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PREFACE,

——.—

IN the present volume I have collected together some
of my recent observations on the senses and intelli-
gence of animals, and especially of insects.

While attempting to understand the manners and
customs, habits and behaviour, of animals, as well as for
the purpose of devising test experiments, I have found
it necessary to make myself acquainted as far as possible
with the mechanism of the senses, and the organs by
means of which sensations are transmitted. With this
object I had to look up a great number of memoirs, in
various languages, and scattered through many different
periodicals ; and it seemed to me that it might be inte-
resting, and save others some of the labour I had to
undergo myself, if I were to bring together the notes
I had made, and give a list of the principal memoirs
consulted. I have accordingly attempted to give, very
briefly, some idea of the organs of sense, commencing
in each case with those of man himself.
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ganglionic swelling of nerve . s . - .o

Under side of left maxilla of Vespa, Gm, Taste-cups ; Shm, pro-
tecting hairs; T'0, tactile hairs; Mt, base of maxillary palpus

Section through a taste-cup, SK, Supporting cone; N, nerve;
82, sense-cell . . e ya . i S

Tip of the proboscis in the hive bee (Apis), x 140. L, Terminal

. ladle; @Gs, taste-hairs; Sh, guard-hairs; Hb, hooked hairs .

Organ of taste of fly (Musca vomitoria). gn, Nerve ; gg, ganglion ;
ar, axe-cylinder; ge, terminal cylinder; g#, terminal cone

Epithelial and (B) olfactory cells of man. . . uE Sk

Cells from the olfactory region of a proteus (after Stricker), a,
Epithelial cells; b, the apparent processes; ¢, olfactory cells,
A, ciliz ., e " "4 o “s i .e

Section through the head segment of Polyophthalmus, % 800,
Imd, muscle; bo, cup-shaped organ; cu, cuticle ; Ap, hypo-
derm ; Imd, longitudinal dorsal muscle ; n, peripheral nerve;
b, cerebral ganglion; ¢z, commissure of brain ; mb, membrane ;
pmg, pigment cells ; Aipdz, unicellular glands in the hypoderm ;
gn, brain ; &, nuclei in the brain ‘ 54 e 5

Antenna of Pontella Bairdii (Lubbock) .. o is .

Terminal segments of one of the smaller antenna of the water-
woodlouse (Asellus aquaticus), x 500, a, Ordinary hairs (not
connected with a nerve); b, hairs of touch (with a nerve at
the base); o, special cylinders (olfactory cylinders) ., vk

Tip of the antenna of a centipede (Julus lerrestris), X 600. At
the apex are four olfactory cylinders, a few of which are also
seen on the following segment, among the ordinary hairs .,

End of a palpus of Staphylinus erjfthropterus, X 600. a, Olfac-
tory pit o o . s £ e

Part of antenna of Callianassa subterranca, b, Olfactory hairs ;
g, peculiar curved hairs ., - . e . b

Terminations of olfactory hairs of Crustacea, a, Of larva of a
Palemon ; b, of a Pagurus; ¢, of a Pinnotheres ; d, of a Squilla
e, of a l'ontonia

. Antenna of blowfly. a, Enlarged third segment, showing pits ;

¢, base of the antenna s -
One segment of the antenna of an Ichneumon s Ve
Section through part of the antenna of a wasp, X 430. CH,
Chitinous skin; Z, olfactory cone; @, olfactory pit; 7B, tac-
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tile hairs; M, hypodermic cells ; M, the membrane su rrounding
them; K, nuclei of the olfactory cell; K, remains of the
earlier upper nucleus; SK, lower circle of rods; RS, olfactory
rod; GZ, Geisselzelle; MZ, membrane forming cell ; M, mem-
brane closing the pit .. e ‘s .a o i
Diagram showing structures on the terminal segment of the
antennz of insects, @, Chitinous enticle; b, hypodermic layer ;
¢, ordinary hair; d, tactile hair; e, cone; f, depressed hair,
lying over g, cup, with rudimentary hair at the base; A, simple
cup; 4, champagne-cork-like organ of Forel; k flask-like

organ; [, papilla, with a rudimentary hair at the apex
Leg of Stenobothrus pratorum .. s e 5 i
Sound-bow of Stenobothrus S ;

Diagram of human ear. D, Auditory canal ; E, mouth of Eusta-
chian tube ; ¢¢, tympanic membrane ; B, tympanic cavity ; o,
fenestra ovalis; r, fenestra rotunda ; s, semicircular canals ;
A, cochlea 4 i i i ok . s

Ossicles of the ear. H, Hammer; Am, anvil; Am. k, shorter
process of the anvil; Am. [, longer process of the anvil; 5,
stirrup; St, long process of the hammer . i %

Section through the ampulla. N, nerve; 2z, terminal cells; A,
anditory hairs .. os i s x o N

Tympanal wall of the ductus cochlearis, from the dog. Surface
view from the side of the scala vestibuli, after the removal of
Reissner’s membrane, 2. 1. Zona denticulata Corti. II. Zona
pectinata Todd-Bowman: 1, Habenula sulcata Corti; 2, Ha-
benula denticulata Corti; 3, Habenula perforata Kolliker.
III. Organ of Corti: @, portion of the lamina spiralis ossea
(the epithelium is wanting); b and ¢, periosteal blood-vessels
d, line of attachment of Reissner’s membrane ; ¢ and e, epi-
thelium of the crista spiralis; f, auditory teeth, with the
interdental furrows; g, 7, large-celled (swollen) epithelium
of the sulcus spiralis internus, over a certain extent shining
through the auditory teethj from the left side of the pre-
paration they have been removed ; A, smaller epithelial cells
near the inner slope of the organ of Corti; k, openings through
which the nerves pass; d, inner hair cells; /, inner pillars;
m, their heads; o, outer pillars ; n, their heads; p, lamina
recticularis; ¢, a few mutilated outer hair cells; r, outer
epithelium of the ductus cochlearis (Claudius’s cells of the
author’s) ; removed at s in order to show the points of attach-
ment of the outer hair cells .. .t .a .o
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ol. Auditory organ of Onforchis Gegenbauri . 84

92. Auditory organ of Phialidium. d', Epithelium of the upper
surface of the velum; @2, epithelium of the under surface of
the velum ; A4, auditory hairs i &, auditory cells ; np, nervous
cushion j ', nerve-ring ; r, circular canal at the edge of the

velum e i v e i P ox 8h
93. Auditory organ of Rhopalonema, still showing a small orifice.

kk, Modified tentacle; o auditory organ ¥ ¥ .. 85
54. Sense-organ of Pelagia. o, Group of crystals, sk, sense-organ ;

sf fold of the skin ; ga, gastro-vascular channel - sus BB
55. Auditory organ of Unio. a, Nerve; b, cells; ¢, ciliz ; d, otolithe 87
6. Auditory organ of Pterotraches Friderici, Na, Auditory nerve ;

¢, central cells; d, supporting plate ; &, outer circle of andi

tory cells; a, ciliated cells . - .s .s s BV
97. Base of right antennule of lobster (Astacus marinus). a, Orifice ;
5 8ac .. . 58

58. Interior of auditory sac of lobster. a, Orifice; &, auditory hairs 88
99. Part of wall of auditory sac of lobster (Astacus marinus). a,
Thickened bars in the membrane of the sac; m, first row of
auditory hairs; %', second row of auditory hairs; 4", third row
of auditory hairs ; ™, fourth row of auditory hairs ; ¢, grains

of sand, serving as otolithes ., ‘a . W .« 8B
60. Auditory hair of crab (Carcinus manus), x 500, a, Skin; ¢,

nerve; A, delicate intermediary membrane or hinge , , e 92
61. Mysis e g 5 R SR Y
62. Tail of Mysis vulgaris, showing the auditory organ ., 3

63. Part of the leg of a grasshopper (Gryllus). o,¢, n, b, tympanum 98
64. Section through the tibia (leg) of a Meconema, % about 150.
try try The two trachem ; ar, the auditory rod s oo 102
65. The trache®m and nerve-end organs from the tibia (leg) of a
grasshopper ( Ephippigera vitium). BB Terminal vesicles of
Siebold’s organ ; HT, hinder tympanum ; Sp, space between
the trachea; AZ¥, hinder branch of the trachea ; SN, nerves
of the organ of Siebold ; 49, supra-tympanal ganglion; G,
group of vesicles of the organ of Siebold ; vy, connecting
nerve-fibrils between the ganglionic cells and the terminal
vesicles ; So, nerve terminations of the organ of Siebold ; v 7}

front tympanum; v7%, front branch of the trachea ,, «s 108
66. Auditory rod of a grasshopper (Grylius viridissimus).  fd',
Auditory rod ; ko, terminal piece ' oo 104

67. Diagram of a section through the auditory organ m‘: a grass=
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hopper (Meconema). ¢, Cuticle; a.r auditory rod; a.c,
auditory cell ; fr, trachea .o i .4 e Wk
Outer part of a section through the tibia of a Gryllus viri-
dissimus. h, Hard surface of leg; tr, trachea; F, fat bodies;
Su, suspensor of the trachea; v W, tracheal wall; T'N, nerve;
gz, ganglionic cells; rb, tissue connecting the ganglionic cells;
E. Sch., end tubes of the ganglionic cells, each containing an
auditory rod ; fa, terminal threads of ditto .. - o
Tibia of yellow ant (Lasius flavus), X 75. 8, 8, Swellings of
large trachea; rt, small branch of trachea ; a, auditory organ

_ Part of the tibia of Isopteryz apicalis. Sc, Auditory organ;

ef, terminal filament; Cu, cuticle; @, ganglionic cell; Se,
structure enclosing the auditory rod; tr, trachea ; n, nerve

. One of the halteres of a fly i . o

Right half of eighth segment of the body of the larva of a gna
(Corethra plumicornis). EG, Ganglia; N, nerve; g, auditory
ganglion; gb, anditory ligament ; Ch, auditory rods; 4, audi-
tory nerve j e, attachment of auditory ligament to the skinj
hn, hn', termination of skin-nerve; th, plumose tactile hair;
h, simple hair ; tg, ganglion of tactile hair; Im, longitudinal
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Diagram showing one possible mode of vision .. s ‘e

5. Diagram showing a second possible mode of vision ..
. Diagram showing a third possible mode of vision “a

Diagram of human eye. G, Vitreous humor; L, lens; W,
aqueous humorj ¢, ciliary process; d, optic nerve; ¢ ¢, Sus-
pensory ligament ; % k, hyaloid membrane; f f, k h, cornea;
g, choroid ; ¢, retina; I, ciliary muscle ; mf, nf, sclerotic coat j
p p, iris; s, the yellow spot. .. - e iis b

Section through the retina. 1, Limitary membrane ; 2, layer
of nerve-fibres; 3, layer of nerve-cells ; 4, nuclear layer; 5,
inner nuclear layer; 6, intermediate nuclear layer; 7, outer
nuclear layer ; 8, posterior membrane; 9, layer of small rods
and cones; 10, choroid .. o . “s . a v

A, Inner segments of rods (s, 5, g) and cones (2, z’) from man,
the latter in connection with the cone-granules and fibres as
far as the external molecular layer, 6. In the interior of
the inner segment of beth rod and cone fibrillar structure is
visible. X 800 e . i i -

Diagram to prove the existence of the blind spot in the eye ..

Pineal eye-scale on the head of a small lizard (Calot1s) -
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Diagram of a section through the skull and pineal eye of Lacertu
viridis, C, Cuticle; Pa, parietal bone; Fp, epidermis; I,
lens; Pig, Pigment; R, rete mucosum ; CH, cerebral hemi-
sphere; N, nerve; Ep, epiphysis; OpL, optic lobe of brain

Englena viridis. e, Eye-spot " =F 5 .

Section through the simple eye of a young Dytiscus larva. i,
Corneal lens ; g, cells forming the vitreous humor r, retina;
0, optic nerve ; A, hypoderm |, o4 - -

Eye-spot of Lizzia, o, Ocellus ; /, lens " i is

Eye-bulb of Astropecten ., i ik - - e

Eye of Asteracanthion. e, Cuticle; e, epithelium; 7, lens ; P
pigment , . : . “h . . . v

Anterior extremity of a freshwater worm (Bokemilla comata).
a, Eye; b, brain; ¢, cuticle; hp, hypoderm ; b, tactile hair ;
ne, nerve ; v, blood-vessel s 5. - &y

Eye-dot of Nereis. In B the pigment is partly removed so as
to show the lens ’ s i i e ¥

The first twelve segments of Pol yophthalmus pictus, seen from
below. The Roman numerals indicate the segments. St
Papille on the head ; &S, head : au, head eye; s.au, side eyes;
Ol, upper lip; U7, under li p 3 v.ph, pharyngeal vein : V.subinta,
anterior ventral vein ; V.d.l'-4, veing connecting the superior
lateral and vessels; sept'-®, intersegmentary membranes ;
m.ocs.l, lateral muscle of the @sophagus ; V.ann, pulsating
circular vessel ; Md.dr, stomach-glands ; V.v-l, vein con-
necting the inferior and lateral blood-vessels ; Md, stomach ;
Bm, muscles of the hairs ; &, brain; flo, ciliated organ; gm,
transverse muscle : " i i Ly "

Alciope . e i Vi ¥ - 5 i

Perpendieunlar section through the eye-pit of a limpet (Patella).
1, Epithelial cells ; 2, retina cells ; 3, vitreous body

Eye of Trachus magus. @I, Vitreous bod ¥ ; No, nerve e

Eye of Murex brandaris. I, Lens; G, vitreous body ; No, nerve

Eye of Heliz pomatia, ¢ty Cuticle ; g, epithelium ; b, cornea ;
¢, envelope of the eye; d, cellular layer; e, fibrils of the optic
nerve; f, feeler cell; na, nerve of the tentacle; no, optic
nerve ., s it % i L Yo s

Perpendicular section through an eye of 4rca noe. 1, Epithe-
lium of the edge of the mantle; 2, cells of vision ; 3, lens;
4, 5, connective tissue; 6, section of one of the cells ik

Diagram of eye of Pecten, @, Cornea ; b, transparent basement
membrane supporting the epithelial cells of cornea; ¢, the
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pigmented epithelium; d, the lining epithelium of the mantle ;
¢, the lens; f, the ligament supporting the lens; g, the
retina; &, the tapetum; k, the pigment ; m, the ret inal
nerve ; n, complementary nerve .o . . s
Schematic representation of the soft and some of the hard parts
in a shell of a Chiton (Acanthopleura), as seen in a section
vertical to the surface, and with the margin of the shell lying
.1 the direction of the left side of the drawing. a, Conical
termination of sense-organ ; b, V', ends of nerve; ¢, nerve; f,
calcareous cornea j g, lens; A, ivis; & pigmented capsule of
eyej m, body of sense-organ cut across; m, DErve of eye; p,
nerve of sense-organ ; r, rods of retina i s -
Long section through the front (A) and hinder (B) dorsal eyes
of Epeira diadema. 4, Anterior eye; B, posterior eye; Hp,
hypoderm ; Ct, cuticle ; ¢, boundary membrane ; M, muscular
fibres; M, M, cross sections of ditto; St, rods; Pg, P, pig-
ment cells; L, lens; G, vitreous body ; K, nuclei of the cells
of the retina; Kt, crystalline cones; Rt,retina; Nop,optic nerve
Section through the eye of a cockchafer (Melolontha). .
Section throngh the eye of a fly. b.m, Basilar membrane; ¢,
cuticle; e.op, epioptic ganglion ; 7.c, nucleij n.c.s. nerve-cell
sheath; N.f, decussating nerve-fibres ; op, optic ganglion; pc,
pseudocone; pyg, pigment cells; p.op, perioptic ganglion; r, re-
tinula ; Rh, rhabdomj 7, tracheas f.a, terminal anastomosis;
Tt, trachea; ti, tracheal vesicle o T . v
Two separate elements of the faceted eye of a bee. Lf, Cornea;
n, nucleus of Semper; K, erystalline cone ; Py, Pg', pigment
cells; RI, retinula; Rm, rhabdom .. - ‘e s
Eyelet of cockroach. If, Cornea ; Ak, crystalline cone; py’, pig-

ment cell ; rl, retinula; rm, rhabdom ‘e " A
Eyelet of cockchafer. If, Cornea ; kk, crystalline cone ; pg, pq,
pigment cells; rl, retinulaj rm, rhabdom .. . it

Leptodora hyalina .t ‘s . e . v
Eye of Mysis. n, Nuclei; Lf, facets; Ik, erystalline cones;
', cells of the retinula; R, retinula; Em, rhabdom; Cp,
blood-vessels; N, fibres of the optic nerve; N, N, N,
decussations of the fibres of the optic nerve; G, G, ganglia ;
M, muscles for the movement of the eye-stalk ; Km, nuclei ..
. Coryceeus. a, b, The eye kh v 5 "4 "
. Eyes of Calanella Mediterranea. Pg, pigment cells; N.fr,
frontal merves; N.op, mervus opticus. The numbers show
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Diagram of a vertical section through a portion of the lateral
eye of Limulus polyphemus, showing some of the conical lenses,
and corrvesponding retinule, a, Cuticle; b5, cuticular lens ;
¢c, hypoderm; Rn, retinula; n, nerves Nk . e

Euphausia pellucida. 1.0, Luminous organ ., . e

Luminous organ of Euphausia. f, Fibres; e, lens ., .

Eye-stalk of Euphausia. 1o, Luminous organ ; a, lower eye ..

One of the elements of the eye of a fly. A% Crystalline cone

- @, position of the image; s, rod ; sc, sheath; sem, outer
sheath ; r, retina; y, seat of vision .. o o e

Photichthys argenteus .s +a e b va

Ceratius bispinosus i ve i Al 5

Edge of a portion of the mantle of Aglaura hemistorma, with a
pair of sense-organs. v, Velum; %, sense-organ; ro, layer of
nettle cells ; £, tentacle s = s e

Sense-organ of leech, 1, Epithelium ; 2, pigment ; 3, cells;
4, nerve , . i 3 ia o o s %

Daphnia puler. a, Antenne; b, brain; e, eye; A, heart; m,
muscle of eye; n, nerve of eye; o, ovary ; ol, olfactory organ;
8, stomach ; y, three eggs deposited in the space between the
back and the shell ‘e ‘e .s ve . -
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ON THE
SENSES, INSTINCTS, AND INTELLIGENCE

orF

ANIMALS.

CHAPTER 1.
INTRODUCTORY REMARKS,

THE organs of sense may be said to be the windows
through which we look out into the world, and it has
always been to my mind one of the most interesting
problems of natural history, to consider in what manner
external objects affect other animals, how far their
perceptions resemble ours, whether they have sensations
which we do not possess, and how we ourselves arrive
at our own perceptions.

I propose to dwell in the present work especially on
the senses of insects, partly because my own observa-
tions have been made principally on them, and partly
because their senses have, perhaps, been on the whole
more thoroughly and successfully studied than those
of the other lower animals; which again arises from
the fact that no group offers more favourable oppor-
tunities for the study of these organs. The subject is
no less vast than difficult, and I do not pretend in any
way to give a complete view of the whole question,

B



2 DIFFICULTY OF THE SUBJECT.

but have selected those cases which seemed to me the
most suggestive, interesting, and instructive.

No one can doubt that the sensations of other animals
differ in many ways from ours, Their organs are some-
times constructed on different principles, and situated
in very unexpected places. There are animals which
have eyes on their backs, ears in their legs, and sing
through their sides. Nevertheless, in considering the
different senses, it will probably be most convenient to
begin by a short summary of our own organs, as afford-
ing the best clue to the purposes and functions of cor-
responding structures among the lower animals. The
subject is one of very great difficulty. Even as regards
our own senses, we are still in extreme ignorance. The
clue afforded by anatomy is very imperfect, and some-
times almost misleading. No one can read the literature
relating to the organs of sense without feeling how
very little we really know on the subject. Even when,
as especially in the cases of the organs of hearing and
sight, we have careful and elaborate descriptions and
figures of very complex structures, these relate rather
to the separation and arrangement of the waves of sound
or light, than to the actual manner in which they affect
the nervous system itself; while as to the manner in
which our perceptions are in turn created, we are almost
absolutely ignorant. In the senses of taste and smell
this becomes, perhaps, even more clearly evident,

Every cell, indeed, in the animal body is a standing
miracle. Consider what it has to do. It must grow; 1t
must assimilate nourishment ; it must secrete; it must
produce other cells like itself; and this often in addition
to its own proper and distinctive function, The lowest
animals consist but of a single cell.  Yet they feed and
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digest ; they grow and multiply ; they move and feel,
Their perceptions, indeed, are no doubt confused and
undifferentiated, and perhaps devoid of consciousness.
The soft protoplasm of which they consist is dimly
affected by external stimuli, as, for instance, by the
waves of light or of sound. These forms, however, are all
minute, and, indeed, almost invisible to the naked eye.
The larger animals are built up of a number of cells.

Let us, then, consider the possible modes in which an
organ of sense, say an eye, may have originated.

In the simpler forms, the whole surface is more or less
sevsitive. Suppose, however, some solid and opaque
particles of pigment deposited in certain cells of the skin

Fig. 1.—Diagram of skin. ¢, Cuticle ; A, cellular or hypodermic layer,

(Fig. 1). Their opacity would arrest and absorb the
light, thus increasing its effect, while their solidity would
enhance the effect of the external stimulus, A further

L

Fig. 2.—Diagram of skin, e, Cuticle i #y cellular or hypodermic layer.

step might be a depression in the skin at this point,
which would serve somewhat to protect these differen-
tiated and more sensitive cells, while the deeper this
depression the greater would be the protection.

The epithelial cells frequently secrete more or less
matter, which may form a more or less solid ball.
This might be set in vibration by the sound-waves,
and would thus increase the effect on the epithelial
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cells. Such a body is known as an otolithe. On the
other hand, it might serve as a lens, and by condensing

il Ij_ M

Fig. 3.—Diagram of origin of a sense-organ. ¢, Cuticle ; h, hypoderm ; * n, nerve.

the light would act like a burning-glass, and 1ncrease
ts effect on the cells below. A further stage would be

p I JI

Fig. 4.— Diagram c:f'uther stage in the crigin of a sense-organ,
that the immediately subjacent cells, acted on by the
increased stimulus, might (Figs. 3 and 4) develop 1nto

special nerve-tissue.
% Te. the cellular layer below the cuticle.
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Nor is this a merely imaginary case. Each of the above
stages may be found in actual existence—that, for in-
stance, indicated in Fig. 2 in the limpet (Fig. 92); Fig. 3,
in Trochus (Fig. 93); and Fig. 4 in the snail, Helix
or Murex (Figs. 94, 95). Recent researches indicate
that the eyes of Articulata (insects, etc.) have, in some
cases at least, a similar history. But more than this,
if the development of the eye of an individual snail be
watched in the egg, it will be found to pass successively
through stages resembling Fig. 2, then Fig. 8, and
then I'ig. 4.

In other cases, however, the organs of sense have a
different origin and history. Suppose, for instance,

e =
f&ﬂwm
Fig. 5.—-Dinp;ram-r.rr origin of a sense-organ.

that the hypodermic layer were at any spot (Fig. 5)
somewhat more strongly developed than elsewhere P in
that case, the cuticle secreted by the hypodermic cells
would tend to be rather thicker than usual. This would
agan (Fig. 6) constitute a lens, and serve to condense
the light. That certain eyes have actually arisen in
this way is indicated by Fig. 7, representing a section

1511
Fig. 6.—Diagram of further 5tag the origin of 4 sense-organ.
through the eye of the larva of a water-beetle
(Dytiscus). Nor, as we shall presently see, do these
two types of development by any means exhaust the
ways in which eyes may originate. In the two cases
given the eyes originate from the skin, but in others—
for instance, in ourselves—the percipient elements are

formed from the central nervous system.,

fi g llI'-;I;




§ ORIGIN OF EYE AND EAR.

The tissues of the lowest animals have not been shown
to contain any special nerve-fibres, but underneath those
parts of the surface
where, either in the
mannerindicated above,
or in some other, the
effects of external stim-
uli are heightened by
any structural modifi-
cations, there would be
a tendency to the speci-
Fig. 7.—Section through the simple eye of 4 ﬂliZ&tiﬂD Df an EEEEP-

oung Dytiscus larva (after Grenacher). h, ™ ) :
Iypoderm ; 1, lens; o, optic merve; g, 7, tionally sensitive tissue.

modified hypodermic cells; #, retina.

Moreover, such an
organ as that represented in Fig. 4 might serve either
as a rudimentary ear or an eye. It might, indeed, be
acted on by the waves both of light and of sound. Such
organs—as, for instance, in the case of marginal bodies
round the edge of certain jelly-fishes (Meduse; see
Figs. 8 and 50)—have been regarded by some naturalists
as eyes, and by others as
cars. Haeckel suggests * that
some may be warmth-organs.

Fig. 8 1epresents one of the
marginal sense-organs of a
Medusa (Ontochis), where we
have a row of brilliantly re-
Wiy s duatbary quide s onte- fractive spherules, which from

analogy are considered to serve
as otoliths; but which, under other circumstances,
might be, and in fact have been by some, regarded
as the lenses of a simply constructed organ of vision.

# « Report on Deep Qea Meduse,” © Challenger Reports,” vol. iv.
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Even among the most highly specialized organs of
sense, 1t is impossible not to be struck by the similarity
between the cones in the retina (Fig. 79) and certain
organs in the antennw of insects (IMig. 42) which are
generally considered as olfactory. It does not follow
that an organ with a nerve, a lenticular body, and
pigment, should necessarily be an eye. Nor, on
the other hand, is there anything in the structure
of the organs, for instance, of smell or taste which
throws any light on the perceptions we receive from
them. That there should be separate nerve-fibrils in
our own skin, not only for the sensations of temperature
and of touch, but, as appears from the researches of
Blix and Goldschneider, even of heat and of cold, we
had not anticipated & priori; and it would be diffcult
to prove in any animal but ourselves.

Tue SENse or ToucH,

I commence with the sense of touch, as being the
one which is most generally distributed, and from
which the others appear to have been in some cases
developed. The senses are nof, indeed, as already
mentioned, always to be easily distinguished from one
another; and it would seem that the same nerve may
be capable of carrying different sensations accord; ng to
the structure of the end organs,

The sensibility of our skin appears to be mainly due
to a plexus of fine nerve-fi bres, which end in free termi-
nations between the cells of the skin (rete mucosum).
There are also in some parts of the skin two sets of
minute corpuseles, which are ealled after thejr discoverers,
the first Vaterian, or more commonly Pacinian, cor-
puscles; the second, Meissner’s or Wagner’s corpuscles,
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The Pacinian corpuscles consist of a capsule formed
of several layers, one enveloping the other. The
undulating nerve-fibres, after several windings, enter
the capsule, which, indeed, seems to be nothing
more than a much-thickened end of the outer nerve-
coat. These corpuscles measure from 11 to 4-dmm.
They occur principally on the hands and feet, and
in the flexures of the joints, but occasionally also
elsewhere,

Fig. 9.—Pacinian corpuscle (after Leydig).  Fig. 10.—Papilla from the surface of

a, Neurilemma ; b, nerve-fibril ; ¢, cap- the hand, x 350 (after Killiker). a,
sule; d, peculiar fibres; e, central Cone-like body; b, nerve; ¢, end of
cylinder. nerve.

Meissner's or Wagner’s corpuscles are cone-like or
egg-shaped bodies, in each of which a mnerve termi-
nates, after several convolutions. They are especially
numerous at the tips of the fingers, where there may
be as many as a hundred in a square line. They
occupy the papille (which, however, do not always
contain one), which give the surface of the hand its
peculiar striped appearance. They also occur, though
less numerously, elsewhere, as on the feet, breast, and

lips.
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It appears probable, however, that these are not
really the organs of touch, but rather, perhaps, guards
or protectors of the true and very sensitive organs
within. They are, no doubt, most numerous on the
more sensitive parts of the skin, such as the hands and
tongue, and the sense of touch is most acute where they
oceur; but they appear to be absent in some places
where the sense of touch certainly exists, and they
are abundant again in the foot, which, though not
especially sensitive, is particularly exposed.

The sensation of pressure is intimately associated
with the hairs, which no doubt serve, at any rate in
some cases, for protection, but which, in Blix’s * opinion
are in man probably all organs of touch,

We have still indeed much to learn as to the
terminations of the nerves in the skin. It would seem
that some are connected with cells, while others termi-
nate in a free point. Merkel has suggested that those
which end in cells are the true nerves of touch, while
the free nerves record changes of temperature. Others,
perhaps with more probability, have supposed that the
free nerves convey merely a general and undifferen-
tiated sensation, while those which terminate in cells
give the specific impressions of pressure, heat, cold,
etc., any one of which may be intensified into pain.

However, this may be, Blix * and, shortly afterwards,
Goldschneider f have made the interesting discovery
that we do not feel changes of pressure and of

* “Exper. Beitr. zur Losung der Frage iiber die Speeif. Energie der
Hautnerven,” Zeit. fiir Biologie, 1885, Blix’s previous papers in Upsala
Likan-forenings Forhandlingar, 1882, I have not seen.

T “ Monatschr, fiir prakt. Dermatologie.” 1884, « Neue Thatsachen
ii. die Hauptsinnesnerven,” Zool, 4nz., 1885 und 1886,
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temperature at the same points of the skin or by the
same nerve-ends. The feeling of pressure seems to
be intimately associated with the hairs, which is not
the case with sensations of temperature. Even the
feelings of heat and cold are also separate. These
three sets of points, indeed, are so near together that
the separation had hitherto not been observed, espe-
cially as they are closely intermixed. They have a
tendency, however, to arrange themselves in more or
less curved lines. Goldschneider experimented with
a fine point, which he passed over the skin, thus
testing it sometimes for pressure, sometimes with
a warm point for heat, sometimes with a cold point for

cr Huirs WP
o5 ol i ol O L
T .‘.': o oo s o
Fig. 11.—Portion of the skin of the back of the hand (after Goldschneider). The

centre figure represents the arrangement of the hairs; ¢P, the cold-points ; WP,

the warmth-points.
cold. Moreover, if he raised the points thus determined
with a fine needle, and snipped off the fragment of the
skin, he found that the resulting sensation was quite
different in the three cases. If the point removed
was a “pressure-point” the sensation was one for the
moment of pain; while the temperature-points gave
one respectively of heat or cold. The terminations of
the temperature-nerves are, according to Goldschneider,
much finer than those of the pressure-nerves, and they
are also fewer in number. He cut out from his own
skin a large number of sensitive points, but, while he
found that each corresponded to a nerve-end, he has
not been able to discover any difference at or in the




ORGANS OF TOUCH AMONG LOWER ANIMALS, 11

termination of the nerves corresponding to these differ-
ent sensations, though it may reasonably be expected
that such must exist.

The question has arisen whether there are separate
nerve-endings for pain, as apart from pressure, ete.; but
the observations of Blix and Goldschneider appear to
show that pain arises merely from the intensification of

other impressions, and that it does not reside in any
special organs,

SENSE oF TouoH AMONG THE LOWER ANIMALS.

Among the lower animals the outer skin is often
very sensitive, but we know scarcely anything as to the
minute structure of the organs of tactile perception.
In some cases they are, no doubt, very simple; but in
others it will probably be found that the apparent
simplicity is due to our deficient information and means
of investigation, rather than to any want of complexity
1n the organs themselves,

In the Celenterata (zoophytes, ete.) certain sete,
especially on the tentacles and near the mouth, are
generally regarded as organs of touch.

In the epithelium of many of the lower animals, two
forms of cells may be detected. Some unmodified, or
indifferent, which form the general substance of the
epithelial layer; others more or less specialized, which
are seldom absolutely contiguous, but generally sepa-
rated by one or more of the indifferent cells.

In other cases, nerves may .end abruptly at the
cuticle without the latter presenting, so far as our
present means of investigation have shown, any ap-
parent change; as, for instance, in the following
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fizure of a part of the skin of a small worm
(Nereis).

Fig. 12.—Half of a cross section through the brain and hinder pair of eyes of Nereis
cultrifera (after Carriére). 1, Hypoderm; 2, cuticle ; 3, retina ; 4, outer corneal
cells; B, inner corneal cells; 6, brain; 8, 8a, two places to which the brain sends
large nerves (9), but where the cuticle is unaltered ; g, gelatinous budy.
Among the Meduse (jelly-fishes), also, the supposed

tactile organs are ciliated cells (Fig. 13), which scarcely

differ from the other epithelial cells, but which ter-
minate externally in a cilia, and internally in a nerve-

fibril.

Fig. 13.—Part of upper nerve-ring and tactile epithelivm of Lizzia (after Hertwig).
a, Tactile epithelium ; g, ganglionic cell ; ny', upper nerve-ring.

In other cases, the tactile hairs scarcely differ from
those covering the general surface. Fig. 14 represents
part of the skin of a sea-anemone, the long cylinders
are nematocysts, or thread-cells—elastic sacs, in the
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interior of which lies coiled up a long filament, which

is often serrated at the end. Even g
very slight pressure causes this thread
to spring out, and these little darts,
which are present in immense numbers
in the skin of Hydrozoa (jelly-fish, ete.),
serve both as weapons of defence and
also to wound the small animals on
which they feed.

nz represents a nerve-cell, and it will
be seen that the hair in which it ter-
minates does not materially differ from
the rest.

In the Annelides, also, the general
surface of the integument (Fig. 15)

Fig. 14, —Diagram of
part of the skin of
A sep-anemone { Ae-
tinia); after Korot-
neff. dz, Glandular
cell; m2, nervous
cell,

presents tactile setee or cilize, which are scattered over

______
o
S

Fig. 15.— Anterior part of body of Bohemilia comata (after Vejdovsky *). b, Tactile
hair; hp, hypoderm ; ¢, cuticle; b, anterior part of brain; a, eye; e, NErves

fibrils ; v, anterior blood-vessel.

the surface, and especially on the head.

In some cases

¥ «Syst. und Morph, der O] igocheeten.” 1884,
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these set are collected into special groups, either
situated in cup-shaped depressions of the skin, or on
more or less elevated papillee. Fig. 15 represents the
anterior part of the body of a small fresh-water worm
(Bohemilla), and shows clearly the small cuticular, and
the larger tactile, hairs. In other cases,asin the feelers
and cirri of the Alciopidee, there are short, shining,
ovoid rods, to the base of which runs a nervous fibril.

In the Mollusca, also, the surface of the skin 1s very
sensitive, and is generally provided with minute sete,
especially on the tentacles, or as in Lamellibranchiata
(mussels, ete.), on the edge of the mantle. Insome, the
snail for instance (Helix), the nerves, on approaching
the skin, have been ascertained to divide into a plexus
of fibrils.

Fig. 16.—Diagrammatic section throngh a papilla of touch of Onchidium (after Semper).
a’, a”, Two layers of the cuticle; a, biconvex thickened portion of the cuticle ;
b, enlarged epithelial cells; U, ordinary epithelial cells; ¢, cellular body ; d, cells;
fi, NETVE.

In Onchidium, a genus of slugs, Semper describes as
organs of touch (Fig. 16) certain slight elevations of the
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skin caused by the cuticle being somewhat thickened,
Beneath these the epithelial cells are larger than usual ;
and under them, again, lies a cellular mass, the minute
structure of which he was not able to determine, but
which is connected with a nerve,

On the mantle of the Chitons are also certain
well-defined organs, probably of touch. They oecupy
pores in the shells, and resemble obeonical or somewhat
dice-box shaped plugs of transparent, highly refracting

Fig. 17.—Diagram of the structure of the soft and some of the hard paris in the teg-
mentum of a shell of a Chiton (Acanthoplewra spinigar}, a8 seen in & section vertical
to the surface and with, the margin of the shell bordering on the girdle lying in the
direction of the left side of the drawing. f, Calcareonus cornea; A, iris; g, lens;
k, pigmented capsule of eye; n, optic nerve; », rods of retina #it', branches of
the optic nerve, perforating the capsule wall, and terminating in b, I, B, ocular
BEnse-organs ; p, p, Nerves to sense-organ ; m, body of sense-organ cut acrosss
@, p, fusiform body of sense-organ entire; a, obeonical termination of sense-
organ; e, nerve given off by one sense-organ to another, b,

tissue. The terminal knobs end in flat dises, which
show a series of concentric rings, as. if composed of a
series of concentric layers or inverted cones fitted one
within the other.* Each one terminates in g nerve-

* Moseley, Quarterly Journal of Microscopical Society, 1885,
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fibre. They are of two distinct sizes, which Moseley
proposes to call macraesthetes and micreesthetes.

In many animals, as in ourselves, the outer skin is
soft and susceptible to external impressions. In Insects
and Crustacea on the contrary, the inner skin, or hypo-
derm, is covered with a more or less thick layer of
horny substance known as chitine; and, from the
nature of their chitinous integument, it naturally
follows that the sensations of insects, excepting that
of sight, are effected by means of variously modified
hairs. We know, however, so little, in the first place,
as to the real means by which animals, including
man, hear, smell, or taste, and, in the second, as to the
intimate structure of their minute organs, that we are
often in doubt, and there are still great differences of
opinion whether & given sense-hair serves for hearing,
smell, or touch.

The hairs of Arthropods belong to very different
y &

/| &
c
% - W

o

J
%!Im;-!

|2 | 72 | 7

Fig. 18.—Diagram of forms of hairs in insects. a, Ordinary surface hair; b, plumose
natatory im_ir; ¢, hair of touch; d, auditory hair; e, olfactury bair; f, taste hair;
7, nerve hair.

categories, some of which we may perhaps distinguish
as follows :—
Those under which the chitinous integument is entire,
1. Ordinary surface hairs (Iig. 18, a).
2. Plumose natatory hairs (Fig. 18, b).
Those under which the chitinous integument is per-
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forated, and a special nerve-fibre runs to the base of the
hair,
1. Hairs solid.

(1) Hairs attached stifly; organs of touch
(Fig. 18, e).

(2) Hairs attached by means of a thin mem-
brane, sometimes plumose ; organs of hear-
ing (Fig. 18, d).

2. Hairs hollow, and either open at the end, or
closed by an extremely delicate membrane.

(1) Hairs containing a continuation of the
nervous plasma;
organs of smell
(Fig. 18, e).

(2) Hairs generally
very short, and
situated in the
mouth or on the
mouth part ; or-
gans of taste
(Fig. 18, 1).

Each of these classes
18 again subject to end-
less modifications, and
others will doubtless here-
after be discovered. The
sense-hairs are also often
more or less completely
sunk in the chitinous in- Bl R of [ privtai of ¢ fy
tecument. ganglionic swellings; s, tactile ha'rs or

o rods; ¢, cuticle,

Fig. 19 shows some of
the tactile hairs on the proboscis of a fly (Musca), each
seated on a ganglion and connected with a nerve ().

(o
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The tactile hairs—as, for instance, those on the upper
side of the proboscis of the fly—are delicate, hollow,
tapering, pointed organs, inserted on a chitinous ring,
and connected with a nerve which immediately below
the skin swells into a multicellular ganglion.

Fig. 20.—Right half of eighth segment of the body of the larva of a gnat ( Covethra
plumicornis); after Graber. E, G, Ganglion; N, nerve; g, auditory %u.ﬂglion;
gb, auditory ligament; Ch, auditory rods; a, auditory nerve; e, attac ment of
auditory organ to the skin; b, attachment of auditory ligament; hn, hn', termi-
nation of skin-nerve; tb, plumose tactile hair; &, simple hair; tg, ganglion of
tactile hair; lm, longitudinal muscle.

The terminations of the nerves and their connection
with the sensitive hairs are also beautifully shown 1n
some of the transparent water-insects. Fig. 20 repre-
sents part of one segment of the glassy larva of a gnat
(Corethra plumicornis), showing the tactile hairs (Iig.
20, h, tb), and the nerves connecting them with the

central ganglion (Fig. 20, EG).
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CHAPTER II.
THE SENSE OF TASTE,

WHILE the organs of touch are spread more or less over
the whole surface, and those of sight and of hearing
may be, and in fact are, situated in very different parts
of the body in different animals, the sense of taste is
naturally confined to the mouth or its immediate
neighbourhood.

In the case of Man, it resides especially in the tip,
the edges of the upper surface, and the back part of the
tongue, and (probably) the inferior portion of the soft
palate. The actual mode of termination of the nerves
of taste has, however, only recently been disecovered.

Loven and Schwalbe detected, independently and
almost simultaneously, in the epithelium of the papillae
of the tongue, many small budlike groups of cells (Fig.
21) which are probably connected with the ultimate
fibres of the glosso-pharyngeal nerves, These have
been supposed to be the special seats of the sense of
taste, and thence termed “taste-buds;” they are in
man shaped like a flask, in some other animals they are
more slender. In the dog, they are ‘072 of a millimeter
in length, and ‘03 in breadth.

In the pig,the number is estimated at 9500 ; in the
sheep, at 9600; in the rabbit, at 1500 ; in the cow, at
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35,000. Inman they almost touch each other on some
parts of the tongue, and their number is very great.

Fig. 21.—Taste-Buds of the rabbit (after Engelmann in Stricker’s “ Hand ook ™), X 450.

The “taste-buds” consist of from fifteen to thirty
long narrow cells, arranged almost like a circular bundle.
Those on the outside lie in close contact with the walls
of the cavity. The cells appear to be of two kinds:

Fig. 22.—a, Isolated taste-cells from the mouth of rabbit; b, two cover-cells and a
taste-cell in their natural position (after Engelmann), X 600

the outer ones do not differ markedly in appearance—
at least, with our present magoifying powers—irom
ordinary epithelial cells, and have not been shown to
be connected with nerves. Those in the centre are
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more highly organized. Fach consists of an ellipsoidal
nucleus surrounded by a thin layer of protoplasm,
continued downwards into a fine fibril, which sometimes
branches, and whi ch—though this is not clear—probably
Joins the nervous fibres. The upper process of the
protoplasm is a narrow eylinder, in some cg ses prolonged
at the end into a very delicate hair op rod,

Schwalbe thought he could distinguish in man and
the sheep, two kinds of taste-cells—firstly, needle cells,
in which the cell appears to terminate in a narrow,
brilliant needle, abruptly cut off at the end ; and,
secondly, staff cells, which are less ny merous, shorter, of
uniform breadth, and without
any . terminating needle, It is
still unknown whether there are
different classes of taste-cells
for different tastes, and whether
one taste-bud can distinguish
more than one taste.

I know of no detailed de-
seription of the organs of taste
in birds and reptiles. Tn the s
frog the taste-organs are not
flasklike, but are flat disks. 3 Q
They occur in hundreds on the ~

r Y
tongue and soft palate. These lﬁ,—j
taste-disks are composed of i 23. — Termination of (ho
several forms of cells. Those ;'ﬂ:;ﬁi;fufi}ﬂfu:Ei'fsr'.-i:,?mzmﬁi'

p the nerve-fibres and their ©0n -
which are supposed to be €SPe-  nection with the cells of taste

. . (after Engelmann), x 600,
cially connected with the senso
of taste terminate in a forl, sometimes, though ravely,

of three prongs. The taste-organs of fishes are shaped
like beakers.
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It will be observed that these structures give us no
help to realize in what actually consists the sense of
taste. We know that we possess it ourselves. We
perceive that other animals can select, and appear to
enjoy, their food, and hence we ascribe to them a
similar faculty. We know that in our own case this
sense resides in the mouth, and we assume that it
must do so in other animals; we find in the mouth
cortain structures, and we infer that to them 1s due
the sensation of taste. Even in our own case the
inferences are, perhaps, not very clear, and certainly the
facts, as yet known, aid us but little in framing any
definite idea of the process.

But if our knowledge is so imperfect in the case of
the higher animals, it becomes much more so in the
lower groups.

In the Mollusca, Annelida, and lower groups, we know
scarcely anything of the organ of taste, though we
can hardly doubt that such
exists.

Meduse (jelly-fishes) are
very sensitive to any change
in the composition of the sea-
water ; for instance, they sink
below ag soon as it begins to
rain. It is difficult, however,
s o g . s to say which sense Js.aﬂ'ected.

of the proboscis of Asterope can- In ﬂsternl}e (ﬂ, marine worm

dide, » 400 (after Greef). a, . . N
Qi ey By torminal (nerve) belonging to the Alciopide),

organs; ¢, ganglionic cells; d, i .
B il “muscle; e, trans- Oreef has deseribed, in the
verse muscle. ’ ‘ .
skin of the proboscis, certain
peculiar club-shaped, ringed bodies, which taper into a

thread connected with a pucleated cell. These he
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suspects to be ganglionic cells, and he suggests that the
organ is one of taste,

Even in the Crustacea (crabs, lobsters, ete.), though
we can scarcely doubt that they possess the sense of
taste, no organs have been yet described to which it
can be with any confidence ascribed. Huxley, for
instance, in his work on the Crayfish,* says, “It is
probable that the crayfish possesses something ana-
logous to taste, and a very likely seat for the organ of
this funetion is in the upper lip and the metastoma, but
if the organ exists it possesses no structnral peculiarities
by which it can be identified.”

As regards insects, the possession of the sense of tasto
cannot be questioned, though, except perhaps in many
Hymenoptera and certain phytophagous insects, it may
not be of great importance. No one who has ever
watched a bee or a wasp can entertain the slightest
doubt on the subject. It is, again, probably by taste
that caterpillars recognize their food-plant. Moreover,
this is partly the effect of individual experience, for,
when first hatched, caterpillars will often eat leaves
which they would not touch when they are older, and
have become accustomed to a particular kind of food.t
Special experiments, moreover, have been made by
various entomologists, particularly by Forel and Will.
Forel mixed morphine and strychnine with some honey,

* “The Crayfish : an Introduction to the Study of Zoology.”

t A remarkable case is afforded by those species in which the food of
the larva and perfect insect is different, so that the mother has to select
and find for her offspring food which she would not care to touch her-
self. Thus while butterflies and moths themselves feed on honey, each
species selects some particular food-plant for the larve. Again, flies,
which also enjoy honey themselves, lay their eggs on putrid meat and
other decaying animal substances,
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which he offered to his ants. Their antenna gave them
no warning. The smell of the honey attracted them,
and they began to feed; but the moment the honey
touched their lips, they perceived the fraud. Will tried
wasps with alum, placing it where they had been accus-
tomed to be fed with sugar. They fell into the trap,
and ate some, but soon found out their error, and began
assiduously rubbing their mouth parts to take away the
taste.

