertianum,
&, just before throwing the seed ; 4, the rod ; ¢, the seed inclosed in the capsule.

some into the house and placed them on my billiard-
table. They were thrown from one end completely
beyond the other, in some cases more than twenty feet.

Some species of Vetch, again, and the common
Broom, throw their seeds, owing to the elasticity of
the pods, which, when ripe, open suddenly with a jerk.
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The fruit is a small cucumber (Fig. 45), and when
ripe it becomes so gorged with fluid that it is in a
state of great tension. In this condition a very slight
touch is sufficient to detach it from the stalk, when
the pressure of the walls ejects the contents, throwing
the seed some distance. I have seen them even in
this country sent nearly twenty feet; but in a hotter
climate the plant grows more vigcrously, and they

Fic. 45—=THE SpuirTiNG CucuMuER (MWemordica elaterin),

would doubtless be thrown further. In this case of
course the contents are ejected at the end by which
the cucumber is attached to the stalk. If any one
touches one of these ripe fruits, they are often thrown
with such force as to strike him in the face.

In Cydant/iera, a plant allied to the Cucumber,
the fruit is unsymmetrical, one side being round and
hairy, the other nearly flat and smooth. The true apex

Sl

v T v

S e TR

e

























1L] WiLLOW HERB. THRINCIA. BULRUSH. 71

-

clothed with long hairs. Sometimes, on the contrary,
the hairs are very much reduced in number, as, for
instance, in some species of AEschynantlus, where

Fic. 48.
a, willow herb (Epilobium); &, two forms of seed of Thrincia hirie; ¢, Tamariz,
d, willow (Salix) ; e, cotton grass (Eriophorum); f, bulrush (7ypha).

there are only three, one on one side and two on the
other. In this case, moreover, the hairs are very
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FiG. 49 —Wyzodendron. (After Hooker.)

CHARTER TV.

IN a very large number of cases the diffusion of
seeds is effected by animals. To this class belong
the fruits and berries. In them an outer fleshy
portion becomes pulpy, and generally sweet, inclosing
the seeds. It is remarkable that such fruits, in order,
doubtless, to attract animals, are, like flowers, brightly
coloured—as, for instance, the Cherry, Currant, Apple,
Peach, Plum, Strawberry, Raspberry, and many others.
This colour, moreover, is not present in the unripe
fruit, but is rapidly developed at maturity. In such
cases the actual seed is generally protected by a
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In these instances of coloured fruits, the fleshy edible
part more or less surrounds the true seeds ; in others
the actual seeds themselves become edible. In the
former the edible part serves as a temptation to
animals : in the latter it is stored up for the use of the
plant itself. When, therefore, the seeds themselves
are edible they are generally protected by more or
less hard or bitter envelopes, for instance the Horse
Chestnut, Beech, Spanish Chestnut, Walnut, &c.
That these seeds are used as food by squirrels and
other animals is, however, by no means necessarily an
evil to the plant, for the result is that they are often
carried some distance and then dropped, or stored up
and forgotten, so that in this way they get carried
away from the parent tree,

In another class of instances animals, unconsciously
or unwillingly, serve in the dispersion of seeds.
These cases may be divided into two classes, those in
which the fruits are provided with hooks, and those in
which they are sticky. To the first class belong,
among our common English plants, the Burdock
(Lagpa, Fig. 50, a) ; Agrimony (Agrimonia, Fig. 50, b) -
the Bur Parsley (Caucalis, Fig. 50, ¢); Enchanter’s
Nightshade (Circea, Fig. 50, &); Goose Grass or
Cleavers (Galium, Fig. 50. ¢), and some of the Forget-
me-nots (Myesotis, Fig. 5o, f). The hooks, moreover
are so arranged as to promote the removal of the
fruits. In all these species the hooks, though beauti-
fully formed, are small; but in some foreign species
they become truly formidable. Two of the most
remarkable are represented on page 77,—Martynia
proboscidea (Fig. 51, 6) and Harpagoplyton procumbens
(Fig. 51, 2). Martynia is a plant of Louisiana, and if
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Fig. sz
@, Harpagophyton procumbens (natural size) ; &, Martynia proboscidea (natural size).

sometimes even to kill lions. They roll about over the
dry plains, and if they attach themselves to the skin,
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believe the general explanations which have been
given by botanists will stand any test.

