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PART L] HISTORICAL INTRODUCTION. 3

and succeeded in explaining most of their characters as contrivances
for insect-fertilisation. His theory, although the first effort in this
wide field, would have afforded a satisfactory key to the chief
puzzles of the floral world had it not contained a very serious flaw,
which Sprengel was not conscious of, and was therefore not in a
position to remove, Since the conveyance of pollen to the stigma
is obviously of no benefit to the insect, the same question should
have arisen even from Sprengel’s teleological standpeint, which
nowadays comes up prominently when we consider his hypothesis
from the standpoint of natural selection : “What advantage can it
be to the plant-that its pollen should be conveyed by insects to
the stigma 2"’ For just as according to our modern views only
modifications which are of advantage to their possessor can be pre-
served by natural selection, so from the teleological standpoint
only beneficial arrangements could be aseribed to the all-wise
Creator. If the conveyance of pollen to the stigma by insects is
of no greater advantage than the direct contact of the reproductive
organs in the flower, then the preference of the former uncertain
method to the latter seems unnecessary and capricious, and any
theory based thereon falls to the ground.

It is remarkable in how many cases Sprengel recognised that
the pollen is carried of necessity to the stigmas of other Howers by
the insect-visitors, without suspecting that therein lies the value of
insect-visits to the plant. In very many plants Sprengel had
observed that the two sets of sexual organs in the same flower are
not developed simultaneously; to this phenomenon he gave the
name dichogamy. In his introduction (p. 43) he says expressly :
“Since very many flowers are of one sex only, and probably as
many more are dichogamous, nature seems to intend that no flower
shall be fertilised by means of its own pollen,” and as a proof of
this he adduces an experiment performed by him on Hemerocallis
Julva, which showed him that this plant is not fertile to its own
pollen.  So near was Sprengel to the distinct recognition of the
fact that self-fertilisation leads to worse results than cross-fertilisa-
tion, and that all the arrangements which favour insect-visits are
of value to the plant itself, simply because the insect-visitors effect
cross-fertilisation !

But this omission was for several generations fatal to Sprengel’s
work, which was otherwise well fitted to give a powerful impulse
to fu}'ther research.  For, both at the time and subsequently,
botanists felt above all the weakness of his theory, and they set
aside along with his defective ideas the rich store of his patient
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THE INSECTS WHICH VISIT FLOWERS. 37

PART 11. ]

take the most specialised and most abundant of the Syrphide,
Fristalis and BEhingia. '

In Eristalis the outstretched proboseis is seen to be composed of
three segments (Fig. 4, 4, 5, 6, and Fig. 5, 1): (1) 1:,hc merm-
branous basal piece (g), which bears anteriorly two unpaired (%, 7)
and two paired (% k) elongated chitinous pieces, and external to t.}ua
latter two palps ({{); (2) the membranous and very cuntrﬂ_ﬂt-ﬂe
middle segment (f), only clearly separated on the lower surface ;
and (3) the extremity of the proboscis, supported beneu,tli by a
stiff chitinous plate (¢), and bearing at its apex two contiguous

Fig. 4.—Mouth-parts of Evistalis (7: 1),

1.—Hend of E. arbustorum with retracted proboscis, from the side.
2. —Ditto, from below,
8.—Ditto, with extended proboszeis, from above.
4.—Extonded proboseis of E. fenaz, from the side,
d=Ditto, from below.
8.—T}tto, from above,
@, eye . bb, antennm ; ee, end-flaps of proboseis - ef ¢, their inferfor segment ; d, groove on the
Eg}per 8ide of the point of the proboscis : o, harder chitinous piece on the under side of the point of
e proboscis; f, contractils middle part of the proboscis ; g, contractile ‘base of proboseis: A,
upper lip (labrum), fﬂwwﬂ underneath to receive the unpaired piece (1), which prn:l'l:rnE:I}‘ Tepresents
the two fused mand ibles ; k, maxilla ; I, maxillary palp ; mm, ﬂ-l]gt—s of the cavity on the under side
of the head into which the whols proboseis is withdrawn ; n, ocelpital foramen,