Will found that glycerine, even if mixed with a large
proportion of honey, was avoided ; and to quinine they
had a great objection. If the distasteful substance is
inodorous and mixed in honey, the ant or hee com-
mences to feed unsuspiciously, and finds out the trick
played on her more or less quickly according to the
proportion of the substance and the bitterness or
strength of its taste.

The delicacy of taste is, doubtless, greater in bees
and ants than in omnivorous flies or in carnivorous
insects. At the same time, the sense of taste in ants 1s
far from perfect, and they cannot always distinguish in-
jurious substances. Forel found that if he mixed
phosphorus in their honey, they swallowed it unsus-
pectingly, and were made very unwell. Some workers,
he says,* “de Formica pratensis se gorgerent de miel au
phosphore que je leur donnai. Apres cela elles
demeurerent pendant de nombreuses heures immobiles,
les mandibules écartées, la bouche ouverte, avec lair
troe obsédées. Celles qui en avaient le plus mangé

¢rirent, les autres guérirent peu a peu.” It cannot,

then, be doubted that insects possess a sense of taste,

the seat of it can hardly be elsewhere than in the
# 4 Recenil Zool, Suisse.” 1887,
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mouth or its immediate neighbourhood ; and in all the
orders of insects there are found on the tongue, the
maxille, and in the month, certain minute pits which
are probably the organs of taste. In each pit is a
minute hair, or rod, which is probably perforated at
the end. On this point there is, indeed, some dif-
ference of opinion. Will, for instance, maintains
that to convey the sense of taste the food must come
into direct contact with the termination of the nerve
of taste, so that those hairs, or bristles, on the mouth
parts which present no perforation cannot be regarded
as true taste-organs, and probably serve rather as
guards. Forel, on the contrary, considers this as an
error. He observes, with justice, that the secretions
are able to pass through the chitifous membrane
which terminates the excretory canals of the glandular
cells, and he maintains that the chitin is 80 thin
and delicate—as well on the surface of the taste cones
and hairs as on the olfactory hairs and plates of the
antenna of bees and other insects—that endosmosis
through this fine membrane may sufficiently explain
the sensation.

In 1860 Meinert * described, on the maxille and
tongue of ants, a series of chitinous canals, connected
with ganglion cells, and through them with the nerves,
and suggested—though with a note of Interrogation-—
that they might be the organs of taste, Forel, in 1874,
confirmed these observations of Meinert’s, and deseribed,
at the point of the tongue of Formica pratensis, a series
of seven such chitinous tubes, In the following year
Wollf published his work, “Das Riechorgan der Biene,”
which contains a number of valuable observations,

* “Bid. til. de Danske Myrers Natur Hist.” 186G0.
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though T am unable altogether to concur in his con-
clusions. He deseribed a group of minute pits at the
base of the tongue of the bee, and considered them
as the organs of smell. It seems to me, however, more
probable that they serve as organs of taste. Forel *
also isdisposed to regard these as constituting, perbaps,
the most important part of the organ of taste, but con-
siders that this sense resides also in eertain organs
scattered over the tongue and the maxille. Will
regards the maxillee and tongue as the only organs of

Fig. 25.—Taste-organ of the bee (after Wolll). B, Horny ridge; R, R, sensory pits;
¢, ¢, skin of the mouth ; L, muscular fibres; 4, 4, muscular fibres ; §, 8, abe
d ¢ f, section of skin of @sophagus.

taste in the bee. He maintainst that the organs of
Wolff are deficient in the first requisite of an organ of
taste, for that there is no orifice through which the food
could directly enter into relation with the nerve.

No doubt, moreover, the taste-organs on the
tongue and maxille might be of themselves sufti-
cient, so that & priori we need not seek for any
others. At the same time, as to the existence of the

* « Saneations des Insectes,” Receuil. Zool, Suisse, 1887. Kraepelin
also regards them as the organ of smell.
¥ Will, * Das Geschmacksorgan der Insekten,” Zeit. fiir Zool., 1855.
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organs described by Wolff there is no doubt, and
their position certainly seems to indicate that they
are organs of taste. Moreover, we are not, I think,
sufficiently acquainted either with the essential
requisites of an organ of taste, on the one hand, or, on
the other, with the minute structure of these organs, to
feel justified in concluding that this is impossible, It
must be remembered that these pits are very minute,
being only from -003 to ‘006 of a millimeter in diameter,
so that it is hazardous to assert that they are certainly
imperforate, while even if they are,
this would not necessarily prove
that they cannot be organs of taste.

Fig. 26 shows three of Wolff’s
cups, each with a central hair, a
chitinous ring, and a double gan-
glionic swelling terminating in a
nerve-fibre, magnified 500 times, = |

An additional reason for sup- = Woiff's cups, cach with

central hair, a chitinous

posing that the Wolffian pits are  ring, and a double gangli.

onic swelling terminating

really sense-organs arises from the i a nerve-fibre, x 500
fact that they are fewest in those  and hais; 6, ¢, gangiionts
3 F swelling of nerve.
insects which we may reasonably

suppose to have the sense of taste least developed,
and increase in number where, on other grounds, we
may fairly regard it as being probably more highly
developed. Thus the Chaleididz have often only one
or two; the Kvaneadwm, seven; the Proctotrupide,
fifteen; the Tenthredos, twelve to twenty-four: the
common wasp, twenty : some of the great tropical wasps,
forty ; while in the hive bee, the drone has fifty, the
queen about one hundred, and the worker rather more
still, say one hundred and ten,




28 HUMBLE BEE—WASP.

Kraepelin has described at the end of the proboscis
in the humble bee (Bombus), besides the hairs of touch,
certain peculiar club-shaped hairs, which he believed
were perforated at the end, and which he considered to
be taste-hairs; and Haller has ascribed the same
function to some very similar hairs which he found on
the under lip of the Hydrachna.

Fig. 28.—Section through a taste-
cup (after Will). SK, Support-
ing cone; N, nerve; SZ, sense-
cell.

Fig. 27.—Under side of left maxilla of
Vespa (after Will). &m, Taste-cups;
Shm, protecting hairs; T'b, tactile hairs;
Mt¢, bage of maxillary palpus.

Fig. 27 represents the under side of the lelt masilla of
a wasp ( Vespa vulgaris), after Will, magnified 55 times.
Gm are the taste-cups; Shm, the protecting hairs;
Th, the tactile hairs.

Fig. 28 represents a section through one of the taste-
cups, Sk is the taste-cone contained in the cup; 1t 1s
perforated and continuous at the base with a nerve-fibre.
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Similarly, in the wonderfully beautiful and complex
proboscis of the hive bee there is, between each of the
trachea-like ducts, a row of minute pits (Fig. 29, Gs),
with a central papilla, which have been described by
Leydig, Meinert, Lowne, Kraepelin, and others, and
are probably organs of taste.

Kraepelin * distinguishes four kinds of hairs on the
proboscis of the fly :

1. Ordinary hairs, which are not hollow, and do not
stand in connection with a nerve.

2. Hairs of touch. These are
principally situated on the upper ¢, [ e
side. They are delicate, hollow, LA
pointed organs, situated on a ring > T
of the integument, and connected  ° |
with a nerve, g

3. Glandular hairs. These are .
larger than the former, and the
chitinous ring is sometimes so much
developed as to form a short cylin-
der surrounding the base of the ¥Fig 20.—Tip of the probos.

4 TRt g ciz in the hive bee (Apis),
hair. The principal characteristic % 140 _ L, Terminal
is, however, that the hair presents s cusinanys o

hooked hairs,

along one surface a deep furrow,
and is connected at the base with a cellular organ.
Kraepelin therefore considers that this is a gland, and
that the secretion passes outwards along the furrow.
Kunckel and Gazagnaire however, regard these also as
sense-lairs. The supposed gland they consider to be
a ganglion,

4. Taste-organs (Fig. 80). These lie in a row between

* Kraepelin, “Zur Anat. und Phys. des Riissels von Musca,” Zeit.
fiir Wiss, Zool., 1883




30 FLY.

the trachea-like channels, and correspond to the similar
organs in the bee (Fig. 29, Gs). Each of these resembles
a double circle, which scarcely projects, if at all, beyond
the general surface, and which he regards as a
metamorphosed, hollow, perforated hair, At the base
of each organ is a nerve, which at some little distance
forms a multicellular ganglion, and the
sheath of which, immediately below the
skin, forms a delicate and short, but well-
marked, chitinous, cylinder.

It may also be observed, at any rate in
most insects, that while they are feeding
the palpi hang down motionless, and evi-
dently take no part in the operation.

In reference to the sense of taste, I may
also mention that an additional complexity
arises from the fact that many insects
possess more than one kind of salivary

. gland, and it is possible, as Wolff sug-
o Eéﬁg; oests,* that the secretions may have dif-
Fig. 3. — organ  ferent properties, In addition to this,

of taste of By \Wolff thinks he has proved that the

( Musca tvomi-

toria) ; after . . et 1 3 . 1 L
ri)s 8% character of the secretion differs at differ

Nerve;o7.6a0-  ent ages; that for many days after the

rlion ; az, axe-
igg'r‘j_j’;’u“;l‘q,ﬁf; bee has arrived at its imago condition,
et g termi-  the glands are still imperfect and gradually
increase to their full size. In old bees,
again, according to him, the secretion diminishes in
quantity. This, perhaps, throws some light on the
division of labour. Forel has observed among ants

that they remain for some days engaged in indoor

* « Das Riechorgan der Biene.”

R
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duties, and do not leave the nest till some time after
they have arrived at maturity.

I have noticed, also, that some individuals seem to
possess a finer sense of taste than others, and some light
seems to be thrown on this difference by the fact that
the number of the taste-pits is not the same in all indi-
viduals. Thus Will observed that the number on the
tongue of Lasius flavus (our common yellow ant) varies
from twenty to twenty-four, and in Atta from forty to
fifty-two. The number of pits on the maxille is subject
to still greater variations, and is not even always the
same on the two sides of the same insect.

On the whole, then, we may conclude that the organs
of taste in insects are certain modified hairs situated
either in the mouth itself or on the organs immediately
surrounding it,
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CHAPTER IIL
THE SENSE OF SMELL.

THE organ of smell is, in vertebrate animals, embedded in
the mucous membrane of the nostrils, and in mammalia
can generally be distinguished by its yellow or brownish
colour, In birds, on the contrary, it presents hardly
any peculiarity to the naked eye. For our knowledge
of the minuter structure we are mainly indebted to
Max Schultze. The cylindrical epithelial cells in the
olfactory organs of man (Fig. 81) terminate in broad flat
ends. Between them are rod-like filaments, which are
supposed to expand into a ganglionic cell, terminating
in a nerve-fibre. Schultze terms these olfactory cells.

In other cases, as in birds, Amphibia (Fig. 32), ete.,
the olfactory cells terminate in fine ciliee, or olfactory
hairs, either one or many to each cell. These hairs
are sometimes motionless, sometimes have a slight
movement of their own. It is obvious that no one from
the structure alone could have predicated the function;
nor can we, I think, form to ourselves any satisfactory
conception how such a structure conveys the impression
of smell, or in what consist the differences between
different odours.

If, then, we know really so little as to the mode, or
organs, by which the sense of smell is induced among
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the higher animals, we cannot wonder that in the
lower groups our knowledge is still less.

In the Protozoaand Ceelenterata no organs have yet
been met with to which this function can with any
confidence be aseribed.

Fig. 31.—Epithelial
and (B) olfactory

cellsof man (from Fig. 32.—Cells from the olfactory
Stricker,  after region of a proteus (after Stricker),
Schultze).

@, Epithelial cells; b, the apparent
rocesses; ¢, olfactory cells. 4,
filiae,

Meyer has described,* in Polyophthalmus (a small
marine worm), on each side of the head, two ciliated
organs (Fig. 33), which have been supposed to be organs
of smell. These had been already mentioned by

* “Zur. Avat, und Hist. von Polyophthalmus,” Arch. fiir Mie,
Anat., 1882,

D
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De Quatrefages, who compared them with the ciliated
wheels of Rotifers, and thought that they produced
currents in the water, thus urging microscopic alge,
infusoria, ete., to the mouth of the worm. Meyer, on
the contrary, with more probability, regards them
as olfactory organs. They are slight depressions
(Fig. 33) in the general surface, lined with peculiar
long ciliee, supplied with a large nerve coming from

¢
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Fig. 33.—Section through the head segment of Polyophthalmus, x 300 (after Meyer).
lmd, muscle ; bo, cup-shaped organ ; cu, cuticle ; hp, hypoderm; Imd, longitu-
dinal dorsal muscle: n, peripheral nerve: ez, commissure of brain ; mb, mem-
brane ; pgn, pigment-cells ; hpdz, unicellular glands in the hypoderm ; gn, brain
E, nuclei in the brain.

the cerebral ganglion gn. Similar pits occur in many
other Annelida. They differ in number; Polyoph-
thalmus having only a pair, the Capitellide several.

In the Mollusca, the hinder pair of tentacles have
been supposed by some to serve as olfactory orgavs.
In the cuttle-fish (Cephalopoda) there are certain pits,
at the base of which is a papilla, supplied with a nerve,
which is perbaps olfactory.* The true function of the

# Leydig, “ Histologie.”
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organs described by Hancock in Gasteropods, and by
Leuckart in Pteropods, as olfactory, seems very doubtful.

As regards the seat of the sense of smell in insects,
there have been four principal theories. It has been
supposed to reside—(1) In the spiracles, or breathing
holes ; (2) in the neighbourhood of the mouth ; (3) in
the antenne; (4) in different parts of the body. The
history of the question has been well given byKraepelin
in an admirable memoir, ¢ Ueber die Geruchsorgane
der Gliederthiere.” *

Sulzer, in 1761, suggested that the organ of smell
was probably to be found in the neighbourhood of the
spiracles, or breathing-holes. It is hardly necessary to
observe that insects do not breath as we do, through
their mouths, but through a series of orifices along the
sides, leading into trachee, or air-tubes, which ramify
throughout the body ; so that the blood is aerated, not
in one special organ, but throughout its course. Now,
1t is important that a more or less continuous current
of air should pass over the surface of the organ of
smell, as it is in this manner brought in contact with
the odoriferous particles. In man and the other ajr-
breathing vertebrates, the combination of the entrance
to the lungs with the nose and mouth offers great
advantages. The olfactory organ is brought close to
the mouth, where it is especially useful in the exami.
nation of food; while the continuous current of air
necessary to respiration is utilized in the production
of sound, on the one hand, and in bringing odoriferous
particles to the organ of smell, on the other.

* Beparat Abdruck aus dem Osterprogramm der Realschule des
Johanneum.” 1883,
t “ Geschichte der Insekten.”
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In insects the separation of the mouth from the
respiratory orifices is, in this respect, a manifest dis-
advantage. Still, it was not unnatural to look for the
organ of smell in the neighbourhood of the spiracles,
Qulzer’s view was supported by Von Reimarus, Baster,
Dumeril, Schelvir, and especially by Lehmann,* who
lays it down as a general proposition that every organ of
smell is to be sought near the orifices through which
animals breathe: *Omnibus olfactus organon in 1is
locis quaerendum est, per quos inspirent.”

The most careful observations, however, have failed
to detect in the neighbourhood of the spiracles any
special supply of nerves, or any organ which could be
supposed to serve for the perception of odors, and 1
believe this view may be said to be now generally
abandoned.t

Previranus § suggested that the organ of smell was
situated in the mouth, and he has been followed by
Newport, Wolff, Kirby and Spence, and Graber. The
descriptions they have given may be accepted as
correct, but the organs they describe in the mouth
itself are rather, I think, to be asceribed to the sense
of taste than to that of smell.

Lyonnet, Bonsdorff, Marcel de Serres, Newport, and
others, believed that the sense of smell resides in the

* T.ehmann published three memoirs on the subject: “ De Bensibus
Externis Animalium Exsanguium,” 1798 ; “De Antennis Insectorum
Dissertatio,” 1799; and *De Antennis Insectorum Dissertatio Pos-
terior,” 1800.

%+ Joseph, indeed (*“ Bericht der 50 Vers. Deutscher Nat. und Aerzte,
Miinchen,” 1877), supported this view in a short communieation, and
has promised f aller details. These, however, have not, 1 believe, yet

appeared.
t “Ueber das Saugen und das Geruchsorgan der Insekten,” Ann.

der Wetler Ges., 1812,



THE SEAT OF THE SENSE OF SMELL. 37

palpi, although the experiments of Perris, Plateau,
Forel, and others, have conclusively proved that it
is not situated exclusively in them.

The credit has been ascribed to Réaumur of having
been the first to suggest that the sense of smell is
seated in the antennwe, This view has been adopted
by Lesser, Roesel, Lyonnet, Bonnet, Sulzer, Latreille,
Burmeister, Lefevre, Erichson, Duges, Perris, Dufour,
Slater, Vogt, Forel, Lowne, Hauser, Kraepelin, Schie-
menz, and other observers, and my own observations
lead me to the same conclusion.

Many entomologists,indeed,ineluding Searpa, Schnei-
der, Bolkhausen, Bonsdorff, Carus, Strauss-Durckheim,
Oken, Kirby and Spence, Newport, Landois, Hicks,
Wolff, and Graber, have considered that the antennsm
serve as ears. These two views are, however, not
irreconcileable, and the truth seems to be that, while
organs of smell and of hearing, when present, may be
both situated in the antenn, they are not in all cases
confined to them.

Comparetti * seems to have been the first to suggest
that the organ of smell might not be seated in the
same part of the body in all insects; he suggested the
antennz in certain beetles (Lamellicornia), the pro-
boseis in butterflies and moths (Lepidoptera), and
certain frontal cellules (the existence of which has,
however, not been confirmed) in locusts, ete. (Orthop-
tera), as the probable seats.

The real manner in which odors are perceived, and
the structure of the olfactory organs, is still so little
understood, that experiments are perhaps more con-
clusive than anatomy,

* “De aure interna comparata-Patavii.,” 1789,
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The oldest experiments of importance are those of
Lehmann, He bored holes through bottles, and then
inserted into them the abdomen of various insects, filling
up the interspace with wax, and leaving the head and
thorax outside. He then introduced into the bottle
various powerful odors, such as burnt feathers, assafce-
tida, burnt sulphur, ete., and as these caused obvious
movements of the body, he concluded that the insects
perceived the smell by the membrane surrounding the
tracheee. The facts have been verified by subsequent
observers, and are themselves doubtless correct. They
do not, however, prove L.ehmann’s case, for similar fumes
would, as Duges and Perris justly observe, produce an
irritation in our throat, where there is certainly no
sense of smell. On the other hand, when substances
which have no such irritating properties are used, as,
for instance, honey in the case of a bee, decaying meat
with a carrion-eating beetle (Silpha), and so on, no re-
action has been perceived. On the whole, experiments
lend no countenance to Sulzer’s theory (see p. 35),
and, in the absence also of any anatomical evidence
in its support, it has, I believe, now no advocates.

I pass, then, to the second theory—that which
considers that the organ of smell is situated in the
mouth parts, either in the mouth itself according to
some authors, or the palpi according to others, We
have, I think, no clear evidence that the mouth itself
possesses any organ of smell. Huber, however, observed
that while, if he brought close to the mouth of bees
substances which were repulsive, or others which
were aceeptable to them, such as honey, they were evi-
dently affected ; this was, on the other hand, no longer
the case if the mouth parts were stopped up with paste,
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Perris, on the contrary, found that even when the
whole of the mouth parts were enclosed in gum, insects
still retained the power of smell. These observations
have been entirely confirmed by Forel and other
observers. The explanation, I believe, is that Com-
paretti was right, and that the sense of scent is not
confined to one part of the body; that, while it is pos-
sessed by the palpi, it is not confined to them.

It has long been observed that insects use their
antenn to examine and test their food. This is clearly
not an act of hearing ; nor has any one suggested that
the antennz are organs of sight or taste. It is obviously
more than mere touch—indeed, they do not need to
come into actual contact—and is, therefore, probably
that of smell.

This conclusion has been confirmed by many experi-
ments. Among those of the older observers some of the
most important were made by Perris.* In Dinetus, a
genus of the solitary wasps, the female, when absent in
search of prey, covers over the orifice to her nest with a
little sand. Perris selected two nests, and while the
wasps were absent he disturbed the surface round one
nest with a piece of stick, and laid his hand (which was
rather warm) over the other. The first Dinetus was a
little disturbed. She ran about, rapidly vibrating her
antennz, and was, perhaps, rather longer than usual in
finding the entrance, but lost very little time. The
other, he says, “Se trouva de prime abord, beaucoup
plus embarrassé: ma main, dont 1’état de moiteur avait
rendu les émanations beaucoup plus actives, avait
laissé sur le sable une odeur qui semblait I'étonner, et

* “Bur le sitge de l'odorat dans les articulés,” Ann. Sei. Nat.,
1850.
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qu'il cherchait i reconnaitre: car lorsqu’il arrivit a
l'endroit que ma main avait couvert, il ralentissait sa
marche, et ses antennes palpaient rapidement le sable.
Le pauvre insecte s'épuisait en marches et contre-
marches ; il passait par dessus son nid sans s’en douter ;
il creusait ¢a et la avec ses pattes de petites fosses, dans
lesquelles il plongeait ses antennes pour explorer les
couches inférieures; il s’arrétait pour Dbrosser ses
antennes, comme on se frotte les yeux quand on se
sent ¢bloui: rien v’y faisait. Découragé, il prit son
vol ; mais il revint quelques instants aprés et recom-
menga ses recherches, Cette fois, soit qu’il fat mieux
disposé et que les antennes qui étaient évidemment
Pagent explorateur, fussent plus perspicaces, soit plutot
que le soleil qui était ardent elt fait évaporer les
¢manations de ma main, il parvint retrouver son nid,
mais il y mit bien du temps et de la patience.”

Perris also repeated Lehmann’s experiment, only
that he inserted the head of the inseects into the bottles
instead of the body; he then satisfied himself that
they perceived odors, and hence concluded that the
sense of smell resides in the head, partly in the antennee,
and partly in the palpi.

Newport, on the contrary, maintained that the
antennae possess no sense of smell. He experimented
on a water-beetle, Hydaticus cinereus, which, he says, «1
had purposely confined for three days without food in
a cup about half filled with water, and, at the expiration
of that time, attached a small piece of raw flesh to the
end of a wire, and carried it several times along the
sides of the insect, particularly near the spiracles, where
it was suffered to remain for a short time, The insect,
however, did not appear to perceive it, but during the
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whole time remained in the water perfectly undisturbed.
The flesh was then carried very near to one of the
antennee, but without exciting the slightest motion in
that organ, while the insect began to move its palpi
very briskly, as if it detected the presence of something;
but continued, in other respects, motionless as before.
The flesh was then brought in direct contact with the
antennee, and the insect immediately withdrew them as
if annoyed, as in the experiment with the Silpha. It
was then carried exactly in front, and at about the
distance of an inch. The palpi were instantly in rapid
motion, and the ereature, darting forward, seized the
flesh, and began to devour it most voraciously. The
following day the experiment was repeated several
times, and with precisely the same result; but on this
occasion the antenna were so repeatedly touched with
the flesh, that the annoyed insect kept them at last
beneath the sides of the thorax. Hence I think it
must appear that, from there being no alterations in
the motions of the insect when the food was held
near the sides of its body, the sense of smelling does
not reside in the spiracles, nor, for like reasons, in
the antenne; while, from the motion of the palpi
and the avidity with which the insect darted upon the
food when held in front of it, it seems but fair to con-
clude that the sense of smelling must certainly reside
in the head, as above suggested.” *

Again, he took a Silpha (one of the carrion-eating
beetles), and, “placing it in a glass, attached a
small piece of flesh within half an inch of it. The
antennee, as is usual with these insects, continued to

* Newport, “On the Antenne of Inscets,” Transactions of the Ento-
mclogical Socicty, 1837-1840,
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be moved about on either side, but with nothing
remarkable in their motions, while the head of the
insect was a little elevated and carried forwards, as if it
perceived the flesh, and the palpi were in rapid vibra-
tory motion. It soon approached very near to the food,
and at length touched it three or four times with the
antennse, but each time suddenly withdrew them as if
they had fallen unexpectedly on something obnoxious,
the palpi during the whole time continuing their motion.
The insect at length reached the food, and, after having
touched it once or twice with the extremities of the
palpi, their motion ceased, and it commenced feeding,
while the antenne were occasionally in motion as
before.,” It wounld ecertainly seem, therefore, that in
these insects, at any rate, the sense of smell resides
principally in the palpi.

Newport made certain other experiments on the
powers of hearing of insects, which I shall mention in
the next chapter, and he concludes, “These facts,
connected, with the previous experiments, have con-
vinced me that the antenns in all insects are the
auditory organs, whatever may be their particular
structure, and that, however this is varied, it is appro-
priated to the perception and transmission of sound.”

Newport was an excellent observer and profound
entomologist, and T see no reason to doubt the correct-
ness of his observations ; nor, indeed, of his inferences,
so long as we confine them to the species on which the
observations were made. They may prove that some
insects possess no sense of smell, or that, at any rate,
it does not reside in the antennz. On the other
hand, they cannot disprove the positive results obtained
by other observers, that in other species the opposite is

S
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the case, and that in them the sense of smell does
reside in the antennee,

That the stag-beetle can smell seems clearly proved,
but Landois found * that, after the removal of the
terminal plates of the antennze, the insect still possessed
this faculty, whence he concluded that the sense of
smell must reside in some other part of the body, and
that the antennw probably serve as organs of hearing.
This does not, however, prove that the sense of smell
does not reside partly in the antenne.

Forel removed the palpi and mouth parts of a wasp,
and she appeared to perceive the presence of honey as
well as before.

I myself took a large ant (Formica ligniperda), and
tethered her on a board by a thread. When she wasg
quite quiet, I tried her with tuning-forks; but they
did not disturb her in the least, I then approached the
feather of a pen very quietly, so as almost to touch
first one and then the other of the antennse, which,
however, did not move. I then dipped the pen in
essence of musk and did the same; the antenna was
slowly retracted and drawn quite back. I then repeated
the same with the other antenna. I was, of course,
careful not to touch the antennm. I have repeated
this experiment with other substances with several
ants, and with the same results. Perris also made the
same experiments with the palpi, and with the same
result; but if the palpi were removed, the rest of the
mouth gave no indications of perceiving odours.

Graber t also has made a number of experiments, and

* “Das Gehororgan des Hirschkifers,” Arch. fiir. Mic. Anat., 1868.
t “Vergl. Grundversuche iiber die Wirkung und die Aufnahme-
stellen echemischer Reize bei den Thieren,” Biol. Centralblatt, 1883,
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found that in some cases (though by no means in all),
insects which had been deprived of their antennee still
appeared to possess the sense of smell. DBut if, as we
have, I think, good reason to suppose, the power of
smell resides partly in the palpi, this would naturally
be the case.

He also tested a beetle, Silpha thoracica, with oil of
rosemary and assafeetida. It showed its perception
by a movement in half a second to a second in the
case of the oil of rosemary, and rather longer—one
second to two seconds—in the case of the assafcetida.
He then deprived it of its antennee, after which
it showed its perception of the oil of rosemary in
three seconds on an average of eleven trials; while in
no case did it show any indication of perceiving the
assafeetida even in sixty seconds.

This would seem to indicate a further complication—
not only that both the antennz and the palpi may
possess the sense of smell, but also that certain odours
may be perceived by the former, and others by the latter.

Graber questions some of the experiments which
seemed to me * to demonstrate the existence of a sense
of smell in ants.t

* ¢« Ants, Bees, and Wasps.”

+ He says, “Da Lubbock noch hinzufiigt, dass keiner, der das
Benehmen der Ameisen unter diesen Umstinden beobachten wiirde,
den geringsten Zweifel an ibrem Geruchsvermigen haben konnte,
wihlte ich auch diese Methede, um zu erforschen, wie sich etwa der
Fiihler beraubte Ameisen verhalten wiirden. Ich war nicht wenig
iiberrascht zu finden, dass auch diese (es handelt sich um Formica
sufa) vor dem Riechobjekt umkehrten. Um ganz sicher zu gehen,
versuchte ich’s aber noch mit dem gleichen Arrangement aber mit
Weglassung des Ricchstoffes, und siche da ! sie kehrten auch jetzt noch
um! Bei genauerer Beobachtung der von einer Ameise vom Anfang
an auf dem Papiersteg zuriickgelegten Strecke stellte sich auch bald
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I fastened a strip of paper in the air by means of two
pins, suspended over it a camel’s-hair brush containing
scent, and then put an ant at one end. She ran forward,
but stopped dead short when she came to the scented
brush. Graber suggests that she did so from
giddiness, but I am satisfied that this is not so.
Ants which habitually climb trees are not likely to
be affected by any such sensation. In my experi-
ments, whether the bridge was high or low, broad or
narrow, made no difference to them. Moreover, in
each case they stopped exactly when they came to the
scented pencil. Again, Graber has not observed that
I expressly stated that “ after passing two or three
times, they took no further notice of the scent;”
nor did they notice the camel’s-hair pencil unless it
was scented,

As regards flies (Musca), Forel removed the wings
from some bluebottle flies and placed them near a
decaying mole. They immediately walked to it, and
began licking it and laying eggs. He then took them
away and removed the antennse, after which, even
when placed close to the mole, they did not appear to
perceive it,

Platean also * put some food of which cockroaches
are fond, on a table, and surrounded it with a low

herans dass es sich bei dem gewissen Umkehren lediglich um ein
versuchsweises Abschreiten oder Ausprobiren des unbekannten Weges
handelte, oder das sich die Ameisen dhulich benehmen wie wir selbst,
wenn wir etwa auf einem schwanken Drette eine tiefe Gebirgskluft
iiberschreiten sollen,”

Graber’s observation is, I doubt not, quite eorrect; but his inference
is not, I think, well founded, nor was his experiment the same as
mine.

* Bull, de la Soe, Ent. Belgique, 1876,
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cireular wall of cardbvard. He then put some cock-
roaches on the table: they evidently scented the food,
and made straight for it. He then removed their
antenne, after which, as long as they could not see the
food, they failed to find it, even though they wandered
about quite close to 1t.

On the whole, then, the experiments which have
been made seem clearly to prove that in insects the
sense of smell resides partly in the antenna and partly
in the palpi. This distribution would be manifestly
advantageous. The palpi are more suited for the ex-
amination of food; while the antennse are more con-
veniently situated for the perception of more distant
objects.

We will now glance at the antenne and palpi
themselves, and consider briefly the structures which
are supposed to give the sensation of smell. For
this three conditions are requisite: (1) an appropriate
nerve; (2) free access to air; and perhaps, though
this is not so clear, (3) a fluid which can dissolve the
odoriferous substance.

The olfactory organ in Vertchrata consists, as already
mentioned, of a mucous membrane containing (1)
cylindrical epithelial cells, with a broad, flat termination
at the free end; and (2) of rod-like filaments which,
some little distance below the surface, swell out into
a nut-shaped expansion, and then contract again into a
fine thread, which is probably continuous with the
fibrils of the olfactory nerve,

In Insects and Crustacea the conditions are different.
The cellular “underskin,” or hypoderm, secretes a hard,
horny envelope, and the terminations of the olfac-
tory nerves are enclosed in a horny tube with a
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terminal perforation, or project as free threads,
They differ, again, between themselves, Insects being
as a general rule aerial, and Crustacea aquatic,
Erichson * has the merit of having been the first
to support this theory by anatomical examination.
Newport had previously mentioned the existence in
many insects of certain pits, or “pores,” closed by a
delicate membrane, and which he regarded as the seat
of hearing. Erichson extended his observations, and
suggested that the pits were rather to be regarded as
organs of smell. His deseriptions were confirmed by

/4

Fig. 34.—Antenna of Pontelly Bairdi (Lubbock).

Burmeister, who, moreover, detected in some of these
“pits” the presence of a small knob, or hair.

In 1853 I called special attention to the antenns
of certain Crustacea, distinguishing five kinds of
hairs—(1) short, downy hairs; (2) plumose hairs: (3)
cylindrical, tapering hairs; (4) flattened, lanceolate
hairs; (5) wrinkled hairs—and pointed out that they
were by no means scattered indiscriminately, but
arranged in definite situations, indicating special
functions. The two last I was disposed to regard
as sense-organs, The above is a figure of the right
male antenna of Pontella Bairdii, one of the Cope-

* « De Fabriea et usu Antennarum in Insectis,” 1847,
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poda, from one of my memoirs in that group,* and
shows the curious clasping organ.
. Leydig, in his beautiful work on the Daphnide, and
more fully in a special memoir on the subject,f de-
seribed certain organs which had been also mentioned
by La Vallette. I give below his figure of the
terminal segments of one of the smaller antennw of
the water-woodlouse (Asellus aquaticus) magnified 500
times. It will be seen
that there are three
kinds of appendages—1.
Ordinary stiff,cylindrical,
tapering, pointed hairs,
which are not connected
with any nerve. 2. Pale,
cylindrical hairs, with a
blunt termination and a
tuft of fine setee. These
hairs are connected with a
nerve,and Leydigregards
them as organs of touch.
Fig. 35.—Terminal segmnnt.: 1}1; ::rn of the 3. PEE'!J,liEI.l" E}’liﬂdﬁl‘ﬁ, ﬂf
smaller antenn® of the water-woodlouse  which there is one to each

(Asellus aquaticus), x 500 (after Leydig).
@, Ordinary hairs (not connected with a Eggment_ Thg}r are come-

nerve); b, sensitive hairs (with a nerve at
Eg'fi;ﬁffgf ¢, special cylinders (olfactory PDSEd- of three p&l‘tE,
the middle one somewhat
wider than the others. The lower third is strongly chiti-
nized, like the ordinary hairs; the other two are more
delicate. At the free end he observed, in some cases,

a group of very fine, short hairs. At the base of

* Ann. and Mag. of Natural History, 1853.
+ “Ueber Geruchs und Gehororgane der Krebse und Insekten,”
Miiller’s Ar., 1360,
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each cylinder is a nerve, which apparently swells into
a ganglion,

Leydig described similar organs on the antenns
and palpi of various other Crustacea. They have
obviously some special function, and he sugoests
that they are olfactory organs., It is interest-
ing that, in certain species which live in subter-
ranean waters and have lost their eyes, these olfactory -
cones are unusually developed. They are much larger,
for instance, in Asellus cavaticus and Gammarus

Fig. 36.— Tip of the antenna of a centipede (Julus terrestris), x 600 (after Leydig).
At the apex are four olfactory cylinders, a few of which are also seen on the fol-
lowing segment, among the ordinary hairs,

puteanus, which live in the dark and are blind, than
in Asellus aquaticus and Gammarus pulex or G. fluviatilis.

Fig. 36 represents the end of the antenna of a centi-
pede (Julus terrestris). There are four olfactory
cylinders at the tip, and several are also seen on the
following segment among the ordinary hairs. In this
species the cuticle of the cylinder appeared sometimes
as if wrinkled, and Leydig believes that the end is
open.* Similar eylinders occur in Scolopendra, Glo-

¥ Loe. eit., p. 286.
E
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meris, and other centipedes. He also described similar
cones in certain insects. _ |

Further details with reference to the structure and
arrangement of these bodies have been given by Claus,
Sars, Weissman, Rougemont, Gamroth, Heller, Hensen,
Hauser, and others, who have also ascribed to them
this funetion. In Claus’s opinion, the nerve itself
enters these bodies. On this point, however, there is

) — e
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Fig. 37.—End of a palpus of Staphy-
linus erythropterus, x 600 (after
Leydig). a, Olfactory pit.

Fig. 38.—DPart of antenna of Callinnassa sub-
terranea. b, Olfactory hairs; g, peculiar
curved hairs,

still much difference of opinion. At any rate, it seems
to be established, by the most recent observations, that
even if the cones are in some cases closed at the end,
they certainly remain open in others. Similar organs
also occur in the palpi (see Fig. 37).

Kraepelin describes other peculiar forms of hairs to
which he ascribes the perception of smell, as occurring
in all the stalk-eyed Crustacea (Podophthalmata).
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These olfactory hairs are partly round (Pontonia),
partly flat (Pagurus); the end is described as being
sometimes simply open (Fig.39,a,b),sometimes provided
with a small cone (Fig. 39, ¢, d, ¢). The number of these
hairs is often very considerable. Moreover, they them-
selves sometimes bear, near the base, a number of very
fine bristles (Pagurus). There can, I think, be no doubt
that these hairs are organs of sense, and it is probable
that they are olfactory. The antenna of Callianassa
(Fig. 38) also bears another remarkable series of long,

@ & ¢

Fig. 39.—Terminations of olfactory hairs of Crustacea. a, OF larva of a Paleemon ;
b, of a Pagurus; ¢, of a Pinnotheres ; d, of a Squilla ; e, of a Pontonia.

thin, movable, but stiff and hooked hairs (Fig. 38, ¢),
which also stand in direct connection with the nerve,
and have probably some sense-function.

In many cases the sense of smell is connected with
minute depressions in the integument. In spiders
Dahl has described a structure in the maxilla which he
believes to be olfactory. The skin presents a number
of minute orifices, under which lie elongated cells, each
terminating in a nervous fibril,*

Leydig also mentions f the existence of small pits on

* “Das Gehir-und Geruchsorgan der Spinnen,” Areh. fir Mie,
Anat,, 1885,

T “Ueber Geruchs und Gehororgane der Krebse und Insekten,”
Miiller's Areh., 1860,
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the antenne and mandibular palpi of the crayfish
(Astacus fluviatilis) but I do not find any further
description of them. On the other hand, in insects they
play a more important part, and it will be convenient
to describe here very briefly the various structures
occurring on and in the antenn of insects, although it
is not to be supposed that they all serve for the sense
of smell. Newport * alludes to the “pits”; but they
were first deseribed by Erichson t; while Burmeister §
suggested that there are two classes—those containing
a hair, and those in which there is none. The pits are
only found in certain regions, and have certainly some
specific function. In the stag-beetle (Lucanus cervus)
the terminal plate of the antenna shows two large pits,
one on each side, and nearly opposite one another. In
other Lamellicorn beetles, as, for instance, in the cock-
chafer (Melolontha vulgaris), they are very numerous.
Lespes§ supposed them to be closed sacs, each containing
an otolithe, They certainly do present this appearance,
but the existence of any otolithe has been conclusively
disproved by Claparede,| Claus, Hicks, and others.

Graber thought 9 that he had discovered an organ
of hearing containing an otolithe in the antennse of
certain Diptera. Mayer,** however, has since examined

# Transactions of the Entomological Society of London, vol, ii.

t “De Fabrica et usu antennarum in Insectis.” 1847,

1 “DBeob. iiber den feineren Bau der Fiihlerfachur der Lamelli-
cornier.,” 1848,

§ “Mé¢ém. sur I'appareil auditif des Insectes,” Ann. 8eci. Nat., 1858.

| “Sur les prétendus organes auditifs des Antennes chez les
Coléopteres,” Ann. Sci. Nat., 1858,

q « Ueber neue otocystenartige Sinnesorgane der Insekten,” Arch.
fir Mic. Anat., 1879.

## «Qonra certi organi di Benso nelle Antenne dei Ditteri,” Reale
Ace. dei Lincei, 1878-79,
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them, and it appears to be really a sac lined with sense.
hairs,

Hicks * deseribed the structure of the antennee in a

Ii- !

(i}

Fig. 40.—Antenna of blowfly (after Hicks). a, Enlarged third segment, showing
pits; ¢, base of the antenna,

considerable number of insects, On the antenna of the
blowfly (Musca; Fig. 40) he found no less than 17,000
perforations, each leading into a small sae, besides which

* Transactions of the Linnean Society, 1857-1859.
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there are larger orifices leading into more complex de-
pressions, apparently arising from the confluence of a
number of thesimple sacs. At the baseof these large sacs
are a number of papille, or small hairs. In the dragon-
fly, each segment of the antenna contains a large con-
voluted sac. The sacs, in fact, vary much in number,
size, and form, but Hicks considered that “they all
possess the same elements, and are formed on the same
principle.” In many cases he traced a nerve to the
base of the pits. He considered
that they were generally, if not
always, closed in by a deli-
cate membrane, which, indeed,
sometimes projected in a
hemispherical, conical, or even
hair-like form.

The minute structure of the
pits was further studied by
Leydig in 1860. He describes
Fig. 41.—0One segment of the an- them as Pﬂ!‘tS of the integument

B W IR which the chitine is very

thin, and more or less depressed,

with a hair in the centre. This hair may be even
reduced to a mere ring.

Hicks also called attention to a remarkable speciality
in the antenn@ of the Ichneumons, the true nature of
which he did not, however, correctly ascertain. He
describes the appearance presented as that of a great
number of narrow inverted canoes, with a keel-like
ridge, and each inverted over an oval perforation. He
regarded these as consisting of a thin transparent
membrane, Subsequent observations, however, have
shown that each supposed canoe-shaped membraue is,

e
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in fact, a fine hair, inverted over one of the usual
pits.

In 1880 Hauser published an excellent memoir *
on the olfactory organs of inseets, from which I have
taken Fig. 42, representing a section through part

Fig. 42.—Section through part of the antenna of a wasp (after Hanser), »% 430.
CH, Chitinous skin; 2, olfactory cone; @, olfactory pit; T8, tactile hairs: H,
hypodermic cells; M, the membrane surrounding them: K, nuclei of the olfae-
tory cells; K, remains of the earlier upper nucleus ; SK, lower circle of rods ;
RS, olfactory rod 3 GZ, Geisselzelle ; MZ, membrane forming cell; M, membrane
closing the pit.

of the antenna of a wasp, showing two of the
olfactory cones, one projecting beyond the general
surface. They terminate above in a fine rod, below in
a nerve-thread, and present a double series of ridges.

* “Phys. und Hist. Unt. ii. die Geruchsorgane der Insekten,” Zeit,
fiir Wiss. Zool., 1880,
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Kraepelin* and Sazepint have also published valuable
memoirs containing many interesting details,

The hairs of the antenne, then, serve some for touch
and some for smell, while there is, as we shall presently
see, strong reason for supposing that the sense of
hearing 1s also in some insects seated in the antennee.

The greatest variety of antennal organs, so far as we
yet know, occurs in the Hymenoptera (ants, bees, and
wasps). Of these I give a diagrammatic figure.
There are at least nine different structures.

1. Ordinary hairs (Fig. 43, ¢).

Fig. 43.—Diagram showing structures on the terminal segments of the antenna of
insects. a, Chitinons ecuticle; b, hypodermic layer; e, ordinary hair; d, tactile
hair; e, cone; f, depressed hair, lying over g, cup, with rudimentary hair at the
base : &, simple cup ; 7, champagne-cork-like organ of Forel ; k, flask-like organ ;
1, papilla, with a rudimentary hair at the apex.

2. Hairs of touch (Fig. 43, d).

* « Phys, und Hist. Unt. ii. die Geruchsorgane der Insekten,” Zeit,
fiir Wiss. Zool., 1880; and “ Ueber die Geruchsorgane der Glieder-

thiere,” 1883,
+ % Ueber den histol. Bau und die Vert. der nervisen Endorgane

auf den Fiiblern der Myriopoden,” Mem, de I'Acad. Impér. de Sc. de
St. Petersburg, 1880,
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Flattened hairs (Fig, 43, ).

Depressed hairs (Fig. 43, f).

Pits with a minute hair at the base (Fig. 43, ¢).
Pits without a hair at the base (Fig. 43, &).
Cones containing a nerve (Fig. 43, 0).

The champagne-cork-like organs of Forel (Fig.
43, 4). These consist of a pit, with a constriction about
balfway up. They differ, in fact, from the second
sort mainly in the presence of this constriction.

9. The curious flasks (Fig. 43, k) first observed
and described by Hicks.* ¢They consist,” he says, “ of
a small pit leading to a long delicate tube, which,
bending towards the base, dilates into an elongated
sac having its end inverted.,”t Of these remarkable
organs there are about twelve in the terminal segment,
and one or rarely two in the others. Similar structures
have since been found in other Hymenoptera; but not,
I believe, as yet in any other order of insects. I have
ventured to suggest that they may serve as microscopic
stethoscopes. Kraepelin was disposed to regard them
as glands, but I agree with Forel that there is no suffi-
cient reason for doing so.

There may, moreover, be a distinctly characterized
sense-organ without any alteration of the actual
surface, as shown in some of the figures given by
Kraepelin, and also by that from Hauser given above
(Fig. 42),

These are, perhaps, the principal types, but there

® NS W

* Transactions of the Linnean Society, vol. xxii. p. 39, Kraepelin
attributes the observation to Forel, but this is an error. Forel had
overlooked Hicks's deseription and figure,

t Hicks, ““ On the Organs of the Antenn of Insects,” Transactions
of the Linnean Society, vol. xxii,
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are many- modifications; for instance, complex pits
often arise from the confluence of several small ones.
The structure of the antenne is then very complex, and
increases with the importance of the antennm in the
life of the insect. Among the Hymenoptera, Lyda has
about 600 pits; Tenthredo, 1200; Sirex, 2000; Pompilus,
3000; Paniscus, 4000; Ichneumon, 5000; Hylceus,
6000; the wasp (Vespa), abont 13,000 pits and 700
cones; the blowfly, 17,000 ; the hive bee, according to
Hicks, about 20,000 pits and 200 cones. Among beetles
(Coleoptera) the numbers are generally small, but the
cockehafer (Melolontha) possesses, according to Hauser,
on each antenna as many as 35,000 in the female, and
39,000 in the male. Moreover, it is significant that in
those species where the females are quiescent and are
actively sought out by the males, the antennz are
much less highly developed in the female sex than in
the male.

As already mentioned, the antenna probably serve
partly as organs of touch, and in some cases for smell.

On the other hand, I do not believe that touch and
smell are the only two senses possessed by the antennce.
Forel and I have shown that in the bee the sense of
smell is by no means very highly developed. Yet
their antenna is one of those most highly organized.
It possesses, as I have just mentioned, besides 200
cones, which may probably serve for smell, as many as
20,000 pits; and it would certainly seem unlikely
that an organization so exceptionally rich should solely
serve for a sense so slightly developed.

Much as these antennal structures differ from one
another in form, arrangement, and structure, they are
all reducible to one type—to a hair—more or less de-
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veloped, more or less deeply seated, standing in con-
nection with the ganglionic cells, and so with the cerebral
ganglia. Even the long-necked “bottles” (Fig. 43, %)
may be regarded as an extreme form of this type,
especially if the inversion at the end can be, as seems
probable, regarded as a hair.