Let us take for instance fruits formed on the same
type as that of the Ash—that is to say, with a long
wing, known to botanists as a Samara. Now such a
fruit would be of little use to low herbs, which,
however, are so numerous. If the wing was accidental,
if it were not developed to serve as a means of dis-
persion, it would be as likely to occur on low plants
and shrubs as on trees. Let us then consider on what
kind of plants these fruits are found. They occur on
the Ash, Maple, Sycamore, Hornbeam, Pines, Firs
and Elm ; while the Lime, as we have seen, has also a
leaf attached to the fruits, which answers the same
purposes. Seeds of this character therefore occur on
a large proportion of our forest trees, and on them
alone. But more than this: I have taken one or
two of the most accessible works in which seeds
are figured, for instance Geertner's De Fructibus et
Seminibus, Le Maout and Decaisne (Hooker's transla-
tion) Descriptive and Analytical Bolany, and Baillon’s
Histoire des Plantes. 1 find thirty genera, belonging
to twenty-one different natural orders, figured as
having seeds or fruits of this form. They are all
trees or climbing shrubs, not one being a low herb,

Let us take another case, that of the plants in which
the dispersion of the seeds is effected by means of
hooks. Now, if the presence of these hooks were, so
to say, accidental, and the dispersion merely a result,
we should naturally expect to find some species with
hooks in all classes of plants. They would occur, for
instance, among trees and on water-plants. On the
other hand, if they are developed that they might
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parasitic on trees. The fruits are eaten by birds, and
the droppings often therefore fall on the boughs ; but
if the seed was like that of most other plants it would
soon fall to the ground, and consequently perish.
Almost alone among those of English plants it is
extremely sticky, and thus adheres to the bark.

I have already alluded to an allied genus,
Arcenthobium, parasitic on Junipers, which throws its
seeds to a distance of several feet. These also are
very viscid, or, to speak more correctly, are embedded
in a very viscid mucilage, so that if they come in
contact with the bark of a neighbouring tree they
stick to it.

Dr. Watt has described a curious peculiarity in
another species of the same family. The fruit, like
that of the Mistletoe and of most other species of this
order, consists of a mass of viscid pulp surrounding
a single seed, and when detached from the parent
plant it adheres to whatever it may fall on. There it
germinates. The radicle when it has grown to about
an inch in length develops on its extremity a flattened
disc, and then curves about until the disc is applied to
some neighbouring object. If the spot to which the
disc has fastened is suitable, the development of the
plant proceeds there. Ifon the contrary the spot be not
suitable, the radicle straightens itself, tears the viscid
berry away from whatever it has adhered to, and
raises it in the air. The radicle then again curves, and
the berry is carried by it to another spot where it
again adheres. The disc then detaches itself, and by
the curving of the radicle is advanced to another spot
where it again fixes itself. Dr. Watt says he has seen
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perfect flowers ; the others form a rigid pointed head
which at first is turned upwards, and as their ends are
close together, constitute a sort of spike. At first, I
say, the flower-heads point upwards like those of
other Clovers, but as soon as the florets are fertilised,
the flower-stalks bend over and grow downwards,
forcing the flower-head into the ground, an operation
much facilitated by the peculiar construction and
arrangement of the imperfect florets. The florets are,
as Darwin has shown, no mere passive instruments.
So soon as the flower-head is in the ground they
begin, commencing from the outside, to bend them-
selves towards the peduncle, the result of which of
course is to drag the flower-head further and further
into the ground. In most Clovers each floret produces
a little pod. This would in the present species be
useless, or even injurious ; many young plants growing.
in one place would jostle and starve one another
Hence we see another obvious advantage in the fact
that only a few florets perfect their seeds.