flaps or lips each of two parts (ce and ¢ ¢), and on its upper
surface a longitudinal groove. Of the chitinous pieces at the
end of the first segment of the proboscis, only the superior un-
paired one (%), which is prolonged under the membrane to the head,
ean be looked upon as an upper lip (labrum); the lower one (1) seems
to be formed by coalescence of the two mandibles. The upper lip
(h) Ifoms, with its concave side, a groove directed downwards into
Which the piece ¢ can be completely withdrawn ; between the bases
of these pieces & and %, When drawn wide apart, the small opening:
of the mouth can be seen. The free ends of the two chitinous
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PART 111 | THE MECHANISMS OF FLOWERRSR. - 905

carina. In the middle of its upper border, each ala has a small but
deep fold (, 2, 4), which fits into a concavity in the upper surfsj,ce
of the carina (2', 3) immediately behind the swelling which contains
the pollen. Close behind this the side of each ala bngc? mwm_"ds,
forming a depression, much broader and not less deep, which unites
so firmly with a broad but shallow concavity in the upper surface of
the carina (¥, 3) that it requires the greatest care to separate the
two without tearing. This intimate union is due to the fact that
the epidermis of the two petals over part of the surfaces of contact
15 composed of large hexagonal cells ({4 to vz mm, in diameter) of
which those on the one petal are strongly convex, and fit into cor-
responding concavities in the cells on the other. The same kind of
union thus connects individual cells as on a larger scale connects the
two petals.

The al® and carina return after each depression to their former
place. Thisis due: (1) to their own elasticity ; (2) to the processes
(¢, 2, 4) which pass backwards and inwards from the superior hasal
angles of the alz to lie upon the staminal column ; (3) to the two
superior basal lobes of the carina (4, 9 2, 3), which embrace the
staminal column, and leave only a narrow slit between them in the
middle line; (4) to the broad base of the vexillum, which curves
round on each side so as to embrace completely the claws of the
ale and carina, while it in turn is embraced and held firmly in
position by the calyx. By these four conditions all the parts of the
flower are caused to return accurately to their former places after
each insect-visit. The flowers therefore preserve the same appear-
ance, and are visited repeatedly by insects, so that their pollen is
carried away bit by bit, and the stigma at length rubbing on the
under side of the insect becomes viscid (ef. Lathyrus pratensis)
and covered with pollen brought from other flowers.

Though the parts of the flower close up firmly, their small size
makes it easy for most bees to reach the honey. The abundance of

honey and the aggregation of the flowers in handsome racemes
lead to plentiful insect-visits,

A, Hylnenr:-plura—-[a} Apide : (1) Apis mellifica, L. &, exceedingly abundant.
(It passes up the racemes, sucking for two to three seconds on each flower, When
eul!acting pollen, it thrusts its head farther into the flower to depress the
carina as much as possible ; it takes at least six to eight seconds to brush off
the pollen) ; (2) Bombus agrorum, ¥, @ & (3) B, hortorum, L. & ; (4) B.
I‘E:Lpllua, I & (5) B. Scrimshiranus, K, 2 0 95 (6) B. (Apathus) vestalis,
I'l._'nti'-::, i (?] Eucera longicornis, T, § &,—all only sucking. Various species
wllh_ ﬂhclur:lunﬂ.l collecting-brushes, viz, : (8) Megachile versicolor, Sm. @5 (9)
M. circumeineta, K, 2, ab.; (10) M. maritima, K. 9 ; (11) M. W_ilhtghhie]'[a.

D ——







PART IIL | THE MECHANISMS OF FLOWERS. 205

full-grown, and surround the brushes with pollen ; they Lhmmselj;c:s
are withdrawn from the expanded part of the carina by contraction
of the filaments. As soon as this has taken place, the blade of t}m
vexillum, which is adorned with dark lines, becomes erect, and‘ its
sides bend backwards ; the ala arch outwards, forming a convenient
platform for bees, and the flower, which hﬂ.{l_bﬂgun tu secrete honey
abundantly in the later stages of the bud, is now in every respect
ready for its visitors, _

Though the mechanism of the flower msembh-:st that of .
Cracea except in regard to the brushes on the style, its larger size
and some apparently slight differences in structure, cause a great
difference in the number of visitors, and exclude flies and Lepid-
optera, which i V. Cpracea suck the honey without benefiting
the flower.