All entomologists are agreed that some of the anten-
nal hairs serve as organs of protection, and others as
organs of touch. The evidence is, as we have seen, very
strong, that some of them serve as organs of smell.
They fulfil, therefore, at least three different functions,
and when we consider their manifold variety, there is
not only no a priore improbability, but, on the contrary
it seems very probable that some of them, at least,
perform some other function in the animal economy.

There is, indeed, strong reason, as we shall see in the
next chapter, to believe that, in some cases at any rate,
the antennze act also as ears; while some of these
peculiar antennal organs, though obviously organs of
sense, seem to have no special adaptation to any sense
of which we are cognisant.
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CHAPTER 1V.

THE SENSE OF HEARING.

THE sensation of sound is due to vibrations of the air
striking on the drum of our ear. The intensity of the
sound depends on the extent or amplitude of the sound-
wave; while the pitch of the tone depends on the fre-
quence of vibration,and consequently on the number of
waves which strike the ear during a given interval.
The fewer the number of vibrations in a second, the
deeper the sound ; the more numerous, the shriller it
becomes. Our pianos generally begin with the C of
39 vibrations in a second, and extend to A" of 3520
vibrations. The number of vibrations for the tone
A’, which is that of the hum of a bee, is about 440
in a second. If the vibrations are fewer than 30 in a
second, they produce only a buzzing and groaning
sound, while the shrillest sound we can hear is produced
by about 35,000 vibrations in a second.

It may seem curious that there should be any dif-
ficulty in ascertaining whether an animal can hear.
But, in the first place, in order to experiment on
them, we are often obliged to place them in situa-
tions very unlike those to which they are accustomed ;
and, secondly, it is by no means always easy to say
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whether they are affected by a real noise, or whether
they are merely conscious of a concussion or vibration.

Asregards the lower animals, it appears to me, I con-
fess, that many organs have been described as auditory,
on grounds which are anything but satisfactory. At
the same time, it cannot be doubted that many of the
lower animals do possess the power of hearing, especially
as some have elaborate organs for the production of
sound.

Among the lowest groups, none of the Protozoa or
Ceelenterata are known to produce sounds, and in the
Mollusca, also, the power is very rare. The Pectens,
which are the most lively of bivalves, moving actively
by the sudden opening and closing of their valves—as
Pliny says, “Saliunt Pectines et extra volitant seque
ipsi carinant "—also produce in the same way a certain
sound, which Aristotle * gives as an exceptional case
among the Mollusea.

Nor is the production of sound much more frequent
among the Crustacea. In one genus of crabs (Ocypoda),
the claw bears a rasp, or file, which can be rubbed against
a ridge on the basal segment of the limb, and thus
produces a harsh, jarring sound. Some of the lobsters
also (Palinurus) make a noise by rubbing one segment
of the antenn against another; but, considering that
the ear is well developed in this group, it is rather
remarkable how few of them are known to possess the
power of producing sounds.

Passing on to the insects, the song of the Cicada has
been celebrated from time immemorial ; the chirping of
the erickets and grasshoppers is also familiar to us all.

For the reasons, however, already alluded to in the

# ¢ Historia Animalium.”
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preceding chapter, no insect possesses a true voice. The
sounds they make are produced in various ways-—for
instance, by the wings or the spiracles, by rubbing one
part of the body against another, ete.

The power of producing sounds audible to us is pos-
sessed by many insects scattered sporadically through
all the great groups.

In many of these cases, the power of producing sound
is confined to the males. Their sounds are really love-
songs.*

In Locusts, as Westwood says,f “The stridulating
powers of these insects must have attracted the notice
of every one who bhas walked through the fields in the
autumn. Unlike the insects of the two preceding
families, it is owing to the motion
of the hind femora, either con-
jointly or alternately rubbed
against the sides of the wing-
covers, that the sound is pro-
duced, the insects resting on their
four anterior legs during the
operation ; the veins of the wing-
Fig. 44.—Leg of Stenbothrus covers being considerably ele-

pratorum (after Landois). Xl d, & El.Eg b8 o E&SHY}TﬂGtE d
upon by the rugose inner edge of the thigh. Some
species, according to Goreau, may be observed to exe-
cute this movement without producing any sound per-
ceptible to our ears, but which he thinks may be per-
ceived by their companions.”

* The females are not, however, invariably dumb. In Ephippigera
both sexes are able to produce a sound, which, however, is not very

loud.
+ Westwood, “ Modern Classification of Insects.”
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Fig. 44 represents the leg of a grasshopper (Steno-
bothrus pratorum). On the inner side of the thigh, at
8, 1s a file, consisting of a row of fine teeth (Fig. 45,7),
which rub against the wing-covers, and thus produce the
well-known sounds.

Lehmann states that Brunelli “ kept and fed several
males of Giryllus viridissimus in a closet, which were
very merry, and continued singing all the day; but a
rap at the door would stop them instantly. By practice
he learned to imitate their chirping ; when he did this
at the door, at first a few would answer him in a low
note, and then the whole party would take up the tune
and sing with all their might, He once shut up a male
of the species in his garden, and gave a female hLer
liberty ; but when she
heard the male chirp,
she flew to him im-
mediately,” *

In the males of
the house and field
crickets, the source of
the sound is different, Tt -Sowdlon of senabotrus e
On the inner margin
of the left wing-cover, about one-third of its length
from the base, a thickened point is observed, from
which several strong veins diverge. The strongest of
these veins, that running towards the base of the wing-
cover, is regularly notched on the under side trans-
versely, like a file. When the wing-covers are closed,
this oblique bar of the wing-cover lies upon the upper
surface of the corresponding part of the right wing-

* “De Sensibus externis Animalium exsanguinium,” Géttingen :
1798. I give Kirby and Spence’s translation.
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cover, and when a tremulous motion is imparted to the
wing-covers, this bar rubs against the corresponding
bar of the right wing-cover, and thus produces the
familiar chirping sound.

The song of the Cicadas is produced, again, in a dif-
ferent manner. The musical organs are internal, are
placed “at the base of the abdomen beneath, and are
covered by two large flat plates attached behind the
place of insertion of the hind legs, varying in form in
the different species, being, in fact, the dilated sides
of the metasternum. . . . The sound issues out of two
holes beneath the above-mentioned plates, in a manner
somewhat analogous to the action of a violin.”*

Many beetles have special organs for the production of
sounds. A remarkable case is that of the so-called
« hombardier beetles,” which, when attacked, discharge
at the enemy, from the hinder part of their body, an
acrid fluid which, as soon as it comes in contact with
air, explodes with a sound resembling a miniature gun.
Westwood mentions, on the authority of Burchell, that
on one occasion, “ whilst resting for the night on the
banks of one of the large South American rivers, he
went out with a lantern to make an astronomical ob-
servation, accompanied by one of his black servant
boys ; and as they were proceeding, their attention was
directed to numerous beetles running about upon the
shore, which, when captured, proved to be specimens
of a large species of Brachinus. On being seized, they
immediately began to play off their artillery, burning
and staining the flesh to such a degree that only a few
specimenscould becaptured with the naked hand,leaving
o mark which remained a considerable time. Upon ob-

* Westwood, “ Modern Classification of Insects,” vol. ii. p. 42.
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serving the whitish vapour with which the explosions
were accompanied, the negro exclaimed in his broken
English, with evident surprise, ¢ Ah, massa, they make
smoke!’ ™ *

A similar means of defence is possessed by beetles
belonging to a very different family—the Pausside.
Captain Boyes mentions t that on one occasion, having
captured a Paussus Fichtelii “ it immediately emitted
two loud and very distinct crepitatiors, accompanied
with a sensation of heat, and attended by a strong
acidulous scent. It left a dark-coloured stain on the
fingers resembling that produced by caustic, and
which had a strong odour something like nitric
acid. A ecircumstance so remarkable induced me to
determine its truth, for which purpose I kept it alive
till the next morning, and, in order to certify myself of
the fact, the following experiments were resorted to.
Having prepared some test-paper by colouring it with
a few petals of a deep red oleander, I gently turned
the Paussus over it, and immediately placed my finger
on the insect, at which time I distinctly beard a crepi-
tation, which was repeated in a few seconds on the
pressure being renewed, and each discharge was ac-
companied by a vapour-like steam, which was emitted
to the distance of half an inch, and attended by a very
strong and penetrating odour of nitric acid.”

I do not, however, refer to these cases as affording
any evidence that the insects themselves possess the
power of hearing, but merely on account of their

* Westwood, “ Modern Classifieation of Insects,” vol. i. p. 76.

t *The Economy of the Pausside,” dun. and Magazine of Natural
History, vol, xviii.; see also Péringuay’s *“ Notes on Three Paussi,”
Transactions of the Enfomological Svciety, 1883, p. 133,

F



66 DEATH-WATCH—BURYING BEETLES.

intrinsic interest. The following instances, however,
do seem to imply a power of hearing.

A well-known case is that .of the death-watch,
assoclated with so many superstitions, and supposed
in old days to be a certain indication of approaching
death. In this case the insect produces the sound by
tapping with its head or abdomen, or, aceording to
Doubleday, with its thorax. If a male death-watch
ticks, and there be a female even within several yards,
she returns the tap, and they approach one another
slowly, tapping at intervals, until they meet. The
male Ateuches stridulates to encourage the female in
her work, and also, according to Darwin, ¢ from distress
when she is removed.” *

It has long been known that among the Longicorn
beetles many of the species, when alarmed, “ produce
a slight but acute sound by the friction of the narrowed
anterior part of the mesothorax, or rather a polished
part of the scutellum, against the edge of the protho-
racic cavity, by which motion the head is alternately
elevated and depressed. It has been generally stated
that it was by the friction of the hind margin of the
thorax against the base of the elytra that this sound
was produced, but this is not the case.”f The burying
beetles (Necrophorus) produce a sound by rubbing the
abdomen against the hinder edges of the wing-cases.

Wollaston, in a short paper on certain musical
Curculionide,] describes a species of Acalles, which he
found in Teneriffe. A number of specimens were in a
hollow stem, and when it was shaken “the whole plant

* & Descent of Man,” vol. i.
t Westwood, *“ Modern Classification of Insects,” vol. i.
} Ann. and Magazine of Natural History, 1860,
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appeared musical.” In this genus the sound is produced
by rubbing the tip of the abdomen, so rapidly that the
movements were scarcely visible to the eye, against the
under surface of the ends of the elytra, or wing-cases.
The tip of the abdomen, though roughened, is not con-
spicuously so, the ends of the elytra are shagreened,
though very finely, and Wollaston expresses his surprise
that so small an instrument could produce so loud a
noise. He describes a similar structure in other species
of the group.

The cockchafers (Melolontha), besides the humming
of the wings, produce a sound which may almost be
called a voice. In the large trachea, immediately
behind each spiracle, is a chitinous process, or tongue,
which is thrown into vibration by the air during respi-
ration, and thus produces a humming noise.

In the beetles, then, the sounds produced may be
divided into three classes :

1. Incidental, such as those produced during
flight.

2. Defensive.

3. For signals, as in Longicorn beetles, Ateuches,
Anobium, ete.

Laudois gives the following summary of the different
modes in which sounds are produced by the Cole-
optera :—

1. Tapping sounds (Bostrychide, Anobium).

2. Grating sounds (Elaterida).

3. Friction without rasping orgaus (Huehirus lon-
gimanus).

4. Rasping sounds produced by friction, viz.—

(1) Pronotum on Mesonotum (Cerambycida, with
the exception of Spondylis and Prionus).
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(2) Prosternum on Mesosternum  (Omaloplia
brunnea).

(3) Elytra with rasp at the end (Curculionida;
Dytiscida, Pelobius).

(4) Coxe with rasp (Geotrupes, Ceratophyus).

(5) Cover-margin rasp rubbing against the thigh
(Chiasognathus Grantii).

(6) Pygidium with two rasps in the middle
(Crioceris, Lema, Copris, Oryctes, Necro-
phorus, Tenebrionida).

(7) Abdomen with a grating-ridge and four
grating-plates (T'rox sabulosus).

(8) Abdomen with two toothed ridges rubbing
on cover-margin rasp (Elaphrus, Blethisa,
(Cychrus).

(9) Elytra rubbing with under-wing rasp (Pelobius
Herrmanni).

(10) Wings rubbing against abdominal ringlets
(Melolontha fullo).

5. Exploding sounds from the tail (Brachinus).

6. Sounds produced by the spiracles (Melolontha).

Graber, moreover, has shown by a number of
interesting experiments * that the power of hearing is
by no means confined to those beetles which are known
to produce sounds themselves.

Passing on to other groups of insects, flies and gnats,
besides the humming of the wings, produce sounds,
like the cockehafer, through the spiracles, some of
which are especially arranged for this purpose. If a
fly be caught and held between the fingers, it will
generally make a loud and peculiar sound. The hum
of the mosquito is only too familiar to most of us.

* «Die Chordotonal Sinnesorgane der Insekten,” Arch. fiir Mic.
Anat., 1882,
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Landois mentions that he has heard species of
Eristalis and Syrphus sing while they have been
sitting quietly. The dragon-flies (Libellulina) also
produce a sound by means of their spiracles.

Among Hymenoptera, the hum of an angry bee is
proverbial. Nor must I omit to mention the piping
noise made by young queen bees. It is well known
that there is only one queen in a hive, and that
working bees never turn their back on her; as she
moves among the combs, they all turn towards her.
If there has been a swarm led by the old queen, the
young queen who has succeeded often makes a piping
noise, first noticed by Huber, whose statements are
generally recognized as correct.* While “singing”
the queen assumes a particular attitude, and the other
bees all lower their heads and remain motionless until
she begins to move again. In the mean while, if there
are any other young queens which have not yet left
the cells, they answer the old one, and their notes seem
to be sounds of challenge and defiance.

Other bees also produce a sound by means of their
spiracles quite different from the humming of their
wings. Mutilla Europza, a wingless species, related to
and not unlike the ants, makes, when alarmed, a rather
sharp noise by rubbing one of the abdominal rings
against the other.

Under these cireumstances, Landois asked himself
whether other genera allied to Mutilla might not
possess a similar organ, and also have the power of
producing sound. He first examined the genus Ponera,
which, in the structure of its abdomen, nearly resembles

* Huber, “ Obs. sur les Abeilles;” Bevan, “On the Honey Dee;”
Langstroth, “ On the Honey Bee,”
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Mutilla, and here also he found a fully developed
stridulating apparatus.

He then turned to the true ants, and here also he
found a similar rasp-like organ in the same sitnation. It
is indeed true that ants produce no sounds which are
audible by us; still, when we find that certain allied
insects do produce sounds appreciable to us by rubbing
the abdominal segments one over the other, and when
we find, in smaller species, an entirely similar structure,
it certainly seems reasonable to conclude that these
latter also do produce sounds, even though we cannot
hear them. Iandois describes the structure in the
workers of Lasius fuliginosus as having twenty ribs in
a breadth of ‘13 of a millimeter. In Lasius flavus I
found about ten well-marked ribs, occupying a length
of 15 of an inch. Similar ridges also occur between
the following segments.

In the flies (Diptera) and dragon-flies (Libellulina),
the four thoracic spiracles produce sounds; while in
Hymenoptera, as, for instance, in the humble bee
(Bombus), the abdominal spiracles are also musical.
The sounds produced by the wings are constant in
each species, excepting where there are (as in Bombus)
individuals of very different sizes. In these the
larger specimens give generally a higher note. Thus
the comparatively small male of Bombus terrestris
hums on A’, while the large female hums a whole
octave higher. There are, however, small species
which give a deeper note than larger ones, on account
of the wing-vibrations not being of the same number
in a given time. Moreover, a tired insect produces a
somewhat different note from one that is fresh, on
account of the vibrations being slower.

= il s e —
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Indeed, from the note produced we can calculate the
rapidity of the vibration. The slow Happing of a
butterfly’s wing produces no sound, but when the move-
ments are rapid a noise is produced, which increases
in shrillness with the number of vibrations. Thus the
house-fly, which produces the sound of F, vibrates its
wings 21,120 times in a minute, or 335 times in a
second ; and the bee, which makes a sound of A’, as
many as 26,400 times, or 440 times in a second. On
the contrary, a tired bee hums on E/, and therefore,
according to theory, vibrates its wings only 330 times
in a second.

Marey has succeeded in confirming these numbers
graphically. He fixed a fly so that the tip of the
wing just touched a eylinder which was moved by
clockwork. Each stroke of the wing caused a mark,
of course very slight, but still quite perceptible, and
he thus showed that there were actually 330 strokes in
a second, agreeing almost exactly with the number
inferred from the note produced.

The sound emitted from the spiracles bears no re-
lation to that produced by the wings. Thus, according
to Landois, the wing-tone of the hive bee is A y-its
“voice,” if we may call it so, on the contrary, is an
octave higher, and often goes to B” and ¢”. In one of
the solitary bees, Anthidium manicatum, the difference
is still greater; the wing-tone is G, and the * voice ”
nearly two octaves higher, reaching to F".

The wing-tone is constant, at least with the excep-
tions just alluded to. The “voice,” on the contrary,
appears to be to some extent under the control of the
will, and thus offers another point of similarity to a true
“voice.” Thus a bee in the pursuit of honey hums
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continually and contentedly on A’, but if it is excited
or angry 1t produces a very different note. Thus,
then, the sounds of insects do not merely serve to bring
the sexes together; they are not merely “love-songs,”
but also probably serve, like any true language, to
express the feelings.

Landois also describes the muscles by means of
which the form of the organ, the tension of the drum,
ete., is altered, and the tone thus, no doubt voluntarily,
affected.® We can, indeed, only in few cases distinguish
the differences thus produced; but as even we, far
removed as we are in organization, habits, and senti-
ments, from a fly or a bee, can yet feel the difference
between a contented hum and an angry buzz, it is highly
improbable that their power of expressing their feelings
should stop there. One can scarcely doubt but that
they have thus the means of conveying other sentiments
and ideas to one another.

Butterflies and moths do not habitually produce any
sound in flight. The texture of their wings is com-
paratively soft, and they are generally moved slowly.
Still, they are not altogether silent.

The death’s-head moth {Sphinz afropos) emits a
mournful cry, first noticed by Réaumur. This moth,
he says, “dans le temps qu’il marche, a un eri qui a
paru funébre; au moins est-il le eri d’une bonne 4me
de papillon, s’il gémit des malheurs qu’il annonce.

“Le cri de notre papillon est assés fort et aigu; il a
quelque ressemblance avee celui des souris, mais il est
plus plaintif; il a quelque chose de plus lamentable.
C'est surtout lorsque le papillon marche, ou qu’il se

* «Die Ton and Stimm Apparate der Insekten,” Zeif. fiir Wiss.
Zool., 1866.
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trouve mal a son aise, qu’il erie ; il erie dans les poudries,
dans les boistes o on le tient renfermé; ses cris
redoublent lorsqu’on le prend, et il ne cesse de erier
tant qu'on le tient entre les doigts. En général il fait
grand usage de la faculté de crier, que la nature lui a
accordée.” *

There has been much doubt how the sound arises, but
it appears to be ascertained that the moth produces it
by rubbing the palpi against the base of the proboscis.t

Huber thought, and subsequent writers—as, for
instance, Kirby and Spence, and Bevan—have con-
curred in the opinion, that the sound “operates on the
bees like the voice of their queen, and thus enables
the moth to commit the greatest ravages in the hives
with perfect immunity,” ¥ On the other hand, Huber
ascertained by experiment that it exercises no such
charm over humble bees.

Several other species of the genus Sphinx also pro-
duce a sound, and a few other moths, for instance,
Noctua fovea. Darwin also mentions§ a Brazilian
butterfly, Ageronia feronia, as making “a noise like
that produced by a toothed wheel passing under a
spring catch, which could be heard at the distance
of several yards.”

The peacock butterfly (Vanessa o) | is also said to
possess the same power.

For further details with reference to the sounds
produced by insects, and, indeed, by animals generally,

* « Mém. p. servir & 'Histoire des Insectes,”

T Landois, “ Die Ton und Stimm Apparate der Insekten,” Zedt. fiir
Wizs. Zool., vol. xvii.

1 Bevan, * On the Honey Bee.” § “ Descent of Man,” vol. i.

Il “Die Ton and Stimm Apparate der Insekten,” Zeit. fiir Wiss.
Zool., 1867.
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I may refer to Landois’s interesting work, “Thier-
stimmen,”

From the fact that the power of producing sounds
audible to us is scattered among so many groups, and
that the sounds themselves are often so shrill, I am
disposed to suspect that many insects usually regarded
as dumb really produce sounds, which, however, are
beyond our range of hearing.

Among centipedes Gersticker has deseribed* a
sound-producing organ in Hucorybar crotylus. The
posterior legs have the fourth segment much enlarged
and leaf-like, with the edges raised and formed of
very hard chitine, The legs are rubbed against one
another, and thus produce a rasping sound, Bourne
also has recently describedf a stridulating organ in
another genus (Spharotherium). It is situated just
behind the twenty-first pair of legs, and consists of a
hood-like process bearing a number of parallel ridges.

There is a very general impression that spiders hear
well, and even enjoy music! There seems, however,
very little evidence of any value on the subject. No
doubt they are extremely sensitive to vibrations. The
presence of even a very small insect on their web is
at once perceived. Mr. Boys has shown that the
vibrations of a tuning-fork affect them strongly.}
This sensitiveness to vibrations is, however, not neces-
sarily the same as a true sense of hearing. Kraepelin
says § that he knows only one observation which seems
to him to possess sufficient exactness to justify the
conclusion that spiders possess any sense of hearing—
namely, that of Lehmann,

* Gersticker, * Stettin Ent. Zeil., 1854.
t+ Bourne, Linnean Journal, 1885, 1 Nature, vol, xxiii.
§ “Ueber die Geruchsorgane der Gliederthiere.”
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It would be, on the other hand, most unsafe to
conclude that spiders are incapable of hearing. Dahl*
has given reasons for believing that some of their hairs
serve as auditory organs. Westring has discovered,
in certain species of Theridium (1. serratipes, oculatum,
castaneum, ete.), a stridulating organ, consisting of a
sort of raised bow attached to the upper part of the
abdomen, which rubs against the under and hinder
part of the cephalothorax, producing a whirring sound.
Lebert T naturally observes that this appears to indicate
a power of hearing on their part.

As regards insects, it would be easy to multiply such
evidence almost indefinitely ; I have given more illus-
trations than I should probably have otherwise thought
necessary, because so excellent an observer as Forel,
whose opinion I should value on such a point as much as
that of any authority, expresses doubt whether insects
really hear at all. “Ce qu’on semble,” he says, in his
last memoir on the subject, considérer comme preuve
de 'ouie me parait comme a Duges reposer a peu d’excep-
tions pres sur des ébranlements mécaniques de I'air ou
du sol qui sont simplement per¢us comme tels par les
organes tactiles des insectes, Cela correspond & peu
pres a la derniere opinion de Graber sur” ouie “de
la Periplaneta. Mais on n’a pas le droit de nommer
ouie de pareilles sensations.” f

Graber, however, has endeavoured to meet this
objection by an ingenious experiment.§ He placed
some water-boatmen (Corixa) in a deep jar full of

* “Das Gehir-und Geruchsorgane der Spinnen,” Arech. fiir Mie.

Anat., 18835.
+ “Die Spinnen der Schweiz.”

§ A. Forel, “ Sensations des Insectes,” Recueil Zool. Suisse, t. iv. 1887,
§ Arch. fiir Mic. Anat., 1882,
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water, at the bottom of which was a layer of mud.
He dropped a stone on the mud, but the beetles,
which were reposing quietly on some weeds, took no
notice. He then put a piece of glass on the mud,
and dropped the stone on to it, thus making a noise,
though the disturbance of the water was the same.
The water-boatmen, however, then at once took flight.

In face of all the evidence, then, I do not think
there can reasonably be any doubt on the subject, and
it seems to be clearly established that insects do possess
the sense of hearing.



(i)

CHAPTER V.
THE ORGANS OF HEARING.

THAT many of the lower animals have special organs
for the production of sound, and possess the sense of
hearing, has been shown in the preceding chapter.

I now proceed to consider the mechanism by which
sounds are perceived. In our own ear we have, first
of all, the external ear, much less important in man
than in many other animals, as in the horse, for
instance, where it may be seen moving eontinually, and
almost automatically assuming the position most favour-
able for conveying the waves of sound down the outer
passage (Fig. 46, D) to the tympanum, or drum. This is
a membrane stretched between the outer air on the one
hand, and the drum on the other, which also contains
air, transmitted through the mouth by means of the
Eustachian tube (Fig. 46, E). The drum is separated
from the brain by a hard, bony partition in which are
two orifices, one oval and the other round. Across the
drum stretches a chain of little bones (Fig. 47); first
the “hammer,” secondly the “anvil,” and lastly the
“stirrup.” The flat plate of the stirrup, again, lies
against the oval orifice, or fenestra ovalis, as it is techni-
cally called, of the drum, Thus the sounds are intensi-
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fied by being conveyed from the tysmpanic membrane
to one which is twenty times smaller. DBehind the

Fig. 46, —Diagram of human ear (after Bernstein), 1, Auditory canal; E, mouth of
Fustachian tube ; ce, tympanic membrane ; B, tympanic cavity ; o, fenestra ovalis ;
¥, lenestra rotunda ; 5, semicireular canals; A, cochlea,

{enestra ovalis is the labyrinth, which is filled with fluid,

A, Am, &

5S¢

Fig. 47.—0ssicles of the ear. H, Hammer ;
Am, anvil; dm. k, shorter process of the
anvil; Am. I, longer process of the anvil ;
8, stirrup 3 8¢, long process of the
hammer.

and on which the final
filaments of the auditory
nerve are distributed.
This fluid is thrown into
vibrations by those of the
stirrup, but as it is en-
closed in a bony case, the
vibrationswould begreatly
curtailed if it were not for
the second membrane, or
fenestra rotunda. This
round membrane, there-
fore, acts as a counter
opening, for if the fluid is

compressed in one place, it must claim more room in
another. The labyrinth consists mainly of two parts,

il e .



STRUCTURE OF THE HUMAN EAR. 79

the cochlea and the semicircular canals, The semi-
circular canals are three in number, and stand at right
angles to one another. No satisfactory explanation of
their function has yet been given; but there is some
evidence that, in addition to, or apart from, hearing,
they are affected by the position of the head, and thus
serve as organs for maintaining the equilibrium of the
body. Each of the canals commences with an oval
dilatation, or ampulla.
In the ampulla is a
projecting ridge, on
which are long, stiff,
delicate, hair-like pro-
cesses, the vibrations
of which probably give
certain  sound-sensa-
tions. In the canals
certain  parts bear
shorter hairs, over
which are minute ear-
stones, or otolithes,
consisting of earbonate
of lime, embedded in
a gelatinous substance.

The cochlea contains, “Bermeweiny ¥ Newves s termima ool b
moreover, a compli- O

cated and wonderful organ, discovered by Count Corti.
This appears to be, in fact, a microscopic musical instru-
ment, composed of some four thousand complex arches,
increasing regularly in length and diminishing in
height from the base to the summit of the cochlea.
The waves of sound have been supposed to play on
this organ, almost like the fingers of a performer on
the keys of a musical instrument.
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Fig. 49.—Tympanal wall of the ductus cochlearis, from the dog. Surface view from
the side of the scala vestibuli, after the removal of Reissner’s membrane, 292, L
Fona denticulata Corti. 1I. Zona pectinata Todd-Bowman : 1, Habenula sulcata
Corti ; 2, Habenula denticulata Corti; 3, Habenula perforata Kolliker., I1I. Organ
of Corti : @, portion of the lamina spiralis ossea (the ﬂﬁkthelium is wanting) ; b and
¢, periosteal blood-vessels ; d, line of attachment of Reissner’s membrane ; € and
¢,, epithelium of the crista spiralis ; f, auditory teeth, with the interdental furrows
&, @, large-celled (swollen) epithelium of the sulcus spiralis internus, over a certain
extent shining through the auditory teeth ; from the left side of the preparation
they have been removed 3 k, smaller epithelial cells near the inner slope of the
organ of Corti; &, openings through which the nerves pass; 7, inner hair cells;
I, inner pillars; m, their heads; o, outer pillars; n, their heads; p, lamina
reticularis ; g, a few mutilated outer hair cells ; 7, outer epithelium of the ductus
cochlearis (Claudius’s cells of the author’s); removed at & in order to show the
points of attachment of the cuter hair cells. After Waldeyer, in Stricker's
« \lanual of Histology.”
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The fibres of Corti, according to Helmholtz, may
be distributed among the seven octaves which are in
general use, so that there will be 33} fibres to every
semitone, and 400 to each octave. Weber has esti-
mated that a skilful ear can perceive a difference even
of the g of a tone, or nearly four thousand sounds, and
this would agree fairly well with the number of fibres.

But why, it may be asked, should a given musical
sound act more on one of these “keys” than another ?
If several tuning-forks which sound different notes
are placed on a table, and another in vibration be
brought near them, the one sounding the same note is
thrown into vibration, while the others are unaffected.
A second tuning-fork would affect its own fellow, but
no other, and so on* A very slight change in the
tuning-fork, such, for instance, as would be made by
fastening a piece of wax to one of the prongs, is
suflicient to destroy the sympathetic vibrations. The
sound of the human voice has been known to break a
bell-shaped glass by the agitation thus caused. The
difficulty is to hit the pitch with sufficient preeision,
and retain the tone long enough. Tt is probable,
therefore, that each of Corti’s arches is set for a
particular sound, and sensitive to it alone. This
suggestion derives additional probability from the
observations of Hensen (see p. 93) on the auditory
hairs of Crustacea.

We thus obtain a glimpse, though but a glimpse, of
the manner in which the arches of Corti may possibly
act. There are many problems still to be solved, but
it is at least easy to see that so complex an organ may
be capable of conveying very complex sensations.

* Helmholtz, “ Sensations of Tone.”
a
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Ox THE ORrRGANsS OoF HEARING IN THE LLOWER
ANIMALS.

The semicircular canals in the human ear (see p. 79)
have been supposed by some, in addition to, or apart
from, their functions as organs of hearing, to assist in
maintaining the equilibrium of the body ; at all events,
when they are injured, the movements frequently be-
come disorderly, and the otolithic organs of the lower
animals appear, at any rate in certain cases, t0 perform
a similar function.*

Otolithes, as we have seen, are present in our own
cars, but they play a much more important part in
those of the lower animals. In the lowest, the sound-
waves may be considered to produce a certain effect
upon the general tissues. The soft parts of the body
are, however, not well calculated to receive such
impressions. Their effect would be heightened by the
presence of any solid structures, whether spicules, as
in sponges, etc., or solid hairs projecting from the
general surface, as in a great many of the lower
animals.

The Medusz (jelly-fishes, Fig. 50) present round the
edge of the umbrella certain * marginal bodies,” with
reference to which there have been great differences of
opinion. O. F. Miiller, by whom they were discovered,
regarded them as orifices for the exclusion of digested
food, Rosenthal and Escholtz considered them to be
glands, Milne Edwards as ovaries; but 1t seems now
clearly established that some are organs of hearing,

* Delage, “Sur une fonction nouvelle des Otoeystes,” Arch. d. Zool.

Ezxp., 1887. Engelmann, « Ueber d. Function der Otolithen,” Zool.
Anz., 1887.
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Fig, 60,—Eutima gigas (after Haeckel),

83
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and others of sicht. Some species possess both, but, as
a general rule, among Medus:e, where organs of hearing
are present, those of sight are wanting, and wvice versa.
It may seem extraordinary that there should be such
differences of opinion as to these organs. The earlier
naturalists, however, had but imperfect miecroscopes,
and probably often examined specimens in a bad state
of preparation. As regards the alternative between
the view that they served as eyes and that which
regarded them as ears, it must, moreover, be remem-
bered that as long as we merely know that there was
a capsule containing a transparent body, the function
might well be doubtful.

The auditory organs of the jelly-fishes were first
recognized as such by Kolliker.* They are ranged
round the umbrella, and vary considerably in number,
ranging up to sixty in Cunina, eighty in Mitrocoma,
and as many as six hundred in (Equorea.

There are three types. In the first, the auditory
organ is an open pit, lined with cells. The majority of
those on the outer side contain an otolithe, while a row
on the opposite side are strap-
ghaped, their free ends termi-
nating in auditory hairs, which
reach to the ecells containing
the otolithes, while their inner
ends are continuous with fibres
from the inner nerve-ring.

Fig. 51— Anditory organ of ontor. 1N such an auditory organ

s s as that of Ontorchis (Fig. 51),
the otolithes present a very deceptive resemblance to
the lenses of an eye.

# « Ueber die Randkorper der Quallen,” Frorieps Neue Not., 1843,

4
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Fig. 52 represents the somewhat more complex
auditory organ of Phialidium,

Fig. 52.—Auditory organ of Phialidium (after Hertwig). d', Epithelium of the upper
surface of the velum ; d*, epithelinm of the under surface of the velum ; ik,
auditory hairs; k. auditory cells; np, nervous cushion; nr, nerve-ring ;
circular canal at the edge of the velum,

The second type is more advanced, the vesicle being
closed, and the otolithes fewer in number, the Eucopidee,
indeed, having only one.*

In the third type, that of the Trachymedus, the

Fig. 53.—Auditory organ of Rhopalonema, still showing a small orifice (after Hertwig),
hi, Modified tentacle; o, auditory organ,

auditory organs are modified tentacles. They form a
club-shaped body, with a central endodermal axis, and

* Hertwig considers that the supposed hairs shown by Hensen in
his figure of the ear of Eucope are really the edges of auditory canals,
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bearing at the apex one or more sometimes spherical,
sometimes prismatic, otolithes. In some cases the
organ becomes enclosed in a cup, which in Geryonia
closes at the top.

In another family of the Hydromedusze, the Oceanide,
these organs are absent, and appear to be replaced by
certain pigment spots at the base of the tentacles,
which, however, from their structure are considered to
be radimentary organs of vision, and will be described
in the chapter on eyes.

Some species have, in addi-
tion, other organs, obviously of
sense, but the function of which
is still far from clear. Fig. 54
represents one of these curious
sense-organs in Pelagia, after
Hertwig. It is in the form of
a somewhat bent finger, is
situated in a deep fold of the
umbrella, contains a branch of
the gastrovascular canal, and 1s
filled at the tip with a group of
Fig. 54.—Sense-organ of Pelagia 80lid, shining, rod-like crystals.

i ft. .I] tl ‘i . £l G f - -

it i EELHS";_WEE’]?]“E’ o, The anditory organ in worms
fold of the skin; ga, gast : 2

fold of the skiu; go, gasiro-vas-  and molluses comsists of a

closed vesicle, containing one
or more otolithes, and lined with nerve-cells, which are,
in the higher groups, connected at their base with the
auditory nerve, and bear sete at the other end. De
Quatrefages was the first who established clearly the
existence of auditory organs in worms.
In the Mollusca, the existence of an organ of hearing
in some Gtasteropods was justly inferred by Grant from
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the fact that one species, Trifonia arborescens, emits
certain sounds, doubtless intended to be heard by its
fellows.

The cilize contained in the auditory vesicle are some-
times short, and scattered over
the general surface, as in Unio
(Fig. 55); sometimes long and
borne on papillary projections, as
in Carinaria and Pterotrachea *
(Fig. 56), where also there are
certain special cells, supposed to
act as buffers or dampers. The ,
otolithe is sometimes single, and  Guio (after Leydip). a Nerves
nearly spherical, as in Acephala %5 @ clixs & otlithe.
and Heteropoda, and consists of caleareous matter with

Fig. 56.— Auditory organ of Plerotrachea Friderici (after Claus). Na, Auditory nerve;

, lcluntrul cells ; d, supporting plate; b, outer circle of auditory cells ; a, ciliated
cells,

some Annelides (Arenicola, Amphicora) they are

* Claus,, “Ueber den Acoust. App. im Gehirorgane der Hetero-
poden,” Arch. fiir Mie. Anat., 1878.
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pumerous, and sometimes, as in Cymbulia, collected
into a mulberry-like group.

In many cases the auditory sac rests directly on the
ganglion.

The actual mode of termination of the nerves is still
uncertain. I have already mentioned that vibrations, if
fewer than thirty in a second, do not produce on us the
effect of sound. But it is possible that these organs in
the lower animals are intended quite as much to record
movements in the water as for hearing properly so called.

THE ORGANS oF HEARING IN CRUSTACEA,

Fig. 57. — Base of
right antennule of
lobster  (Astacus
marinus) ; after
Farre, a, Orifice ;
§, sac.

Fig. 68.—Interior of anditory sac of lobster (after
Farre). a, Orifice; b, auditory hairs,

It was long supposed that the auditory organ of the
Crustacea was situated in the basal segment of the
outer antenna. The true auditory organ was, indeed,
discovered by Rosenthal in 1811,* who, however, re-

* Reil's Areh. fiir Phys., 1811.
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garded it as an olfactory organ, as did also Treviranus,
Fabricius, Scarpa, Brandt, Milne Edwards, and, in fact,
the older naturalists generally. The discovery of its
true nature is due to Farre,* was confirmed by Huxley {
and Leuckart, and is now generally admitted. It is
a sac situated in the base, or first segment, of the
lesser pair of antennwe, which is slightly dilated. In
some species the sac communicates freely with the

1o ]k e
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Fig. 59.—Part of wall of auditory sac of lobster (Astacus marinus); after Heﬁsm_
a, Thickened bars in the membrane of the sac ; y, first row of auditory hairs; o,
gecond row of auditory bairs; »", third row of auditory hairs; 5™, fourth row of
auditory hairs; e, grains of sand, serving as otolithes,

water by means of an orifice situated towards the inner .

and anterior margin, and guarded by rows of fine

hairs. In others the orifice is closed, but its position
is always marked, as the auditory sac is at this point
connected with the skin.

Both contain otolithes. Those of the closed sacs are
generally rounded; while, on the contrary, those of

* Phlilosophical Transaetions, 1843.
t dnan. and Mag. of Natural History, 1851,
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the open sacs are simply grains of sand, and are so
numerous as sometimes to occupy one-fourth, or even
one-third, of the sac.

Farre stated that the otolithes in the auditory sacs
of Crustacea were simply grains of sand, selected by
the Crustacea, and put into their own saes to serve as
otolithes. It seemed, however, so improbable that
Crustacea should pick up suitable particles of sand
and place them in their ears, that the statement was
not unnaturally received with incredulity, The obser-
vation of Hensen appears, however, to leave no doubt
on the subject. The sac, whether open or closed, is an
extension of the outer skin, and is cast with it at each
moult. Hensen examined them shortly after moulting,
and found that the sacs contained no stones; he saw
the shrimps carefully selecting particles of sand, but
could never detect one in the very act of placing
one in the auditory sac. He therefore placed some
shrimps in a vessel of filtered sea-water, and strewed
over the bottom some ecrystals of uric acid. Soon
afterwards one of the shrimps moulted, and the auditory
sac was found on examination to contain a few grains
of sand, but no crystals of uric acid. Three hours
later, however, Hensen found that the new sac con-
tained numerous erystals of uric acid, but none re-
sembling common sand. IEvidently, therefore, the
Crustacea pick up grains of sand, and actually intro-
duce them into their own ears to serve as otolithes.

Otolithes are not, however, universally present. In
the true crabs (Brachyura) they appear to be always
wanting, so that the auditory hairs (which present very
nearly the same character as those of the lobsters, ete.)
are capable of being thrown into vibrations without the
mediation of otolithes,

el
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The interior of the sac is thus described by Farve:
“ Along the lower surface of the vestibular sac is seen
running a semicireular line, broader at its upper than
its lower extremity (Fig. 58, b). This part is more
easily examined after the sand has been washed away
by agitation under water. It isthen seen, with a power
of 18-linear, to consist of several rows of ciliated pro-
cesses, of which one row is more regular and prominent
than the rest, and crests the entire margin of the
ridge. The processes diminish in size and number
on either side, and are in some places seen in groups,
but always assume the general form represented in”
Fig. 58.

In Astacus there are four rows of hairs. The first
are somewhat scattered, and above the otolithes; the
second consists of larger hairs, arranged close together;
the third and fourth are smaller again, and more scat-
tered. These three rows of hairs are covered by the
otolithes. They stand in connection with the terminal
fibrils of the acoustic nerve, and through their vibra-
tions the sense of sound is supposed to be conveyed.
In the lobster Hensen counted 548 auditory hairs.
He divides anditory hairs of Crustacea into three
classes : otolithe hairs; free hairs, enclosed in the audi-
tory sac; and auditory hairs on the outer body surface.

These latter auditory hairs (Fig. 59) are situated
over an orifice in the chitinous integument, and stand
in direct communication with a fibril from the nerve;
the stem of the hair does not rest directly on the
chitinous integument, but is supported by a delicate
membrane, which is sometimes dilated at the base; the
edge of the clitine at one side of the hair is raised into
a tooth ; lastly, according to Hensen, each auditory hair
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possesses a sort of appendage, or languette, to which the
nerve is attached.
As far as details are concerned—the
== _, form of the sac, the number, form, and
arrangement of the hairs, ete.—the
auditory organs of the Crustacea offer
endless variations in the different species,
while very constant in each.
In the higher groups the auditory
- sac is always at the base of the small
antenne. In one of the lower forms,
however—the curious genus Mysis—
sl the ear is situated in the tail.
o AR The gentas Mysis (Fig. 61) is a group

Careinits manus), i W
(areinus wenus»  of Crustaceans, in outward appearance

herves i Jelieate  very like shrimps, but differing _iu the
brancorhinge(after - ghsence of external gills, and in the
structure of the legs and other par-

ticulars, so that it is placed in a different family. Frey
and Leuckart, moreover, made the interesting discovery

that it possesses two ears ¢n ts tail.

o...n

Fig. 61.—Mgysis (after Frey and Leuckart).

The tail, like that of a lobster, consists of five flaps.
In eacli of the two smaller flaps is an oval sac (Fig. 62)
containing a single, lens-shaped otolithe, consisting of
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a calcareous matter embedded in an organic substance.
That Crustacea do, as a matter of fact, possess the power
of perceiving sounds, there can be no doubt. Hensen
himself has made various experiments on the subject.
Moreover, strychnine possesses the peculiar property of
augmenting the reflex power of the nervous centres.
Taking advantage of this, Hensen placed some shrimps
in sea-water containing strychnine. He then found
that they became ex-
tremely sensitive to even
very slight noises. Further
than this, Hensen availed
himself of Helmholtz’s re-
searches on the perception
of sound, and, suspecting
that the different hairs
might be affected by dif-
erent notes, found that was
actually the case.

The vibration of the hairs
is mechanical, mot depend-
Mg on the lifs -of the - T8 Tall o€t sulparks, shome
animal. Hensen took a
Mysis, and fixed it in such a position that he could watch
particular hairs with a microscope. He then sounded
a scale; to most of the notes the hair remained entirely
passive, but to some one it responded so violently and
vibrated so rapidly as to become invisible, When the
note ceased, the hair became quiet; as soon as it was
resounded, the hair at once began to vibrate again.
Other hairs in the same way responded to other notes.
The relation of the hairs to particular notes is probably
determined by various conditions; for instance, by its
length, thickness, ete.
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That these plumose hairs, then, really serve for hear-
ing may be inferred, not only from their structure and
position, but also from the observed fact that they
respond to sound-vibrations.

Hensen’s observations * have been repeated and
verified by Helmholtz.

Tae OrGANS OoF HEARING IN INSECTS.

I now pass on to insects. There has been great
difference of opinion as to the seat of the organ of
hearing in this group.

The antenna have, as already mentioned, been re-
carded as ears by many distinguished authorities,
including Sulzer, Scarpa, Schneider, Bolk-Hausen,
Bonsdozff, Carus, Strauss-Diirkheim, Oken, Burmeister,
Kirby and Spence, Newport, Landois, Hicks, Wolff
and Graber, who have supported their opinion by
numerous observations.

Kirby states that once “a little moth was reposing
upon my window ; I made a quiet, not loud, but distinet
noise: the antenna nearest to me immediately moved
towards me. I repeated the noise at least a dozen times,
and it was followed every time by the same motion of
that organ, till at length the insect, being alarmed,
became more agitated and violent in its motions.”
And again: “I was once observing the motions of an
Apion (a small weevil) under a pocket microscope ; on
seeing me it receded. Upon my making a slight
but distinet noise, its antenn® started. I repeated the
noise several times, and invariably with the same

effect.” T

*  Sensations of Tone.”
$ Introduction to “ Entomology,” Kirby and Spence, vol. iv.
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Among beetles, the genus Copris, “ particularly,” says
Newport, « Copris molossus, in which 1 first remarked
it, have the antenne composed of ten joints, the last
three of which form the knob or club with which it is
surmounted.

“ When the insect is in motion, these plates or audi-
tory organs, if we may be allowed so to call them, are
extended as wide as possible, as if to direct the insect
in its course ; but upon the occurrence of any loud but
sudden noise are instantly eclosed, and the antenne
retracted as if injured by the percussion, while the
insect itself stops and assumes the appearance of death.
A similar use of the antenne is made by another family,
Geotrupidee, which also act in the same manner under
like eircumstances.

* #* #* #* #*

“These facts, connected with the previous experi-
ments, have convinced me,” he says, “that the antennze
in all insects are the auditory organs, whatever may
be their particular structure; and that, however this
is varied, it is appropriated to the perception and
transmission of sound.” {

Will has made some interesting observations on
some of the Longicorn beetles (Cerambyx), which
tend to confirm this view. These insects produce
a low shrill sound by rubbing together the prothorax
and the mesothorax. The posterior edge of the
prothorax bears a toothed ridge, and the anterior end
of the mesothorax a roughened surface, and when these
are rubbed together, a sound is produced something
like that made by rubbing a quill on a fine file.

* Newport, “On the Antennm of Insects,” Transactions of {the
Entomological Society, 1856-40, vol. ii,
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Will took a pair of Cerambyx (beetles), put the
female in a box, and the male on a table at a distance
of about fifteen centimetres (four inches). They were at
first a little restless, but are naturally calm insects, and
soon became quiet, resting “as usual with the antenna
half extended. The male evidently was not conseious
of the presence of the female. Will then touched the
female with a long needle, and she began to stridulate.
At the first sound the male became restless, extended
his antennse, moving them round and round as if to
determine from which direction the sound came, and
then marched straigcht towards the female. Will
repeated this experiment many times, and with dif- -
ferent individuals, but always with the same result. As
the male took no notice of the female until she began
to stridulate, it is evident that he was not guided by
smell. From the manner in which the Cerambyx was
obviously made aware of the presence of the female by
the sound, Will considered it clearly proved that in
this case he was guided by the sense of hearing.