I have already alluded to our Cardamines, the pods
of which open elastically and throw their seeds some
distance. A Brazilian species, C. ckenopodifolia, Tig.
35, p. 45, besides the usual long pods, Fig. 35, a a,
produces also short pointed ones, Fig. 35, & &, which it
buries in the ground.

Avrachis lypogea is the ground-nut of the West
Indies. Theflower is yellow and resembles that of a
pea, but has an elongated calyx, at the base of which,
close to the stem, is the ovary. After the flower has
faded, the young pod, which is oval, pointed, and very
minute, is carried forward by the growth of the
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species of Vetch, there are two kinds of pods. One
of the ordinary form and habit (a), the other (&) oval,

Fic =3.—Lathyris amphicarpos. (After Sowerby.)
a, ordinary pods; &, subterranean pods.

pale, containing only two seeds borne on underground
stems, and produced by flowers which have no corolla.

Again, a species of the allied genus Lathyrus,
Fig. 53, L. amphicarpos, afiords us another case of the
same phenomenon.
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Other species possessing the same faculty of bury-
ing their seeds are Okenia lypogea, several species
of Commelyna, and of Amplicarpea, Voandzeia sub-
lerranea, Scrophularia arguta, &e. ; and it is very
remarkable that these species are by no means nearly
related, but belong to distinct families, namely, the
Cructfere, Leguminose, Commelynacee, V' iolariew, and
Serophulariacee.

Moreover it is interesting that in Z. amphicarpos, as
in Vicia amphicarpa and Cardamine chenopodifolia, the
subterranean pods differ from the usual and aérial form
in being shorter and containing fewer seeds. The reason
of this, is, I think, obvious. In the ordinary pods the
number of seeds of course increases the chance that
some will find a suitable place. On the other hand
the subterranean ones are carefully sown, as it were,
by the plant itself. Several seeds together would
only jostle one another, and it is therefore better that
one or two only should be produced.

In the ZErodiums, or Crane’s Bills, the fruit is a
capsule which opens elastically, in some species
throwing the seeds to some little distance. The seeds
themselves are more or less spindle-shaped, hairy
and produced into a twisted hairy awn as shown in
Fig. 54, representing a seed of £ Glavcopliyllum.
The number of spiral turns in the awn depends upon
the amount of moisture; and the seed may thus be
made into a very delicate hygrometer, for if it be
fixed in an upright position, the awn twists or un-
twists according to the degree of moisture, and ijts
extremity thus may be so arranged as to move up and
down like a needle on a register. It is also affected by
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heat. Now if the awn were fixed instead of the seed,
it is obvious that during the process of untwisting, the
seed itself would be pressed downwards, and, as M.
Roux has shown, this mechanism thus serves actually
to bury the seed. His observations were made on an
allied species, Erodium cincotum, which he chose on
account of its size. He found that
if a seed of this plant is laid on the
ground, it remains quiet as long as it
is dry ; but as soon as it is moistened
—17.¢. as soon as the earth becomes
in a condition to permit growth—
the outer side of the awn contracts,
and the hairs surrounding the seed
commence to move outwards, the
result of which is gradually to raise
the seed into an upright position with
its point on the soil. The awn then
commences to unroll and consequently
to elongate itself upwards, and he
suggests that as it is covered with
reversed hairs, it will probably press
against some blade of grass or other
obstacle, which will prevent its moving ;
up, and will therefore tend to drive ™G se=Furadion
the seed into the ground. If then  (AferSweet)
the air becomes drier, the awn will again roll up,
in which action M. Roux thought it would tend to
draw up the seed, but from the position of the hairs
the feathery awn can easily slip downwards, and
would therefore not affect the seed. When moistened
once more, it would again force the seed further
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downwards, and so on until the proper depth was
obtained. A species of Anemone (A. montana)
again has essentially the same arrangement, though
belonging to a widely separated order.