The following conditions produce this result —

(1) The flowers are not enly considerably larger, but the petals
are notably thicker and stronger, so that much more force is needed
to push apart the vexillum and al@® than in 7, Craces.

(2) The calyx-tube surrounds the claws of the petals for a
greater distance.

(3) In V. Cracca as well as in V. septwm the entrance between
vexillum and ale is firmly closed by two grooves on the upper
surface of the vexillum where the claw Joins the blade, which
project on the lower surface as two ridges fitting tightly to the ale.
In V. Cracca these are thin-walled, and even an Empis can insert
its proboscis beneath the vexillum ; but in ¥ sepivn they are much
thickened.

(4) The alee in V. sepiwm form a relatively much shorter lever
tor depressing the carina than in V. Cracea.

Owing to all these circumstances, it is onl y the most powerful
bees, viz,, Bombus and Anthophora, which can possess themselves of
the honey in a legitimate way.

Thisisan advantage, in so far as it completely excludes flies and
Lepidoptera, which in ¥, Cracea often steal the honey without, being
of any use to the plant ; but it brings with it a disadvanta ge which
probably quite neutralises the advantage. For Bombus terrestris,
finding it difficult to reach the honey legitimately, regularly bites a
hole in the side of the flower through calyx and corolla, and so
inserts its proboscis, Tn many cases it is hard to find a flower
which has not been robbed in this manuer, and often even unopened
buds are robbed. The difficulty of depressing the carina so far as
15 needful in collecting pollen, prevents those bees which suck
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PART 1V.] GENERAL RETROSPECT. 593

gradual attainment of their special characters. I may now close
this book with a summary of my chief conclusions. The good effect
of cross-fertilisation may be recognised not only in the structure of
insect-fertilised flowers, but also in the water-fertilised and wind-
fertilised plants which preceded them. Even in the lowest algs we
find cross-fertilisation, to effect which two individuals move towards
each other in the water by means of a cilium. Ina higher grade we
find the two individuals differentiated, one losing its motility, and
increasing in size to form an evum, while the other (sperm-cell
or antherozooid) retaining its primitive motile form swims about in
quest of the ovum. This mode of cross-fertilisation is retained not
only by all cellular cryptogams (except the Floridew or red sea-
weeds, whose tailless antherozooids are moved passively in the
current) but also by all vascular eryptogams. With the change to
dry localities, where even occasional moisture sufficient for the
migration of the antherozooids is not attainable, the vascular
cryptogams seem to have developed wind-fertilised unisexual
flowers; thus, first the Gymnosperms, and from these afterwards
the Angiosperms have arisen. _

Finally from the wind-fertilised Angiosperms, entomophilous
flowers arose, as insects came first accidentally and afterwards
regularly to seek their food on flowers, and as natural selection
fostered and perfected every change which favoured insect-visits
and thereby aided cross-fertilisation. With the transition to
insect-fertilisation came, on the one hand, great economy of pollen,
but, on the other hand, the uncertainty of insect-visits made it as
a rule necessary that self-fertilisation should remain possible.
Thus, though descended from unisexual (anemophilous) ancestors,
entomophilous flowers are usually hermaphrodite, and are capable
to a great extent of fertilising themselves when insect-visits fail.
But in the course of further development, many of them have so
increased their means of attracting insects (by colour, perfume,
honey, ete.), that the power of spontaneous self-fertilisation has
become superfluous and finally has been lost,

Insects in cross-fertilising flowers endow them with offspring
which in the struggle for existence vanquish those individuals of
the same species which are the offspring of self-fertilisation, The
insects must therefore operate by selection in the same way as do
unscientific cultivators among men, who preserve the most pleasing
or most useful specimens, and reject or neglect the others. In
both cases, selection in course of time brings those variations to
perfection which correspond to the taste or to the needs of the
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