Will has also repeated with these insects the experi-
ments I made with ants, bees, and wasps, and found
that they took no notice whatever of ordinary noises ;
but when he imitated their own sounds with a quill
and a fine file, their attention was excited—they
extended their antenna as before, but evidently per-
ceived the difference, for they appeared alarmed, and
endeavoured to escape.®

Hicks in 1859 justly observed that, “ Whoever has
observed a tranquilly proceeding Capricorn beetle which
is suddenly surprised by a loud sound, will have seen

* Will, “ Das Geschmacksorgan der Insekten,” Zeit. fiir. Wiss. Zool.,
1885,
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how immovably outward it spread its antennw, and
holds them porrect, as it were with great attention, as
long as it listens, and how carefully the insect proceeds
In its course when it conceives that no danger threatens
it from the unusual noise,” *

Other similar observations might be quoted, but
these sufficiently indicate that in some insects, at any
rate, the organs of hearing are situated in the antennze.

On the other hand, Lehmann long ago observed
that the house cricket (Acheta domestica), when
deprived of its antennz, remained as sensitive to
sounds as previously. This is quite correct; and yet, if
a cricket be decapitated, and a shrill noise be made
near the head, the antenna are thrown into vibration
by each sound.

In fact, not only do the highest authorities differ,
but the observations themselves appear at first sight
to be contradictory. The explanation seems to be that
the sense of hearing is not confined to one spot. That
the antennw do serve as ears, at least in some insects,
the evidence leaves, I think, no room for doubt. But
there is no reason, in the nature of things, why the
sense of hearing should be confined to one part of the
body. Taste, indeed, would be useless except in or
near the mouth, and almost the same may be said of
smell. But the sense of touch is spread, in greater or
less perfection, over the whole skin. Indeed, there is
among the lower animals a great tendency to repeti-
tion, and not least so amongst insects. The body con-
sists normally of a number of segments, each with a
pair of appendages and a ganglion, There are three
pairs of legs; two pairs of jaws, opening, not vertically,

* Transactions of the Linnean Society, vol. xxii.
H
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as ours do, but laterally; several pairs of breathing-
holes arranged along the sides of the body; and two
kinds of eyes. Moreover, unquestionable organs of
sense occur in very different parts of the body. The
Crustacean genus Mysis, as already mentioned, has ears
in its tail; one group of sea-worms (the Polyoph-
thalmata) bave a pair of eyes on each segment of the
body.

Of Amphicorine, a small worm of our coasts, M. de
Quatrefages says that often,* “C’est la queue qui marche
la premiére, explorant évidemment le terrain avec une
grande activité et donnant autant de signes d’intelli-
gence et de spontanéité que pourrait le faire la partie
antérieure du corps. . . . Cette queue porte a son
extremité un disque élargi sur lequel sont placés deux
points rouges. . . . Je ne
mets nullement en doute que
ces points ne soient en effet
des organes de vision.” IHe
was not able, indeed, to make
out their finer structure. On
the other hand, the lateral
eyes of the Polyophthalmata
possess a well-formed lens.

We need not, then, assume
that the organs of hearing
in insects must necessarily
be in the head, or, indeed,
Fig. 63.—Part of leg of Grasshopper thﬂ‘t thE}’ DEEd be concen-

Gryllus); after Graber. o, #,n, % trated in one part of the

ympanum.

body.
It had long been known that grasshoppers and

* Ann. des Sei. Nat., 1850.
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crickets have on their anterior legs two peculiar, glassy,
generally more or less oval, drumlike structures; but
these were supposed by the older entomologists to
serve as resonators, and to reinforce or intensify the
well-known chirping sounds which they produce.

Johannes Miiller was the first who suggested that
these drums, or tympana, act like the tympanum of our
own ears, and that they are really the external parts
of a true auditory apparatus. That any animal should
have its ears in its legs sounds, no doubt, & prior:
very unlikely, and hence probably the true function of
this organ was so long unsuspected. That it is, how-
ever, a true ear the following particulars, taken
especially from the memoirs of Miiller,* Siebold,f
Leydig,} Hensen,§ Graber,|| and Schmidt, conclusively
prove.

The Leaping Orthoptera fall into three well-marked
groups : the locusts (Locustidee), which have short
antennee; the crickets (Achetide), which have long
antennge, and the wings flat on the back; and, thirdly,
the Gryllidee, or grasshoppers (as I may perhaps call
them), which have also long antennse, but in which
the wings are sloping. This is the nomenclature
adopted by English authorities, such as Westwood
but unfortunately many foreign entomologists call the

* « Zur vergleichenden Physiologie des Gesichtsinnes.” 1826,

T “Ueber die Btimm und Gehororgane der Orthopteren,” Arech. fiir
Nutur geschichte, 1844.

1 “Ueber Gernchs-und Gehdrorgane der Krebse und Insekten,”
Reicherts' Arch. fiir Anat., 1860,

§ “Ueber das Gehororgan von Locusta,” Zeit. fiir Wiss. Zool., 1866.

| *“Die Tympanalen Sinnesapparate der Orthopteren,” Areh, fiir
Mie. Anat., vol. xx., 1875.

9 “Die Gehérorgane der Heuschrecken,” Adrch, Jir Mic. Anat.,
vol. xi.
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crickets Gryllide, the grasshoppers Locustide, and the
locusts Acridiidee.*

In grasshoppers (Gryllide) and crickets (Achetide)
the auditory organ lies in the tibia of the anterior leg,
on both sides of which there is a disc (Fig. 63), generally
more or less oval in form, and differing from the rest
of the surface in consisting of a thin, tense, shining
membrane, surrounded wholly or partially by a sort of
frame or ridge. In some species the two tympana are
similar in form ; in others they differ. For instance, in
the field cricket, the hinder tympanum is elliptic,
the front one nearly circular in outline.

In many of the Gryllidee, the tympana are protected
by a fold of the skin, which projects more or less over
them. The corresponding spiracle is also specially
modified in the stridulating locusts, while in those
which are dumb it is formed in the same manner as
the others.

The tympana are not always present, and it is an
additional reason for regarding them as auditory organs,
that both among the Achetide and the Gryllide, in
those species which possess no stridulating organs, the
tympana are also wanting.f

* The destructive *locust” of the East, which is so numerous that
in one year our Government! in Cyprus destroyed no less than
150,000,000,000 of eggs, and whose ravajes are used in Fastern poetry
as types of destructiveness, has short antennz, and belongs to the first
division ; to which, therefore, English entomologists apply the name
Locusta, while our foreign friends, on the contrary, apply the name to
a totally different insect. However, I merely refer to this now, to explain
why the terms I have used do mot in all cases agree with those
adopted by the observers to whom 1 am referring.

+ This rule seems, however, not fo be entirely without exceptions.
At least, Aspidonotus and Hetrodes are said to possess tympana, but

1 Report on the Locust Campaign, Parl. Paper, 5250 of 1888,

e e i N
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Graber regards the covered tympana as a develop-
ment from the open ones, and suggests that in time
to come the species in which the tympana are now
exposed may develop a covering fold.

If now we examine the interior of the leg, the trachea
or air-tube will be found to be remarkably modified.
Upon entering the tibia it immediately enlarges and
divides into two branches, which reunite lower down.
To supply air to this wide trachea the corresponding
spiracle, or breathing-hole, is considerably enlarged,
while in the dumb species it is only of the usual size,
An idea of the form of the trachea will be given by
Fig. 69, which, however, represents the anterior tibia
of an ant, where these traches are less considerably
enlarged, and where one of the branches is much smaller
than the other, while in locusts they are nearly equal
in width, and one lies against each tympanum. The
enlarged trachea occupies a considerable part of the
tibia, and its wall is closely applied to the tympanum,
which thus has air on both sides of it; the open air on
the outer, the air of the trachea on its inner surface.
In fact, the trachea acts like the Eustachian tube in
our own ear; it maintains an equilibrium of pressure

no stridulating apparatus. For instance, in the following forms, both
the stridulating apparatus and the tympana are absent, viz. :—

Among the (Ecanthide: Phalangopsis and Gryllomorpha (both are
wingless).
»  Platydactylide: Metrypa and Parametrypa (both wing-
less).
” Tettigonide : Trigonidinm,
0 Gryllide: Gryllus apterus, Parabrachytrupes Australis,
and Apiotarsus (all wingless),
Gryllotalpide: Tridactylus apicalis,
Mogoplistide : Mogoplistes, Myrmecophila, Physoblemma
(all wingless), and Cacoplistes,

n
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on each side of the tympanum, and enables it freely
to transmit the atmospherie vibrations.

These trachese, though formed on a similar plan,
present many variations, corresponding to those of
the tympana, and showing that the tympana and
the trachem stand in intimate connection with one
another. For instance, in those species where the
tympana are equal, the trachea are so likewise; in
Gryllotalpa, where the front tympanum only is de-
veloped, though both tracheal branches are present, the
front one is much larger than the other; and where
there is no tympanum, the trachea remains compara-
tively small, and even in some cases, according to
Graber, undivided.

The tibia is thus divided into three parts, as shown
in the diagram (Fig. 64), the central
portion being occupied by the two
trachex (Fig. 64, tr, tr).

Of the other two spaces, one (the
lower one in the figure) is occupied
by the muscles, nerves, ete, while
the other is mostly filled with blood,
which thus surrounds and bathes the
auditory vesicles and rods (ar).
iig, 5i.—Section through The acoustic nerve—which, next

the tibia (Iog) of & 44 the optic, is the thickest in the

Meconema, x about

150, ol tn The tv0  body—divides soon after entering

M s the tibia into two branches; the one
forming almost immediately a ganglion, the supra-
tympanal ganglion, to which I shall refer again pre-
sently; the other passing down to the tympanum,
where it expands into an elengated flat ganglion, known
after its discoverer as the organ of Siebold (Fig. 65),

and closely applied to the anterior tracheze.
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It is well shown in Fig. 65, taken from Graber. At
the wpper part of the ganglion is a group terminating
below in a single row of vesicles, the first few of which

Fig. 65.—The trachem and nerve-end organs from the tibla (leg) of a grasshopper
(Ephippigera vitium) ; after Graber. ERI, Terminal vesicles of Siebold’s organ ;
AT, hinder tympannum ; Sp, gpace between the trachem 3 ATr, hinder branch of the
trachea; SN, nerves of the organ of Siebold; go, supra-tympanal ganglion :
&'r, group of vesicles of the organ of Siebold ; v, connecting nerve-fibrils between
the ganglionic cells and the terminal vesicles 3 8o, nerve terminations of the organ
of Biebold ; T, front tympanum ; »¥r, front branch of the trachea.

are approximately equal, but which subsequently
diminish regularly in size. Each of these vesicles is
connected with the nerve by a fibril (Fig. 65, vN), and
contains an auditory rod (Fig. 66).
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One of these auditory rods is shown in Fig. 66,
and the general arrangement is shown in the subjoined
diagrammatic figure (Fig. 67). The rods
were first described by Siebold, who con-
sidered them to be auditory from their
association with the stridulating organs.
They have since been discovered in
many other insects, and may be re-
garded as specially characteristic of the
acoustic organs of insects. They are
brightly refractive, more or less elon-
gated, slightly club-shaped, hollow (in
which they differ from the retinal rods),
and terminate, in Graber’s opinion,* in
p #  a separate end-piece (Fig. 66,%o). In
i Eﬁt‘_fuiﬁg different insects, besides being in some

h Gryllus .
viredissimus aner cases more elongated than in others,

S duditors rod; they present various minor modifica-
ko terminal'plece. 514 i form, but are nearly uniform in
size—about ‘016 mm., ; being as large, for instance, in
the young larva of a Tabanus (2 mm. long) as in
much larger insects. They are, as we shall see, widely
distributed in insects, but as yet unknown in other
animals.

At the upper part of the tibial organ of Ephippigera
there is, as already mentioned, a group of cells, and
below them a single row (Fig. 65) of cells gradually
diminishing in size from above downwards, One can-
not but ask one’s self whether the gradually diminish-
ing size of the cells in the organ of Siebold (Fig. 66)
may not have reference to the perception of different

* Graber, “Die chordotonalen Sinnesorgane und das Gehor der
Insekten,” drch. fir Mic. Anat., 1882,
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notes, as 1s the case with the series of diminishing
arches in the organ of Corti (ante, p. 80) of our own ears.

I have already alluded to the supra-tympanal
ganglion ; this also terminates in a number of vesicles

Fig, 67.—Diagram of a section through the auditory organ of a Grasshopper (Meco-
nema). ¢, cuticle; a.r, auditory rod; a.c, auditory cell ; #r, traches,

containing auditory rods, which are said to be somewhat
more elongated than those in the organ of Siebold,

The arrangement of the organ is very curious, and
will best be understood by reference to Fig. 68.

The great auditory nerve, as already mentioned,
bifurcates almost immediately after entering the tibia,
and one of the branches swell into a ganglion: from
this ganglion proceed fibres which enlarge into
vesicles (Fig. 68), each containing an auditory rod ; and
then again contract, approximate into a close bundle,
and coalesce with the hypoderm (inner skin) of the
wall of the tibia. The supra-tympanal organ of the
crickets closely resembles that of the grasshoppers,
while, on the other hand, they appear entirely to want
the organ of Siebold (Fig. 65). This is a very remark-
able difference to exist in two organs otherwise so
similar,

There appear to be two ways in which the atmospheric
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vibrations may be communicated to the nerve: either
the vibrations of the tympanum may act upon the
air in the trachee, and so upon the auditory rods, or
the air in the trachem may remain passive, and the
vibrations may act upon the auditory rods through the
fluid in the anterior chamber of the leg. The fact
that the auditory rod is turned away from the trachea
would seem to favour this hypothesis.

Fig. 63.—Outer part of a sectlon through the tibia of a Gryllus viridisszmus (after
Graber). &, Hind surface of leg; p, wall of trachea; F, fat bodies; Su, suspensor
of the trachea; vW, tracheal wall; TV, nerve; gz, ganglionic cells : v R, tissue
connecting the ganglionic cells; E.Sch., end tubes of the ganglionic cells, each
containing an anditory rod ; fa, terminal threads of ditto.

In the true Locustidee (Acridiodese of Graber) the
organ of hearing is situated, not in the anterior tibiz,
but in the first segment of the abdomen ; externally it is
marked by a glistening appearance, and it is oval, orin
some cases nearly ear-shaped. It was first noticed by
Degeer. Behind the tympanum is a large tracheal sac,
as in the families already described, and the tension of
the tympanum is regulated by one, or in some cases by
two museles. The tympanum also presents two chitin-
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ous or horny thickenings, a small triangular knob, and
a larger, somewhat complicated piece, consisting of two
processes—a shorter upper, and a longer lower one,
making a broad angle with one another.

As in the preceding families, so also in the
Locustide, the acoustic nerve is in close connection
with the trachez ; it swells into a ganglion, which con-
tains in some species as many as 150 auditory rods, and
then, as in the supra-tympanal organ (see p. 105), con-
tracts into a tapering end, which is attached to the small
chitinous knob. The auditory rods differ in no respect,
as yet ascertained, from those already described.

For many years no structure corresponding to the
tibial auditory organ of the Orthoptera was known in
any other insect.

In 1877, however, I discovered * in ants a structure
which in some remarkable points resembles that of the
Orthoptera, and which I described as follows:—“The
large trachea of the leg (Fig. 69) is considerably

Fig. 69.—Tibia of yellow ant ( Lasius Aavug), ¥ 76. 8 8 Swellings of large trachea;
¥f, small branch of trachea ; =, chordotonal organ,
swollen in the tibia, and sends off, shortly after entering
the tibia, a branch which, after running for some time
parallel to the principal trunk, joins it again.
“Now, I observed that in many other insects the

* Lubbock, “On the Anatomy of Ants”” Microscopical Jowrnal,
1877.
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trachee of the tibia are dilated, sometimes with a
recurrent branch. The same is the case even in some
mites. I will, however, reserve what I have to say on
this subject, with reference to other insects, for another
occasion, and will at present confine myself to the ants.
If we examine the tibia, say of Lasius flavus, we shall
see that the trachea presents a remarkable arrange-
ment (Fig. 69), which at once reminds us of that which
occurs in Gryllus and other Orthoptera. In the femur
it has a diameter of about 4, of an inch; as soon,
however, as it enters the tibia, it swells to a diameter
of about 545 of an inch, then contracts again to g,
and then again, at the apical extremity of the tibia,
once more expands to 35 Moreover, as in Gryllus,
so also in Formica, a small branch rises from the upper
sac, runs almost straight down the tibia, and falls
again into the main trachea just above the lower sac.

“The remarkable sacs (Fig. 69, S, §) at the two
extremities of the trachea in the tibia may also be well
seen in other transparent species, such, for instance, as
Myrmica ruginodis and Pheidole megacephala.

“ At the place where the upper tracheal sac contracts
(Fig. 69) there is, moreover, a conical striated organ (),
which is situated at the back of the leg, just at the
apical end of the upper tracheal sac. The broad base
lies against the external wall of the leg, and the
fibres converge inwards. Indications of bright rods
may also be perceived, but I was never able to make
them out very clearly.”

This closely resembles both in structure and position
the supra-tympanal auditory organ of the Orthoptera.

Graber has entirely confirmed this account and dis-
covered some insects in which the structure is more
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clearly visible than in any which I had examined.
Fig. 70 represents part of the tibia of Isopterya apicalis.
These organs do not, however, appear to be univer-
sally present. In some very transparent species no
trace of them can be found.
But though so similar in structure, and probably in

Fig. 70.*—Part of the tibia of Isopteryx apicalis (after Graber). 8¢, Auditory organ;
ef, terminal filament; C'w, cuticle; G, ganglion cells; ef, terminal filaments ; tr,
trachea ; n, nerve.

funetion, it may be doubted whether this tibial organ
in the ants can be traced to a common origin with that
of the Orthoptera. According to Graber, the direction
of the rods is reversed in the two cases, which he regards
as clear proofs that they have arisen independently.
He is even of opinion that the tympana themselves
have originated independently in the different groups
of Orthoptera. Moreover, Graber has found this organ
in certain insects not only in the anterior, but also in
the two other pairs of legs. Indeed, rods of the same

character have been found in other regions of the body.
* In this, as in one or two of the other figures, the explanation of

some of the lettering appears to be omitted in the original, At least,
I have been unable to find it.
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EAR OF FLY.

As long ago as 1764 Keller * observed that the base
of the curious club-like “halteres,” or rudimentary
hind-wings of flies, “est garnie de poils tres courts,
ot la tige a le plus d’epaisseur prés du corps; elle est

Fig. 71.—One of the
halteres of a fly
(after Lowne).

inflexible, et presque garrotté par en
haut de plusieurs nerfs; en un mot, elle
est faite de maniere que I'on peut juger
par sa force par les dehors” This
observation remained unnoticed, and no
further deseription appears to have been
given of the organ until it was redis-
covered by Hicks in 1856, and more
fully deseribed in 1857.f

He found that though in the Diptera
(flies and gnats) the hind wings are
reduced to two minute, club-shaped
organs, they still receive a nerve which
is the largest in the insect, except that
which goes to the eyes. This proves
that they must serve some important
function, and renders it almost certain
that they are the seats of some sense.
He also found at the base of the halteres
a number of “ vesicles,” arranged in four
groups, and to each of which the nerve
sends a branch, though the mode of pre-
paration which he adopted did not

permit him to see the finer structure of the nerves,
which he figures as mere fine, hard lines. He describes

the *vesicles”

as “thin, transparent, hemispherical, or

* ¢ (Jeschichte der gemeinen Stubenfliege,” 1764, I have not seen
the original, and quote from Hicks's paper.
+ Transactions of the Linnean Society, vol. xvii.
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more nearly spherical projections from the cuticular
surface,” and as placed in rows. The number and
arrangement differ in different species: the blowfly
(Sarcophaga carnaria) has ten rows, Syrphus luniger as
many as twenty.

These organs have recently been again examined by
Bolles Lee.* The vesicles are, according to him, un-
doubtedly perforated, contain a minute hair, and those
of the upper groups are protected by hoods of chitine,
He inclines to correlate them with the similar antennal
organs, which he regards as olfactory. His view of the
minute structure of these rods differs from that of
previous authors, and the subject requires further
study.

He finds, moreover, that the sense-organ containing
the rods has nothing to do with the vesicular plates,
but that they are attached to the cuticle in a different
place, and where it presents no special modification.

The numerous small membranes in the halteres of
insects seem to bear somewhat the same relation to
the single tympanum of, say, the locust, as the many-
faceted eyes do to those with a single cornea. The
head of the halteres is divided into two separate
spaces by a membrane composed of elongated hypo-
dermal cells. The upper part contains a number of
large vesicular cells, like those which are in connection
with the ends of the trachew. It does not appear
to contain any special sense-organ, and, in fact, the large
nerve is almost entirely devoted to the sense-organs at
the base. M. Bolles Lee suggests that it perhaps

serves principally to regulate the pressure on these
delicate structures.

* “Les Balanciers des Dipteres,” Recueil Zool. Suisse, 1885.
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Special sense-organs occur also on the wings of other
insects. Hicks found them “ most perfect in the Diptera,
next so in the Coleoptera, rather less so in the Lepidop-
tera, but slightly developed in the Neuroptera, scarcely
at all in the Orthoptera (though this assertion may be
hereafter modified), and that only a trace of them exists
in the Hemiptera.” They are similarly constituted and
equally developed in both sexes. Hicks regarded them
as organs of smell. Leydig,* on the contrary, considered
them as auditory organs. His mode of preparation dis-
played better the structure of the nerves, and he found
that they end in peculiar, club-shaped rods (Stabchen
oder Stafle), closely resembling those in the ears of
Orthoptera. He observes that, as in the case of the
tibial auditory rods of Orthoptera these rods are of
two sorts, which are arranged separately, those in one
part of the organs being shorter and blunter, those in
another more pointed and elongated. Bolles Lee, on
the contrary, considers that the supposed existence of
two forms, pointed and rounded, is merely due to an
optical deception, and that in reality they are all
similar. Leydig also observed in some cases that the
rods were thrown into fine ridges. He found also
somewhat similar papillee on the front wings of certain
insects, but could not detect in them the characteristic
nerve-ends. It must be confessed that the base of the
wing would not seem a convenient place for an organ
of hearing. The movements of the wing, it might
well be supposed, would interfere with any delicate
sensations. Still, this objection would apply to almost
any sense being thus placed.

« Auditory rods” are now, moreover, known to occur

* Miiller's Archiv., 1860.




POSITION OF AUDITORY RODS. 113

in other parts of the body ; for instance, they have been
discovered in the antennwe of a water-beetle (Dytiscus)
and of Telephorus by Hicks, Leydig, and Graber, and in
the body segments of several larvee by Leydig, Weiss-
mann, Graber, Grobben, and Bolles Lee. In the larva
of Dytiscus, indeed, they have been observed in the
body, antennz, palpi, under lip, and legs. Moreover,
while, as we have seen, in the tibize of Orthoptera
and the halteres of flies they are numerous, in some of
these cases they are few, sometimes, indeed, only a
single rod being present, as discovered by Grobben in
Ptychoptera.* Nevertheless the evidence that they
are really acoustic organs is, in the case of the
Orthoptera, so strong, their structure is so peculiar,
and the gradation of these organs from the most com-
plex to the most simple is so complete, that it seems
reasonable to attribute to them the same function.
Moreover, as regards the very simplest forms there is
another consideration pointing to this conclusion. We
have seen that in the Orthoptera the terminal filaments
close up, and are attached to the skin. Now, it seems
to be a very general rule, in reference to these organs,
that they are attached to the skin at two points,
between which is situated the attachment of the nerve,
These points, moreover, are so sclected as to be main-
tained at the same distance from one another, thus pre-
serving an equable tension in the connecting filament.
Fig. 72, for instance, represents part of one segment
of the body of the larva of a gnat (Corethra). This larva
is as transparent as glass, and very common in ponds,
a most beautiful and instructive microscopic object.
EG is the ganglion; a is the nerve in question, which

* Sitz. der K. Akad, der Wiss. Wien, 1876.
I
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swells into a little triangular ganglion at g; from g
the auditory organ runs straight to the skin at e,
and contains two or three auditory rods (mot, how-
ever, shown in the figure) at the point Chs; in the
opposite direction, a fine ligament passes from g to the

Fig. 72.—Right half of eighth segment of the bady of the larva of a gnat (Corethra
plumicornis); after Graber. EG. Ganglia; ¥, nerve: g, auditory ganglion ;
gb. anditory ligament; Chs, auditory rods; a, auditory nerve; e, attachment ot
auditory organ to the skin; b, attachment of auditory ligament to the skin;
hn, hn', termination of skin-nerve; tb, plumose tactile hair; #, simple hair;
tg, ganglion of tactile hair; Im, longitudinal muscle,

skin at b. Hence the organ ge is suspended in a

certain state of tension, and is favourably situated to

receive even very fine vibrations.*

There are, as we have seen, a large number of
observations which point to the antennea as organs of
hearing, and many more might have been given.
When we come to consider, however, the anatomical

provision which renders the perception of sound

* Similar organs occur in other insects, as, for instance,in Ptychoptera.
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possible, we are met by great difficulties. The evidence

i, I think, conclusive that the antenne are olfactory
as well as tactile organs, and I believe that they serve
also as organs of hearing. There are, moreover, as
shown in the last chapter, various remarkable structures
in the antenn, and I have given reasons for thinking
some of them to be the seat of the sense of smell.
Which, if any, of the remainder convey the sense of
sound, it is not easy to determine. I have suggested
that Hicks’s bottles (Fig. 43) may act as microscopic
stethoscopes; * but they occur, so far as we at present
know, only in ants and certain bees.

Fig. 73.—Head of gnat.

That some of the antennal hairs are auditory can,”
I think, no longer be doubted. Johnson, whose figure
L give (Fig. 73), suggestedt in 1855 that the hairs on
the antennz of gnats serve for hearing. Mayer also,}

* T am glad to see that Leydig, who, however, does not appear to have
read either Hicks's paper or mine, also regards these as chordotonal
organs (Zool. Anz., 1886).

t Quarterly Journal of Microseopical Seience, 1855.

¥ dmerican Journal of Science and Arts, 1874.
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led by the observations of Hensen, has made similar
experiments with the mosquito, the male of which has
beautifully feathered antennz. He fastened one down

on a glass slide, and then sounded a series of tuning-

forks. With an Ut, fork of 512 vibrations per second
he found that some of the hairs were thrown into
vigorous movement, while others remained nearly
stationary. The lower (Ut;) and higher (Ut;) harmo-
nics of Ut, also caused more vibration than any
intermediate notes. These hairs, then, are specially
tuned so as to respond to vibrations numbering 512
per second. Other hairs vibrated to other notes,
extending through the middle and next higher octave
of the piano. Mayer then made large wooden models
of these hairs, and, on counting the number of vibra-
tions they made when they were clamped at one end
and then drawn on one side, he found that it “ coincided
with the ratio existing between the numbers of vibrations
of the forks to which co-vibrated the fibrils.” It is
interesting that the hum of the female gnat corresponds
nearly to this note, and would consequently set the
hairs in vibration.

Moreover, those auditory hairs are most affected
which are at right angles to the direction from which
the sound comes. Hence, from the position of the
antenna and the hairs, a sound will act most intensely
if it is directly in front of the head. Suppose, then,
a male gnat hears the hum of a female at some little
distance. Perhaps the sound affects one antenna more
than the other. He turns his head until the two
antennae are equally affected, and is thus able to
direct his flight straight towards the female.

The auditory organs of insects, then, are situated in
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different insects in different parts of the body, and
there is strong reason to believe that even in the same
animal the sensitiveness to sounds is not necessarily
confined to one part. In the cricket, for instance, the
sense of hearing appears to be seated partly in the
antenne, and partly in the anterior legs, In other
cases, as in Corethra, the division appears to be carried
still further, and a “chordotonal ” organ occurs in each
of several segments.

No doubt the multiplication of complex organs, like
our ears, arranged as they are to appreciate a great
variety of sounds, would be so great a waste that any
theory implying such a state of things would be quite
untenable; but with simple organs, such, for instance,
as that of Corethra* (gnat; Fig. 72), the case is
different, and there would seem to be an obvious
advantage in such organs occurring in different parts
of the body, ready to receive sound-waves coming from
different directions. Moreover, the different organs
exist; they do not appear to be organs of touch, yet
they are clearly organs of sense, and that sense, what-
ever it be, whether hearing or any other, and though
it may well be simple, and even perhaps confused,
must be seated in various parts of the body. The fact
of their being so distributed does not make it more
improbable that they should be organs of hearing, than
of any other sense,

At the same time, it is an interesting result of recent
investigations that the auditory organs of insects are
not only situated in various parts of the body, but are
constructed on such different principles.

* Where, however, the number does not approach to that in certain
Medusw (see ante, p. 84),
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CHAPTER VL
THE SENSE OF SIGHT.

IT might at first sight seem easy enough to answer the
question whether an animal can see or not. In reality,
however, the problem is by no means so simple. We
find, in fact, every gradation from the mere power of
distinguishing a difference between light and darkness
up to the perception of form and colour which we
ourselves enjoy.

The undifferentiated tissues of the lower animals,
and even of plants, are, as we all know, affected in a
marked manner by the action of light.

But to see, in the sense of perceiving the forms of
objects, an animal must possess some apparatus by
means of which—firstly, the light coming from different
points, a, b, ¢, d, e, ete., is caused to act on separate
parts of the retina in the same relative positions; and
secondly, by means of which these points of the retina
can be protected from the light coming in other
directions.

There are three modes in which it is theoretically
possible that this might be effected.

Firstly, let S8’ be an opaque sereen, with a small
orifice at 0. Let a bec d e be a body in front of the
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screen. In this case the rays from the point ¢ can
pass straight through the orifice o, and fall on the
retina of an eye, or on a flat surface at ¢. There is
no other direction in which the rays from e could pass
through 0. In the same way,
the light from a would fall on
the point ', that from b on ¥/,
from d on d', and ¢ on €.

The results which would be
given in this way would be,

e
however, very imperfect, and,

L4
2
. o
\5
o
as a matter of fact, no eye con-

structed on this system is &
known to exist.

Secondly, let a number of
transparent tubes or cones with opaque walls be ranged
side by side in front of the retina, and separated from
one another by black pigment. In this case the only
light which can reach the optic nerve will be that which
falls on any given tube in the direction of its axis.
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Fig. 74.
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Fig. 75.

For instance,in Fig. 75 the light from a will pass to @/,
that from & to U/, that from e to ¢!, and so on. The
light from ¢, which falls on the other tubes, will not
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reach the nerve, but will impinge on the sides and be
absorbed by the pigment. Thus, though the light
from ¢ will illuminate the whole surface of the eye, it
will only affect the nerve at ¢

In this mode of vision, which was first clearly
explained by Johannes Miiller, the distinctness of the
image will be greater in proportion to the number of
separate cones. “An image,” he says,* “formed by
several thousand separate points, of which each corre-
sponds to a distinet field of vision in the external
world, will resemble a piece of mosaic work, and a
better idea cannot be conceived of the image of
external objects which will be depicted on the retina
of beings endowed with such organs of vision, than by
comparing it with perfect work of that kind.”

There 1s, it will presently be seen, reason to suppose
that the compound eyes of insects, crustacea, and

some molluses, are constructed on this plan.
Thirdly, let L (Fig. 76) be a lens of such a form

that all the light which falls upon its surface from the
point @ is re-collected at the point @', that from b at ¥/,
from ¢ at ¢, and so on.  If now other light be excluded,

* ¢ Phys. of the BSenses,” by Johannes Miiller, translated by Dr,
Baly.
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an image of @ b ¢ will be thrown on a screen or on a
retina at « ' ¢. The image, it will be observed, is
necessarily reversed. This is the form of eye which
we possess ourselves: it is, in fact, a camera obscura.
It is that of all the higher animals, of most molluses,
the ocelli of insects, ete.

Fig. 77, taken from Helmholtz, will give an idea of
the manner in which we see.

Fig. 17.—@, Vitreous humor; L, lens; W, aqueous humor; ¢, ciliary process; d,
optic nerve ; € e, suspensory ligament ; k &, hyaloid membrane; 7 7, h &, cornea ;
¢, choroid 3 4, retina; @I, ciliary muscle; m f, n f, sclerotic coat; p p, iris; s

the yellow spot.

The eyeball is surrounded by a dense fibrous mem-
brane, the sclerotic coat, or white of the eye, m f, n f, which
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passes in front into the glassy, transparent cornea, f f,
L h ; the greater part of the centre of the eye is occupied
by a clear gelatinous mass, the vitreous humor, &, in
front of which is the lens, L ; while between the lens and
the cornea is the aqueous humor, W. The sclerotic
coat is lined at the back of the eye by a delicate,
vascular, and pigmented membrane—the choroid, g g, so
called from the great number of blood-vessels which it
contains ; in front this membrane joins the iris, p p,
which leaves a central opening, the pupil, so called
from the little image of ourselves, which we see re-
flected from an eye when we look into it. The iris gives
its colour to the eye, its posterior membrane con-
taining pigment-cells; if these are few in number, it
appears blue, from the layer behind shining through,
and the greater the number of these cells the deeper
the colour. e ¢, is a peculiar membrane, which serves to
retain the lens in its place. The optic nerve, d, enters
at the back of the eye, and, spreading out on all sides,
forms the retina, 7, of which one spot, s, the yellow spot,
is pre-eminently sensitive. The action of the eye re-
sembles that of a camera obscura, and, as shown in
Fig. 76, the rays which fall upon it are refracted so
as to form a reversed picture on the back of the eye.

The retina (Fig. 78) is very complicated, and,
though no thicker than a sheet of thin paper, consists
of no less than nine separate layers, the innermost
(Figs. 78, 79) being the rods and cones, which are the
immediate recipients of the undulations of light.
Fig. 79 represents the rods and cones isolated and
somewhat more enlarged.

The number of rods and cones in the human eye is
enormous. At a moderate computation the cones may
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be estimated at over 3,000,000; and the rods at
30,000,000.*

& [

1)
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Fig. 78.—Section through the retina (after Max Schultze). Beginning from the outside,
1, limitary membrane ; 2, layer of nerve-fibres ; 3, layer of nerve-cells; 4, nuclear
layer; 5, inner nuclear layer; 6, intermediate nuclear layer; 7, outer nuclear
layer ; 8, posterior membrane ; 9, layer of small rods and cones; 10, choroid.

* Sulzer estimates the cones at 3,560,000; Krause places the cones
at 7,000,000, the rods at 130,000,000 ; but Professor M. Foster tells me
that he thinks the latter figure is too high.
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It will be observed that the nerve does not, as one
might naturally have expected, enter the eye and then
spread itself out at the back of the retina ; but, on the

Fig. 79.—A, Inner segments of rods
(¢, 8, &) and cones (z, 2") from man,
the latter in connection with the
cone-granules and fibres as far as
the external molecular layer, 6. In
the interior of the inner segment of
both rod and cone fibrillar structure
is visible, % 800.

contrary, pierces the retina
and spreads itself out on the
front, so that the cones and
rods look inwards, and not
outwards—towards the back
of the eye, and not at the
object itself. In fact, we do
not look outwards at the
actual object, but we see the
object as reflected from the
base of our own eye.

From the arrangement of
the rods in the eyes of verte-
brata, then, the light has
necessarily to pass through
the retina, and is then re-
flected back on it. This
involves some loss of light ;
on the other hand, it perhaps
secures the advantage that
the sensitive terminations of
the rods and cones can be
more readily supplied with
blood.

I do not propose to enter
into the reason for this
peculiar arrangement, which

is connected with the development of the eye. Bat
it is so different from what might have been expected,
is in itself so interesting, and makes so important a
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contrast with the form which is general, though not
universal among the lower animals, that 1 think it
will not be out of place to
mention a very simple and
beautiful experiment by
which every one can satisty
himself that 1t is so.

One result is that we have
in each eye a blind spot, that
at which the nerve enters.
Turn the present page, so
that the white circle is in
front of the left eye and the
small cross in front of the
right. Then elose the right
eye, look steadily across at
the cross with the left,
and move the book slowly
backwards and forwards.
At one particular distance,
about ten inches, the white
circle will come opposite
the blind spot and will
instantaneously  disappear.
Across an ordinary room, if
a man stands in front of a
sereen, his head may in the
same way be made entirely
to vanish. h

The ordinary vertebrate
eye consists of two main
divisions : the refractive Fig. 80,
part, which is a modified portion of the skin; and the
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receptive part, which arises from the central nervous
system ; and the inverted arrangement of the rods is,
we can hardly doubt, connected with the develop-
ment of the eye, though it is not yet, I think, satis-
factorily explained.

There is, however, another eye in vertebrates, with
reference to which T must say something, and which,
though now rudimentary, is most interesting. Our
brain contains a small organ, about as large as a hazel-
nut, known, from its being shaped somewhat like a cone
of a pine, as the pineal gland. Its function has long
been a puzzle to physiologists. Descartes suggested
that it was perhaps the seat of the soul; and though
this idea, of course, could not be entertained, no
suggestion even plausible had been made.

So matters stood until quite recently, when a most
unexpected light has been thrown upon the question.
As long ago as 1829, Brandt, describing the skull of
a lizard (Lacerta agilis), pointed out that in the
centre of the top of the head was a peculiar spot, one
of the scales being quite unlike the rest. Leydig*
subsequently observed that on the head of the slow-
worm (Anguis fragilis) there is a dark spot surrounding
a small unpigmented body immediately over the pineal
gland. Rabl-Riickhard,t in 1884, again called atten-
tion to this structure, and suggested that it might
serve for the perception of warmth. Ahlborn,} in the
same year, was the first to suggest that it was a
rudimentary eye. De Graaf§ has the merit of dis-

* ¢ Die Arten der Saurier.”

t “ Entw. des Knochenfischgehirn,” Bericht der Sitz. naturf, Freunde,
Berlin : 1882,

t “Ueber d. Bedeutung der Zirbeldriize,” Zeit. fiir Wise. Zool., 1884,

§ “Zur. Aunat. und Ent, der Epi. b. Amphibien und Reptilien,” Zool.
Anz., 1886.
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covering that in the slow-worm the pineal gland is
actually modified into a structure resembling an inver-
tebrate eye. This remarkable structure has since been
examined in various Reptilia by Mr. Spencer* It
appears to be more highly organized in Hatteria than
in any other form yet studied ; but the retrogression of
the different structures has not proceeded pari passu,
in some cases the lens, in some the retina, in others
the nerve, having been most modified, or having dis-
appeared. In Hatteria and Varanus the eye is very
distinct ; the interior parts being more perfect in the
former; while in the latter it is externally most con-
spicuous, standing out prominently from its creamy
whiteness. The lens is cellular in structure, and thins
away rapidly at the sides. The “rods” are well
developed, and embedded in pigment.

Spencer describes the various modifications of the
organ in the iguanas, chame-
leons, flying lizards, geckos, ete.

Fig. 81 represents the ex-
ternal aspects of the eye-scale
in a small lizard (Calotis), with
the transparent cornea in the
middle, through which the eye
is seen; and the diagram
Fig. 82 a section through
the eye-scale of a small lizard
(Lﬂﬂﬂl‘t&). ) ! . Fig. 81.—Pineal eye-scale on the

A very interesting point in  head B S T (o)’
connection with the pineal eye
consists in the fact that the optic nerve does not
penetrate the retina, and then spread out on its outer

* Quarterly Journal of Microscopical Seience, October, 1886,
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surface, as in the lateral eyes of all vertebrates, but, on
the contrary, is distributed over its exterior surface. It
is, therefore, as De Graaf pointed out, formed in this
respect on the type of the usual invertebrate eye; 8O
that we have the remarkable fact that in the same

Fig. 82.—Diagram of a gection throngh the skull and pineal eye of Lacerta viridis.

¢, Cuaticle; Pa, parietal bone ; Ep, epidermis; I, lens; Pig, Pigment; R, rete

mi:u;m;sum; CH, cerebral hemisphere ; N, nerve ; E.p, epiphysis; oplL, optic lobe
of brain.

yertebrate animal we find eyes formed on two different
types. Not only so, but the development is dissimilar,
the lens of the pineal eye being formed out of the
walls of the neural canal. So that the lens of the
pineal eye is a totally different structure from that of
the lateral eyes.

Spencer observed no offect whatever when he threw
a strong light on the pineal eye. In fact, he does not
believe that in any of the species examined by him
the organ is at present in 2 functional condition.
Indeed, in some cases the cornea i quite opaque, and
in others the nerve to the brain is not continuous ; SO
that there can be no vision. At the same time, 1t
ceems to be established that this organ is the degraded
relic of what was once a true eye.

From the size of the pineal orifice in the skull of
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the huge extinct reptiles, such as Ichthyosaurus and
Plesiosaurus, it has been, I think, fairly inferred that
the pineal eye was much more developed than in any
known living form,

In living fish and Amphibia, so far as they have been
yet examined, the organ is even more rudimentary
than in reptiles, But in the fossil Labyrinthodonts the
skull possesses a large and well-marked orifice for the
passage of the pineal merve. This orifice is, in fact,
so large that it can scarcely be doubted that the eye in
these remarkable amphibia was also well developed,
and served as a third organ of vision,

In birds the organ is present, but retains no re-
semblance to an eye. It is solid and highly vascular.
In mammals it is still more degenerate, though a trace
is still present even in man himself,

The larval Ascidians, which present so many points
of resemblance to the lowest vertebrates, and especially
to the Lancelet (Amphioxus), have hitherto been re-
garded as differing from them in the possession of a
central eye. It now, however, appears that the verte-
brate type did originally possess a central eye, of which
the so-called pineal gland is the last trace,

It seems, then, very tempting to regard the pineal
eye as representing the central eye of Amphioxus;
but Spencer points out that the- two organs differ
greatly in structure, and he himself doubts whether
the pineal eye is really the direct representative of the
central eye in the Tunicata,

Béraneck * also regards the pineal as entirely
different from the central eye of the Tunicata, Indeed,
he considers its differentiation as an eye to be a

* «Ueber d. Parietal Auge der Reptilien,” Jenaische Zeit., 1887.
K
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secondary modification, and considers that it had
previously served some other function.

However this may be, it cannot be doubted that the
pineal gland in Mammalia is the representative of the
cerebral lobe which supplies the rudimentary pineal
eye of Reptilia, and this itself is probably the degenerate
descendant of an organ which in former ages performed
the functions of a true organ of vision.

Tae ORGANS OF VISION IN THE LOWER ANIMALS.

Mere sensibility to light is possible without any
optical apparatus. Eyen plants, as we know, can well
distinguish between light and darkness; and though
it seems that in our own case the general surface of
the skin has lost its sensitiveness to light, still, in many
of the lower avimals, light seems to act generally and
directly on the tissues.

Some microscopic vegetable forms even, as, for in-
stance, Englena (Fig. 83), possess a red spot,* which

__— appears to be specially sensi-
/&- ....... " tive to light.
4 The lower animals are, in
a great many cases, very
transparent.  Light passes
Fig, 83, Englena viridis. easily through them, and,
i eny except in so far as it is ab-
sorbed, can hardly be supposed to produce any effect.
The most rudimentary form of a light-organ, then, may
be considered to be a coloured spot.
In the first chapter I have endeavoured to show how

* The moving zoospores of certain alg® also possess a red spot,
which may perhaps have special reference to light.
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it may be possible to trace an almost complete series
from such a mere spot of colour in the skin up to a
complex organ of vision, such, for instance, as that of
a snail ; indeed, in the development of the eye in the
individual animal may be traced some of the same stages
as have probably been passed through by the ancestral
forms of the animal itself in long bygone ages.

We must not, however, suppose that all eyes can be
traced back to one and the same origin, or have been
developed in the same manner, There are even cases
in which an organ fulfilling a different function appears
to have been modified into an eye.

Look, for instance, at the organ of touch of
Onchidium * (Fig. 16). The cuticle (see p. 14) is
thickened into a biconvex, almost lens-like body ; the
epithelial cells are elongated, and below is a mass of
cells, to which runs a nerve. A very little change
would make this an organ capable of distinguishing
light from darkness, and
some of the eyes of On-
chidium appear, indeed,
to have thus originated.

Compare with this, for
instance, the ocellus of
the young larva of a
water-beetle (Fig. 84),
as figured by Grenacher,

The eye-spots of Me- T o B e tas (o aple oo of

. I, Corneal lens ; g, cells forming the vitreous
dUSEE were ﬁI‘St I'.IﬂthE[l humor; r, retina; o, optic ne:i!ve; h, hypo-

by Ehrenberg in 1836, %™

and the lens was discovered many years afterwards by

de Quatrefages. It is, in fact, by no means universally
* A slug-like genus of molluses.
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present; the eye, if so it can be called, in many species
consisting merely of a coloured spot, while in others
it is entirely absent.”

Fig. 85.—Eye-spot of Lizzia (after Fig. 86.—Eye-bulb of Astropecten {(after
Hertwig). o, Ocellus; 1, lens. Haeckel).

In the Echinoderms, the eyes, which were discovered
by Ehrenberg, have been described by Haeckel,t
Wilson,t Lange, and others.§ They are in some cases
situated, as in Astropecten, on a pear-shaped bulb
(Fig. 86).

They consist of a lens (Fig. 87), supplied with a
nerve, and lying in a mass of pigment. In Solaster or

* Allman, * Mon. of the Hydroids,” fay Society, 1871.

+ “Ueber die Augen und Nerven der Seesterne,” Zeit. fiir Wiss., vol. X,

t Transactions of the Linnean Society.

§ Lange, “Beit. z. Anat. und Hist. der Asterien und Ophiuren,”
Morph. Jahrbuch, 1876, '
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Asteracanthion the lenses look like brilliant eggs,
“each in its own scarlet nest.”

In some species there are as many as two hundred
eyes; but there appears to
be no retina, so that they
can do little more than dis-
tinguish between light and
darkness.