A still more remarkable instance is afforded by a
beautiful South European grass, Stipa pennata (Fig.
55), the structure of which has been described by
Vaucher, and more recently, as well as more com-
pletely, by Frank Darwin. The actual seed is small,
with a sharp point, and stiff, short hairs pointing
backwards. The upper end of the seed is pro-
duced into a fine twisted corkscrew-like rod, which is
followed by a plain cylindrical portion, attached at
an angle to the corkscrew, and ending in a long and
beautiful feather, the whole being more than a foot
in length. The long feather, no doubt, facilitates the
dispersion of the seeds by wind ; eventually, however,
| they sink to the ground, which they tend to reach,
Il the seed being the heaviest portion, point downwards.
So the seed remains as long as it is dry, but if a
shower comes on, or when the dew falls, the spiral
unwinds, and if, as is most probable, the surrounding
heibage or any other obstacle prevents the feathers
from rising, the seed itself is forced down and so
driven by degrees into the ground.

I have already mentioned several cases in which
plants produce two kinds of seeds, or at least of pods,
the one being adapted to burying itself in the ground.
i Heterocarpism, if 1 may term it so, or the power of
producing two kinds of reproductive bodies, 1s not
il confined to these species. There is, for instance, a
North African species of Corydalis (C. keterocarpa ot
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fruits. The pods of Lotus, for instance, quaintly
resemble a bird’s foot, even to the toes; whence the
specific name of one species, ornithopodioides ; those
of Hippocrepis remind one of a horse-shoe; those of
Trapa bicornis have an absurd resemblance to the
skeleton of a bull's head. These likenesses appear
to be accidental, but there are some which probably
are of use to the plant. For instance there are two
species of Scorpiurus, Fig. 57, the pods of which lie
on the ground, and so curiously resemble the one
(S. subvillosa, Fig. 57, a) a centipede, the other (S. zer-
niiculata, Fig. 57, ) a worm or caterpillar, that it is
almost impossible not to suppose that the likeness
must be of some use to the plant. May it not
be possible that in these cases birds carry the seeds
some little distance before they find out that they
are not really insects ?

The pod of Biserrula pelecinus (Fig. 58) also
has a striking resemblance to a flattened centipede ;
while the seeds of Aérus precatorius, both in size and
in their very striking colour, mimic a small beetle,
Artemis circumusia,

Mr. Moore has recently called attention to other
cases of this kind. Thus the seed of Martynia
diandra much resembles a beetle with long antennae;
several species of Lupins have seeds much like spiders,
and those of Dimorplochlamys, a gourdlike plant,
mimic a piece of dry twig. In the common Castor
Oil plants (Fig. 582), though the resemblance is not
so close, still at a first glance the seeds might readily
be taken for beetles or ticks. In many Euphorbi-
aceous plants, as for instance in Jatropha (Fig. 585),
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the resemblance is even more striking. The seeds
have a central line resembling the space between the

EEEEE————,

FiG. 57. ,
a, pod of Scorpiurus subziliosa ; b, Scorpinrus vernmcnlata,

elytra, dividing and slightly diverging at the end,
while between them the end of the abdomen seems
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to peep ; at the anterior end the seeds possess a small
lobe, or caruncle, which mimics the head or thorax of
the insect, and which even seems specially arranged
for this purpose; at least it would seem from ex-
periments made at Kew that the carunculus exercises
no appreciable effect during germination. In Z7z-
chosanthes anguina the long pods hang down, and
alike in size, form, colour and attitude closely resemble
snakes, as the specific name denotes,

These resemblances might benefit the plant in one
of two ways. If it be an advantage to the plant

Fi1G. 58.—Pad of Fic. sie.—Seed of FiG. =88 —Seed of
Biserrula. Castor Qil (Ricinus). latrapha.

that the seeds should be swallowed by birds, their
resemblance to insects might lead to this result. On
the other hand if it be desirable to escape from
graminivorous birds, then the resemblance to insects
would serve as a protection. We do not, however,
yet know enough about the habits of these plants
to solve this question.