It is quite possible that in
some of the lower animals,
where the eye-spot is sup-
posed to consist merely of a
layer of pigment at the end
of a nerve, a lens may here-
after be discovered, . | _

In the Turbellaria * the : 'ﬁ'agéi:;ilﬁrecfé:?f:fer?ifne?i'tmﬁﬁfi
eyes, which were first noticed SR
by de Quatrefages, are numerous, and lie immediately
under the epithelium (skin). They consist of a certain
number of crystalline rods and corresponding retinal
cells, resting on a cup-shaped bed of pigment, and con-
nected with a nerve. There is often a group on each
side of the head, immediately over the brain. In
species which possess tentacles the eyes are generally
combined with them ; in others they are scattered over
the whole periphery of the body, and look in all direc-
tions. They differ greatly in size, and in the number
of rods and retinal cells—the larger tentacular eyes
having several; the small, scattered omes, which are

glenemlly more deeply situated, even as few as two or
three.

| " T‘Die Polycladen,” Fauna und Flora des Golfes von Neapel, 1884.
Carritre, “ Die Augen von Planaria,” Arch, fiir Mie. Anat., 1882,
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In most of the Annulata (worms), the eyes, so far as
they have yet been described, are very simple, and
probably in most cases not capable of giving more than
a mere impression of light. In some species the eye-
spot is merely a group of pigmented epithelial cells.
In many (Fig. 87) there is, besides the pigment, a
well-marked lens. At the same time, it is probable
that in some cases this supposed simplicity is more
apparent than real. The dioptric part is often cellular,
consisting sometimes of one cell, sometimes of several.
They are generally, but not always, situated on the
head. The Polyophthalmians (Fig. 90), as already
mentioned, have a series along the sides of the body,
in pairs from the seventh to the eighteenth segments.
I agree with Carriére that there is no sufficient reason
for considering the supposed “eyes” of the leech as
organs for the perception of light, but other species
of the same group (Clepsine) possess well-marked,
though rudimentary eyes.*

Certain leeches—for instance, Piscicola respirans—in
addition to the pigmented spots on the head, have also
some on the posterior sucking dise. These somewhat
resemble the supposed organs of touch, but are larger,
and surrounded by pigment. There is no lens, but the
large cells are very transparent. It is not supposed
that they give any distinet image, or can do more than
distinguish light from darkness—as Leydig says,
“feel ” the light. Still, I must confess that the deter-
mination of these curious organs as eyes seems to me
very doubtful.

Fig. 88 represents the anterior extremity of a small
freshwater worm (Bohemilla).

* Graber, “ Morph. Unt. iiber die Augen der frei-lebenden Borsten-
wiirmer,” Arch. fiir Mic. Anat,, 1880.
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Fig. 89 represents an eye-dot of Nereis. In this
genus there are two pairs of eyes, which differ some-

Fig. 88.—Anterior extremity of a freshwater worm (Pohemilla comata); after
Vejdoveky).* a, Eye; b, brain; e, cuticle; Ap, hypoderm; Ib, tactile hair;
fig, nerve; v, blood-vessel,

what in structure, the lens in the anterior pair being

flatter, that in the posterior more conical. In Hesione

the differenee is even more
marked.t In Polyophthalmus,
besides the eyes in the head,
there is,as already mentioned,

a series along the sides of

the body, which differ some- g, 89.—Hye-dot of Nerels (after

what in structure from those Doti™iemeves one, Pigmen: 1s

in the head. e

As a general rule, in the Annelids each eye contains
a single lens, but the cephalic eyes of Polyophthalmus,
according to Mayer, contain three.

* “Bys. und Morph. der Oligochmten.”
t Graber, “ Morph. Unt. iiber die Augen der frei-lebenden Borsten-
wiirmer,” Arch. fiir Mic. Anat., 1880,
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Fig. 90.—The first twelve segments of Polyophthalmus pictus, seen from below (after
Mayer). The Roman numerals indicate the segments. St, Papilla on the head;
KS, head ; aw, head eye; s.awu, side eyes; OI, upper lip; U, under lip; 'u._Eh
pharyngeal vein ; V.subinfa, anterior ventral vein; V.d.['-*, veins connecting the
superior lateral and vessels ; sept’=?, intersegmentary membranes ; m.ocs.l, lateral |
muscle of the cesophagus ; V.ann, pulsating circular vessel; Md.dr, stomach-
glands; V.v-I, vein connecting the inferior and lateral blood-vessels ; Md, stomach ;
Pm, muscles of the hairs; @, brain; fl.o, ciliated organ ; gm, transverse muscle.
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The most highly organized eyes in Annelids appear to
be those of the Alciopide, which have been described
by Krohn,* de Quatrefages,t and especially by Greef
and Graber.§ The Aleiopide are small
sea-worms 3 they live principally in
the open sea, and, like many other
pelagic animals, are extremely trans-
parent. It is, indeed, often difficult
to see more of them than the two
very large eyes, red or orange, and a
pair of dark violet dots (the seg-
mental organs) on each ring.

@kﬂ'.ﬁﬁf{.{i&k”&‘c!{ Eilg Wi

The principal parts of their eyes are ;“}—ﬂ“%
— (1) the outer integument, the whole % &
of which is so transparent that it needs 5
scarcely any modification ; (2)the so- ﬂi}fﬁ E&

called “eye-skin,” as to the true
nature of which there is still much
difference of opinion; (3)the lens; (4)
the “corpus ciliare; ” (5) the vitreous
humor; and (6) the retina, which
again is composed of four layers—(a)
the rods; (b) pigment layer; (c)
granular layer; (d) fibrous layer. Fig. 91.—Alclope (after
In Mollusca the eyes are variously =~ ¢ Qutrenee):
situated ; being, for instance, either placed on the pos-
terior tentacles ; or between the feelers, as in the fresh-
water species; or on a short stalk at the side of the

* “Zool. und Anat, Bemerk. iiber die Alciopeden,” Wiegmann's
Areh., 1845,

t “ Etudes s. 1. typ. Inf. de I'emb. des Annelés,” Ann. Sei. Nat., 1850.

I “Unt. iiber die Alciopiden,” Nova Acta Acad. Leop, Carol.,
vol. xxxix. 11, 1876.
§ Arch. fir Mic. Anat., 1880.

T
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feelers, as in the Prosobranchiata ; or on the back. In
some cases they are deeply sunk, even into the brain.

Fig. 92.—Perpendicular section through the eye-pit of a limpet (Patella); after
Carriére. 1, Epithelial cells; 2, retina cells; 3, vitreous body.

The mussels are generally deficient in eyes; and
some which are, as larvee, provided with an eye, lose
their eyes when mature.

Fig. 93.—Eye of Trochus magus (after Hilger).* 1, Vitreous body ; No, nerve.

In the limpet (Patella),* on the outer side of the
tentacles, where the eyes are situated in more highly
organized species, are certain spots, which may be

* « Fraisse. Ueber Molluskenaugen,” Zeit. fiir Wiss. Zool., 1881.
# ¢« Beit. zur Kennt. der Gastropodenaugen,” Gegenbaur's Morph.

Jahrbuch, 1885.
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regarded as a very rudimentary organ for the per-
ception of light. The skin is thrown into a pit, within
which the epithelial cells are elongated and pigmented.

In the sea-ear (Haliotis), and in Trochus (Fig. 93),
the arrangement is similar, but the depression is
deeper, the mouth is very much restricted, and the
interior is filled by a vitreous body.

In Murex (Fig. 94) the eye is still further developed,
and is entirely closed in, a lens being present.
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Fig. 04.—Eye of Murez brandaris (E_Ltczeﬂgger}. L, Lens; @I, vitreous body s

In the snail (Helix) the eye is still more highly
organized. It consists of a cornea, which lies imme-
diately below the skin; a lens, behind which is the
retina, consisting of three layers, (1) the rods, (2) a
cellular layer, (3) a fibrous layer. This, indeed, appears
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to be a very general arrangement in the Mollusca.
The power of sight given by such an eye can be but
small. Indeed, it is probable that it does liftle more

f_*f

Fig. 95.—Eye of neriz pomalia (after Simroth).* c¢f, Cuticle ; @, epithelium ; b, cornea ;
¢, envelope of the eye; d, cellular layer; e, fibrils of the optic nerve ; f, feeler
cell ; na, nerve of the tentacle ; no, optic nerve,

than distinguish degrees of light. According to Lespes,

a Cyclostoma only perceives the shadow of a hand at a

distance of five inches, and a Paludina of eight.

It is interesting that, as Lankester first showed,} the
eye of Mollusca, in its gradual development, passes
through the stages which we find are the permanent
conditions in Patella and Haliotis, commencing as a
depression, which grows deeper and deeper, and
gradually closes over,

Even in the Nautilus the cornea leaves an opening,

* Simroth, “ Ueber die Sinneswerkzeuge uns. einh. Weichthiere,”
Zeit. fiir Wiss. Zool., 1876.

# % Obs. on the Dev. of Cephalopoda,” Quarterly Journal of Micro-
scopical Science, 1875,
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through which the water has free access to the interior
of the eye.

In the higher cuttle-fishes (Cephalopoda) the eye is
very complex, and the optic ganglion is in some cases
the largest part of the brain; but, while we find the
same parts, as, for instance, in Helix, though in a higher
state of development, there does not seem sufficient
reason to regard the two organs as homologous, but
it appears possible that the eye of the cuttle-fish had
an independent origin,

Certain bivalves (Lamellibranchiata) possess bright
spots round the edge of the mantle, or on the siphon,
which some naturalists maintain to be eyes, while
others deny them this character, leaving their true
function, however, undecided.

But though there is much doubt in some cases, there
are other eye-spots which are certainly true eyes. Of
these there are two distinct types—those of Spondylus,
Pecten, ete., on the one hand ; of Arca, Pectunculus, ete.,
on the other. The latter present several features of the
compound insect’s eye. This was first noticed by Will *
and they have since been more fully described by
Carriere T and Patten.f They are composed (Fig. 96)
of large conical cells with the points turned inwards.
Pigment is deposited in the periphery of the cells,
The outer surface is arched, and forms a biconvex lens.
These cells pass gradually into those of the ordinary
epithelium,

It will be most convenient to consider the mode in
which these compound eyes act when we come to

* ¢ Ueber die Augen der Bivalven,” Firorieps Notizen, 1844,
t “Die Sehorgane der Thiere,” 1885,
+ “ Eyes of Molluses and Arthropods,” Mitt. Zool. Stat. Neapel, 1886.
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consider those of insects, where they are more highly
developed.

The eyes of Pecten and Spondylus are, again, formed
on a totally different plan.

It has been already observed that there is an

Fig. 96,—Perpendicular section through an eye of Arca Nom (after Carriére). 1,
Epithelium of the edge of the mantle ; 2, cells of vision; 3, lens ; 4, 5, connective
tissue; 6, section of one of the cells,

essential difference between the typical vertebrate and

the typical invertebrate eye; in that while in the

former, the optic nerve (Fig. 77) penetrates the retina
and then spreads out on the anterior surface, so that
the “rods ” point away from the light; in the normal
invertebrate eye, on the contrary, the nerve spreads
out on the back of the retina, so that the rods point
towards the light. Krohn,* however, made the remark-
able discovery that in the genus Pecten the rods, like
those of the vertebrates, are turned away from the light.

In this case, however, the optic nerve does not enter

the retina directly from behind, but runs round it and

passes, so to say, over the lip of the cup.
Here, then, we get a remarkable approach to the
vertebrate eye; but the similarity is still greater in

* Miiller's Arch., 1840. See also Hensen, ¢ Ueber das Auge einiger
Lamellibranchiaten,” Zeit, fiir Wiss. Zool., 1863.
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Onchidium (a genus of slugs, widely spread over the
Southern Hemisphere), in which Semper has shown *
that the nerve actually pierces the retina as in verte-

Fig. 97.—Diagram of eye of Pecten (after Hickson). a, Cornea; b, transparent base-
ment membrane supporting the epithelial cells of cornea; ¢, the pigmented
epithelium ; d, the lining epithelium of the mantle; e, the lens; f, the ligament
supporting the lens; g, the retina; A, the tapetum; %, the pigment; m, the
retinal nerve; n, complementary nerve.

brates. That this distinctive character should thus
reappear in so distant a group is very interesting, and it
1s also remarkable that Onchidium possesses two kinds of
eyes: some on the head, which are constructed on the
same type as those of other molluses ; while the peculiar
eyes just mentioned are scattered over the back, and
their nerves arise, not from the cephalic, but from the
visceral ganglion. Moreover, they differ in number,
not only in the different species, some having one hun-
dred, some as few as twelve, and others none at all,
but even in different individuals of the same species.
Indeed, they are continually growing and being re-
absorbed. But while thus resembling a simple verte-
brate eye, the dorsal eyes of Onchidium have a totally

* # Ueber Schnecken Augen am Wirbelthier typus,” Arch. fiir Mic.
Anat., 1877,
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different development, arising, except the nerve, entirely
from the integument ; on the contrary, in the vertebrate
eye, while the cornea and lens are formed from the
skin, the retina is an outgrowth from the brain.

Semper does not suppose that the Onchidia perceive
any actual image with their dorsal eyes, and thinks that
they are merely able to distinguish differences in the
amount of light,

They are shore-living molluses, and are preyed on
by small fishes belonging to the genus Perophthalmus,
which has the curious habit of leaving the water and
walking about on the sand in search of food. The
back of the Onchidium contains a number of glands,
each opening by a minute pore; and Semper suggests
that, when warned by the shadow of the fish, the little
slugs eject a shower of spray, drive off their enemy,
and save themselves. This is not quite so far-fetched
as might at first sight appear, for we know that there
are many other animals, the sepia, many ants, the
bombardier and other beetles, etc., which defend them-
selves in a similar manner.

It seems difficult to understand why the Onchidia
should be endowed with so many eyes. The irrelative
repetition of organs meets us, however, continually in
the lower animals. Moreover, in the present case
Semper has thrown out a plausible suggestion. The
organs of touch (see ante, p. 14) curiously resemble
eyes in structure, and a very slight change might
malke them capable of perceiving light. It is possible,
then, that some of them may undergo a change of
function, and that this may throw some light on the
variability in number.

In the Chitonidw, where dorsal eyes have recently
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been discovered by Moseley,* they are even more
numerous. Chiton itself, indeed, has none; but in
Schizochiton there are 300, and in Corephium more

)
Lt
i
I,

tﬁf

Fig. 98. Schematic representation of the soft and some of the hard parts in a shell of
a Chiton ( Acanthopleura), as seen in a section vertical to the surface, and with the
margin of the shell lying in the direction of the left side of the drawing. a,
Conical termination of sense-organ ; b, ¥, ends of nerve: ¢, nerve ; f, calcareous
cornea ; g, lens; h, iris; k, pigmented capsule of eye ; m, body of sense-organ cut
across; n, nerve of eye; p, nerve of sense-organ ; ¥, rods of retina.

than ten thousand. As in Onchidium, they probably

arose as modifications of the organs of touch, and are

supplied by the same nerves. They possess (1) a

cornea, (2) a perfectly transparent and strongly biconvex

lens, and (3) the retina, which presents a layer of short
but well-defined rods. Tt is interesting that they point
towards the light, and not, as in Onchidium, away

from it.

* “On the Presence of Eyes in Shells of certain Chitonide,”
Quarterly Journal of Microscopal Seience, 1885,

L
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CHAPTER VIL
THE ORGANS OF VISION IN INSECTS AND CRUSTACEA.

I Now pass on to the eyes of insects. In most species
of this group there are two distinet kinds: the large
compound eyes, which are situated one on each side
of the head; and the ocelli, or small eyes, of which
there are generally three, arranged in a triangle,
between the other two.

Speaking roughly, the ocelli of insects may be said
to see as our eyes do; that is to say, the lens throws
on the retina an image, which is perceived by the fine
terminations of the optic nerve. One type of such an
eye in a young water-beetle (Dytiscus) is shown in
Fig. 84, p. 131. This illustrates the mode of develop-
ment of an ocellus, which has been already referred to
(ante, p. 181).

The structure of fully formed ocelli is shown by
Fig. 99. In details, indeed, they present many dif-
ferences, and it is remarkable that in some species this
is the case even with those of the same individual ; for
instance, in those of one of our large spiders, Epeira
diadema (Fig. 99).

In this case the eye B would receive more light,
and the image, therefore, would be brighter; but, on
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the other hand, the image would be pictured in greater
detail by the eye 4.

............

~ L
S =g,

Fig. 99.—Long seciion through the front (4) and hinder (B) dorsal eyes of Epeira
GGG . Doy e . wac f P P T
cular fibres; M, M, cross sections of ditto; S¢, rods; Pg, P', pigment cells;
L, lens ; G¥', vitreous body; Kt, crystalline cones: Rt, retina; Nop, optic nerve,
Speaking generally, an ocellus may be regarded as

consisting of—

1. A lens, forming part of the general body covering.

2. A layer of transparent cells.

3. A retina, or second layer of deeper lying cells,
each of which bears a rod in front, while their inner
ends pass into the filaments of the optic nerve.

4, The pigment,

From the convexity of the lens it would have a
short focus, and the comparatively small number of
rods would give but a very imperfect image, except
of very near objects,

But though these eyes agree so far with ours, there
is an essential difference between them. It will be at
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once seen that the pigment is differently placed, being
in front of the rods, while in the vertebrate eye it is
behind them. Again, the position of the rods them-
selves is reversed in the two cases. -
Passing on to the compound eye, Fig. 100 gives a
section of the eye of a cockchafer (Melolontha), after
Strauss-Diirckheim. The separate facets of such an

Fig. 100.—Section through the eye of a cockchafer (Melolontha) ; after Strauss-
Diirckheim.
eye act themselves as lenses, and give a very perfect
image.

As regards the number of facets, Leeuwenhoek caleu-
lated that there were 3180 facets in the compound eye
of a beetle which, however, he does not name. In the
house-fly (Musca) there are about 4,000; in the gadfly
(Estrus), 7,000; in the goat moth (Cossus), 11,0003
in the death’s-head moth (Sphina atropos), 12,000 ;
in a butterfly (Papilio), 17,000; in a dragon-fly
(Aschna), 20,000; in a small beetle (Mordella), as
many as 25,000.
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The size of the facets seems to bear some relation to
the size of the insect, but even in the smallest species
none have been observed less than sogp of an inch in
diameter. Butterflies, which fly in the day, have the
facets smaller than those of moths, which are generally
evening insects.

The facets are in most cases similar, six-sided, and

Fig. 101.—8ection through the eye of a fly (after Hickson). b.m, Basilar membrane ;
¢, cuticle; c.op, epioptic ganglion ; n.c., nuclei; n.¢.8., nerve-cell sheath ; N.f,
decussating nerve-fibres ; ap, optic ganglion ; pe., pseudocone ; pg, pigment cells ;
p.op, perioptic ganglion; », retinula; Rh., rhabdom; 7, trachea ; L., terminal
anastomosis ; TY, trachea ; £, tracheal vesicle,

very regular. In locusts, however, they vary a good
deal both in form and size. In some flies (Diptera)
and dragon-flies (Libellulide) those in the upper part
of the eye are larger than the lower ones, and the
junction of the two often forms a well-marked, curved
line.
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The wonderful complexity is well shown in the pre-
ceding figure, which represents a section through the
eye of a fly, after Hickson.”

In illustration of the finer structure, I may take the
eye of the bee (Apis) (Fig. 102), as described and
figured by Grenacher in his beautiful
work.t Fig. 102, the general accuracy
of which has been confirmed recently
by Dr. Hickson, represents two of the
elements of the faceted eye.

The structure of the eyes varies
considerably in different groups. They
may be said to consist of the following
principal parts :—

1. The cornea (Lf, Fig. 102).

9. The crystalline cones (KF), of
which there is one immediately behind
each facet. The development of the
: crystalline cone has been carefully
Fig. 102—Two seps-  studied by Claparéde. It consists of

rate elements of the

faccted eye of a bee  from four to sixteen original, but com-

(after  Grenacher).

if, Comen: m, ni-  pletely combined segments, secreted

cleus of Semper;

Kk, crystaliine cone: by cells which lie immediately behind
Pg, Pg', pigment :

galla ik seuil; each facet, but of which, when the eye

’ is completely developed, only the
nuclei, known as Semper’s nuclei (1), finally remain.

3. Next comes the retinula (r7), which stands 1n

more or less intimate connection with the pointed inner

end of the crystalline cone. It is oenerally composed

of seven, but sometimes of as few as four, or as many

* « The Eye and Optic Tract of Insects,” Quarterly Journal of

Microscopical Seience, 1885,
t « Untersuchungen iiber das Sehorgan der Arthropoden.” 1879,
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as eight, originally separate, but closely combined cells.
They converge on the optic lobe, and form an outer
nucleated sheath, enclosing a strongly refractive,
generally quadrangular, rod (the rhabdom, Rm), the
relation of which to the filaments of the optic nerve
1s not yet well understood.

4. The pigment (Py).

Between each separate eyelet (ommateum, or omma-
tidium, as it is termed by Hickson), is—at least, in
some insects—a long, tubular, thin-walled trachea,
These are difficult to see in prepared specimens, but
have been mentioned by several observers. They were
first, I think, figured by Leydig,* and more recently
by Hickson.

Finally, the eye is bounded by a basilar membrane,
which is perforated by two sets of apertures, a series of
larger ones for the passage of the tracheal vessels, and
of smaller ones for the nerve-fibrils,

The crystalline cone is not, however, always present,
and Grenacher divides the compound eyes of insects
into 'three types: acone eyes, in which the crystalline
cone is not present, but is represented throughout life
by distinct cells ; pseudocone eyes, in which there is a
special conical and transparent medium ; and, lastly,
eucone eyes, with true crystalline cones.” f

* «Zum feineren Bau der Insekten,” Miller's Arch. fiir Anat. u.
FPhys., 1855.

t+ Acone eyes oceur in Nematocera (gnats), Hemiptera (bugs), For-
ficula (earwigs), and those Coleoptera (beetles), which have less than
five tarsal joints. Pseudocone eyes oceur in the true flies (Muscida),
Eucone eyes prevail among other insects: Lepidoptera, Hymenoptera,
Neuroptera, Orthoptera, Cicadidm, the Coleoptera with five tarsal
segments, and among Diptera the single genus Corethra, which, more-
over, is remarkable as possessing compound eyes, even in the larva
and pupa,
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The last form differs principally from the two first
in that the elements which constitute the crystalline
cone and the retinula have become completely coalesced
and solidified. The differences are, no doubt, im-
portant, but I need not enter into them at length here.

Even the eucone eyes differ considerably, as may be
seen from the following figures, representing (Fig. 103)
an eyelet from the eye of a cockroach (Periplaneta), and
(Fig. 104) one from that of a cockechafer (Melolontha),
both taken from Grenacher.

Iy
———

Tiz. 103.—Egyelet of cockroach (after Fig. 104.—Eyelet of cockchafer
G rnrtlnf_:lllér'}. If, Cornea; kk, crys- {after Grenacher). 1If, Cor-
talline cone; pg’, pigment cell; «I, nea; kk, crystalliné cone;
retinula ; #n, rhabdom. . p, picment cells; 7,

retinula ; ', rhabdom.

With some few exceptions (Corethra, Libellula, ete.),
the larvee of insects do not possess faceted eyes; indeed,
as a general rule their powers of vision are very limited,
or they are altogether blind. Most caterpillars have
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on each side of the head five or six eye-spots, contain-
ing each a crystalline body, but, as we shall presently
see, they can probably do little more than distinguish
between light and darkness,

I do not propose to attempt to give here any detailed
account of the structure of the insect brain, but I must
say a few words on the subject. Between the brain
proper and the eye itself there are, in, for instance, the
blow-fly (Musca wvomitoria), three distinct ganglionic
swellings, which Hickson, a copy of whose beautiful
figure 1 have given (Fig. 101), terms the “opticon”
(op), epiopticon (c.op), and periopticon (p.op). It will
be seen that the nerve-fibrils do not pass in a direct
course, but actually decussate, or cross from one side to
the other, three times, once between each two ganglionic
swellings. The optic lobes of the two sides are also con-
nected by a fibrous bundle, The structure of the three
nervous swellings is also very complex. It consists of a
fine granular matrix, traversed by a meshwork of very
minute fibrille, and, at least in the periopticon, is col-
lected into a series of cylindrical masses. It is entirely
beyond our present range of knowledge to explain the
origih or purpose of these complex arrangements,
though we cannot doubt that they do serve important
functions. It is remarkable that these arrangements,
though apparently very constant in individual species
and genera, differ greatly in different groups of insects ;
for instance, Hickson asserts that in the water-scorpion
(Nepa), there is no decussation, and Carriere makes the
same statement as regards Libellula; but it seems
very extraordinary that this arrangement should be
present in some insect eyes, and absent in others
formed apparently on so nearly the same plan,
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Ox THE RELATION oF THE EYE TO THE OCELLUS.

In considering the relation of the eye to the ocellus,
it is obvious that we cannot regard either as derived
from the other. They are, as Grenacher says, “ sisters,”
and derived from a common origin.

The ocellus consists of a single lens in front of a
larger or smaller number of visual rods. The com-
pound eye consists of a number of facets, each in front
of a single rod; which is produced by from four to
sixteen cells: in some cases each cell at first produces
a separate rod, and these then subsequently coalesce
more or less completely. Starting, then, from a simple
form of eye consisting of a lens and a nerve-fibre,
which would be capable of perceiving light, but would
give no picture of the external world, we should
arrive at the compound eye by bringing together a
number of such eye-spots, and increasing the number
of lenses, while the separate cells beneath each com-
bined to form a single cone and rod; while, on the
other hand, by increasing the size of the lens, and
multiplying the nervous elements behind it, we should
obtain the ocellus of an insect, or the typical eyes of
a vertebrate animal.

There is, indeed, no need to suppose that these two
eyes are derived from a common origin. We know
that, while very similar eyes occur in distant groups of
animals, on the other hand nearly allied species often
differ greatly in the structure of their eyes; that,
indeed, eyes of very different types often occur even in
the same animal, so that we have strong reasons for
assuming that they had an independent and separate
origin.
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The spiders have simple ocelli only, the higher
Crustacea compound eyes only, while many of the
lower Crustacea and of the great class of the insects
possess both eyes and ocelli. It would seem probable,
therefore, that the ancestral stock must have possessed
both, though not perhaps in so perfect a form as that
which has now been attained, and that the spiders have
lost the compound eyes, while, on the contrary, in the
higher Crustacea the ocelli have disappeared,

Moreover, though the ocellus of a spider at first
sight closely resembles the eye of a Scolopendra, the
internal structure is, according to Grenacher, altogether
different. In the ocellus of a spider or an insect we
find, at a greater or less distance behind the lens, a
retina consisting of a receptive surface, extended con-
centrically with that of the lens, and consisting of a
number of more or less rod-like perceptive elements so
arranged that the light falls on their ends.

On the contrary, in the eyes of Myriapods there is,
he says, either a single element behind the cornea, or
where there are many such elements, they are arranged
with their longer axes perpendicular to the direction
of light; so that any separate perception of the rays
of light coming from different points seems to be an
impossibility. In the eye of Lithobius, behind the
biconvex lens, he states that the cells lining what I
may call the tube of each separate eye, terminate in
filaments, between the free ends of which is left a narrow
passage, down which the light must pass to reach the
end of the optic nerve. Such a structure is certainly
very remarkable, and seems entirely to preclude the
possibility of the formation of a true image. Altogether
the account given by Grenacher, both as to the mode
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of action of the eyes of the Myriapods and as to their
internal structure, differs entirely from that of Graber.

Fig. 105.—Leptodora byalina.

Tae EYEs oF CRUSTACEA.

The eyes of many Crustacea are highly developed.
In the higher families (thence named Podophthalmata,
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or stalk-eyed) they are situated on more or less
elongated pedestals. In some of the lower forms,
though less complex, they are very large, occupying,
as in the curious Leptodora (Fig. 105) of our deep
lakes, the whole front of the head; while in Coryeceus

AV

Fig. 106.—Eye of Mysis (after Grenacher). =, Nuclei; Lf, facets; Kk, crystalline
cones; n', cells of the retinula; EI, retinula; Rm, rhabdom ; Cp, blood-vessels;
XN. fibres of the optic nerve; N', N', N1 Nt decussations of the fibres of the
optic merve; @, @', &%, ', ganglia; M, muscles for the movement of the
eye-stalk - Em', Km'', nuclei.

(Fig. 107) they extend to more than one-half of the
whole length of the body.

The higher Crustacea possess no ocelli. In the
lower species, on the contrary, a central ocellus is often
present, especially in the young state.
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Tn illustration of the compound eyes of Crustacea, I
oive a figure of an eye of Mysis (Fig. 106).

In the higher Crustacea the nervous elements of
the eye are, moreover, very complex. There are no
less than four optic ganglia (Fig. 106), and there is
a chiasma, or decussation of fibres (N, N1, N1, N1,
between each.

The eyes of lobsters and of crabs offer a curious
difference. In the former, the crystalline cones are
very long, and the retinule comparatively short ; while
in the crabs, on the contrary, the crystalline cone is
short, and the retinule long.

The eye of Coryceus (Fig. 107) is very interesting.
It is extremely large in proportion to the size of the

Fig. 107.—Corycaus (after Leuckart). a. b, The eye.

animal, extending from the front of the head to the
beginning of the abdomen. The perceptive part of
the eye (b) is, therefore, far removed from the lens ().
The eye of Coryceus appears to represent, in fact, a
single element of a compound eye.

The eye of Copilia is also very remarkable, the
retinula being, at about the end of the first third of its
length, bent at a right angle. Here also the eye is
about one-third as long as the body.

The ocelli of Crustacea have not been much studied
with reference to their microscopic structure. Those
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of Calanella are very remarkable, and, indeed, but for
their position and the presence of pigment, would
hardly be recognized as eyes. They are three in
number,and together form an X-shaped body (Fig. 108),
supplied by a large nerve (N.op.), and consisting of
three groups of large nerve-cells, embedded in pig-
ment. There are eight in each of the two side groups,
and ten in the central. In form they are pear-shaped,
with the narrow end turned towards the nerve. The
organ contains no lens nor rods.

Fig. 108.—Eyes of Calanella Mediterranea (after Gerstarker). Pg., pigment cellss
N fr., frontal nerves; N.op.,, nervus opticus. The numbers show the numbers
of the cells.

The eyes of the king crab (Limulus) have been
described by Grenacher and by Lankester and Bourne.*
The two lateral eyes form a polished, kidney-shaped
protuberance on each side of the great shield. The
outer side is smooth, but on the inner surface it is
produced into a number of conical processes (Fig. 109),

* “On the Eyes of Scorpio and Limulus,” Quarterly Journal of
Microseopical Seience, 1883.
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each of which forms a special lens. Underneath each
of these secondary lenses is a group of large, elongated
pigmented cells, arranced round a central space, and
touching the lens with their outer ends, while the

Fig. 109.—Diagram of a vertical section through a portion of the lateral eye of Limulus
D Bonina), n Uiy Ty iloular Lrmey o, Brpeticiis e
retinula ; m, nerves,

inner ones are continued into the optic nerve. These

nerve-end cells form the “retinula,” while their sides,

which face one another, are thickened, and coalesce
into a rod, the rhabdom, which is hollow at the end
nearest the lens, but solid towards the mnerve. The
central eye is very different. It possesses a single
lens, like that of an ordinary ocellus, underneath
which is a layer of cells not differing much in appear-
ance from those of the hypoderm, and below which
again is another layer of large nerve-cells, which, how-
ever, are so irregular as to suggest the idea that the
central eye of the king crab may have partially lost its
function. The king crab, then, so remarkable in other

ways, is also very interesting in reference to the peculiar
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structure of its eyes. These can hardly be regarded
as homologous with the compound eyes of insects and
Crustacea, but appear to have originated independently,
They have, indeed, hardly anything in common, except
that of being compound eyes.

Lastly, I may allude to the eyes of seorpions,
which, though very different from those of Limulus
in appearance, in Lankester’s opinion approach them
more nearly in essential constitution than any other
known eyes.

Before quitting this part of my subject, I must
mention the curious eye-like organs of Euphausia.

Euphausia (Fig. 110)—a shrimp-like crustacean, be-

Fig. 110. — Euphausia pellucida (after Sars). .0., Luminous organ,

longing to the same group as Mysis—and some of its
allies, are remarkable for possessing at the base of
some of the thoracic legs, and on the four anterior
abdominal segments, luminous eye-like organs, They
form small bulbs, each containing a vitreous body, some
pigment, a lens, and a fan-shaped bundle of delicate
fibres, and are very conspicuous from their beautiful
red color and glistening lustre.

M
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Olaus * regards them as true accessory eyes. Sars,f
on the contrary, considers that they have no power of
sight, but are highly differentiated luminous organs.
He admits that they present a deceptive resemblance
to true eyes, but has convinced himself by observations
of the living animal that they have no power of
vision.

The fibrous fascicle (Fig. 111, ) he finds to be the
chief light-producing part.f and the lens-like body in
front serves, as he supposes, for a condenser, producing
a bright flash of light, the direction of which the
animal, by means of its muscles, is able to control.
The antevior pair (Fig. 112, lo), which differ some-
what in structure from the rest, are situated on the

P M S

Fig. 111.—Luminous organ of la

Euphausia_(after Sars). [,

Fibres ; ¢, lens. Fig. 112.—Eye-stalk of Fuphausia (after
Sars). le, Luminous organ; a, lower
eye.

eye-stalks, and appear to serve as “bull's-eyes™ to
the true organs of vision. Sars considers that the
luminous organs do not serve as eyes, on the grounds

* « Ueber einige Schizopoden und niedere Malacostraceen,” Zeit.
fiir Wiss. Zool., 1863.

4+ “On the Schizopoda,” “Challenger Reports,” vol. xiii.

t Valentine and Cunningham, in a memoir just published
(Quarterly Journal of Microscopical Science, vol. XX viii.) deny this, and
attribute it to the inner surface of the reflector.
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that the nerve which supplies them is but small; that
the structure is not really analogous to that of a true
eye, and that the position would be very unsuitable,
one of them being actually situated on the stalk of
the compound eye.

The question does not, however, seem to be by any
means clearly solved, and it must, I think, be admitted
that, with the exception of the anterior pair, if the
position does not seem suitable for true eyes, neither
is it that which one would expect in light-organs,

Ox THE MobpE or VisioN BY MEANS OF
ComroUND EvEs.

Johannes Miiller, in his great work on the Physiology
of Vision,* was the first to give an intelligible explana-
tion of the manner in which insects see with their com-
pound eyes. According to his view (see Fig. 75),
those rays of light only which pass directly through
the crystalline cones, or are reflected from their sides,
can reach the corresponding nerve-fibre. The others
fall on and are absorbed by the pigment which separates
the different facets. Hence each cone receives light
only from a very small portion of the field of vision,
and the rays so received are collected into one spot
of light. The larger and more convex, therefore, is the
eye, the wider will be its field of vision; while the
smaller and more numerous are the facets, the more
distinet will the vision be. In fact, the picture per-
ceived by the insect will be a mosaic, in which the
number of points will correspond with the number of

facets.
* ¢ Zur vergleichenden Physiologie des Gesichtsinnes.”
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This theory was at first received with much favour,
In 1852, however, Gottsche * attacked Miiller’s view,
pointing out that each separate cornea of a compound
eye can, and in fact does, give a separate and distinet
image. This had, indeed, long previously been ob-
served by Leeuwenhoek, who said, “ When I removed
the tunica cornea a little from the focus of the micro-
scope, and placed a lighted candle at a short distance,
so that the light of it must pass through the tunica
cornea, I then saw through it the flame of the candle
inverted, and not a single one, but some hundreds of
flames appeared to me, and these so distinctly (though
wonderfully minute) that I could discern the motion of
trembling in each of them.” t

Of this, indeed, it is easy to satisfy one’s self. It 1s
only necessary to look at a candle through the cornea
of an insect, and then slightly draw back the micro-
scope, when a thousand small images of the candle,
each formed by one of the lenses, will be plainly seen,
If, then, in such cases there was a retina placed at the
proper distance, a true image would be formed, as on
the retina in our own eyes. This paper of Gottsche’s
threw great doubt on Miiller’s explanation, which,
indeed, was, in Dors’s words, “ abandonnée par tout le
monde,” §

It is one thing, however, to see that the lenses throw
distinct pictures, but quite another to understand how
such pictures could be received on the retina, or com-
bined into one distinet image,

* « Beit, zur Anat. und Phys. der Fliegen und Krebse,” Miiller’s
Areh., 1852,

+ A. Van Leeuwenhoek, * Seleet Works,” translated by 8. Hoole.

1 “De la vision chez les Arthropodes,” Ar. des Sei. Phys. et Nat.
Geneva: 1861.
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It .must, moreover, be remembered that in our eyes
the whole field of vision is reversed, so that different
objects remain in the same relative position. In the
case of insects, however, it would be the image thrown
by each facet which would be reversed, and hence the
general effect would be altogether false.

We must not attach too much importance to the
mere presence of an image. Any lens-like object, even
a globule of fat, will give one. Moreover, as Miiller
and Helmholtz have shown, the lenses of the cornea
would be an advantage on the theory of mosaic vision,
by assisting to condense the rays of light on the
termination of the nerve,

Gottsche’s observation was made on the eye of the
blow-fly (Musca vomitoria), and, as a matter of fact, the
fly is one of those insects which do not possess a true
crystalline cone, It is, therefore, probable that the
image which he saw was that of the cornea. Moreover,
as is shown by his figure, which I give below (Fig. 113),
he states* that the image was formed at x, while the
retina is far away at y. Ie suggested, indeed, that
the so-called optic ganglion really corresponds with
the retina of our own eye; but this would not remove

* His words are—* An der hintern Fliche der Crystallkirper im
Fliegenauge kehrt sich sicher das Bild um, weil das Bild dem object
in der Lage gleich ist, und da das Mikroskop das Object einmal
umkehrt, so muss hier eine doppelte Umkehrung stattfinden, einmal
durch das Mikroskop und vorher durch den parabolischen Crystall-
korper. Entsteht nun bei z (Fig. 113) ein umgekehrtes Bild, so ist
die Frage, wird das ganze Bild von z durch den Stiel zur Retina
und zur Perception bei y hingeleitet oder wirkt dieser diinne Stiel
gleichsam wie ein Diapbragma und giebt er nur einen Theil des
Bildes bei # nach y” (Gottsche,  Beit. zur Anat. und Phys. des Auges
der Krebse und Flicgen,” dreh. fiir Anat. Phys. und Wiss. Medicin.,
1852).
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the difficulty, because, if any definite picture is to be
formed, the sensitive rods, cones, or other structures

HCHE -

7

Fig. 113.—0One of the
elements of the eye
of a fly (after
Gottsche). kk,Crys-
talline cone ; x, posi-
tion of the image;
g rod; sc, sheath;
scm, outer sheath;
7, retina ; ¥, seat of
vision.

must lie in the plane of the image,
and this is not, in fact, the case.

Dor suggested that the crystalline
cones are nervous structures, and cor-
respond to the rods of the vertebrate
eye (Fig. 79). He admits, however,
that, as a matter of fact, the image is
not formed at the anterior surface of
the erystalline cones.*

And yet in his final summary,
having shown that the image is formed,
not at the anterior surface, but deep
down in the ecrystalline cones, he
expresses quite a different view,
compares the crystalline cone to
the vitreous body, and considers that
the true retina is to be found in an
envelope which surrounds the cone.

Plateau t regards the mosaie theory
of Miiller as definitively abandoned,
but rather seems to have had in his

mind that of Gottsche. At least, he states that, accord-
ing to Miiller, the mosaic is formed by a number of
partial images, each occupying the base of one of the
clements composing the compound eye. This, how-
ever, is not Miiller’s theory.

* & Ta cornée avee sa convexité postérieure correspond i la cornée
ot au cristallin des vertéhrés, le corps eristallin (avec le soi-disant
corps vitré) et la fibre nerveuse qui sy attache i la ecouche des
batonnets, enfin le ganglion optique & celles des couches de la rétine, qui
gont composées des granulations, des cellules, et des fibres nerveuses.”

$+ *Rech. Exp. sur la Vision des Arthropodes.” Bruxelles: 1887.
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On the other hand, Boll,* Exner,f and Grenacher
seem to me to have proved that the compound eyes of
insects cannot act as ours do; that the theory which
assumes that each facet acts as a separate eye and
projects an image on a retina, is physically untenable,

In the first place, there are cases—for instance,
Forficula, Dytiscus, and Stratiomys among insects;
Ligia and many others among Crustacea—where the
cornew are not sufficiently arched to give any distinet
image. DBuot even where an image is thrown by the
cornea, it would be destroyed by the crystalline cone.

In certain Crustacea the ecrystalline cones are
elongated and eurved; this, which Oscar Schmidt }
regarded as fatal to Miiller’s theory, is, on the con-
trary, as Exner has pointed out, quite compatible with
it, but, on the contrary, cannot be reconciled with the
theory of an image.

There ¢ few beetles in which the cornea give
better *  es than in the firefly (Lampyris splendidula).
On th  _her hand, the crystalline cones entirely
destroy these images. If the eye is looked at through
a microscope, and the crystalline cones are left ¢n situ,
the field of view appears perfectly black, with a bright
spot of light at the end of each cone. No trace of an
image can be any longer perceived. In fact, the
images seen by Leeuwenhoek and Gottsche are thrown
by the cornea only.

In most cases, then, it would appear that the image
formed by the cornea is destroyed by the erystalline

* « Beit. zur Phys. Optik,” Areh. fiir Anat. Phys. und Wiss. Medicin,,
1871.

t ¢ Ueber das Sehen von Bewegungen und der Theorie des
zusammengesetzten Auges,” Sits, K. Akad. d. Wiss. Wien., 1875.

1 Ibid., 1876.
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cone. This does not, indeed, always oceur ; but even in
such cases the image does not coincide with the posterior
end of the cone. Grenacher repeated the experiment
of Gottsche with moths. Here the erystalline cones
are firm, and are attached to the cornea. Thus he was
able to remove the soft parts, and to look through the
cones and the cornea, When the mMICroscope was
focussed at the inner end of the cone, a spot of light
was visible, but no image. As the object-glass was

moved forward, the image gradually came into view,

and then disappeared again. Here, then, the image is
formed in the interior of the cone itself. Exner had
endeavoured to make this experiment with the eye of
Hydrophilus (the great black water-beetle), but the
crystalline cones always came away from the cornea.
He, however, calculated the focal length, refraction,
ete., of the cornea, and concluded that, even if, in spite
of the crystalline cone, an image could be formed, it
would fall much behind the retinula. In these cases,
then, an image is out of the question. Moreover, as
the cone tapers to a point, there would, in fact, be no
room for an image, which must be received on an
appropriate surface. In many insect eyes, indeed, as in
those of the cockchafer (Fig, 100), the crystalline cone
18 drawn out into a thread, which expands again before
reaching the retinula. Such an arrangement seems
fatal to any idea of an image.

Moreover, for definite vision by the formation of an
1mage, it is necessary that the eye should possess some
power of accommodation for different distances. It is
obvious, from Fig. 76, that no distinet vision would
be given unless the receptive surface follows the
line @' ¥ ¢. DBut the position of this surface will

e -
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depend upon the distance of @ b ¢ from the lens, As
a matter of fact, Leydig * and Leuckart f thought they
had discovered, between the cornea and the crystalline
cones, certain muscular fibres which might regulate
the distance between the two, and thus effect this
object. Subsequent observers, however, have failed to
detect these fibres.

Again, it will be seen, from a glance at Fig. 76,
that in an eye constituted like ours, on the principle
of a camera obscura, the retina must follow a regular
curve, If 1t is brought at all too far forward, or forced
the least too far back, the image is at once blurred.
Hence, in our own case the frequent need for spectacles,
and hence it would seem that a conical retina is a
physical impossibility.,

Plateau, indeed, adoptsi a suggestion made by
Grenacher that the absence of any means of adaptation
may be rendered unnecessary by the length of the
cones, the rays coming from distant objects acting on
the anterior end, those from nearer ones at a greater or
less depth. This, I confess, seems to me inadmissible.
In the first place, the light must surely act immedi-
ately it impinges on the organ of perception ; and, in
the second, the cones are, as a general rule, abso-
lutely transparent—the light passes unimpeded throu gh
them,

Again, if insects sce with their compound eyes as we
do with ours, they must, of course, possess a retina,
No such structure, however, has been as yet shown to

* «Zum feineren Bau der Arthropoden,” Miiller’s Arch. fiir Anat,
wnd Phys., 1855,

t ¢ Carcinologisches,” Wiegmann’s Arch., 1858,

§ * Lech. Exp, sur la vision chez les Arthropodes,” 1887,
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exist. Wagner,* indeed, observed that in some cases
the optic nerve embraces the end of the cone, and he
supposed that it thus forms a sort of retina, for which,
however, its form is little suited.

I ought also to mention that Max Schultzet con-
sidered that he had, in some few cases—for instance,
in Syrphus—been able to observe that the termina-
tion of the nerve does divide into a number of fibres.
Patten,f more recently, has also maintained the
existence of numerous nerve-fibrils, which, however,
subsequent observers—for instance, Kingsley § and
Beddard |—have been unable to discover. Even, how-
ever, if we admit the perfect correctness of Schultze’s
observation, these cases are exceptional, and the fibres
so few that they can hardly, I think, affect the general
conclusion. To give anything like a distinet vision, a
very large number would be required.

A last objection is the extreme difficulty which
would exist of combining so many different images
into one idea, though it must be admitted that at first
sight this difficulty (though to a minor degree) exists
even in the case of simple eyes, the number of which
varies considerably. Spiders have six to eight; some
aquatic larve twelve ; while the Oniscoidae (wood-lice),
assuming that their eyes are aggregates of simple eyes,
as Miller supposed, have as many as twenty to forty.

* Einige Bemerk, iiber den Bau der zus. Augen,” Areh. fiir Nal.,
1835.

t ¢ Unt. iiber die zus. Augen der Krebse und Insecten,” 1868,

1 “Eyes of Molluses and Arthropods,” Mitth. Zool. St. Neapel, 1886.

§ ¢ On the Divisions of the Compound Eye,” Journal of Morphology,
1887.

| “On the Structure of the Eye in Cymothoid=,” Trans. Roy. Soc.
Edin., 1887,

-
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These, however, take in different parts of the field of
vision.