Indeed, as we have gone on, many other questions
will, T doubt not, have occurred to you, which we are
not yet in a position to answer. Seeds, for instance,
differ almost infinitely in the sculpturing of their
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the Horse Chestnut, carries a smaller area of leaves,
perhaps because it is less compact., Again, the
weight of the leaves must doubtless be taken into
consideration. Thus in some sprays of Ash and
Elder of equal diameter, which I examined, the
former bore the larger expause of leaves; not only,
however, is the stem of the Elder less compact, but
the Elder leaves, though not so large, were quite as
heavy, if not indeed a little heavier. I was for some
time puzzled by the fact that, while the terminal
shoot of the Spruce is somewhat thicker than that of
the Scotch Fir, the leaves are not much more than %
as long. May this not perhaps be due to the fact that
they remain on the tree more than twice as long, so
that the total leaf area borne by the branch is greater,
though the individual leaves are shorter? Again, it
will be observed that the leaf area of the Mountain
Ash is small compared to the stem, and it may,
perhaps, not be unreasonable to suggest that this
may be connected with the habit of the tree to grow
in bleak and exposed situations. The positjon of the
leaves, the direction of the bough, and many other
elements would have also to be taken into consi-
deration, but still it seems clear that there is a
correspondence between thickness of stem and size
of leaf. This ratio, moreover, when taken in relation
with the other conditions of the problem, has, as we
shall see, a considerable bearing not only on the size,
but also on the form of the leaf,

The Mountain Ash has been a great puzzle to me;
it is, of course, a true Pyrus, and is merely called Ash
from the resemblance of its leaves to those of the
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leaves of the Plane, instead of being at right angles to
the stem, lie more nearly parallel with it. Moreover,
as any one can see, the leaves are not arranged so
successfully with reference to exposure as those of the
species we have hitherto been considering, perhaps
because, living as it does in more southern localities,
the economy of sunshine is less important than in
more northcrn regions. :

The shoot of the Horse Chestnut is even stouter
than that of the Sycamore, and has a diameter below
the sixth leaf of no less than % of an inch. With this
increase of strength is, I think, connected the greater
size of the leaves, which attain to as much as eighteen
inches in diameter, and this greater size, again, has
perhaps led to the dissection of the leaves into five or
seven distinct segments, each of which has a form

somewhat peculiar in itself, but which fits in admir-

ably with the other leaflets. However this may be,
we have in the Horse Chestnut, as in the Sycamore
and Maples, a beautiful dome of leaves, each standing
free from the rest, and expanding to the fresh air and
sunlight a surface of foliage in proportion to the
stout, bold stem on which they are borne.

Now, if we place the leaves of one tree on the
branches of another, we shall at once see how unsuit-
able they would be. I do not speak of putting a
small leaf such as that of a Beech on a large-leaved
tree such as the Horse Chestnut ; but if we place, for
instance, Beech on Lime, or vice versd, the contrast
is sufficiently striking. The Lime leaves would over-
lap one another, while, on the other hand, the Beech
leaves would leave considerable interspaces. Or let us

—_—— . ——
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much space is wasted. On the other hand, if we
place the leaves of the Maple on the stalk of a
Spanish Chestnut at the points from which the leaves
of Chestnut came off, as in Fig. 71, we shall see that
the stalks are useless, and even mischievous as a
cause of weakness and of waste of space; while, on
the other hand, if we omit the stalks, or shorten them
to the same length as those of the Chestnut, as in
Fig. 72, the leaves would greatly overlap one another:

F1G. 71.—Maple leaves on Chestnut.

Once more, for leaves arranged as in the Beech the
gentle swell at the base is admirably suited ; but in a
crown of leaves such as those of the Sycamore, space
would be wasted, and it is better that they should ex-
pand at once as soon as their stalks have borne them
free from those within. Moreover, the spreading lobes
leave a triangular space (Fig. 69) with the insertion of
the stalk at the apex which seems as if expressly

designed to leave room for the pointed end of the leaf
within,
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If the surface of the leaf be examined with a
tolerably hich power, small opaque spots will be ob-
served, resembling button-holes, with a thick rim or
border composed of two more or less curved cells, the
concavities being turned inwards. When dry, they
are nearly straight, and lie side by side; but when
moistened they swell, become somewhat curved, and
cape open. It is difficult to realise the immense num-
ber of these orifices, or “stomata” as they are called,
‘which a single bush or tree must possess when we
remember that there are sometimes many thousand
stomata to a square inch of surface. In a large pro-
portion of herbs the two sides of the leaf are under
conditions so nearly similar that the stomata are al-
most equally numerous on the upper and on the lower
side. In trees, however, as a general rule, they are
found exclusively on the under side of the leaf, which is
the most protected ; they are thus less exposed to the
direct rays of the sun, or to be thoroughly wetted by
rain, so that their action is less liable to sudden and
violent changes.