The principal reasons, then, which seem to favour
Miiller's theory of mosaic vision are as follows:—
(1) in certain cases—for instance, in Hyperia—there
are no lenses, and consequently there can be no image ;
(2) the image would generally be destroyed by the
erystalline cone; (3) in some cases it would seem that
the image would be formed completely behind the eye,
while in others, again, it would be too near the cornea;
(4) a pointed retina seems incompatible with a clear
image; (5) any true projection of an image would in
certain species be precluded by the presence of im-
penetrable pigment, which only leaves a minute central
passage for the light-rays; (6) even the clearest
image would be useless, from the absence of a suit-
able receptive surface, since both the small number
and mode of combination of the elements composing
that surface seem to preclude it from receiving more
than a single impression ; (7) no system of accommoda-
tion has yet been discovered. Finally, (8) a combina-
tion of many thousand relatively complete eyes seems
quite useless and incomprehensible.

Ox TaE PowEer oF VisioN IN INSECTS, ETC.

As regards the practical vision of insects, our know-
ledge is still very imperfect. No one, indeed, who has
observed them can doubt that in some the sight is
highly developed. It is impossible, for instance, to
watch a dragon-fly hawking over a pond,—to see the
rapidity and accuracy of its movements, and doubt
that it can see well.
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On the other hand, Claparede asserts that at a
distance of twenty feet a hive bee would be unable to
see any object which was less than eight or nine inches
in diameter, and even at a distance of a foot he says
that each facet would correspond to an inch and a third.

To determine how far a faceted eye could see, he
takes the breadth of a facet, the radius of the eye-
sphere, and the smallest angle of vision, and the dis-
tance in centimetres at which the facet would cover
a centimetre, and finds for the bee, for instance, 67
centimetres.

He then proceeds to inquire at what distance from
the faceted eye the image is as clear as in the Lhuman
eye, and he thinks this would be about a millimetre,
from which it would rapidly diminish, being only %; at
a centimetre, and at a metre no distant vision being
possible; so that at a very little distance such eyes
would be as good as useless.

“In the human eye, for example, the distance
between the centres of two adjacent cones is only
1o mm., but in Musca the distance between adjacent
ommatidia is 1} mm. In fact, the picture, as received
by the nerve-end cells of the Vertebrate eye, is much
more complete in itself than it can possibly be in any
Arthropod eye, and consequently the latter possesses
a much more elaborate and complete translating appa-
ratus in its retina than the former possesses.” *

Claparede arrives at this conclusion by taking
the average curvature of the whole eye, as being true
for each part. This, however, is not the case, and
in the central region of the eye the adjacent facets

* 8. J. Hickson, “ The Eye and Optic Tract of Insects,” Quarterly
Journal of Microscopical Science, vol. xxv., new series, 1883, p. 242.
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make but a small angle with one another., Lowne has
calculated that wasps, humble bees, dragon-flies, ete,
would, at a distance of twenty feet, be able to distinguish
objects from half an inch to an inch in diameter. Thus
a dragon-fly would see an object twenty feet from its
eye 1n the same detail that a man would perceive it at
a distance of a hundred and sixty feet.

Moreover, when Claparéde * observes that bees will
return from a considerable distance straight to the door
of their nest, and that, under Miiller’s theory, the door
would at such a distance be absolutely invisible, he
forgets that the bee first probably guides itself by the
known position of the door in relation to some tree or
other large object, then with reference to the hive
itself, and that it is quite unnecessary to assume that
the door is actually seen from a distance.

With reference to the power which insects possess
of determining form, Plateau f has recently made some
ingenious experiments. Suppose a room into which
the light enters by two equal and similar orifices, and
suppose an insect set free at the back of the room, it
will at once fly to the light, but the two openings
being alike it will go indifferently to either one or the
other. That such is the case Plateau’s experiments
clearly show, and, moreover, prove that a comparatively
small increase in the amount of light will attract
the insect to one orifice in preference to the other. It
occurred then to Plateau to utilize this by varying the
form of the opening, so that the light admitted being

* “Zur Morph. der zus. Augen bei den Arthropoden,” Zeit, fiir
Wiss. Zool., 1860.

t Bull. de V' Acad. Roy. de Belgique, t. x., 1885 ; Comptes Rendus de
la Soc. Ent. de Belg, 1887; * Rech. Exp. sur la Vision chez les
Arthropodes,” 1857,
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equal, the opening on the one side should leave a clear
passage, while that on the other should be divided by
bars large enough to be easily visible, and sufficiently
close to prevent the insect from passing.

His experiments were conducted in a room five
metres square, lighted by two similar windows looking
to the west. It was on the first floor, and looked out
on to fields. Moreover, he had the glass of the windows
slightly ground, so that, while the light penetrated,
nothing outside could be seen. He then covered up
the windows, leaving only two orifices, one of which
was simple and square, while the other was divided
by cross-bars, To secure equality of light, the latter
was left somewhat larger than the other, and the
equivalence of the two was determined by a Rumford’s
photometer, The insects were set free on a table at
the back of the room, exactly between the two open-
ings, and at a distance of four metres. He states that
a very slight difference in the intensity of the light
determined the flight of the insect to either one or the
other opening; while, if the amount of light was as
nearly as possible equal, they flew as often to the one
as to the other.

Omitting the cases when the light was not equal, the
numbers were as follows :—

Clear Trellised
opening. opening.
Musea vomitoria (the bluebottle) ... RPN
On the other hand, they were—for
Eristalis tenax (the bee fly) & o B
Vanessa urtica (tortoiseshell butterfly) ... ] SR
13 20

In fact, then, the insects seem to have gone more
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often to the trellised opening. M. Plateau concludes
that insects do not distinguish differences of form, or
can only do so very badly (“1ls ne distinguent pas la
forme des objects ou la distinguent fort mal ™).

I confess, however, that these experiments, ingenious
as they are, do not seem to me to justify the conclu-
sions which M, Plateau has deduced from them.
Unless the insects had some means of measuring
distance (of which we have no clear evidence), they
could not tell that even the smaller orifice might not
be quite large enough to afford them a free passage.
The bars, moreover, would probably appear to them
somewhat blurred. Again, they could not possibly
tell that the bars really crossed the orifice, and if they
were situated an inch or two further off they would
constitute no barrier.

I have tried some experiments, not yet enough to be
conclusive, but which lead me to a different conclusion
from that of M. Plateau. I trained wasps to come to
a drop of honey placed on paper, and, when the insects
had learned their lesson, changed the form of the paper,
as I had previously changed the color. It certainly
seemed to me that the insect recognized the change.
M. Forel has also tried similar experiments, and with
the same result.

We know, however, as yet very little with reference
to the actual power of vision possessed by insects.

Ox TaE FusncrioN oF OCELLI,

Another interesting question remains, What is the
function of the ocelli? Why do insects have two sorts
of eyes?
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Johannes Miiller considered that the power of vision
of ocelli “is probably confined to the perception of
very near objects, This may be inferred partly from
their existing principally in larve and apterous insects,
and partly from several observations which I have
made relative to the position of these simple eyes. In
the genus Empusa the head is so prolonged over the
middle inferior eye that, in the locomotion of the
animal, the nearest objects can only come within the
range. In the Locusta cornuia, also, the same eye lies
beneath the prolongation of the head. . .. In the
Orthoptera generally, also, the simple eyes are, in
consequence of the depressed position of the head,
directed downwards towards the surface upon which
the insects are moving.”

From these facts, he considers himself justified in
concluding that the simple eyes of insects are intended
principally for myopic vision. The simple eyes bear
a similar relation to the compound eyes, as the palpi
to the antenne. DBoth the antenne and compound
eyes are absent in the larve of insects.” *

Lowne observes T that “the great convexity of the
lens in the ocellus of Eristalis must give 1t a very
short focus, and it is manifestly but ill adapted for
the formation of a picture. The comparatively small
number of rods must further render the production
of anything like a perfect picture, even of very near
objects, useless for purposes of vision. 1 strongly
suspeet that the function of the ocelli is the perception
of the intensity and the direction of light rather than
of vision in the ordinary acceptation of the term.”

* « Physiology of the Senses,” translated by Baly.
4 «On the Modification of the Eyes of Insects,” Phil. Trans., 1878,
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Réaumnr, Marcel de Serres, Dugts, and Forel also
have shown that in insects which possess both ocelli
and compound eyes, the ocelli may be covered over
without materially affecting the movements of the
animal ; while, on the contrary, if the compound eyes
are so treated, they behave just as if in the dark. For
instance, Forel varnished over the compound eyes of
some flies (Musca vomitoria and Lucilia casar), and
found that, if placed on the ground, they made no
attempt to rise; while, if thrown in the air, they flew
first in one direction and then in another, striking
against any object that came in their way, and being
apparently quite unable to guide themselves. They
flew repeatedly against a wall, falling to the ground,
and unable to alight against it, as they do so cleverly
when they have their eyes to guide them. Finally,
they ended by flying straight up info the air, and quite
out of sight. It seems, indeed, to be a very general
rule that insects of which the eyes are covered,
whether they are totally blinded, or whether the ocelli
are left uncovered, fly straight up into the air—a very
curious and significant fact of which I think no
satisfactory explanation has yet been given.

Platean * regards the simple eyes, or ocelli, as rudi-
mentary organs of scarcely any use to the insect. Forel
also states, as the result of his observations, that wasps,
humble bees, ants, ete., find their way both in the air
and on the ground, almost equally well without as with
the aid of their ocelli.

I confess that I am not satisfied on this point. In
such experiments great care is necessary. M. Forel’s
interesting experiments with ants, whose compound eyes

* Bull. de U Acad. Roy. de Belgique, t. x., 1885,
N
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he had covered with opaque varnish, might almost, for
instance, be quoted to prove the same with reference
to the compound eyes. “Mes Camponotus aux yeux
vernis,” he says, “attaquaient et tuaient aussitot une
Formica jfusca mise au milieu d’eux, la saisissaient
presque aussi adroitement que ceux qui avaient leurs
yeux. Ils déménageaient un tas de larves d’un coin
de leur récipient a l'autre avec autant de précision
qu’ avec leurs yeux.” *

On the other hand, Forel goes so far as to say that
if the compound eyes are covered with black varnish,
insects cannot even perceive light (“Cela prouve
qu’elles ne voyaient plus méme la lueur”). In fact,
the use of the ocelli seems a great enigma, at least
when the compound eyes are present.

We must remember that some other Articulata—
gpiders, for instance—possess ocelli only, and they
certainly see, though not probably very well.

Plateau has made some ingenious observations, from
which it appears that spiders are very short-sighted,
and have little power of appreciating form. He found
they were easily deceived by artificial flies of most
inartistic construction; and he econcludes that even
hunting spiders do not perceive their prey at a greater
distance than ten centimetres (about four inches), and
in most cases even less. Scorpions appeared scarcely
to see beyond their own pincers.

I have also made some experiments on this point
with spiders (Lycosa saccata). In this species, which is
very common, the female, after laying her eggs, collects
them into a ball, which she surrounds with a silken
envelope and carries about with her, I captured a

* Recueil Zool, Suisse, 1887,
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female, and, after taking the bag of eggs from her, put
her on a table. She ran about awhile, looking for her
eggs. When she became still, I placed the ball of
eggs gently about two inches in front of her. She
evidently did not see it. I pushed it gradually towards
her, but she took no notice till it nearly touched her,
when she eagerly seized it.

I then took it away a second time, and put it in the
middle of the table, which was two feet four inches
by one foot four, and had nothing else on it. The
spider wandered about, and sometimes passed close to
the bag of eggs, but took no notice of it. She
wandered about for an hour and fifty minutes before
she found it—apparently by accident. I then took it
away again, aud put it down as before, when she
wandered about for an hour without finding it.

The same experiment was tried with other individuals,
and with the same results. It certainly appeared as if
they could not see more than half an inch before them
—in fact, scarcely further than the tips of their feet.

I may also mention that they did not appear to
recognize their own bags of eggs, but were equally
happy if they were interchanged.

On the other hand, it must be remembered that the
sac is spun from the spinnerets, and the Lycosa had
perhaps actually never seen the bag of eggs. Hunting
spiders certainly appear to perceive their prey at a
distance of at least several inches. ;

Plateau has shown, in a recent memoir, that cater-
pillars, which possess ocelli, but no compound eyes,
are very short-sighted, not seeing above one to two
centimetres.*

* “Rech. Exp. sur la Vision chez les Arthropodes.” DBull. de
'dead. Roy. de Belgique, 1888,
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Lebert has expressed the opinion* “that in spiders
some of their eight eyes—those which are most convex
and brightly coloured—serve to see during daylight;
the others, flatter and colorless, during the dusk.”
Pavesi has observed t that in a cave-dwelling species
(Nesticus speluncarwm), which belongs to a genus in
which the other species have eight eyes, the four
middle eyes are atrophied. This suggests that they
serve specially in daylight.

Returning for a moment to the ocelli of true insects,
it seems almost incredible that such complex organs
should be rudimentary or useless. DMoreover, the
evidence afforded by the genus Eciton seems difficult
to reconcile with this theory. The species of this
genus are hunting ants, which move about in large
armies and attack almost all sorts of insects, whence
they are known as driver ants, or army ants. They
have no compound eyes, but in the place of them
most species have a single large ocellus on each side
of the head, while others, on the contrary, are blind.
Now, while the former hunt in the open, and have all
the appearance of seeing fairly well, the latter con-
struet covered galleries, and seek their prey in hollow
trees and other dark localities.

Insects with good sight generally have the erystalline
lenses narrow and long, which involves a great loss of
light. The ocelli are specially developed in insects,
such as ants, bees, and wasps, which live partly in the
open light and partly in the dark recesses of nests.
Again, the night-flying moths all possess ocelli; while
they are entirely absent in butterflies, with, accord-

* « Die Spinnen der Schweiz.”
t “Bopra una nuova Specie di Ragui.”
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ing to Scudder, one exception, namely, the genus
Pamphila.

On the whole, then, perhaps the most probable view
is that, as regards insects, the ocelli are useful in dark
places and for near vision.*

Whatever the special function of ocelli may be, it
seems clear that they must see in the same manner as
our eyes do—that is to say, the image must be reversed.
On the other hand, in the case of compound eyes, it
seems probable that the vision is direct, and the diffi-
culty of accounting for the existence in the same animal
of two such different kinds of eyes is certainly enhanced
by the fact that, as it would seem, the image given by
the medial eyes is reversed, while that of the lateral
ones 1s direct.

* Forel, in his last memoir, inclines to this opinion,
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CHAPTER VIIL

ON PROBLEMATICAL ORGANS OF RENSE.

Ix addition to the organs of which I have attempted
in the preceding chapters to give some idea, and to
those which from their structure we may suppose to
perform analogous functions, there are others of con-
siderable importance and complexity, which are evi-
dently organs of some sense, but the use and purpose
of which are still unknown.

“It is almost impossible,” says Gegenbaur,* “to
say what is the physiological duty of a number of
organs, which are clearly sensory, and are connected
with the integument. These enlargements are generally
formed by ciliated regions to which a nerve passes,
and at which it often forms enlargements. It is
doubtful what part of the surrounding medium acts on
these organs, and we have to make a somewhat far-
fetched analogy to be able to regard them as olfactory
organs.”

Among the structures of which the use is still quite
uncertain are the muciferous canals of fishes. The
gkin of fishes, indeed, contains a whole series of organs
of whose functions we know little. As regards the

* ¢ Elements of Comparative Anatomy.”
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muciferous canal, Schultze has suggested * that it is a
sense-organ adapted to receive vibrations of the water
with wave-lengths too great to be perceived as ordinary
sounds. Beard also leans to this same view. However
this may be, it is remarkably developed in many deep-
sea fish,

In some cases peculiar eye-like bodies are developed
in connection (though not exclusively so) with the
muciferous canal. Leuckart,t by whom they were
discovered, at first considered them to be accessory
eyes, but subsequent researches led him to modify
this opinion, and to regard them as luminous organs.
Ussow } has more recently maintained that they are
eyes, and Leydig considers them as organs which
approach very nearly to true eyes (“ welche wirblichen
sehorganen sehr nahe stehen”). Whatever doubt there
may be whether they have any power of sight, there is
no longer any question but that they are luminous,
and they are especially developed in the fishes of the
deep sea.

These are very peculiar. The abysses of the ocean
are quite still, and black darkness reigns. 'The
pressure of the water is also very great.

Hence the deep seas have a peculiar fauna of their
own, Surface species could not generally bear the
enormous pressure, and do not descend to any great
depth. The true deep-sea forms are, however, as yet
little known. They are but seldom seen, and when

* “Ueber die Sinnesorgane der Seitenlinie bei Fischen und
Amphibien,” Arch. fiir Mie, Anat., 1870,

t “ Ueber muthmassliche Nebenaugen bei einem Fische.” Bericht
fiber die 39 Vers., Deutscher Naturforscher, Giessen, 1864.

i “ Ueber den Bau der sog. augenihnlichen Flecken einiger
Knochenfische,” Bull. Soc. Tmp. Moscow, 1879,
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obtained are generally in a bad state of preservation.
Their tissues seem to be unusually lax, and liable to
destruction. Moreover, in every living organism,
besides those usually present in the digestive organs,
the blood and other fluids contain gases in solution.
These, of course, expand when the pressure is
diminished, and tend to rupture the tissues. The
circumstances under which some deep-sea fish have
occasionally been met with on the surface bears this
cut. They are generally found to have perished while
endeavouring to swallow some prey not much smaller,
or even in some cases larger, than themselves. What,
then, has happened ? During the struggle they were
carried into an upper layer of water. Immediately
the gases within them began to expand, and raised
them higher; the process continued, and they were
carried up more and more rapidly, until they reached
the surface in a dying condition.*

It is, however, but rarely that deep-sea fish are
found thus floating on the surface, and our knowledge
of them is mainly derived from the dredge, and
especially from the specimens thus obtained during
the voyage of the Challenger.

In other respects, moreover, their conditions of life
in the ocean depths are very peculiar. The light of
the sun cannot penetrate beyond about two hundred
fathoms; deeper than this, complete darkness prevails,
Hence in many species the eyes have more or less
completely disappeared. In others, on the contrary,
they are well developed, and these may be said to be
a light to themselves. In some species there are a
number of luminous organs arranged within the area

* Giinther, * Introduction to the Study of Fishes.”
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of, and in relation to, the muciferous system; while in
others they are variously sitvated. These luminous
organs were first mentioned by Cocco.* They have
since been studied by Giunther, Leuckart, Ussow,
Leydig, and Emery. Lastly, they have been carefully
described by Giinther, Moseley, and von Lendenfeld
in the work on “Deep-Sea Fishes,” in vol. xxvii. of
the “Challenger Reports.” The deep-sea fish are
either silvery, pink, or in many cases black, sometimes
relieved with scarlet, and, when the luminous organs
flash out, must present a very remarkable appearance.

We have still much to learn as to the structure and
functions of these organs, but there are cases in
which their use can be surmised with some probability.
The light is evidently under the will of the fish. It is
easy to imagine a Photichthys (Fig. 114), swimming
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Fig. 114.—Photichthys argenteus (** Challenger Reports,” vol, xxvii.),

in the black depths of the ocean, suddenly flashing out
light from its luminous organs, and thus bringinz into
view any prey which may be near; while, if danger
is disclosed, the light is again at once extinguished.
It may be observed that the largest of these organs is
situated just under the eye, so that the fish is actually
provided with a bull’s eye lantern, In other cases

* Nuovi Ann. det Sei. Nat., 1838.
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the light may rather serve as a defence, some having—
as, for instance, in the genus Scopelus—a pair of large
ones in the tail, so that “a strong ray of light shot
forth from the stern-chaser may dazzle and frighten an
enemy.” * In other cases they probably serve as lures.
The “sea-devil,” or “angler,” of our coasts has on
its head three long, very flexible, reddish filaments,
while all round its head are fringed appendages, closely
resembling fronds of seaweed. The fish conceals itself
at the bottom, in the sand or among seaweed, and
dangles the long filaments in front of its mouth,
Other little fishes, taking them for worms, unsuspect-
ingly approach, and themselves fall vietims.

Several species of the same family live at great

Fig. 116.—Ceratius bispinosus (* Challenger Reports,” vol, xxvii.).

depths, and have very similar habits. A mere red
filament would, however, be invisible in the dark, and
therefore useless, They have, however, developed
(Fig. 115) a luminous organ, a living glow-lamp,” at

* Giinther, “ Challenger Reports,” vol. xxvii.
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the end of the filament, which doubtless proves a very
effective lure.*

These cases, however, though very interesting, throw
little light on the use of the muciferous system
in ordinary fish, which, I think, still remains an
enigma.

In some of the lower animals, the nerves: terminate
on reaching the skin at the base of rod-like structures
similar, in many respects, to the rods of the retina, or
the auditory rods of the ear, and of which it is very
difficult to say whether they are organs of touch or of
some higher sense.

Round the margin of the common sea-anemone is
a circle of bright blue spots, or small bladders. If a
section be made, there will be found a number of
cylindrical organs, each containing a fine thread, and
terminating in a “cnidocil (Fig. 14);” and, secondly,
fibres very like nerve-threads, swelling from time to
time with ganglionic expansions, and also terminating
in a enidocil. These structures, in all probability,
serve as an organ of sense, but what impressions they
convey 1t 1s impossible to say.

Some jelly-fishes (Trachynemads) have groups of
long hairs arranged in pairs at the base of the tentacles
(Fig. 116), which have been regarded as organs of
touch, and it is certainly difficult to suggest any other
function for them. They are obviously sense-hairs,
but I see no reason for attributing to them the sense
of touch.

The so-called eyes of the leech, in Leydig’s t opinion,

* Giinther, “ Study of Fishes,”

t “Die Augen und neue Sinnesorgane der Egcl.,” Reichert's Arch.,
1861,
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which is confirmed by Ranke,* are also developed from
the supposed special organs of touch. The latter are
much more numerous, as many as sixty being developed

Fig. 116,—Edge of a portion of the mantle of Aglaura hemistoma, with a pair of sense-
organs (after Hertwig). v, Velum; %, sense-organ; ro, layer of nettle cells; ¢,
tentacle.

on the head alone. They are cylindrical organs, lined
with large nucleated refractive cells, which occupy
nearly all the interior. A special nerve penetrates
each, and, after passing some way up, appears to
terminate in a free end.

I may also allude to the very varied bristles and
cirrhi of worms, with their great diversity of forms.

Among Insects and Crustacea, there are a great
number of peculiarly formed skin appendages, for
which it is very difficult to suggest any probable
function.

The lower antennse of the male in Gammarus, for
instance, bear a very peculiar slipper-shaped organ,
situated on a short stalk : this was first mentioned by

* « Beit. zu der Lehre, von den Uebergangs Sinnesorganen,” Zeil,
fiir Wiss. Zool., 1875,
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Milne Edwards, and subsequently by other authors,
especially by Leydig.* The short stalk contains a
canal, which appears to divide into radiating branches
on reaching the “slipper,”
which itself is marked by a
serles of rings,

Among other problematical
organs, I might refer to the
remarkable pyriform sensory
organs on the antennz of
Plenromma,f the appendages
on the second thoracic leg of
Serolis, those on the maxilli-
peds of Eurycopa, on the me-
tatarsus of spiders, the finger-
shaped organ on the antenne
of Polydesmus, the singular
pleural eye (?) of Plenromma,
and =y others. Fig. 117.—Sense-organ of leech

There is every reason to (™ Camidre, afier Rauke)
hope that future studies will ~ cellsi 4 nerve. Thelonger axis
throw much light on these in-
teresting structures. We may, no doubt, expect much
from the improvement in our microscopes, the use of
new reagents, and of mechanical appliances, such as
the microtome ; but the ultimate atoms of which matter
1s composed are so infinitesimally minute, that it is
difficult to foresee any manner in which we may hope
for a final solution of these problems.

Loschmidt, who has since been confirmed by Stoney
and Sir W. Thomson, calculates that each of the

* Zeit. fiir Wiss, Zool.,” 1878.
t Brady, ** On the Copepoda of the Challenger Expedition,” vol. viii.
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ultimate atoms of matter is at most x4.450.5050 of an
inch in diameter. Under these circumstances, we
cannot, it would seem, hope at present for any great
inerease of our knowledge of atoms by improvements
in the microscope. With our present instruments we
can perceive lines ruled on glass which are 4 5 of an
inch apart. But, owing to the properties of light itself,
the fringes due to interference begin to produce con-
fusion at distances of 74 %5¢, and in the brightest part
of the spectrum, at little more than 44144, they would
make the obscurity more or less complete. If, indeed,
we could use the blue rays by themselves, their waves
being much shorter, the limit of possible visibility
might be extended to y53lp5¢; and, as Helmholtz has
suggested, this perhaps accounts for Stinde having
actually been able to obtain a photographic image of
lines only y4glge of an inch apart. This, however,
would appear to be the limit, and it would seem,
then, that, owing to the physical characters of light,
we can scarcely hope for any great improvement so
far as the mere visibility of structure is concerned,
though in other respects, no doubt, much may be
hoped for, At the same time, Dallinger and Royston
Pigott have shown that, as far as the mere presence
of simple objects is concerned, bodies of even smaller
dimensions can be perceived. According to the views
of Helmholtz, the smallest particle that could be
distinetly defined, when associated with others, is
about 5 lsp of an inch in diameter. Now, it has
been estimated that a particle of albumen of this size
contains 125,000,000 of molecules. In the case of such
a simple compound as water, the number would be
no less than 8,000,000,000. Even then, if we could
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construct microscopes far more powerful than any we
now possess, they could not enable us to obtain by
direct vision any idea of the ultimate molecules of
matter. The smallest sphere of organic matter which
could be clearly defined with our most powerful micro-
scopes may be, in reality, very complex ; may be built
up of many millions of molecules, and it follows that
there may be an almost infinite number of structural
characters in organic tissues which we can at present
foresee no mode of examining.

Again, it has been shown. that animals hear sounds
which are beyond the range of our hearing, and that
they can perceive the ultra-violet rays, which are
invisible to our eyes.*

Now, as every ray of homogeneous light which we
can perceive at all, appears to us as a distinet color,
it becomes probable that these ultra-violet rays must
make themselves apparent to the ants as a distinet and
separate color (of which we can form no idea), but as
different from the rest as red is from yellow, or green
from violet. The question also arises whether white
light to these insects would differ from our white light
in containing this additional color. At any rate, as
few of the colors in nature are pure, but almost all
arise from the combination of rays of different wave-
lengths, and as in such cases the visible resultant
would be composed not only of the rays we sece, but of
these and the ultra-violet, it would appear that the
colors of objects and the general aspect of nature
must present to animals a very different appearance
from what it does to us.

These considerations cannot but raise the reflection

* “ Auts, Bees, and Wasps.”
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how different the world may—I was going to say must
—appear to other animals from what it does to us.
Sound is the sensation produced on us when the vibra-
tions of the air strike on the drum of our ear. When
they are few, the sound is deep; as they increase in
number, it becomes shriller and shriller ; but when they
reach 40,000 in a second, they cease to be audible.
Light is the effect produced on us when waves of light
strike on the eye. When 400 millions of millions of
vibrations of ether strike the retina in a second, they
produce red, and as the number increases the color
passes into orange, then yellow, green, blue, and violet.
But between 40,000 vibrations in a second and 400
millions of millions we have no organ of sense capable
of receiving the impression. Yet between these limits
any number of sensations may exist. We have five
senses, and sometimes fancy that no others are possible,
But it is obvious that we cannot measure the infinite
by our own narrow limitations.

Moreover, looking at the question from the other
side, we find in animals complex organs of sense, richly
supplied with nerves, but the function of which we are
as yet powerless to explain. There may be fifty other
senses as different from ours as sound is from sight ;
and even within the boundaries of our own senses there
may be endless sounds which we cannot hear, and
colors, as different as red from green, of which we have
no conception. These and a thousand other questions
remain for solution. The familiar world which sur-
rounds us may be a totally different place to other
animals. To them it may be full of music which we
cannot hear, of color which we cannot see, of sensations
which we cannot conceive. To place stuffed birds and
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beasts in glass cases, to arrange insects in cabinets,
and dried plants in drawers, is merely the drudgery
and preliminary of study; to watch their habits, to
understand their relations to one another, to study
their instinets and intelligence, to ascertain their
adaptations and their relations to the forces of nature,
to realize what the world appears to them; these
constitute, as it seems to me at least, the true interest
of natural history, and may even give us the clue to

senses and perceptions of which at present we have no
conception,
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CHAPTER IX.
ON BEES AND COLORS.

IN my book on “Ants, Bees, and Wasps,”* I have
recorded a number of observations which seemed to
me to prove that bees possess the power of distinguish-
ing colors—a power implied, of course, in the now
cenerally accepted views as to the origin of the colors
of flowers, but which had not up to that time been
proved by direct experiment.

Amongst other experiments, I brought a bee to some
honey which I placed on a slip of glass laid on blue
paper, and about three feet off I placed a similar drop
of honey on orange paper. With a drop of honey before
her a bee takes two or three minutes to fill herself, then
flies away, stores up the honey, and returns for more.
My hives were about two hundred yards from the
window, and the bees were absent about three minutes,
or even less; when working quietly they fly very quickly,
and the actual journeys to and fro did not take more
than a few seconds. After the bee had returned twice, 1
transposed the papers; but she returned to the honey
on the blue paper. 1 allowed her to continue this for
some time, and then again transposed the papers. She

* i Ants, Bees, and Wasps,” International Scientific Series. Kegan
Paul, Trench & Co.
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returned to the old spot, and was just going to alight,
when she observed the change of color, pulled herself
up, and without a moment’s hesitation darted off to the
blue. No one who saw her at that moment could have
the slightest doubt about her perceiving the difference
between the two colors,

I also made a number of similar observations with
red, vellow, green, and white. But I was anxious to
carry the matter further, and ascertain, if possible
whether they have any preference for one color over
another, which had been denied by M. Bonnier. To
test this I took slips of glass of the size used for slides
for the microscope, viz. three inches by one, and pasted
on them slips of paper of the same size, coloured re-
spectively blue, green, orange, red, white, and yellow. 1
then put them on a lawn, in a row, about a foot apart,
and on each put a second slip of glass with a drop of
honey. I also put with them aslip of plain glass with a
similar drop of honey. I had previously trained
a marked bee to come to the place for honey., My
plan then was, when the bee returned and had sipped
for about a quarter of a minute, to remove the honey,
when she flew to another slip. This I then took away,
when she went to a third, and so on. In this way, as
bees generally suck for three or four minutes, 1 induced
her to visit all the drops successively before returning
to the nest. When she had gone to the nest, I trans-
posed all the upper glasses with the honey, and also
moved the colored glasses. Thus, as the drop of honey
was changed each time, and also the position of the
colored glasses, neither of these could influence the
selection by the bee.

In recording the results, I marked down successively
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the order in which the bee went to the different coloured
glasses, - For instance, in the first journey from the
nest, as recorded below, the bee lit first on the blue,
which accordingly I.marked 1; when the blue was
removed, she flew about a little, and then lit on the
white; when the white was removed, she settled on
the green, and so on successively on the orange, yellow,
plain, and red. I repeated the experiment a hundred
times, using two different hives—one in Kent and one
in Middlesex—and spreading the observations over
some time, so as to experiment with different bees, and
under varied circumstances.

I believe that the precautions taken placed the
colors on an equal footing, and that the number of ex-
periments 1s suflicient to give a fair average. More-
over, they were spread over several days, and the daily
totals did not differ much from one another, The
result shows a marked preference for blue, then white,
then successively yellow, red, green, and orange. The
red I used was a scarlet; pink would, I believe from
subsequent observations, have been more popular, I
may also observe that the honey on plain glass was
less visited than that on any of the colors, which was
the more significant because when I was not actually
observing, the colors were removed, and some drops
of honey left on plain glass, which naturally gave
the plain glass an advantage.

Another mode of testing the result is to take the
number of times in which the bee went first to each
color, for instance, in a hundred visits she came to the
blue first thirty-one times, and last only four; while to
the plain glass she came first only five times, and last
twenty-four times, It may be worth while to add that
I by no means expected such a result.

Lol &
- -...___._._ll--pff_;._,,. 4
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A recent number of Kosmos contains a very courte-
ous and complimentary notice of these observations by
Dr. H. Miller, which, coming from so high an authority,
is especially gratifying. Dr, Miiller, however, criticizes
some of the above-mentioned experiments, and remarks
that, in order to make the test absolutely correct, the
seven glasses should have been arranged in every
possible order, and that this would give no less than
5040 combinations. I did not, however, suppose that
I bad attained to mathematical accuracy, or shown the
exact degree of preference; all I claimed to show was
the existence, and order, of preference, and I think
that, as in my experiments the position of the colors
was continually being changed, the result in this respect
would have been substantially the same.,

Dr, Miiller also observes that when a bee has been
accustomed to come to one place for honey, she returns
to it, and will tend to alight there whatever the color
may be; and he shows, by the record of his own
experiences, that this has a considerable influence.
This is so. Of course, however, it applies mainly to
bees which had been used for some time, and were
accustomed to a particular spot. I was fully alive to
this tendency of the bees, and neutralized it to a
considerable extent, partly by frequently changing the
bee, and partly by moving the glasses, While, how-
ever, I admit that it is a factor which has to be taken
into consideration, I do not see that it affords any
argument against my conclusions. The tendency would
be to weaken the effect of preference for any particular
color, and to equalize the visits to all the glasses. This
tendency on the part of the bees was, as my experiments
show, overborne by the effect produced upon them
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Ly the color. So far, then, from weakening my con-
clusions, the fact, so far as it goes, tends to strengthen
them, because it shows that notwithstanding this
tendency the blue was preferred, and the honey on
colorless glass neglected. The legitimate conelusion
to be drawn seems, I confess, to me, not that my mode
of observation was faulty, but rather that the pre-
ference of the bees for particular colors is even some-
what greater than the numbers would indicate.

Next, Dr. Miiller objects that when disturbed from
one drop of honey, the bees naturally would, and that
in his experiments they actually did, fly to the next.
As a matter of fact, however, this did not happen in
mine, because, to avoid this source of error, when I
removed the color I gave the bee a good shake, an so
made her take a flight before settling down again.

According to my experience, bees differ considerably
in character, or, I should rather perhapssay, in humour.
Some are much shyer and more restless than others.
When disturbed from the first drop of honey, some are
much longer before they settle on the next than others.
Much also, of course, depends on how long the bee has
been experimented on. Bees, like men, settle down to
their work. Moreover, it is no doubt trne that, esferis
paribus, a bee in search of honey will go to the nearest
source.,

But, as a matter of fact, in my hundred experiments
I had but very few cases like those quoted above from
Dr. Miiller, This arose partly from the fact that my
bees were frequently changed, and partly because, as
already mentioned, I took care, in removing the color,
to startle the bee enough to make her take a little
flight before alighting again. Dr. Miiller says that in
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his experiments, when the bee did not go to the next
honey, it was when he shook her off foo vigorously. 1
should rather say that in his observations he did not
shake the bee off vigorously enough. The whole
objection, however, is open to the same remark as the
last. The bee would bave a tendency, of course, like
any one else, to go to its goal by the nearest route.
Hence I never supposed that the figures exactly indi-
cate the degree of preference. The very fact, however,
that there would naturally be a tendency on the part
of the bees to save themselves labour by going to the
nearest honey, malkes the contrast shown by my
observations all the more striking.

I have never alleged that it was possible,in the case
of bees (or, for that matter, of men either), to get any
absolute and exact measure of preference for one color
over another. It would be easy to suggest many con-
siderations which would prevent this. For instance,
something would probably depend on the kind of
flower the bee had been in the habit of visiting. A
bee which had been sucking daisies might probably
behave very differently from one which had been
frequenting a blue flower.

So far, however, as the conclnsions which I ventured
to draw are concerned, I cannot see that they are in
any way invalidated by the objections which Dr.
Miiller has urged, which, on the other hand, as it seems
to me, rather tend to strengthen my argument.

I may perhaps be asked, If blue is the favourite
color of bees, and then pink, and if bees have bad so
much to do with the origin of flowers, how is it there
are so few blue and pink ones?

The explanation I believe to be that all blue flowers
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have descended from ancestors in which the flowers
were red, these from others in which they were yellow,
while originally they were all green—or, to speak more
precisely, in which the leaves immediately surrounding
the stamens and pistil were green; that they have
passed through stages of yellow, and generally if not
always red, before becoming blue,

It is, of course, easy to see that the possession of color
is an advantage to flowers in rendering them move
conspicuous, more easily seen, and less readily over-
looked, by the insects which fertilize them ; but it is
not quite so clear why, apart from brilliancy and
visibility at a distance, one color should be more
advantageous than another. These experiments how-
ever, which show that insects have their preference,
throw some light on the subject.

Where insects are beguiled into visits, as is the case
especially with flies, they are obviously more likely to
be deceived if the flowers not only, as is often the case,
smell like decaying animal substance, but almost re-
semble them in appearance. Hence many fly flowers
not only emit a most offensive smell, but also are dingy
yellow or red, often mottled, and very closely resemble
in color decaying meat.

There remains another case in which allied flowers,
and species, moreover, which are fertilized by very much
the same insects, are yet characterized by distinct
colors. We have, for instance, three nearly allied
species of dead nettle—one white (Lamium album), one
red (Lamiwm maculatum), and one yellow (Lamium
galeobdolon or luteum).

Now, if we imagine the existence in a single genus
of three separate species, similar in general habit and
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appearance, and yet mutually infertile, 1t is easy to
see that it would be an advantage to them to have
their flowers differently colored. The three species
of Lamium above mentioned may be growing together,
and yet the bees, without difficulty or loss of time, can
distingnish the species from one another, and collect
pollen and honey without confusing them together. On
the other hand, if they were similarly colored, the
bees could only distinguish them with comparative
difficulty, involving some loss of time and probably
many mistakes,

1 have not yet alluded especially to white flowers.
They seem to stand in a somewhat special position.
The general sequence, as I have suggested, is from
green, through yellow and red, to blue. Flowers
normally yellow seldom sport into red or blue; those
normally red often sport into yellow, but seldom into
blue. On the other hand, flowers of almost any color
may sport into white, White is produced by the
absence of color, may therefore appear at any stage,
and will be stereotyped if for any reason it should prove
to be an advantage.*

* The genesis of the color is a large and interesting question. Tt
may be due to various causes, and is by no means always owing to the
presence of a different coloring matter. For instance, as Professor
Foster has observed to me, many species of Iris occur in blue and
yellow forms. The yellow is largely, or wholly, produced by chroma-
toplacts, the purple or blue to cell-sap, and if the latter is absent the
yellow becomes apparent.
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CHAPTER X,
ON THE LIMITS OF VISION OF ANIMALS.

ANTS AND COLORS.

I navE elsewhere * recorded a series of experiments on
ants with light of different wave-lengths, in order, if
possible, to determine whether ants have the power of
distinguishing colors. For this purpose I utilized the
dislike which ants, when in their nest, bave for light.
Not unnaturally, if a nest is uncovered, they think they
are being attacked, and hasten to carry their young
away to a darker and, as they suppose, a safer place.
I satisfied myself, by hundreds of experiments, that if
I exposed to light the greater part of a nest, but left
any of it covered over, the young would certainly be
conveyed to the dark part. In this manner I satisfied
myself that the various rays of the spectrum act on
them in a different manner from that in which they
affect us; for instance, that ants are specially sensitive
to the violet rays.

But I was anxious to go beyond this, and to attempt
to determine whether, as M. Paul Bert supposed, their
Jimits of vision are the same as ours. We all know that

* “ Ants, Bees, and Wasps”
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if a ray of white light is passed through a prism, it 1s
broken up into a beautiful band of colors, known as the
spectrum. To our eyes this spectrum, like the rainbow,
which is, in fact, a speetrum, is bounded by red at the
one end and violet at the other, the edge being sharply
marked at the red end, but less abruptly at the violet
But a ray of light contains, besides the rays visible to
our eyes, others which are called, though not with
absolute correctness, heat-rays and chemical rays.
These, so far from falling within the limits of our yision,
extend far beyond it, the heat-rays at the red end, the
chemical or ultra-violet rays at the violet end.

I made a number of experiments which satisfied me
that ants are sensitive to the ultra-violet rays, which
lie beyond the range of our vision. I was also anxious
to see how two colors identical to our eyes, but one
of which transmitted and the other intercepted the
ultra-violet rays, would affect the ants.

Mr. Wigner was good enough to prepare for me a
solution of iodine in bisulphide of carbon, and a second
of indigo, earmine, and roseine mixed so as to produce
the same tint. To our eyes the two were identical hoth
in color and capacity ; but of course the ultra-violet
rays were cut off by the bisulphide-of-carbon solution,
while they were, at least for the most part, transmitted
by the other. I placed equal amounts in flat-sided
glass bottles, so as to have the same depth of each
liquid. I then laid them, as in previous experiments,
over a nest of Formica fusca. In twenty observations
the ants went seventeen times in all under the iodine
and bisulphide, twice under the solution of indigo
and ecarmine, while once there were some under each.
These observations, therefore, show that the solutions,
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though apparently identical to us, appeared to the ants
very different, and that, as before, they preferred to
rest under the liquid which intercepted the ultra-violet
rays. In two or three cases only they went under the
other bottle ; but T ought to add that my observations
were made in winter, when the ants were rather
sluggish. I am disposed to think that in summer
perhaps these exceptional cases would not have
oceurred,

Professor Graber, however, while admitting the
accuracy of my observations, has attempted to prove
that the perception of the ultra-violet rays is not a
case of sight in the ordinary acceptation of the words,
but is due to the general sensitiveness of the skin.

It has long been known that some of the lower
animals which do not possess eyes are, nevertheless,
sensitive to light. Hoffmeister,* in his work on earth-
worms, states that, with some exceptions, they are
very sensitive to light. Darwin, perhaps, experimented
with a different species (for there are many different
kinds); at any rate, his specimens seemed to be less
keenly affected, though if one was suddenly illumi-
nated it dashed “like a rabbit into its burrow.” He
observed, however, that some individuals were more
sensitive to light than others, and that the same indi-
viduals by no means always acted in the same way.
Moreover, if they “were employed in dragging leaves
into their burrows or in eating them, and even during
the short intervals when they rested from their work,
they either did not perceive the light or were regard-
less of it.”f He observes, however, that it is only the

* “Familie der Regenwiirmer,” 1845.
t Darwin’s “ Earthworms.”
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anterior extremity of the body, where the cerebral
ganglia lie, which is affected by light, and he suggests
that the light may pass through the skin and acts
directly on the nervous centres.

Lacaze-Duthiers, Haeckel, Engelmann, Graber,
Platean, and other naturalists have abundantly proved
the sensitiveness to light of other eyeless animals.

There has, indeed, long been a vague idea that blind
people have some faint perception of light through the
general surfice of the skin. So far as I am aware
there is not the slightest evidence or foundation for this
belief; nor, indeed, has it been advocated by any com-
petent authority. It seems a priori improbable that
an animal with complex eyes should still retain a
power which would be almost entirely useless.

On the other hand, it is unquestionable that light
can, and often does, act directly on the nerve termi-
nations without the intermediate operation of any
optical-apparatus.

Some of them might, perhaps, be open to criticism.
The effect of heat may not have been always sufficiently
guarded against. Again, it is quite true that, as Platean
observes “ Lorsque les Myriapodes chilopodes aveugles
ou munis d’yeux, déposés sur le sol, s’introduisent avee
empressement dans la premiere fente qu’ils rencon-
trent, cet acte n’est pas déterminé par le seul besoin de
fuir la lumiere, ces animaux cherchent en méme temps
un milien humide et avee lequel la plus grande partie
de la surface de leur corps soit en contact direct.” *
But though this is no doubt true, and though, perhaps,
the moisture may be some help, still, whatever be their

* Plateau, * Rech. sur la perception de la lumitre par les Myriapodes
aveugles,” Jour. de ' Anatomie, ete., T. xxii. 1386.
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object, we can hardly doubt that the absence of light is
the prineipal guide.

Professor Graber,* in his interesting memoir on
this subject confirms the observations on ants and
Daphnias, in which I showed that they are sensitive to
the ultra-violet rays, by similar observations on earth-
worms, newts, ete. It is interesting, moreover, that the
species examined by him showed themselves, like the
ants, specially sensitive to the blue, violet, and ultra-
violet rays. Graber, however, states that he differs
from me inasmuch as I attribute the sensitiveness to
the ultra-violet rays exclusively to vision ;—that it is
“ausschliesslich durch die Augen vermittelt.” I am
not, however, of that opinion as a general expression,
though I believe it to be true of ants, where the
opacity of the chitine renders it unlikely that the light
could be perceived except by the medinm of the eyes
or ocelli.

Graber has shown in earthworms and newts, and
Plateaut in certain Myriapods, that these animals
perceive the difference between light and darkness by
the general surface of the skin. But more than this,
Graber seems to have demonstrated that earthworms
and newts distinguish not only between light of differ-
ent intensity, but also between rays of different wave-
lengths, preferring red to blue or green, and green to
blue. He found, moreover, as I did, that they are
sensitive to the ultra-violet rays. Earthworms, of
course, have no eyes; but, thinking that the light might

¥ ¢ Fundamental Versuche iiber die Helligkeits und Farben Em-
pfindlichkeit augenloser und geblendeter Thiere,” Sitz. Kais. Akad.
d. Wiss. Wien: 1883.

t Journ. de U Anatomie et de la Physiologie, 1886.
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act directly on the cephalic ganglia, Graber decapi-
tated a certain number, and found that the light still
acted on them in the same manner, though the differ-
ences were not so marked. He also covered over the
eyes of newts, and found that the same held good with
them.,

Hence he concludes that the general surface of the
skin is sensitive to light. These results are certainly
curious and interesting, but even if we admit the
absolute correctness of his deductions, I do not see that
they are in opposition to those at which I had arrived.
My wmain conclusions were that ants, Daphnias, etc.,
were able to perceive light of different wave-lengths,
and that their eyes were sensitive to the ultra-violet
rays much beyond our limits of vision. His observa-
tions do not in any way controvert these deductions;
indeed, the argument by which he endeavours to prove
that the effect is due to true light, and not to warmth,
presupposes that sensations which can be felt by the
general surface of the skin, would be still more vividly
perceived by the special organs of vision,

In connection with this subject, I may add that I do
not at all doubt the sensitiveness to light of eyeless
animals, In experimenting on this subject, T have
always found that though the blind woodlice (Platy-
arthrus), which live with the aunts, have no eyes, yet if
part of the nest be uncovered and part kept dark,
they soon find their way into the shaded part. It is,
however, easy to imagine that in unpigmented animals,
whose skins are more or less semi-transparent, the
licht might act directly on the nervous system, even
though it could not produce anything which could be
called vision.
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Forel, in some recent experiments, varnished over
the eyes of fifteen ants (Camponotus ligniperdus) and
put them with fifteen others, which were left in their
normal condition, in a flat box with a glass top and
divided in the middle into two halves by a cardboard
division, which, however, left room enough underneath
for the ants to pass freely from one half to the other.
After some other experiments, in the course of which
one of the varnished ants was accidentally killed, at
1 p.m. all the varnished ants and thirteen of the un-
varnished were in the right half of the box, and two
unvarnished in the left. He then placed over the
whole box two flat bottles containing water to inter-
cept heat-rays—over the right half a piece of cobalt
(violet) glass; and over the left, a flat bottle containing
a solution of esculine, which is quite transparent, but
cuts off the ultra-violet rays. At 1.55 the result was
as follows :—

Under tha esculine, Under the cobalt.
5 varnished. 9 varnished.
13 normal. 2 normal,

The esculine and cobalt were then transposed. At
2.3 the position was—

Under the cobalt, Under the esculine,
4 vainished. 13 varnished.
3 normal. 12 normal.