There are, however, some exceptions ; for instance,
in the black Poplar the stomata are nearly as
numerous on one side of the leaves as on the other,
Now, why is this ? If we compare the leaves of the
black and white Poplar, we shall be at once struck by
the fact that, though these species are so nearly allied,
the leaves are very different. In the white Poplar
(Populus alba), the upper and under sides are very
unlike both in colour and texture, the under side being
thickly clothed with cottony hairs. In the black
Poplar (P. nigra, Fig. 73) the upper and under surfaces
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would involve a certain amount of waste; but in
the black Poplar, as Fig. 73 shows, the leaves when
hung in their natural position are quite detached {rom
one another.

Another interesting case of a species with vertical
leaves is the Prickly Lettuce (Lactuca scariola), while
those of other species of Lettuce (L. muralis and
L. viresa) are horizontal. With this position of the
leaves is connected another peculiarity, especially
well marked in the so-called “ compass '’ plant of the
American prairies (Selplaune laciniatum), a yellow
Composite not unlike a small Sunflower, and which
is thus named because the leaves turn their edges
north and south. This has long been familiar to the
hunters of the prairies, but was first mentioned by
General Alvord, who called Longfellow’s attention
to it, and thus inspired the lines in “ Evangeline : ”

‘¢ Look at this delicate plant, that lifts its head from the meadow,
See how its leaves are turned no th, as true as the magnet ;
This is the compass flower, that the finger of God has planted
Here in the houseless wild to direct the traveller’s journey
Over the sea-like, pathless, limitless waste of the desert.”

The advantage of this position, and consequently
the probable reason for its adoption, is that in con-
sequence of it the two faces of the leaf are about
equally illuminated by the sun; and in connection
with this we find that the structure of the leaf is
unusual in two respects. The stomata are about
equally abundant on both surfaces, while pallisade
cells, which are generally characteristic of the upper
surface, are in this species found on the lower onc
also.
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touch (Foxglove); cobwebby, when the hairs are
long, very fine, and interlaced like a cobweb (Thistle,
cobwebby House-leek). The arrangement of the
hairs is also interesting. In some plants there is a
double row of hairs along the stem. In the Chick-
weed only one. This, perhaps, serves to collect rain
and dew, and it is significant that the row of hairs
is always opposite to the flower-stalk, which also has
a single row. Now, the flower-stalk is for a con-
siderable part of its life turned downwards, with the
row of hairs outwards. This, perhaps, may account
for the absence of hairs on that side of the stem.
Many leaves are clothed with woolly hairs while in
the bud, which afterwards disappear. Thus, in the
Rhododendron, Horse Chestnut, and other species, the
young leaves are protected by a thick felt, which
when they expand, becomes detached and drops off.
Many leaves are smooth on the upper side, while
underneath they are clothed with a cottony, often
whitish, felt. This probably serves as a protection
for the stomata. In some cases the hairs probably
tend to preserve the leaves from being eaten. In
otheis,as Kerner has suggested, they serve to keep off
insects—apparently with the special object of pre-
venting the flowers from being robbed of their honey
by insects which are not adapted to fertilise them.
Fritz Miiller, to whom we are indebted for so many
ingenious observations, gives an interesting case.
The caterpillar of Eunomia eagrus, when about to
turn into the chrysalis (Fig. 78), breaks off its hairs
and fastens them to the twig which it has selected, so
as to form on each side of itself about half a dozen
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even an ant could not force its way in: twenty are
aquatic, and hence more or less protected from the
visits of ants and other creeping insects; thus we
shall frequently find that if, in a generally hairy
genus, one or more species are aquatic, they are also
glabrous—as, for instance, Viola palustris, Veronica
anagailis, V. beccabunga, and Ranunculus aguatilis.
Polygonum  amphibivme is peculiarly interesting,
because, as Kerner has pointed out, aquatic speci-
mens are glabrous; while in those living on land the
base of the leaf produces hairs. Half a dozen are
early spring plants which flower before the ants are
roused from their winter sleep; about the same
number are minute ground plants to which hairs
could be no protection; three or four are night
flowers ; there still remain a few to be accounted for,
which would have to be considered individually, but
probably the evidence is sufficiently complete to
justify the general inference.

Lastly, I must not omit to mention the hairs which
have a glandular character.

The next point to which I would call attention is
the remarkable manner in which certain forms repeat
themselves. In some cases, there seems much reason
to suppose that one plant derives a substantial ad-
vantage from resembling another. For instance,
Chrysanthemum inodorum, the scentless Mayweed,
very closely resembles the Chamomile in leaves,
flowers, and general habit, The latter species, how-
ever, has a strong, bitter taste, which probably serves
as a protection to it, and of which also, perhaps, the
scentless Mayweed may share the advantage. These
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two species, however, are nearly allied to one another,
and I prefer, therefore, to take as an example of
mimicry the Stinging-nettle (Urtica) and the common
Dead-nettle (Zaniium album). These two species
belong to totally different families ; the flowers are
altogether unlike, but the general habit and the
form of the leaves are extremely similar,

How close the similarity is may be seen by the
following illustration (Fig. 79), taken from an excellent

FiG. g9.—Lamum and Urtica.

photograph made for me by Mr. Harman, of Bromley.
The plants on the left are true Stinging-nettles ;
those on the right are the white Dead-nettle, one of
which is in flower. So close was the resemblance
that, after getting the photograph, I went back to the
spot on which they were growing to assure myself
that there was no mistake. It cannot be doubted
that the true Nettle is protected by its power of sting-
ing ; and, that being so, it is scarcely less clear that
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the Dead-nettle must be protected by its likeness to
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to subdivision in subaqueous lcaves is due to the
absence or paucity of carbonic acid. I have ventured
to suggest a different explanation. Of course it is
important to expose as large a surface as may be to
the action of the water. We know that the gills of
fish consist of a number of thin plates, which while in
water float apart, but have not sufficient consistence
to support even their own weight, much less any ex-
ternal force, and consequently collapse in air. The
same thing happens with thin, finely-cut leaves. In
still water they afford the greatest possible extent
of surface with the least expenditure of effort in
the formation of skeleton. This is, I believe, the
explanation of the prevalence of this form in sub-
aqueous leaves.

Again, in still air the conditions, except so far as
they are modified by the weight, would approximate
to those of water; but the more the plant is exposed
to wind the more would it require strengthening.
Hence, perhaps, the fact that herbs so much oftener
have finely-cut leaves than is the case with trees, In
the Umbellifers, for instance, almost all the species
have the leaves much divided—more, I neced hardly
say, than is the case with trees. Shrubs and trees
are characterised by more or less entire leaves, such
as those of the Laurel, Beech, Hornbeam, Lime, or
by similarly shaped leaflets as in the Ash, Horse
Chestnut, Walnut.

There are, however, many groups of plants, which,
while habitually herbaceous, contain some shrubby
species, or wice versd. Let us take some groups of this
description in which the herbaceous species have their
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P, maritima nearly linear. More or less similar cases
occur in Ranunculus,

These differences depend, I believe, on the attitude
of the leaf, for it will be found that the broad-leaved
ones are horizontal, forming a rosette more or less
like that of a daisy, while the species with narrower
leaves carry them more or less erect. In the Daisy
the rosette lies on the ground, but in other cases, as
in Daphne (Fig. 87), it is at the end of a branch.