The esculine and cobalt were again transposed, and
one normal ant was accidentally wounded and removed.
At 3.8—

Under the esculine Under the cobalt.

3 varnished, 12 varnished,
11 normal, 3 normal.
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The esculine and cobalt were once more transposed,
and at 3.13 there were—

Under the cobalt. Under the eseuline.
3 varnished. 11 varnished.
1 normal. 13 normal.

Thus the number of ants which followed the esculine
and moved from one half of the box to the other at

each transposition of the esculine and cobalt, was as
follows :—

Yarnizhed. Normal.

First change il SRR ins: A1
Second , 1 10
Third L e 9
Fourth ,, a ee ol D E e 1
6 40

And the number remaining under the cobalt and
esculine respectively was—

Under the cobalt, Under the esenline.

Varnigshed. Normal. Varnished. Normal
First experiment ... w9 2 5 13
Second L 3 10 12
Third % e S At WSl e e 11
Fourth ,, e g L o s A2 13
28 9 50 49

These experiments clearly showed that, while the
normal ants moved from side to side so as to be under
the esculine and consequently protected {from the ultra-
violet rays, those in which the eyes had been varnished
remained unaffected by the transposition of the esculine
and the cobalt, showing that the difference was per-
ceived, not by the general surface of the skin, but by
the eyes, and that when these were covered the ants
were unaffected by the change.



210 CONTFIRMATION OF MY EXPERIMENTS ON ANTS.

It might be suggested that possibly the ants had
been injured or stupefied by the varnishing, M. Forel
accordingly, on the following day at 8 a.m., placed over
one half of the box a layer of water six centimetres
deep, and on the other a piece of red glass, which,
while intercepting some of the light, allows almost all
the heat to pass through. At 9.25 there were—

Under the red glass. Under the layer of water,
3 varnished. 11 varnished.
12 normal. 2 normal.

Here, it seems that the ants which could see pre-
ferred the shade, even though they were rather too
warm ; while the hoodwinked ants went under the
cool water.

This indicated that the varnished ants remained
sensitive to heat, though not to light. Indeed, Forel
states that they were just as lively, just as sensitive to
currents of air, as the normal ants.*

These experiments, then, entirely confirm those I
had made. “C’est une confirmation entiére,” says
Forel, “des resultats de Lubbock  ” and he sums up as
follows :—The ants “ paraissent percevoir l'ultra-violet
principalement avec leurs yeux, c’est-a-dire qu’elles le
voient, car lorsque leurs yeux sont vernis elles s’y
montrent presque indifférentes; elles ne réagissent
alors nettement qu’a une lumiére solaire directe ou
moins forte. lLes expériences ci-dessus semblent in-
diquer que les sensations dermatoptiques sont plus
faibles chez les fourmis que chez les animaux étudiés
par Graber.”

From these and other experiments M. Forel comes

* Loe. cit., p. 167. t Ibid., p. 174.
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to the same conclusion as 1 did, that the ants perceive
the ultra-violet rays with their eyes, and not as suggested
by Graber, by the skin generally. It is very gratifying
that my experiments and conclusions should thus be
entirely confirmed by an observer so careful and so
experienced as M. Forel.

Fig. 118.—Daphnia pulex. a, Antennm; b, brain; e eye; heart ; m, muscle of
eye ; n, nerve of eye; o, ovary; ol, olfactory organ; &, stomach ; y, three eggs
deposited in the space between the back and the ghell.

EXPERIMENTS WITH DAPHNIAS.

The late M. Paul Bert made some very interesting
experiments on a small fresh-water crustacean belong-
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ing to the genus Daphnia (¥ig. 118), from which he
concludes that they perceive all the colors known to us,
being, however, especially sensitive to the yellow and
green, and that their limits of vision are the same as ours,

Nay, he even goes further than this, and feels justi-
fied in concluding, from the experience of two species
—Man and Daphnia—that the limits of vision would
be the same in all cases.

His words are—

1. “Tous les animaux voient les rayons spectraux
que nous voyons.”

2. “Ils ne veoient aucun de ceux que nous ne voyons
pas.”

3. “Dans I'étendue de la région visible, les différences
entre les pouvoirs éclairants des différents rayons
colorés sont les mémes pour eux et pour nous.”

He also adds, “Puisque les limites de visibilité
semblent étre les mémes pour les animaux et pour
nous, ne trouvons-nous pas la une raison de plus pour
supposer que le réle des milieux de I'ceil est tout a fait
secondaire, et que la visibilité tient a l'impression-
nabilité de I'appareil nerveux lui-méme ?”

These generalizations would seem to rest on a very
narrow foundation. I have already attempted to show
that the conclusion does not appear to hold good in the
case of ants ; and I determined, therefore, to make some
experiments myself on Daphnias, the results of which
are here embodied.*

Professor Dewar was kind enough to arrange for me, at
the Royal Institution, a spectrum, which, by means of a
mirror, was thrown on to the floor. I then placed some

* These observations were published in the Journal of the Linnean
suciety for 1881,
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Daphnias in a shallow wooden trough fourteen inches
by four inches, and divided by eross partitions of glass
into divisions, so that I could isolate the parts illumi-
nated by the different coloured rays. The two ends of
the trough extended somewhat beyond the visible
spectrum. I then placed fifty specimens of Daphnia
pulezz in the trough, removing the glass partitions so
that they could circulate freely from one end of the
trough to the other. Then, after scattering them
equally through the water, I exposed them to the
light for ten minutes, after which I inserted the glass
partitions, and then counted the Daphnias in each
division. The results were as follows :—

NuMBER OF DDAPHNIAS.

In the In the Beyond
Beyond  red and greenish yellow In the In the the

the red.  yellow. and green. blue. violet. violet.
Obs. 1 0 20 28 2 0 0
o 1 21 25 3 0 0
PRy S R 21 24 3 0 0
i % 1 19 29 1 0 0
5 © see 1 20 27 3 0 0
1 101 133 12 0 0

I may add that the blue and violet divisions were
naturally longer than the red and green.

May 25.—Tried again the same arrangement, but
separating the yellow, and giving the Daphnias the
choice between ted, yellow, green, blue, violet, and

dark :(—
Dark. Violat. Elne. Green. Yellow, Led,

Exp. 1 0 0 3 39 ] 3
TR 0 1 2 a7 7 3

w O 0 0 4 31 10 5

o & i 1 4 a0 8 6

w O wes 1 4 a3 6 6

0 3 18 170 36 23
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Of course, it must be remembered that the yellow band
18 much narrower than the green. I reckoned as yellow
a width of three-quarters of an inch, and the width of
the green two inches, .

Again—
Dark. Violet. Blue. Green. Yellow. Red.
HEDe ] e asn B 0 4 30 6 10
Pl QR 0 1 3 25 8 13
o B 0 0 2 24 9 15
il ks et 0 3 25 8 13
i ek e R H 1 2 24 7 16
1 2 14 128 38 67
Adding them to- — — —_ -— = L
gether, we get 1 5 32 298 T4 90

M. Paul Bert observes (loc. cit.) that in his experiments
the Daphnias followed exactly the brilliance of the
light. It will be observed, however, that in my expe-
riments this was not the case, as there were more
Daphnias in proportion, as well as absolutely, in the
green, although the yellow is the brightest portion of
the spectrum. In fact, they follow the light up to a
certain brightness; but, as will be seen presently, they
do not like direct sunshine.

I then arranged the trough so that the yellow fell in
the middle of one of the divisions. The result was—

NUMBER OF DAPHNIAS.

Upper edge.
Ultra-red of red, Greenish
and yellow, and  blue and Ultra-
lower red. lower green. blue, Violet. wiolet.
Bxp 'l .o e B 38 4 0 0
i . ek A 56 ¥ 0 0
[E) 3 wEw waw B 39 B U 0
25 113 12 0 0

May 18.—In order to test the limits of vision at the
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red end of the spectrum, I used the same arrangement
as before, placing the trough so that the extreme
division was in the ultra-red, and the second in the red.
I then placed sixty Daphnias in the ultra-red. After

five minutes’ exposure, I counted them, There were in
the—

Red. Ulira-red.
Exp. 1l .. nan D ihe 5
’, 2 TRl (N} LN 56 LR li

I now gave them four divisions to select from—dark,
red, ultra-red, and dark again. The numbers were—

Dark. Red. Ultra-red Dark.
Exp.1 ... e 47 6 2
: B e ik R 41 7 3

I then shut them off from all the colors excepting

red, giving them only the option between red and
ultra-red :—

Red. Ultra-red.
EIP* 1 en sen wes 46 e o 4
o B e ORI | aia cos 3
2 8 g w o o 6

I then left them access to a division on the other side
of the red, which, however, I darkened by interposing a
piece of wood. This enabled me better to compare the
ultra-red rays with a really dark space :—

Dark. Red. Ultra-red.

EIP-. I LER ] LR LN LR * ‘13 3
3 2 e vas ves iaw, D 45 2

These observations appear to indicate that their
limits of vision at the red end of the spectrum coincide
approximately with ours.

I then proceeded to examine their behaviour with
reference to the other end of the spectrum.

In the first place, I shut them off from all the rays
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except the blue, violet, and ultra-violet. The result
was as follows :—

NuMBER OF DAPHNIAS,

—— — —

5 17 122

This shows that they greatly prefer blue and violet to
darkness or ultra-violet,

I afterwards gave them only the option of ultra-violet,
violet, and darkness:—

Ultra-violet, Violet, Blue., Dark.

Expl i sas I | 9 38 2
o Tk - jay & 6 J8 2
w0 Taae ade e D 2 46 2
6

Ultra-violet. Violet. Dark,

B d Gr il a0 G B 48 4 -
T S S 48 ¢
wi . St TS s R 47 1
ST ST oes, 1D 42 3
o e e\ aglelel iy SMEE 53 3
45 238 17

They preferred the violet; but there were many
more in the ultra-violet than in the dark.

I then tried ultra-violet and dark. The width of the
violet was two inches; and I divided the ultra-violet
portion again into divisions each of two inches, which
we may call ultra-violet, further ultra-violet, and still
further ultra-violet. The results were—

NuMBER oF DArENIiAs,

Still further Further
ultra-violet. wultra-violet, Ultra-violet. Dark,

Exp. 1 0 G 52 2
y & 0 5 a2 3
&8 1 0 6 50 4
w & 0 4 o3 3
w B .. 0 4 ot 2

e — _—
286 14
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In this case the preference for ultra-violet over dark
was very marked.

May 18.—1I again tried them with the ultra-violet
rays, using three divisions—namely, further ultra-violet,
ultra-violet, and dark. The numbers were as follows,
viz. under the—

Further

ultra-violet. TUltra-violet. Dark.

Bxpidl o SRR o0 4
e 3 59 2
9 105 G

To my eye there was no perceptible difference be-
tween the further ultra-violet and the ultra-violet
portion ; but slightly undiffused light reached the two
extreme divisions. It may be asked why the still
further ultra-violet division should have been entirely
deserted, while in each case two or three Daphnias were
in the darkened one. This, I doubt not, was due to the
fact that, the darkened division being next to the ultra-
violet, one or two in each case straggled into it.

Not satisfied with this, I tried another test. There are
some liquids which, though transparent to the rays
we see, are quite opaque to the ultra-violet rays.
Bisulphide of carbon, for instance, is quite colourless
and transparent : it looks just like water, but it entirely
cuts off the ultra-violet rays. If, then, we place the
trongh containing Daphnias, as I had previously done
my nest of ants, in the ultra-violet part of the spectrum,
and then place over one half of it a flat Lottle contain-
ing water, and over the other half a similar bottle con-
taining bisulphide of ecarbon, both halves will seem
equally dark to us, but the ultra-violet rays reach one
half of the vessel, while they are cut off from the other.
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To our eyes both, as I say, are equally dark, and so they
would be to the Daphnias if their limits of vision were
the same as ours. As a matter of fact, however, the
Daphnias all collected in the part of the trough under
the water, and avoided that under the bisulphide of car-
bon, showing that this, therefore, was to them darker
than the other. I varied the experiments in several
ways, but always with similar results. Bichromate of
potash is also impervious to the ultra-violet rays, and
had the same effect.

Not satisfied with this, I tried to test it in another
way.

I took a cell, in which I placed a layer of five-per-
cent. solution of chromate of potash less than an eighth
of an inch in depth, and which, though almost colourless
to our eyes, completely cut off the ultra-violet rays. I
then turned my trough at right angles, so that I could
cover one side of the ultra-violet portion of the spectrum
with the chromate and leave the other exposed. The
numbers were as follows:—

Side of the ultra-

violet covered with Side
chromate of potash. uncovered. Dark.,
EIP-! 1 LR R LRl LR 5 aww 55 [XE ] 0

I now covered up the other side.

Exp. 2 ... A e 07 e 0
Again covered up the same side as at first.

Exp.3 ... - e 4 o o6 N 0
Again covered up the other side.

Exp. 4 ... o wae a7 v 0

May 19.—I again tried the same arrangement, re-
ducing the chromate of potash to a mere film, which,
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however, still cut off the ultra-violet rays. Ithen placed
it, as before, over one half of the ultra-violet portion of
the spectrum ; and over the other half I placed a similar
cell containing water. Between each experiment I

reversed the position of the two cells. The numbers
were—

Under the film of Under the
chromate of putash, water,
BExp.1 .. S R 52
8 « 4 v o6
» O 10 ly 20
4 7 o3

»

Evidently, then, even a film of chromate of potash
exercises a very considerable influence ; and, indeed, I
doubt not that, if a longer time had been allowed, the
difference would have been even greater.

It seems clear, therefore, that a five-per cent. Ef::rlutmn
of chromate of potash only one-eighth of an inch in
thickness, which cuts off the ultra-violet rays, though
absolutely transparent to our eyes, is by no means so to
the Daphnias.

These observations seem to prove, though I differ
with great reluctance from so eminent an authority as
M. Paul Bert, that the limits of vision of Daphnias do
not, at the violet end of the spectrum, coincide with
ours, but that the Daphnia, like the ant, is affected by
the ultra-violet rays.

Since these observations were published, M. Merej-
kowsky has experimented on the subject, and come
to the conclusion that the Daphnias are attracted
wherever there is most light, that they are conscious
only of the intensity of the light, and that they have no
power of distinguishing colors. It is no doubt true
thatin ordinary diffused daylight the Daphnias generally
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congregate wherever the light is strongest. Their eyes
are, however, so delicate that one would natu rally expect,
a priori, that there would be a limit to this; and, in
fact, direct sunshine is somewhat too strong for their
comfort.

For instance, I took a porcelain trough, seven and a
half inches long, two and a half broad, and one deep, and
put In it some water containing fifty Daphnias. One
half I exposed to direct sunlight, and the other I shaded,
counting the Daphnias from time to time, and trans-
posing the exposed and shaded halves. The numbers
were as follows:—

In the sun. In the shade,

At 1040 a.m. 4 waw 46
» 1250 ] 49
w L0 T 43
SR b 43
w 100, 4 46
R I 3 47
w 240 4 416
PR | 1 45
o 2N 5 oun 7 43
g 330 ies die 4 40
23 417

This seems clearly to show that they avoid the full
sunlight.

I believe, then, that in some of my previous experi-
ments the yellow light was too brilliant for them ; and
the following experiments seem to show that, when
sufficiently diffused, they prefer yellow to white Light.

M. Merejkowsky, however, denies to the crustacea
any sense of color whatever. His experiments were
made with larvie of Balanus and with a marine cope-
pod, Dias longiremis. These, if I understand him
correctly, have given identical results. He considers
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that they perceive all the luminous rays, and can dis-
tinguish very slight differences of intensity ; but that
they do not distinguish between different colors, He
sums up his observations as follows :—-

“ 11 résulte de ces expériences que ce qui agit sur les
Crustacés, ce n'est point la qualité de la lumiére, c’est
exclusivement sa quantité. Autrement dit, les Crus-
tacés inférieurs ont la perception de toute onde lumi-
neuse et de toutes les différences, méme trés 1égéres, dans
son intensité; mais ils ne sont point capables de dis-
tinguer la nature des ondes, de différentes couleurs. Ils
distinguent trés bien 'intensité des vibrations éthérées,
leur amplitnde, mais point leur nombre. Il y a done,
dans le mode de perception de la lumiére, une grande
différence entre les Crustacés inférieurs et I’Homme, et
méme entre eux et les Fourmis; tandis que nous
voyons les différentes couleurs et leurs différentes
intensités, les Crustacés inférieurs ne voient qu'une
seule couleur dans ses différentes variations d’intensité.
Nous percevons des couleurs comme couleurs; ils ne
les pergoient que comme lumiere.” *

It is by no means easy to decide such a question
absolutely ; but the subject is of much interest, and
accordingly I made some further experiments, as it did
not seem to me that those of M. Merejkowsky bore out
the conclusion he has deduced from them.

Professor Dewar most kindly arranged the apparatus
for me again. He prepared a normal diffraction-spec-
trum, produced by a Rutherfurd grating with 17,000
lines to the inch ; the spectrum of the first order was
thrown on the trough. In this case the distribution of

* M. C. Merejkowsky, * Les Crustacés inferieurs distinguent-ils les
couleurs ?
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luminous intensity has been shown to be uniform on
each side of the line having the mean wave-length, 7.c.
a little above the line D in the yellowish green of the
spectrum. -

I then took a long shallow trough in which were
a number -of Daphnias, and placed it so that the
centre of the trough was at the brightest part of
the spectrum, a little, however, if anything, towards
the green end.  After scattering the Daphnias equably
L left them for five minutes, and then put a piece of
blackened cardboard over the brightest part. After
five minutes more, there were at the green end, 410 ;
in the dark, 14; at the red end, 76. Here the two
ends of the trough were equally illuminated: but
the preference for the green over the red side was very
marked.

I then took five poreelain vessels, seven and a half
inches long, two and a half broad, and one deep, and
in each I put water containing fifty Daphnias. One
half of the water I left uncovered; the other half I
covered respectively with an opaque porcelain plate, a
solution of aurine (bright yellow), of chlorate of copper
(bright green), a piece of red glass, and a piece of blue
glass. Every half-hour I counted the Daphnias in
each half of every vessel, and then transposed the
coverings, so that the half which had been covered was
left exposed, and vice versd. I also changed the Daph-
nias from time to time,

Here, then, in each case the Daphnias had a choice
between two kinds of light. It secemed to me that this
would be a crucial test, because in every case the
colored media act by cutting off certain rays. Thus
the aurine owes its yellow color to the fact that it cuts
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off the violet and blue rays. The light beneath it con-
tains no more yellow rays than elsewhere; but those
rays produce the impression of yellow, becanse the
yellow is not neutralized by the violet and blue. In
each case, therefore, there was less light in the covered
than in the uncovered part.

After every five experiments I added up the number
of the Daphnias; and the following table gives twenty
such totals, each containing the result of five observa-
tions, making in all one hundred.

My reason for adding one vessel in which one half
had an opaque cover was to meet the objection that
possibly the light might have been too strong for the
Daphnias; so that when they went under the sheltered
part they did so, not for color, but for shade. I was
not very sangnine as to the result of this arrangement,
because I had expected that the preference of the
Daphnias for light would overcome their attachment to
yellow.,

The numbers were as in the following table (p. 224).

The result was very marked. The first two columns
show the usual preference for light. If the covered
half had been quite dark, no doubt the difference in
numbers would have been greater; but a good deal of
light found its way into the covered half. Still the
result clearly shows that the Daphnias preferred the
lighter half. The numbers were 2048 in the dark to
2952 in the light; and it will be seen that the preference
for the light was shown, though in different degrees, in
almost every series.

The result in the blue gives, I think, no evidence as
to color-sense. The numbers were respectively 2046
against 2954, and were therefore practically the same
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as in the preceding set. Since, however, a certain
quantity of light was transmitted through the blue, the
result may indicate a want of sensitiveness to the blue
rays.

In the red the numbers were 1928 as against 3072,

As regards the yellow, the results were very different,
the numbers being, under the yellow, 3096; in the
uncovered part, 1904. Here, therefore, we see a very
distinet preference, all the more remarkable because
the amount of light was really less than in the un-
covered part.

In the green the numbers were much more equal,
namely, 2406 against 2594. Here also the love for green
neutralized the preference for light. I do not, however,
wish for the moment to draw any conclusion from these
last figures, though I give them for what they are worth.
The coloured medium was, I believe, somewhat too
opaque. With a more transparent green, as will be
seen subsequently, the result would have been very
different.

At any rate, the above observations seemed to show a
marked preference for yellow. Still, I thought it might
be objected that, though the Daphnias obviously pre-
ferred the uncovered to the shaded half of the vessel,
and the yellow to the uncovered half of the vessel,
perhaps in the former the uncovered water was rather
too bright, and in the latter the shaded part was rather
too dark, and that after all the yellow was chosen, not
because it was yellow, but because it hit off the happy
medium of intensity. The suggestion is very improb-
able, because the observations were made on several
successive, and very different, days, and at very
different hours. I also thought that the green was

Q



226 EVIDENCE THAT DAPHNIAS

perhaps too dark; I took, therefore, a lighter tint, and
rearranged my little apparatus as follows:—

I placed (March 26) fifty Daphnias in a trough (1),
covering over one half of it with a pale green, and
another fifty in a trough (2) half of which was covered
with yellow (aurine). On one side was a similar trough
(3), one end of which was shaded by a poreelain plate ;
and on the other side a fourth trough (4), one end of
which had a little, though but little, extra light thrown
on it by means of a mirror. As before, I counted the
Daphnias from time to time, and turned the troughs
round. All four were in a light room, but not actually
in direct sunshine, Thus, then, in one trough I had
half the water in somewhat green light; in the second
trough, half the water in yellow light; in the third,
one half was exposed and the other somewhat darkened ;
while the fourth, on the contrary, gave me a contrast
with somewhat more vivid light. If, then, the
Daphnias went under the green and yellow glass, not
on account of the color, but for the sake of shade,
then in trough 3 a majority of them would have gone
under the porcelain plate. On the other hand, if the
porecelain plate darkened the water too much, and yet
the open water was rather too light for the Daphnias,
then in the fourth trough they would, of course, have
avoided the illuminated half. The results show that
the third trough was unnecessary, still, I may as well
give the figures; the fourth proves that the Daphnias
preferred a light somewhat brighter than the ordinary
diffused light of the room. Of course, it does not follow
that the effect of color is the same as with us,
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Trovan 1. TroveH 2. TrouGu 3, TrovcH 4.

—s

Green | White | Yellow | White | Exposed Darkened Izlnlal}c:?ii‘ Eﬂ:ﬂlé-d
light. | light. | light. | light. | half. half. haif.

half.

March 27.
3¢ .l ms [ax | s | 17| & | ] as | as
1225 .| 82 | 18 | 28 | 22| 87 | 13 | 36 | 1%
1250 .| 27 | 28 | 88 | 17| s6 | 14 | a5 | o5
140 .| 88 | 17 | 38 | 27 | 838 | ‘12 { 30-| %0
$5 .olvae b saileas | e b ossel 9 | oee | 5
153 | 97 |169 | 8L | 181 | e |115 | 103
@il e | 12 Fag | il ee ]l e [ae lois
e R 9 | 18 | 32 | 2¢ | 28 | 23 | a7
gevecl e | 1 {ose | aedeoseil el lqs
515..| 85 | 15 | 25 | 25 | =1 19 | 28 | 29
540 ..| 80 | 20 | 35 | 15 | 82 | 18 | 27 | o3
178 | 77 (118 102 | Ta9 | 101 | 148 | Too

Mareh 28.
el aa | ar [ sl 16 lces | w50 b ogs

Tl .| 32 18 37 13 27 23 32 18
810 ... | 384 16 a9 17 29 21 50 20
8.85 ...| 8 14 39 15 26 24 33 17
95 .| 26 24 27 25 33 17 35 15

——— —— ] o | —— —_—— ] —

161 | sy (166 | 8¢ | 150 | 100 [160 | 90

March 29, -
210 ...| 386 20 25 25 29 21 o2 18
9.25 ...| 30 20 27 23 35 15 30 20
940 ...]1 19 31 25 23 29 21 29 21
950 ...| 20 30 o 16 37 13 29 21

10.30 ... | 30 14 34 16 20 30 26 24

135 | 115 | 145 [105 | 150 | 100 |T26 | 102

Total ... | 622 | 378 | 628 | 372 650 370 | 599 | 401

It may be said that perhaps in the previous
experiments the red and blue were too dark, I
therefore took a very pale solution, and counted the
number twenty times for the red and ten for the blue,
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placing the yellow in another trough, as before, for
comparison. The preference for the yellow was as
marked as ever. In the experiments with the red and
yellow the numbers were respectively

TrovcH 1. TrovcH 2.
‘I:Tndm' the In the - Under the In the
yellow, uncovered half. red. uncovered half.
670 330 498 a02

When, therefore, the red solution was sufficiently
licht, the Daphnias were indifferent to it. In the
experiments with light blue the numbers were—

TroveH 1. TroveH 2. Troreh 3.
‘L;;Ier In the Under In the Under In the
the uncovered the uncovered the porcelean  uncovered
vellow, half. blue. half. plate. half,
687 313 286 714 oab 664

One other possible objection also suggested itself to
me. I thought it might be said that the Daphnias
went under the yellow and the green not on account of
any preference for yellow or green light, but on account
of the shelter afforded by the covering. To test this,
I covered one half of a trough over with transparent
glass, leaving the other uncovered; but after twenty
observations I found the number of Daphnias in each
half to be practically identical. The mere fact of the
covering, therefore, made no difference, In this way I
was able to test the preference of the Daphnias for
various colours, and the result made it abundantly clear
that Daplinias have the power of distinguishing between
light of different wave-lengths, and that they prefer
the light which we call yellow and green, Whether it
actually appears to them as it does to us is, of course,

P

_—
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another and a more difficult question—one, moreover,
not yet solved even for the higher animals, Nor would
I necessarily claim for them any sesthetic sense of
beauty; it must be remembered that they feed on
minute algme and other minute vegetables, the prevalent
colors of which are yellow, yellowish green, and green.
There is, therefore, nothing improbable, @& priore, but
rather the reverse, in their preference for these colors.

It will be observed that though in these vessels the
Daphnias made their preference unmistakable, there
were always a certain number in the least popular
part. This is natural, because, as the position of the
light half was reversed every observation, the Daphnias
had to swim across the vessel, and some naturally did
not find their way to the favourite part. Then, again,
in any considerable numbers of Daphnias some are
changing, or have recently changed, their skin, and
are, therefore, more or less inactive. Moreover, in pure
water the desire for food must often overpower any
preference for one colour over another. To such eauses
as these we must, I think, attribute the presence of so
many Daphnias in the first vessel at the opaque end, and
in the second in the uncovered part.

Still, it was of course not impossible that the pre-
gence, for instance, of a certain number under the red
and blue was due to a difference of taste ; that, though
the majority preferred yellow, there might be some
preferring blue or red. To test this I tried the follow-
ing experiment. I placed, as before, fifty Daphnias in
three of the vessels, covering one half of one with the
yellow, of a second with blue, and the third with red.
I then from time to time, at intervals of not less than
half an hour, removed these which were in the un-
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covered part and replaced them with an equal number
of fresh ones, 1If, then, some Daphnias preferred red or
blue, I ought thus to eliminate the others, and gradually
to get together fifty agreeing in this taste, This, how-
ever, was not the case. In the first experiment, an hour
after the Daphnias were placed in the vessels there
were, out of 50, 41 under the yellow, 16 under the red,
and 15 under the blue, the remaining 9, 34, and 35
respectively being in the uncovered portions. These,
then, I removed and replaced by others. After doing
this five times, and thus adding 80 in the yellow division,
187 1n the red, and 209 in the blue, the numbers were 37
under the yellow, 15 under the red, and 6 under the blue,

In the second experiment, the numbers after the
first hour were 32 under the yellow, 10 under the red,
and 11 under the blue. After five observations, during
which 86 were added to the yellow division, 188 to the
red, and 180 to the blue, the numbers were—under the
yellow, 35 ; red, 11 ; blue, 15.

In the third experiment, the numbers after half an
hour were 40 under the yellow, 14 under the red, and 8
under the blue. After five observations, during which
73 were added to the yellow, 186 to the red, and 206
to the blue, there were—under the yellow, 43 ; under
the red, 15; and under the blue, 7.

In the fourth experiment, the numbers after half an
hour were 38 under the yellow, 15 under the red, and
I4 under the blue. After six observations, during
which 89 were added to the yellow, 166 to the red, and
176 to the blue, the numbers were—under the yellow,
30 ; under the red, 19 ; and under the blue, 10.

In the fifth experiment, the numbers after half an
hour were 40 under the yellow, 14 under the red, and
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13 under the blue. After seven observations, during
which 86 were added to the yellow, 263 to the red, and
272 to the blue, the numbers were—under the yellow,
38; under the red, 13 ; and under the blue, 15.

Yellow., Red, Blue.
First observation.
At the beginning ... i 16 15
» end R, i BT 15 6
Second ebservation.
At the beginning ... e OB 10 11
., end 35 11 15
Third observation.
At the beginning ... s 40 14 8
» end b . 15 7
Fourth observation.
At the beginning ... sen. A8 15 14
s 6nd ah i Bl 19 10
Fifth observation. ‘
At the beginning ... a3 14 13
» end i a8 13 15

I conclude, then, that the presence of some of the
Daphnias in the red, blue, and violet is more or less due
to the causes above indicated, and not to any individual
preference for those colors.

My experiments, I think, show that, while the Daph-
nias prefer light to darkness, there is a certain maxi-
mum of brilliancy beyond which the light becomes
inconveniently bright to them, and that they can
distinguish between light of different wave-lengths.
I suppose it would be impossible to prove that they
actually perceive colours; but to suggest that the rays
of various wave-lengths produce on their eyes a different
impression from that of color, is to propose an entirely
novel hypothesis.

At any rate, I think I have shown that they do
distinguish between rays of different wave-lengths, and
prefer those which to our eyes appear green and yellow.
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CHAPTER XI.

ON RECOGNITION AMONG ANTS,

DuriNG the many years that I have had ants under
observation, I have never on any occasion seen any-
thing like a quarrel between any two ants belonging
to the same community. This is certainly very much
to their credit. The experience of Huber, Forel,
McCook, and others who have watched ants, is,
moreover, the same as mine. I have also shown®* that
they recognize one another even after a separation of
a year and nine months,

On the other hand, every community of ants is hostile
to every other. I am not now speaking of ants belong-
ing to different kinds, but of ants belonging to the same
species. Some species, indeed, are more intolerant of
strangers than others ; but, as regards most species of
ants, it may be said that if an individual be taken from
its own nest and introduced into another, even though
belonging to the same species, it will be at once attacked
and driven, or rather dragged, out.

These facts, then, show that the ants of a community
all recognize one another. But when we consider the
immense number of ants in a nest, amounting in some
cases to over 500,000, this is indeed a wonderful fact.

® See “ Ants, Bees, and Wasps,”
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It may be remembered that my nests have enabled
me to keep ants under observation for long periods, and
that I have thus identified workers of Lasius niger and
Formica fusea which were at least seven years old, but
my oldest ants have been two queens of Formaca fusea,
which T took in a nest in December, 1874, They must
then have been nine months old, and of course may
have been more. One of these queens, after ailing
for some days, died on July 30, 1887, She must
then have been more than thirteen years old. I was
at first afraid that the other one might be affected by
the death of her companion. She is, however, still
alive (May, 1888), and, though a little stiff in the
joints, as far as I can judge, in her usual health.
Still, there are only a few queens in a nest, and no
doubt the majority of the workers, at least in the
summer and when the community is most active, are
very young, which adds greatly to the difficulty of sup-
posing that they are personally known to one another.

It has been suggested that each nest has, perhaps,
a special signal or pass-word. To test this I took, as I
have already mentioned in my book on “ Ants, Bees, and
Wasps,” a number of ants, half from one nest and half
from another, and made them very drunk, so as to be
thoroughly insensible. I then marked them with spots
of different colours, so as to distinguish the two lots,
and put them on a table near where some ants belonging
to the nest from which one half of them had been
taken, were feeding on some honey. The table was
surrounded by a moat containing water to prevent the
ants from wandering away. The sober ants were rather
puzzled; but,after examining the intoxicatedindividuals,
they picked up the strangers and threw them into the
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ditch, while they carried their own friends into the
nest, where no doubt they slept off the effects of the
spirits.  This experiment seemed to show that the
recognition was not effected by means of any sign;
but I thought the suggestion might be tested in
another way.

I made, therefore, the following experiment. I took a
few specimens of Formica fusea from two different nests,
which I will call A and B, and placed them together.
At first they were rather shy; but after a while they
fraternized. After they had lived amicably together
for three months, I put two of these ants from nest A
into nest B; but they were soon attacked vigorously
and driven out of the nest. I thought it desirable to
repeat and extend this test. Accordingly, on June
16 I put three specimens of F. fusca from my nest
No. 81 with the same number from nest No. 71. Then
on September 19, one of the six having died in the
interval, I put the two from nest 81 into nest 71, and
the three from nest 71 into 81. They were all attacked,
though not very quickly or vigorously, but eventually all
five were expelled.

Again, on September 25 I took three antsfrom each
of these mests and put the six together. Then on
March 19 following (one having died), I put the
two from 71 into 81, and the three from 81 into 71.
They were all attacked, so that they were evidently
recognized as strangers ; but it seemed to me that the
attack was less vigorous, and I could not be sure that
they were either killed or driven out. In the course of
the week three or four dead ants were brought out of
each of the nests; but I could not feel certain that
they were those experimented with,
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Lastly, on April 9 I again put twelve ants, six
from each of these nests, together, and kept them so
till October. I then took four of those from 71,
put three into 81 and the fourth into 71. T also took
four of those from 81, and put three into 71, and
the fourth back into 81 among her old {riends. The
two ants thus restored respectively to their old nests
were as usual recognized as friends and left quite
unmolested. As regards the other six, the results were
as follows. The ants were introduced into the nests at
8.15 a.m,

Nest 71. Nest 81.
8.45. One was being attacked. One was being attacked,
9.15. None were . 3 T
9.45. Two were 19 5 "

10.15. One was 1 53 3
10.45. None were =
12.30. Two were - ”» 3
1.30. Two were o None were
2.30. One was e

”n 13 ]

»

1 £} ]

I do not give these results as by any means proving
that ants do not recognize their friends by means of
smell. They do seem, however, at any rate, to show that
not even six months of close companionship under pre-
cisely similar conditions will so far assimilate the odour
as to lead to confusion. If the recognition s due in any
degree to this cause, the odour is therefore probably an
hereditary charaecteristic.

In the interesting memoir already cited, Forel says,*
“Lubbock (loe. ¢it.) a eru démontrer que les fourmis
enlevées de leur nid a I'état de nymphe et écloses hors
de chez elles étaient néanmoins reconnues par leurs

* Recuedl Zool. Suisse, 1887,
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compagnes lorsqu'on les leur rendait, Dans mes
Fourmis de la Suisse, Javais eru démontrer le contraire.
Voici une expérience que j'ai faite ces jours-ci: Le 7
aott, je donne des nymphes de Formica pratensis pres
d’éclore & quelques Formica sanguinea dans une boite.
Le 9 aolt quelques-unes éclosent, ILe 11 aofit, an
matin, je prends 'une de jeunes pratensis igée de denx
ou trois jours seulement et je la porte i sa fourmiliere
natale dont elle était sortie comme nymphe seulement
4 jours auparavant. Elle y est fort mal regue. Ses
nourrices d’il y a 4 jours 'empoignent qui par la téte,
qul par le thorax, qui par les pattes en recourbant leur
abdomen d’un air menacant. Deux d’entre elles la
tinrent longtemps en sens inverse chacune par une
patte en P'écartelant. Enfin cependant on finit par la
tolérer, comme on le fait aussi pour de si jeunes fourmis
(encore blanc jaunitre) provenant de fourmilidres dif-
férentes. J’attends encore deux jours pour laisser durcir
un peu mes nouvelles écloses. Puis jen reporte deux
sur leur nid. Elles sont violemment attaquées., L’une
d’elles est inondée de venin, tiraillée et tuée. L’autre
est longtemps tiraillée et mordue, mais finalement
laissée tranquille (tolérée?). On m’objectera I'odeur
des sanguinea qui avait vécu 4 jours avec la premiere
et 6 jours avec les deux dernieres. A cela je répondrai
simplement par I'expérience de la page 278 a 282 de
mes Fouwrmis de la Suisse, ou des F. pratensis adultes
séparées depuis deux mois de leurs compagnes par une
alliance forcée avec des I, sanguinea, alliance que j’avais
provoquée, reconnurent immédiatement leurs anciennes
compagnes et s’allierent presque sans dispute avec elles.
Je maintiens donc mon opinion : les fourmis apprennent
a se connaitre petit & petit a partir de leur éclosion.
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Je erois du reste que c'est au moyen de perceptions
olfactives de contact.” *

I have, however, repeated my previous observations,
with the same results.

At the beginning of August I brought in a nest of
Lasius miger containing a large number of pupe.
mome of these I placed by themselves, in charge of three
ants belonging to the same species, but taken from a
nest I have had under observation for rather more than
ten years. On August 28 I took twelve of the young
ants, which in the mean time had emerged from the sepa-
rated pupe, selecting some which had almost acquired
their full colour. Four of them I placed in their old
nest, and four in that from which their nurses were taken.

At 4.30 in their own nest none were attacked.

i = nurses’ nest one was attacked.

s 0.0 5 own nest none were attacked.

o = nurses’ nest all four were attacked.
. 3.0 s own nest none were attacked.

w % a3 nurses’ nest three were attacked.

The next day I took six more and marked them
with a spot of paint as usual, and at 7.30 replaced
them in their own nest.

At 8.0 I found 5 quite at home; the others I could not see, but none
were attacked,

1) BBU 1] D ” ” L1 L]
» 90 " 3 ) 2] ” "
» 10.0 33 4 17 33 2] "
P | p 9 1 ” » tE
1] 12.0 1] 3 E] ” 3" 1
i L) o o " 1 1 1
o 4.0 T 4 'L 1 L1 1
33 7.0 ” 1 " ” 1] 31
1. 24 A e

L} " Li %

* “Forel. Exp. et Rem. crit. sur les Sensations des Insectes,”
Recueil Zool. Suisse., 1887,
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The next moming I could only see two, but none
were being attacked, and there were no dead ones. It
13 probable that the paint had been cleaned off the
others, but it was not easy to find them all among so
many. At any rate, none were being attacked, nor had
any been killed.

These observations, therefore, quite confirm those
previously made, and seem to show that if pupe are
taken from a nest, kept till they become perfect insects,
and then replaced in the nest, they are recognized as
friends.

As regards the mode of recognition, Mr, Mc Cook
considers that it is by scent, and states that if ants are
more or less soaked in water, they are no longer recog-
nized by their friends, but are attacked. He mentions
a case 1 which an ant fell accidentally into some
water: “She remained in the liquid several moments,
and crept out of it. Immediately she was seized in a
hostile manner, first by one, and then another, then by
a third, the two antennz and one leg were thus held,
A fourth one assaulted the middle thorax and petiole,
The poor little bather was thus dragged helplessly to
and fro for a long time, and was evidently ordained to
death. Presently I took up the struggling heap. Two
of the assailants kept their hold, one finally dropped ;
the other I could not tear loose, and so put the pair
back upon the tree, leaving the doomed immersionist
to her hard fate.”

His attention having been called to this, he noticed
several other cases, always with the same result. I
have not myself been able to repeat the observation
with the same species, but with two at least of our
native ants the results were exactly reversed. In one
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case five specimens of Lasius niger fell into water and
remained immersed for three hours. I then took them
out and put them into a bottle to recover themselves.
The following morning I allowed them to return.
They were received as friends, and, though we watched
them from 7.30 till 1.30 every hour, there was not the
slightest sign of hostility. The nest was, moreover,
placed in a closed box, so that if any ant were killed
we could inevitably find the body, and no ant died.
In this case, therefore, it is clear that the immersion
did not prevent them from being recognized. Again,
three specimens of Formica jfusea dropped into water.
After three hours I took them out, and, after keeping
them by themselves for the night to recover, I put
them back into the nest. They were unquestionably
received as friends, without the slightest sign of
hostility or even of doubt. *I do not, however, by any
means intend to express the opinion that smell is not
the mode by which recognition is effected.

It will be remembered, perhaps, that my ants (Fos-
mica fusca) recognized one another after a separation
of a year and nine months, though “ after some months’
separation they were occasionally attacked, as some of
the ants, perhaps the young ones, did not recognize
them. Still, they were never killed or driven out of
the nest, so that evidently when a mistake was made
it was soon discovered.” Hence it would appear that
there are differences in the memory of different
species,

In one case Forel had taken some ants from a
large nest of Componotus, for the experiments on
their sensibility to the ultra-violet rays, to which I
have already referred, After his observations were
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concluded, he returned them to the nest, some after
eight, some after forty-one days. Those which were
returned after eight days were at once recognized,
while as regards those which had been forty-one days
away from home, “On reculait de part et d’autre, se
menagait des mandibules, s’examinait a fond avec les
antennes, se mordait méme. Plusieurs méme allérent
dans leur irritation jusqu’ & essayer de décapiter et
méme a décapiter quelques-unes de leurs anciennes
compagnes et sceurs avec leurs mandibules (c'est le
mode de combat des Camponotus)! Les fourmis vernies
prirent part & ces rixes aussi bien que les non vernies;
je les vis méme attaquer, et elles étaient a peine
moins adroites. Les combats ne cesserent entierement
qu'au bout d’un ou deux jours, et, & part les quelques
victimes du premier jour, 'incident se termina par une
alliance,” N

Forel seems to entertain no doubt that the recog-
nition is effected by a form of smell, which he terms
“odorat au contact.” He says, ©“ Beaucoup d’insectes
ont en outre une sorte d’odorat au contact que nous ne
possédons pas et qui permet entre autres aux fourmis
de distinguer leurs compagnes de leurs ennemies.”

His observations, however, do not favour the hy-
pothesis that the recognition may be by smell. If
the ants recognized their companions by any odour
characteristic of the community, the lapse of thirty
days could not have made any difference, Here the
question of memory would not enter, because the per-
ception of the odour would in both cases be continually
before them, Al Forel is so excellent an observer,
and has so great a knowledge of the ways of ants,
that his opinion is entitled to great weight, It
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would be very interesting to repeat similar observations,
for if it turn out to be the case that separations of
comparatively few days lead, in some species, to a
want of recognition, it would be a strong argument
against the hypothesis that this recognition is due to
smell.

It certainly seems as if the recognition was effected
to a great extent by the antenne. Not only do the
ants cross and recross them, almost, so to say, as two
deaf mutes conversing by their fingers ; but, as M. Forel
has shown, if ants of different species are brought
together after the removal of their antennee they show
no signs of hostility, That this latter statement is
correct I am quite content to take on M. Forel’s
authority ; but it is not so conclusive as might seem
at first sicht, because in ants, as in men, ‘““a fellow-
feeling makes us wondrous kind,” and ants when
isolated, and especially when suffering, are much less
pugnacious than they are under normal conditions,

It
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CHAPTER XIT.

ON THE INSTINCTS OF SOLITARY WASPS AND BEES.

Tur hive bee and the common wasps are so familiar
and so interesting that they have to a great extent
diverted attention from the so-called solitary species
of the same groups. Few, for instance, are aware that
about 4500 species of wild bees are known, and of
wasps 1100, of which some 170 and 16 respectively
live in Britain,

These insects often live in association, but do not
form true communities. Speaking generally, we may
say that each female constructs a cell, every species
having its own favourite site, sometimes underground,
sometimes in a hollow stick, in an empty snail-ghell,
or built against a wall, a stone, or the branch of a tree.
Having completed her cell, the female stores up in it
a sufficient supply of food, which in the case of bees
consists of pollen and honey ; while the wasps select
small animals, such as beetles, caterpillars, spiders, ete,,
each species generally having one kind of prey. The
mother then Jays an egg, after which she closes up
the cell, and commences another. Having thus pro-
vided sufficiently for her offspring, she generally takes
no further heed of it. This is not, however, an invari-
able rule: in the genus Bembex, for instance, the
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mother, instead of provisioning her cell once for all,
brings food to the young grub from day to day.

This, however, is an exceptional case, and the mode
of life of the solitary wasps raises one of the most
interesting questions in connection with instinct. The
Ammophila, for instance, having built her cell, places
in it, as food for her young, the full-grown caterpillar of
a moth, Noctua segetum. Now, if the caterpillar were un-
injured, it would struggle to escape and almost inevit-
ably destroy the egg ; nor would it permit itself to be
eaten. On the other hand, if it were killed, it would
decayand soon become unfit for food. The wasp, however,
avoids both horns of this dilemma. Having found her
prey, she pierces with her sting the membrane between
the head and the first segment of the body, thus nearly
disabling the caterpillar, and then proceeds to inflict
eight more wounds between the following segments;
lastly erushing the head, and thus completely paralyzing
her victim, but not actually killing it; so that it lies
helpless and motionless, but, though living, let us
hope insensible, M. Fabre, to whom we are indebted
for a most interesting and entertaining series of essays
on this group of insects, argues that this remarkable
instinet cannot have been gradually acquired.