Fig: E?.—ﬂa‘.ﬁfam:

In hot, dry countrics the general character of the
vegetation differs from that which prevails in a climate
like ours. There is a marked increase of prickly,
leathery, waxy, and aromatic species. The sap also
In many cases is mucilaginous or somewhat salt,
which probably tends to check evaporation. The
first two characteristics evidently tend to protect the
leaves. As regards the third, Mr. Taylor® in his
charming book on Flowers, has pointed to the power

1 Page 3II.
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is smaller in proportion than it would be in leaves of
the ordinary form. This is, I believe, the reason why
succulent leaves and stems are beneficial in very |
dry climates, such as the Canaries, Cape of Good i

Hope, &c.

The genus Latlyrus, the wild pea, contains two
abnormal and interesting species in which the
foliaceous organs give the plant an appearance very

Fic. 8. —Lathyrus niger. Fi. Bg.—Lathyrus aphaca.

unlike its congeners. Fig. 88 represents L. siiger with
leaves of the ordinary type. In the yellow pea
(L. aphaca, Fig. 89), the general aspect is very
different, but it will be seen on a closer inspection
that the leaves are really absent, or, to speak more
correctly, are reduced to tendrils, while the stipules,
on the contrary, are, in compensation, considerably
enlarged. They must not, therefore, be compared
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flower. For a weak plant growing among close grass,
a long lincar leaf is, perhaps, physically an advantage ;
but one may venture to suggest that the leaves would
be more likely to be picked out and eaten if they
were more easily distinguishable, and that from this
point of view also the similarity of the plant to the
arass among which it grows may also be an advantage.

In looking at foliage I have often been much
puzzled as to why the leaves of some species are
tongue-shaped, while others are lobed. Take, for
instance, the black Bryony (Zamus commaunis) and
the common Bryony (Bryonia dicica). Again, why
are the veins in some lcaves pinnate, like those of the
Beech and Elm, and others palmate, as in the Maple
and Sycamore ?

My first idea was that this might have reference to
the arrangement of the woody fibres in the leaf-stalk.
If we make a section of the stalk of a leaf, we shall
find that in some cases the woody fibres are collected
in the middle, while in others there are several distinct
bundles, separated by cellular parenchyma. My first
idea was that each of the primary ribs of a leaf might
represent a separate woody fibre in the leaf-stalk, so
that leaves with a single bundle of woody fibres
would be pinnate ; those with several distinct bundles
palmate.

The first species which I examined favoured this
view. The Melon, Geranium, Mallow, Cyclamen, and
other species with palmate leaves had, sure enough,
several woody fibres; while, on the contrary, the
Laurel, Rhododendron, Privet, Beech, Box, Castanea,
Arbutus, Phillyrea, and other leaves with pinnate
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them the general habit is also, as a rule, more or less
similar. Is this the case in genera where the various
species differ greatly in habit? I have alrecady
incidentally given cases which show that this is not
so, but let us take some group—for instance, the
genus Senecio, to which the common Groundsel
(Fig. 82) belongs, as a type well known to all of us
—and look at it a little more closely.

The leaves of the common Groundsel I need not
describe, because they are familiar to us all. This
type occurs in various other species of more or less
similar habit. On the other hand, the fen Senecio
(S. paludosus) and the marsh Senecio (S. palustris),
which live in marshy and wet places, have long, narrow,
sword-shaped leaves, like those of so many other
plants which are found in such localities, The field
Senecio (S. campestris, Fig. 95), which lives in mea-
dows and pastures, has a small terminal head of
flowers springing from a rosette of leaves much like
those of a common Daisy (Bellis perennis); a
Madagascar species, as yet I believe unnamed, is
even more like a Daisy. Sewecio junceus looks much
like a Rush; S. Apocherideus of South Africa
strikingly resembles a Hypocheris, as its name denotes.
A considerable number of species attain to a larger
size and become woody, so as to form regular bushes
S. buxifolius has very much the general look of a
Box, S. vagans of a Privet, S. laurifolius of a Laurel,
ericefolius of a Heath, pinifolius of a Fir, or rather,
a Yew,

Again, some species are climbers:; S. scandens
and 5. macroglossus have leaves like a Bryony ;
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