The spots selected are, he says, exactly those
occupied by the ganglia. No others among the in-
numerable points which might have been chosen would
have answered the purpose; not one wound is mis-
placed or without effect. M. Fabre truly observes that
chance offers no explanation.* Moreover, he unhesi-

* In the case of other insects, such as Mutilla, Chrysis, Leucospis,
Anthrax, ete.,, which do not possess the instinet of paralyzing their
victims, the young feed on the chrysalis, which is normally without
power of movement,
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tatingly asserts that *Si de son c¢dté I'hyménoptere
excelle dans son art, c’est qu'il est fait pour I'exercer ;
c'est qu'il est doué, non seulement d’outils, mais encore
de la maniére de s’en servir. Et ce don est originel,
parfait deés le début; le passé n’y a rien ajouté, Pavenir
n'y ajoutera rien.,”* But how was it acquired? M.
Fabre cuts the Gordian knot. “ Et tout naivement je
me dis: Puisqu’il faut des Araignées aux Pompiles, de
tout temps ceux-ci ont possédé leur patiente astuce et
les autres leur sotte audace. C’est puéril, si I'on veut,
peu conforme aux visées transcendantes des théories a
la mode; il n’y a la ni objectif ni subjectif, ni adapta-
tion ni différentiation, ni attavisme ni transformisme;
soit, mais du moins je comprends.”

“Je comprends!” M. Fabre says he understands,
and no doubt he thinks so; but I confess that his
explanation seems to me fo leave us just where we
were. To my mind, I confess, it seems to me to throw
no light whatever on the matter. M. Fabre asserts
that the habits of these insects have been “de tout
temps” exactly what they are now. I pass by the fact
that the Hymenoptera are, geologically speaking, of
comparatively recent appearance. DBut is it the case
that habits are so invariable? Quite the reverse. The
cases of variation are innumerable.

Romanes t refers to a criticism of the same nature
by Kirby and Spence. “Why,” they ask, “if instincts
are open to modification by experience and intelligence,
are not bees sometimes found to use mud or mortar
instead of wax or propolis? Show us,” they say, “but
one instanee of their having substituted mud for

* J. H. Fabre, “ Nouveaux Souvenirs Entomologiques.”
t “Mental Evolution in Animals,”




HABITS NOT INVARIABLE. 9245

propolis, . . . and there could be no doubt of their
having been guided by reason.” Such cases have, how-
ever, been observed. Andrew Knight found that his
bees collected some wax and turpentine with which he
had covered some decorticated trees, and used it instead
of propolis, the manufacture of which they discontinued.
Nay, M. Fabre has himself placed on record some cases
of the same kind, and shown that the instincts of these
animals are not absolutely unalterable. Thus one
solitary wasp, Sphex flavipennis, which provisions 1ts nest
with small grasshoppers, when it returns to the cell,
leaves the victim outside, and goes down for a moment
to see that all is right. During her absence M. Fabre
moved the grasshopper a little. Out came the Sphex,
soon found her victim, dragged it to the mouth of the
cell, and left it as before. Again and again M. Fabre
moved the grasshopper, but every time the Sphex did
exactly the same thing, until M. Fabre was tired out.
All the insects of this colony had the same curious
habit; but on trying the same experiment with a
Sphex of the following year, after two or three dis-
appointments she learned wisdom by experience, and
carried the grasshopper directly down into the cell.
Eumenes pomiformis builds, as already mentioned,
a cell in the open air. If attached to a broad base,
“ (Yest un déme avec goulot central, évasé en embou-
chure d'urne. Mais quand Pappui se réduit & un point,
sur un rameau d’arbuste par exemple, le nid devient
une capsule sphérique, surmontée toujours d'un goulot,
bien entendu.” * '
Again, he has shown good reason for believing
that, although the Tachytes nigra generally makes its

* Loc cit., p. 66,
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own burrow and stores it with paralyzed prey for its
own larvee to feed on, yet that, when this insect finds a
burrow already made and stored by another Sphex, it
takes advantage of the prize, and becomes for the
occasion parasitic. On which Mr. Darwin has justly
observed that he could see no difficulty in natural
selection making an occasional habit permanent, if of
advantage to the species, and if the insect whose nest
and stored food are thus feloniously appropriated be
not thus exterminated.

The problem is certainly one of great difficulty, and
it is with diffidence that I would suggest to M. Fabre
certain. considerations which may perhaps throw some
light on it. Let us examine some of the other solitary
wasps, and see whether their habits afford us any elue,
That an animal of prey knows where its vietim is
most vulnerable, has not in itself anything unusual or
unaccountable,

The genus Bembex kills the insects on which its
young are fed, and supplies the cell with a fresh
vietim from time to time. Eumenes, like Ammophila
and Sphex, stores up the victims once for all. They
are -grievously wounded, but not altogether paralyzed.
Here, then, we have the very condition which M. Fabre
considers would be fatal to the tender egg of the wasp.
But not necessarily so. The wretched caterpillars lie
in a wriggling mass at the bottom of the.cell; a clear
space 18 left above them, and from the summit of the
cell the delicate egg is suspended by a fine thread, so
that, even if touched by a caterpillar in one of its con-
vulsive struggles, it would simply swing away in safety,
When the young grub is hatched, it suspends itself to
this thread by a silken sheath, in which it hangs head
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downwards over its vietims, Does one of them struggle ?
quick as lightning it retreats up the sheath out of
harm’s way.

In Odynerus the arrangement is very similar, but
the grub simply attaches itself to the support, and
does not construct a tube. Moreover, while in the
solitary bees and wasps the laying of the egg is generally
the final operation before the closing of the cell, in
Odynerus, on the contrary, or at least in Odynerus
reniformis, the egg is laid before the food is provided.
This, perhaps, may have reference to the different con-
dition of the victims.

According to Marchal,* Cerceris ornata practically
kills her victim ; moreover, she stings it not in, but
between, the . ganglia, and though the first sting is
planted between the head and thorax, the following
ones do not always follow the same order.

At present the Ammophila supplies each cell with
one large caterpillar; but was this always so? One
species of Odynerus deposits in each cell no less than
twenty-four victims, another only eight., FEumenes
Aimedei regulates the number according to the sex:
ten for the female grub, five only for the smaller male.

Moreover, while phytophagous larvee will not gene-
rally eat any plants but those to which they are
accustomed, it has been proved that, as a matter of
fact, these larva will feed and thrive on other insects
almost, if not quite, as well as on their natural food.

Is it, then, impossible that in far bygone ages the
larvee may have grown more rapidly, so that the
vietims had not time to decay; or that the ancestors

* Marchal, * Sur I'Instinct du Cerceris ornata,” Arch. d. Zool, Exper.,
1887.
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of our present Ammophilas may have fed their young
from day to day with fresh food, as Bembex does even
now ; that they may then have gradually brought the
provisions at longer intervals, choosing small and
weak vietims, and laying the egg in a special part of
the cell, as Eumenes does? that during these long
ages they may have gradually learnt the spots where
their sting would be most effective, and, thus saving
themselves the trouble of capturing a number of
victims, have found that it involyved less labour to select
a fine fat common caterpillar, such as that of Noctua
segetum, and so have gradually acquired their present
habits?  Wonderful doubtless they are; but, though
I hint the suggestion with all deference, such a
sequence does not seem to me to present any in-
superable difficulty.

This suggestion was made in the Contemporary
Review for 1885, and I was much interested to find in
Mr. Darwin’s life that he had made a similar suggestion
in a letter to M. Fabre. He refers to the great skill
of the Gauchos in killing cattle, and suggests that each
young Gaucho sees how the others do it, and with a
very little practice learns the art. «I suppose that
the sand-wasps originally merely killed their prey by
stinging them in many places (see p- 129 of Fabre's
‘Souvenirs,” and p. 241), and that to sting a certain
segment was found by far the most successful method,
and was inherited like the tendency of a bulldog to pin
the nose of a bull, or of a ferret to bite the cerebellum,
It would not be a very great step in advance to prick
the ganglion of its prey only slightly, and thus to give
its larvee fresh meat instead of only dried meat.” *

* “Life and Letters of Charles Darwin.”
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Perhaps, however, it may be asked, Why should the
insect change its habits? Several reasons might be sug-
gested. The prey first selected might be exterminated,
or at any rate diminish in numbers, and, though each
species as a general rule confines itself to one special
vietim, some exceptions have already been noticed.
For instance, Sphex flavipennis habitually preys on a
species of grasshopper, but on the banks of the Rhone
M. Fabre found it, on the contrary, attacking a field
ericket, whether from the absence of the grasshopper or
not he was unable to determine.

Take another case. M. Fabre denies* that the
different species of Sphex can ever have been derived
from one source. Every species now, he observes, has
some one victim, some one insect on which it preys, to
which it restricts itself, and which the other species do
not attack. DBut “Que chassait, je vous prie, ce proto-
type des Sphégiens ?  Avait il régime varié ou régime
uniforme ? Ne pouvant décider, examinons les deux
cas.”

He begins by supposing that with the ancestor of the
Sphex, “ Le régime était varié. J’en félicite hautement
ce premier né des Sphex. Il était dans les meilleures
conditions pour laisser descendance prospere.” Is it
likely then, he says, that they would have limited
themselves to one prey, and thus have foolishly
diminished their chances in life ? “Mais non,” he adds,
in his lively style, “mes beaux Sphex, vous n’avez pas
été aussiidiots que cela. Sivous étesde nos jours can-
tonnés chacun dans un mets de famille, c’est que votre
ancétre ne vous a pas enseigné la variété.”

He then discusses the alternative whether tle

* « Souv. Entom., troisitme série.”
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ancestral Sphex restricted itself to one victim, and
that its descendants “subdivisés en groupes et con-
stitus enfin en autant d’espéces distinctes par le lent
travail des sivcles, se sont avisés qu’en dehors du
comestible des ancétres il y avait une foule d’autres
aliments,”

This, he says, supposes that they experimented on
various victims, found several of them to their liking,
and then, after a period of varied and plentiful diet,
voluntarily abandoned so great an advantage.

“Avoir découvert, par vos essais d’ige en dge, la
varicté de l'alimentation ; Pavoir pratiquée, au grand
avantage de votre race, et finir par 'uniformité, cause
de décadence ; avoir connu l'excellent et le répudier
pour le médiocre, ¢ Oh ! mes Sphex, ce serait stupide si
le transformisme avait raison.’”

“J’estime,” then he concludes, “ que votre ancétre
commun, votre précurseur, & gotts simples ou bien &
gouts multiples, est une pure chimere.”

No doubt the habits of Hymenoptera present many
difficulties, and have undoubtedly many surprises in
store for us, and I eannot think the matter is so clear
as M. Fabre imagines, or that he has exhausted the
possible cases. It is possible, though it is, I admit,
only a supposition, that the ancestral Sphex hunted
some species which does not now exist—at least not in
the south of France—and which might have disappeared
gradually.  As it became rarer, they might be driven
to attack other prey, and M. Fabre has himself shown
by a variety of most ingenious experiments that the
larvee are by no means fastidious as to their food. The
Hymenoptera vary considerably in size, and the larger
individuals might be able to overmaster some large
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insect, while the feebler specimens were compelled to
content themselyes with humbler fare.

This is no purely imaginary case, M. Fabre himself
distinguishes three races—or are they species ?—of Leu-
cospis which live on the three species of Chalicodomas.

“Yenu du Chalicodome des galets ou des murailles,
dont I'opulente larve le sature de nourriture, il mérite
par sa grosseur le nom le Leucospis gigas, que lui
donne Fabricius; venu du Chalicodome des hangars, il
ne mérite plus que le nom de Leucospis grandis, que
lui octroie Klug. Avec une ration moindre, le géant
baisse d’un degré et n'est plus que le grand. Venu
du Chalicodome des arbustes, il baisse encore, et si
quelque nomenclatenr s’avisait de le qualifier, il
n’aurait plus droit qu’au titre de médiocre.

The Anthrax, again, differs considerably according to
the species on which it has fed, those coming from the
cocoons of Osmia tricornis being much larger from
those from O. eyanea.

Or it might well happen that while the victim was
from some cause or other, say for instance the absence
of food elsewhere, limited to a particular district, the
region beyond was suited to the ancestress Sphex, In
that case, would she not naturally try whether she
could not find some other suitable food ? This again, is
not a purely imaginary case. M. Fabre himself tells us
that while “ la Scolie interrompue avait pour gibier aux
environs d’Avignon, la larve de ’Anoxie velue (Anozia
villosa). Aux environs de Sérignan, dans un sol sablon-
neux semblable, sans autre végétation que quelques
maigres gramens, je lui trouve pour vivres 1’Anoxie
matutinale (dnowia matutinalis), qui remplace ici la
velue,”
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That bees soon take to newly introduced flowers is a
familiar case which every one must have noticed, and
which it is surely not logical to dismiss by the conve-
nient process of referring it to “instinet.,” Tt is indeed
difficult for any one who watches these insects to deny
to bees the possession of a higher and conscious faculty.

In considering the question whether these remarkable
instinets were originally, so to say, engrafted in the
insect, or whether they were the result of innumerable
repetitions of similar actions carried on by a long
series of ancestors, we may perhaps be aided by the
consideration that, though the results would in either
case be in many respects the same, there are some in
which they would altogether differ. In the former, for
instance, we might expect that the insect would be so
gifted that no slight obstacle should interfere with the
great end in view: in the latter, on the contrary, the
very repetition which gave such remarkable results
would tend to incapacitate the insect from dealing with
any unusual conditions.

LiMiTATION OoF INSTINCT.

We should, in fact, find side by side with these won-
derful instincts almost equally surprising evidence of
stupidity. Now, one species of Sphex preys on a large
orasshopper (Ephippigera). Having disabled her vie-
tim, she drags it along by one of the antennze, and
M. Fabra found that if the antenna be cut off close to
the head, the Sphex, after trying in vain to get a grip,
gives the matter up as a bad job, and leaves her vietim
in despair, without ever thinking of dragging it by one
of its legs. Again, when a Sphex had provisioned her
cell, laid her egg, and was about to close it up, M.
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Fabre drove her away, and took out both the Ephippi-
gera and the egg. He then allowed the Sphex to return.
She went down into the empty cell, and though she
must bhave known that the grasshopper and the egg
were no longer there, yet she proceeded calmly to stop
up the orifice just as if nothing had happened.

The genus Sphex paralyzes its victims and provisions
its eell once for all. Bembex, on the contrary, as
already mentioned, kills the insects on which its young
are to feed, and, perhaps on this account, brings its
young fresh food (mainly flies) from time to time.
But while the Bembex thus preys on some flies, there
are others which avenge their order. The genus
Miltogramma lays its eggs in the cell of the Bembex;
and, though there seems no reason why the Bembex,
which is by far the stronger insect, should tolerate this
intrusion, which, moreover, she shows unmistakably to
be most unpalatable, she never makes any attack on
her enemy. Nay, when the young of the Miltogramma
are hatched, so far from being killed or removed, these
entomological cuckoos are actually fed until they reach
maturity. Nevertheless, it seems contrary to etiquette
for the fly to enter the cell of the Bembex ; she watches
the opportunity when the latter is in the cell and is
dragging down the victim. Then is the Miltogramma’s
opportunity ; she pounces on the vietim, and almost
instantaneously lays on it two or three eggs, which are
then transferred, with the insect on which they are to
feed, to the cell.

It is remarkable how the Bembex remembers (if one
may use such a word) the entrance to her cell, covered
as it 18 with sand, exactly to our eyes like that all
roand. On the other band, M, Fabre found that if he
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removed the surface of the earth and the passage,
exposing the cell and the larva, the Bembex was quite
at a loss, and did not even recognize her own offspring.
It seems as if she knew the door, the nursery, and the
passage, but not her child.

Another ingenious experiment of M, Fabre’s was
made with a mason bee (Chalicodoma). This genus
construets an earthen cell, through which at maturity
the young insect cats its way. M. Fabre found that if
he pasted a piece of paper ronnd the cell, the insect had
no difficulty in eating through it ; but if Le enclosed the
cell in a paper case, so that there was a space even of
cnly a few lines between the cell and the paper, in that
case the paper formed an effectual prison, The instinct
of the inseet taught it to bite through one enclosure,
but it had not wit enough to do so a second time,

One of the most striking instances of stupidity
(may I say) is mentioned by M. Fabre, in the case of
one of his favourite bees, the Chalicodoma pyrenaica,
This species builds cells of masonry, which she fills with
honey as she goes on, raising the rim a little, then
making a few journeys for honey, then raising the rim
again, and so on until the cell is completed. She then
prepares a last load of mortar, brings it in her mandibles,
lays her egg, and immediately closes up the cell;
having doubtless provided the mortar beforehand, lest
during her absence an enemy should destroy the egg
or any parasitic insect should gain admittance. This
being so, M. Fabre chose a cell which was all but
finished, and during the absence of the bee he broke
away part of the cell-covering. Again, in some half-
finished cells he broke away a little of the wall. In
all these cases the bee, as might be expected, repaired
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the mischief, the operation being in the natural order
of her work. Dut now comes the curious fact. In
another series of cells M. Fabre pierced a hole in the cell
below the part where the bee was working, and through
which the honey at once began to exude. The poor
stupid little bee, however, never thought of repairing
the breach. She worked on as if nothing had happened.
In her alternate journeys she brought first mortar and
then honey, which, however, ran out again as fast as it
was poured in, This experiment he repeated over and
over again with various modifications in detail, but
always with the same result. It may be suggested that
possibly the bee was unable to stop up a hole once
formed. But that could not have been the case. I
Fabre took one of the pellets of mortar brought by the
bee, and successfully stopped the hole himself. The
omission, therefore, was due, not to a want of power,
but of intellect. But M. Fabre carried his experiment
still further, Perhaps the bee had not noticed the injury,
He chose, therefore, a cell which was only just begun
and contained very little honey. In this he made a
comparatively large hole. The bee returned with a
supply of honey, and, seeming much surprised to find
the hole in the bottom of the cell, examined it carefully,
felt it with her antennee, and even pushed them through
it. Did she then, as might naturally have been expected,
stopit up? Not a bit. The unexpected catastrophe
transcended the range of her intellect, and she calmly
proceeded to pour into this vessel of the Danaides load
after load of honey, which of course ran out of the bottom
as fast as she poured it in at the top. All the afternoon
she laboured at this fruitless task, and began again
undiscouraged the next morning. At length, when she
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had brought the usual complement of honey, she laid
her egg, and gravely sealed up the empty cell. In
another case, he made alarge hole in the cell just above
the level of the honey—a hole so large that through it
he was able to see the bee lay her ege. Having done so,
she carefully closed the top of the cell, but though she
closely examined the hole in the side, it did not enter
into the range of her ideas that such an accident could
take place, and it never occurred to her to cover it up.
Another curious point raised by these ingenious
experiments has reference to the quantity of honey.
The cell is by no means filled; a space is always left
between the honey and the roof of the cell. The usnal
depth of the honey in a completed cell is ten milli-
metres, DBut the bee is not guided by this measure-
ment, for in the preceding cases she sometimes closed
the cell when the honey had a depth of only five milli-
metres, of three, or even when the cell was almost empty.
No; in some mysterious manner the bee feels when she
has provided as much honey as her ancestress had done
before her, and regards her work as accomplished.
What a wonderful, but what a narrow, nature! She
has built the cell and provided the honey, but there
her instinet stops: if the cell is pierced, if the honey is
removed, it does not oceur to her to repair the one or
{ill up the other. M. Fabre not unnaturally asks,
“ Avec la moindre lueur rationnelle, I'insecte déposerait-
il son ceuf sur le tiers, sur le dixieme des vivres néces=
saires ; le déposerait-il dans une cellule vide ; laisserait-
1l le nourrisson sans nourriture, incroyable aberration de
la maternité? J’ai raconté, que le lecteur décide.”
The family of bees is generally reckoned to be one
of great intelligence, but these and many other similar
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instances which might be recorded seem to show great
limitation of intelligence,

Let me give one other, which any person may easily
test for himself. I took a glass shade or jar eighteen
inches long, and with a mouth six and a half inches
wide, turning the closed end to the window, and put in
a common hive bee, She buzzed about for an hour,
when, as there seemed no chance of her getting out,
I put her back into the hive. Two flies, on the
contrary, which I put in with her, got out at once.
Again I put another bee and a fly into the same glass:
the latter flew out at once, For half an hour the
bee tried to get out at the closed end; I then turned
the glass with its open end to the light when she flew
out at once. To make sure, I repeated the experiment
once more, with the same result,

And yet there is, no doubt, ample foundation for the
ordinary view which attributes considerable intelligence
to the bee, within the sphere of her own operations.

Several other points of resemblance between
nstincts and habits could be pointed out. As in
repeating a well-known song, so in instinets, one action
follows another by a sort of rthythm. If a person be
interrupted in a song, or in repeating anything by rote,
he is often forced to go back to recover the habitual
train of thought; so P. Huber found it was with a
caterpillar, which makes a very complicated hammock:;
for if he took a caterpillar which had completed its
hammock up to, say, the sixth stage of construction,
and put it into a hammock completed up only to the
third stage, the caterpillar simply re-performed the
fourth, fifth, and sixth stages of construction. If, how-
ever, a caterpillar were taken out of a hammock made

S
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up, for instance, to the third stage, and were put into
one finished up to the sixth stage, so that much of its
work was already done for it, far from feeling the
benefit of this, it was much embarrassed, and, in order
to complete its hammock, seemed forced to start from
the third stage, where it had left off, and thus tried to
complete the already finished work.”*

Another very interesting series of observations which
we owe to M. Fabre has reference to the question of
sex, and it would really seem that the mother can
regulate the sex of the egg at will. In many of our
wild bees, the females are much larger than the males.
The male lives a life of pleasure, idle but short.
“Quinze jours de bombance dans un magasin & miel,
un an de sommeil sous terre, une minute d’amour au
soleil, puis la mort.”

But the female “C’est la mtre, la mére seule qui,
péniblement, creuse sous terre des galeries et des
cellules, pétrit le stue pour enduire les loges, magonne
la demeure de ciment et de graviers, taraude le bois et
subdivise le canal en étages, découpe des rondelles de
feuilles qui seront assemblées en pots & miel, malaxe
la résine cueillie en larmes sur les blessures des pins
pour édifier des vottes dans la rampe vide d’'un es-
cargot, chasse la proie, la paralyse et la traine au
logis, cueille la poussiére pollinique, élabore le miel
dans son jabot, emmagasine et mixtionne la pitée.
Ce rude labeur, si impérieux, si actif, dans lequel se
dépense toute la vie de I'insecte, exige, c’est évident,
une puissance corporelle bien inutile au méle, I'amou-
reux désceuvré.”

In the hive bee the drone cells differ materially in
shape from those of the queens and workers.

* Darwin, “ Origin of Species.”
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In the solitary wasps, where the females are much
larger than the males, the mother builds a larger cell and
provides more food for the former than for the latter.

The Chalicodoma (one of the mason bees) often lays
her eggs in old cells of the previous year. These
are of two sizes—large ones, originally built for the
females, and small ones for the males. Now, in
utilizing old cells, the bee always places male eggs in
male cells and female eggs in female cells. If, how-
ever, a female cell be cut down so as to reduce the
size, then indeed thoe bee deposits in it a male egg.

The bees belonging to the genus Osmia* arrange
their cells in a row in a hollow stick, or some other
similar situation, and it has long been known that in
these and similar cases the cells first provisioned, and
which are therefore furthest from the entrance, always
confain females, while the outer cells always contain
males.

There is an obvious advantage in this, because the
males come out a fortnight or more before the females,
and it is, of course, convenient that those which have
to come out first should be in the cells nearest the
door. The bee does not, however, lay all the female
eggs first, and then all the male eggs, By no means.
She produces altogether from fifteen to thirty eggs, but
seldom arranges them in one row; generally they are
in several series, and in every one the same sequence
occurs—females further from, and males nearest to, the
door.

For instance, one of M. Fabre’s marked bees—one,
moreover, of exceptional fertility—occupied some glass

* Osmia tridentata constitutes an exception to the general rule in
this respect, as in some others,
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tubes, which he arranged conveniently for her, From
the 1st to the 10th of May she constructed, in one tube,
eight cells—first seven female, and then one male,
From the 10th to the 17th, in a second tube, she built
first three female and then three male cells; from the
17th to the 25th, in a third, three female and then
two male; on the 26th, in a fourth, one female; and,
finally, from the 26th to the 30th, in a fifth, two female
and three male: altogether twenty-five, seventeen
female and eight male cells.

The advantage of this is clear, but the manner in
which it 1s secured is not so obvious, It might be
suggested that the quantity of food was not regulated
by the sex of the young one, but that the sex depended
on the quantity of food. This would be very improb-
able, and M. I'abre attempted to disprove it by some
very ingenious experiments. He found that if he took
some of the food from a female cell, the bee or wasp
produced was still a female, though a starveling; while
if he added food to a male cell, the larva still pro-
duced a male, though a very large and fine one,

M. Fabre then made some of his most ingenious
experiments. He brought into his room a large number
of cocoons of Osmia. When the perfect insects were
about to emerge, he arranged for them a number of
glass tubes, of which the Osmias gladly availed them-
selves, and in which they proceeded to construct their
cells. The usual arrangement, as already mentioned,
is that the males are placed nearest to, and the female
furthest from, the door. But M. Fabre so arranged
the tubes that each was in two parts, an outer wider
portion having a diameter of eight to twelve milli-
metres, which is sufficient for a female cell ; and an
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inner narrower portion with a diameter of five to five
and a half millimetres, which is too small for a female,
but just large enough for a male, This arrancement
placed the Osmias in a difficulty. They could not
follow their natural instinet and construct at the end
of the tube cells large enough for females,

What happened? Some of the Osmias shut off the
narrow ends, and used only the outer wider portion,
Others, reluctant, as it were, to throw away a chance,
built also in the narrow part of the tube, and under
these circumstances, contrary to the otherwise invari-
able rule, the inner and first constructed cells contained
males.

M. Fabre concludes then, and it seems to me has
given very strong reasons for thinking so, that these
privileged insects not only know the sex of the insect
which will emerge from the egg they are about to lay,
but that at their own will they can actually control it !
Certainly a most curious and interesting result !

He concludes, his charming work as follows ;:—¢ Mes
chers insectes, dont 1'étude m’a soutenu et continue &
me soutenir au milieu de mes plus rudes épreuves, il
faut iei, pour aujourd’hui, se dire adieu, Autour de
moi les rangs s’eclaircissent et les longs espoirs ont fui,
Pourrai-je encore parler de vons ?2” and every lover of
nature will, I am sure, echo the wish,
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CHATTER XIII,

ON THE SUPPOSED SENSE OF DIRECTION,

ONE of the most interestiny questions eonnected with
the imstinets and powers of animals has reference to the
manner in which they find their way back, after having
been carried to a distance from, home. This has by
some been attributed to the possession of ‘a special
“sense of direction.”

Mr. Darwin suggested that it would be interesting
to try the effect of putting animals “in a circular box
with an axle, which could be made to revolve very
rapidly, first in one direction and then in another, so
as to destroy for a time all sense of direction in the
insects. 1 have sometimes,” he said, “imagined that
animals may feel in which direction they were at the
first start carried.” In fact, in parts of France it is
considered that if a cat is carried from one house to
another in a bag, and the bag is whirled round and
round, the cat loses her direction and cannot return to
her old home.

On this subject M. I"abre has made some interesting
and amusing experiments, He took ten bees belonging
to the genus Chalicodoma, marked them on the back
with a spot of white, and put them in a bag. He
then carried them half a kilometre in one direction,
stopping at a point where an old cross stands by the
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wayside, and whirled the bag rapidly round his head.
While he was doing so a good woman came by, who
was not a little surprised to find the professor stand-
ing in front of the old cross, solemnly whirling a bag
round his head, and, M. Fabre fears, strongly suspected
him of some satanic practice. However this may be,
M. Fabre, having sufficiently whirled his bees, started off
back in the opposite direction, and carried his prisoners
to a distance from their home of three kilometres.
Here he again whirled them round, and then let them
go one by one. They made one or two turns round
him, and then flew off in the direction of home. In the
meanwhile his daunghter Antonia was on the watch.
The first bee did the mile and three-quarters in a
quarter of an hour. Some hours after two more re-
turned ; the other seven did not reappear.

The next day he repeated this experiment with ten
other bees. The first returned in five minutes, and two
more in about an hour. In this case, again, seven out
of ten failed to find their way home.

In another experiment he took forty-nine bees.
When let out, a few started wrong, but he says that
“lorsque la rapidité du vol me laisse reconnaitre Ia
direction suivie;” the great majority flew homewards,
The first arrived in fifteen minutes. In an hour and
a half eleven had returned, in five hours six more,
making seventeen out of forty-nine. Again he experi-
mented with twenty, of which seven found their way
home, In the next experiment he took the bees rather
further—to a distance of about two and a quarter miles.
In an hour and a half two bad returned, in three hours
and a half seven more ; total, nine out of forty. Iastly,
he took thirty bees: fifteen marked rose he took by
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a roundabout route of over five miles; the other fifteen
marked blue he sent straight to the rendezvous, about
one and a half miles from home. All the thirty were
let out at noon ; by five in the evening seven “rose”
bees and six “blue” bees had returned, so that the
long détour had made no appreciable difference.
These experiments seem to M. Fabre conclusive, *La
démonstration,” he says, “ est suffisante. Ni les mouve-
ments enchevétrés d’une rotation comme je I'ai déerite ; ni
Pobstacle de collines & franchir et de bois & traverser; ni
les embtichesd’une voie qui ’avance, rétrograde et revient
par un ample eircuit, ne peuvent troubler les Chali-
codomes dépaysés et les empécher de revenir au nid.” *

I am not ashamed to confess that, charmed by M.
Fabre’s enthusiasm, dazzled by his eloquence and
ingenuity, I was at first disposed to adopt this view.
Calmer consideration, however, led me to doubt, and
though M. Fabre’s observations are most ingenious,
and are very amusingly described, they do not carry
conviction to my mind, There are two points specially
to be considered—

1. The direction taken by the bees when released.

2. The success of the bees in making good their
return home,

As regards the first point, it will be observed that the
successful bees were in the followin g proportion, viz, :—

3 out of 10

TR

17 , - 49

-SSR

9 , 40

T g A0

Or altogether 47 ,, 144

* &, H. Fabre, “Nouveaux Souvenirs Entomologiques.”
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This is not a very large proportion. Out of the
whole number no less than ninety-seven appear to
have lost their way, May not the forty-seven have
found theirs by sight or by accident? Instinet, how-
ever inferior to reason, has the advantage of being
generally unerring, When two out of three bees went
wrong, we may, I think, safely dismiss the idea of
instinet. Moreover, the distance from home was only
one and a half to two miles. Now, bees certainly
know the country for some distance round their home ;
how far they generally forage I believe we have no
certain Information, but it seems not unreasonable to
suppose that if they once came within a mile of their
nest they would find themselves within ken of some
familiar landmark, Now, if we suppose that 150 bees
are let out two miles from home, and that they flew
away at random, distributing themselves equally in all
directions, a little consideration will show that some
twenty-five of them would find themselves within a mile
of home, and consequently would know where they were.
I have never myself experimented with Chalicodomas,
but 1 have observed that if a hive bee is taken to a
distance, she behaves as a pigeon does under similar
circumstances ; that is to say, she flies round and round,
gradually rising higher and higher and enlarging her
circle, until I suppose her strength fails or she comes
within sight of some known object. Again, if the bees
had returned by a sense of direction, they would have
been back in a few minutes, To fly one and a half or
two miles would not take five minutes, One bee out of
the 147 did it in that time; but the others took one,
two, three, or even five hours, Surely, then, it is
reasonable to suppose that these lost some time before
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they came in sight of any object known to them. The
second result of M. Iabre's observations is not open to
these remarks. He observes that the great majority
of his Chalicodomas at once took the direction home,
He confesses, however, in the sentence I have already
quoted, that it is not always easy to follow bees with
the eye. Admitting the fact, however, it seems to me
far from impossible that the bees knew where they
were ; and, at any rate, this does not seem so improbable
that we should be driven to admit the existence of a
new sense, which we ought only to assume as a last
resource.

Moreover, M. Fabre himself says, “ Lorsque la rapidité
du vol me laisse reconnaifre la direction suivie,” which
seems to imply a doubt. Indeed, some years previously
he had made a similar experiment with the same
species, but taking them direct to a point rather over
two miles (four kilometres) from the nest, and not
whirling them round his head. I looked back, there-
fore, to his previous work to see how these behaved,
and I found that he says—

“Aussitot libres, les Chalicodomes fuient, comme
effards, qui dans une direction, qui dans la direction
tout opposée. Autant que le permet leur vol fougueux,
je crois néanmoins reconnaitre un prompt retour des
abeilles lancées & 'opposé de leur demeure, et la majorité
me semble se diriger du coté de T’horizon ot se trouve
le nid.  Je laisse ce point avec des doutes, que rendent
inévitables des insectes perdus de vue & une vingtaine
de motres de distance,”

In this case, then, some went in one direction, some
in another. It certainly would be remarkable if bees
which were taken direct missed their way, while those
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which were whirled round and round went straight
home.

Moreover, it appears that after all, as a matter of fact,
they did not fly straight home. If they had doneso they
would have been back in three or four minutes, whereas
they took far longer., Even then, if they started in the
richt direction, it is clear that they did not adhere
to it. I have myself tried experiments of the same
kind with hive bees and ants. For instance, I put
down some honey on a piece of glass close to a nest
of Lasius niger, and when the ants were feeding I
placed it quietly on the middle of a board one foot
square, and eighteen inches from the nest. I did
this with thirteen ants, and marked the points at
which they left the board. Five of them did so on
the half of the board nearest the nest, and eight on
that turned away from it. I then timed three of
them. They all found the nest eventually, but it took
them ten, twelve, and twenty minutes respectively.
Again, T took forty ants which were feeding on some
honey, and put them down on a gravel-path about fifty
yards from the nest, and in the middle of a square
eighteen inches in diameter, which I marked out on
the path by straws.

I prepared a corresponding square on paper, and,
having indicated by the arrow the direction of the nest,
I marked down the spot where each ant passed the
boundary. They crossed it in all directions; and
dividing the square into two halves, one towards the
nest and one away from it, the number in each were
almost exactly the same,

After leaving the square, they wandered about with
every appearance of having lost themselves, and crossed -
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the boundary backwards and forwards in all directions,
Two of them, however, we watched for an hour each.
They meandered about, and at the end of the time
one was about two feet from where she started, but
scarcely any nearer home; the other about six feet
away, and nearly as much further from home. I then
took them up and replaced them near the nest, which
they at once joyfully entered.

I mentioned some of the foregoing facts in a paper
which I read at the meeting of the British Association
at Aberdeen, and they have since been confirmed by
Mr. Romanes.*

“In connection,” he says, “with Sir John Lubbock’s
paper at the DBritish Association, in which this subject
is treated, it is perhaps worth while to describe some
experiments which I made last year. The question to
be answered is whether bees find their way home
merely by their knowledge of landmarks, or by means
of some mysterious faculty usually termed a sense of
direction. The ordinary impression appears to have
been that they do so in virtue of some such sense, and
are therefore independent of any special knowledge of
the district in which they may be suddenly liberated ;
and, as Sir John Lubbock observes, this impression was
corroborated by the experiments of M. Fabre. The
conclusions drawn from these experiments, however,
appeared to me, as they appeared to Sir John, un-
warranted by the facts; and therefore, like him, I re-
peated them with certain variations, In the result I
satisfied myself that the bees depend entirely upon their
special knowledge of distriet or landmarks, and it is
because my experiments thus fully corroborate those

¥ Nature, October 29, 1888,
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which were made by Sir John that it now oceurs to me
to publish them.

“The house where 1 conducted the observations is
situated several hundred yards from the coast, with
flower-gardens on each side, and lawns between the
house and the sea. Therefore bees starting from the
house would find their honey on either side of it, while
the lawns in front would be rarely or never visited—
being themselves barren of honey, and leading only to
the sea, Such being the geographical conditions, 1
placed a hive of bees in one of the front rooms on the
basement of the house. When the bees became
thoroughly well acquainted with their new quarters by
flying in and out of the open window for a fortnight, I
began the experiments. The modus operandi consisted
in closing the window after dark when all the bees were
in their hive, and also slipping a glass shutter in front
of the hive door, so that all the bees were doubly im-
prisoned, Next morning I slightly raised the glass
shutter, thus enabling any desired number of bees to
escape. When the desired number had escaped, the
glass shutter was again closed, and all the liberated
bees were caught as they buzzed about the inside of the
shut window. These bees were then counted into a box,
the window of the room opened, and a card well smeared
over with birdlime placed upon the threshold of the
beehive, or just in front of the closed glass shutter,
The object of all these arrangements was to obviate the
necessity of marking the bees, and so to enable me not
merely to experiment with ease upon any number of
individuals that I might desire, but also to feel confident
that no one individual could return to the hive un-
noticed. For whenever a bee returned it was certain
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to become entangled in the bird-lime, and whenever I
found a bee so entangled, I was certain that it was one
which Ibhad taken from the hive, as there were no other
hives in the neighbourhood.

“Such being the method, I began by taking a score of
bees in the box out to sea, where there could be no Jand-
marks to guide the insects home. Had any of these
insects returned, I should next have taken another score
out to sea (after an interval of several days, so as to be
sure that the first lot had hecome permanently lost),
and then, before liberating them, have rotated the box
in a sling for a considerable time, in order to see whether
this would have confused their sense of direction. But,
as none of the bees returned after the first experiment,
it was clearly needless to proceed to the second. Ac-
cordingly, I liberated the next lot of bees on the sea-
shore, and, as none of these returned, I liberated another
lot on the lawn between the shore and the house, I
was somewhat surprised to find that neither did any of
these return, although the distance from the lawn to
the hive was not above two hundred yards. Lastly, I
liberated bees in different parts of the flower-garden,
and these I always found stuck upon the bird-lime
within a few minutes of their liberation, Indeed, they
often arrived before I had had time to run from the
place where I had liberated them to the hive. Now,
as the garden was a large one, many of these bees had
to fly a greater distance, in order to reach the hive,
than was the case with their lost sisters upon the lawn,
and therefore I could have no doubt that their uniform
success in finding their way home so immediately was
due to their special knowledge of the flower-garden,
and not to any general sense of direction.
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“T may add that, while in Germany a few wecks ago,
I tried on several species of ant the same experiments
as Sir John Lubbock deseribes in his paper as having
been tried by him upon English species, and here also I
obtained identical results; in all cases the ants were
hopelessly lost if liberated more than a moderate dis-
tance from their nest.

M. Romanes’ experiments, therefore, as he himself
says, entirely confirm the opinion I have ventured to
express—that there is no sufficient evidence among
insects of anything which can justly be called a “ sense
of direetion,”
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CHAPTER XIV.

ON THE INTELLIGENCE OF THE DOG,

CoNsIDERING the long ages during which man and
the other animals have shared this beautiful world,
it is surely remarkable how little we know about them.
We have recently had various interesting works on
the intelligence and senses of animals, and yet I think
the principal impression which they leave on the mind
i1s that we know very little indeed on the subject.

Tere Doa,.

As to the intelligence of the dog, a great many
people, indeed, seem to me to entertain two entirely
opposite and contradictory opinions, I often hear it
said that the dog, for instance, is very wise and clever.
But when I ask whether a dog can realize that two and
two make four, which is a very simple arithmetical
calculation, I generally find much doubt expressed.

That the dog is a loyal, true, and affectionate friend
must be gratefully admitted, but when we come to con-
sider the psychical nature of the animal, the limits of our
knowledge are almost immediately reached, Ihave else-
where suggested that this arises in great measure from
the fact that hitherto we have tried to teach animals,
rather than to learn from them—to convey our ideas to
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them, rather than to devise any language or code of
signals by means of which they might communicate
theirs to us, 'The former may be more important
from a utilitarian point of view, though even this is
questionable, but psychologically it is far less interest-
ing, Under these circumstances, it occurred to me
whether some such system as that followed with deaf
mutes, and especially by Dr. Howe with Laura Bridg-
man, might not prove very instructive if adapted to the
case of dogs.

A very interesting account of Laura Bridgman has
been published by Wright, compiled almost entirely from
reports of the Perkins Institution, and the Massachusetts
Asylum for the Blind, in which Dr. Howe, the director
of the establishment, details the history of Laura Bridg-
man, who was deaf, dumb, and blind, almost without the
power of smell and taste, but who, nearly alone among
those thus grievously afflicted, possessed an average, if
not more than an average, amount of intelligence,
although, until brought under Dr. Howe’s skilful treat-
ment and care, her physical defects excluded her from
all social intercourse.

Laura Bridgman was born of intelligent ana respect-
able parents, in Hanover, New Hampshire, U.S,, in
December, 1829. She is said to have been a sprightly,
pretty infant, but subject to fits, and altogether very
fragile. At two years old she was fairly forward, had
mastered the difference between A and B, and, indeed,
is said to have displayed a considerable degree of
intelligence. She then became suddenly ill, and had
to be kept in a darkened room for five months. When
she recovered she was blind, deaf, and had nearly lost
the power both of smell and taste,

!
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““What a situation was hers! The darkness and
silence of the tomb were around her ; no mother’s smile
gladdened her heart, or ‘ecalled forth an answering
gmile;’ no father’s voice taught her to imitate his
sounds. To her, brothers and sisters were but forms
of matter, which resisted her touch, but which differed
not from the furniture of the house, save in warmth
and in the power of locomotion, and in these respects
not even from the dog or cat.”

Her mind, however, was unaffected, and the sense
of touch remained. “ As soon as she was able to walk,
Laura began to explore the room, and then the house;
she became familiar with the form, density, weight,
and heat of every article she could lay her hands on.

“She followed her mother, felt her hands and arms,
as she was occupied about the house, and her disposi-
tion to imitate led her to repeat everything herself.
She even learnt to sew a little, and to knit. Her
affections, too, began to expand, and seemed to be
lavished upon the members of her family with peculiar
force.

“The means of communication with her, however,
were very limited. She could only be told to go to
a place by being pushed, or to come to one by a sign
of drawing her. Patting her gently on the head
signified approbation ; on the back, the contrary.”

The power of communication was thus most limited,
and her character began to suffer, when fortunately Dr,
Howe heard of her, and in October, 1837, received her
into the institution.

“ F'or a while she was much bewildered, till she became
acquainted with her new locality, and somewhat familiar
with the inmates; the attempt was made to give ler
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knowledge of arbitrary signs, by which she could
interchange thoughts with others.

“The first experiments were made by taking the
articles in common use, such as knives, forks, spoons,
keys, ete., and pasting upon them labels, with their
names embossed in raised letters, These she felt
carefully, and soon, of course, distinguished that the
crooked lines s-p-o-o-n differed as much from the
crooked lines k-e-y, as the spoon differed from the key
in form. Then small detached labels with the same
words printed upon them were put into her hands;
she soon observed that they were the same as those
pasted upon the articles. She showed her perception
of this similarity by laying the label k-e-y upon the
key, and the label s-p-0-0-n upon the spoon.

“ Hitherto, the process had been mechanieal, and the
success abuut as great as that of teaching a very know-
ing dog a variety of tricks.

“The poor child sat in mute amazement, and patiently
imitated everything her teacher did. But now her
intellect began to work, the truth flashed upon her, and
she perceived that thera was a way by which she could
herself make a sign of anything that was in her own
mind, and show it to another mind. At once her
countenance lighted up with a human expression. It
was no longer as a mere instinetive animal; it was an
immortal spirit, eagerly seizing upon a new link of
union with other spirits. I could almost fix upon the
moment when this truth dawned upon her mind, and
spread its beams upon her countenance ; I saw that the
great obstacle was overcome, and that henceforth
nothing but patient and persevering, but plain and
straightforward, efforts were necessary.
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“The result, thus far, is quickly related and easily
coneeived ; but not so was the process, for many weeks
of apparently unprofitable labour were spent before it
was effected.

“The next step was to procure a set of metal types,
with the different letters of the alphabet cast separately
on their ends; also a board, in which were square holes,
into which she could set the types, so that the letters
could alone be felt above the surface.

“Thus, on any article being handed to her, as a pencil
or watch, she would select the component letters and
arrange them on the board, and read them with apparent
pleasure, assuring her teacher that she understood by
taking all the letters of the word and putting them to
Ler ear, or on the pencil.”

It is unnecessary, from my present point of view, to
carry the narrative further, interesting as it is. I will
only observe that even in the case of Laura Bridgman
the process was one of much difficulty and requiring
great patience. For a long while it was found ime
yossible to make her realize the use of adjectives; she
conld not “understand any general expression of
quality.,” Acain, we are told that “Some idea of the
difficulty of teaching her common expressions may be
derived from the fact that a lesson of two hours upon
the words ‘right’ and ‘left” was deemed very profitable
if she had in that time really mastered the idea,”

Now, it seemed to me that the ingenious method
devised by Dr. Howe, and so successfully ecarried
out in the case of Laura Bridgman, might be adapted
to the case of dogs, and I have tried this in a small
way with a black poodle named Van. '
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VAN AxD mis CARDS.

I took two pieces of carlboard about ten inches by
three, and on one of them printed in large letters the
word

B 10D

leaving the other blank. I then placed the two
cards over two saucers, and in the one under the
“food” ecard put a little bread and milk, which
Van, after having his attention called to the ecard,
was allowed to eat. This was repeated over and over
again till he had had enough. In about ten days he
began to distinguish between the two cards. I then
put them on the floor and made him bring them to
me, which he did readily enough. When he brought
the plain card I simply threw it back, while when he
brought the “food” card I gave him a piece of bread,
and in about a month he had pretty well learned to
realize the difference., I then had some other cards
printed with the words “out,” “tea,” *“bone,” “ water,”
and a certain number also with words to which
I did not intend him to attach any significance, such
as “nought,” “plain,” “ball,” ete. Van soon learned
that bringing a card was a request, and soon learned
to distinguish between the plain and printed cards;
it took him longer to realize the difference between
words, but he gradually got to recognize several, such
as “food,” “out,” * bone,” “tea,” ete. If he was asked
whether he would like to go out for a walk, he would
joyfully fish up the “out” ecard, choosing it {rom
several others, and bring it to me, or run with it in
evident triumph to the door,
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I need hardly say that the cards were not always put
in the same places. They were varied quite indiscrimi-
nately and in a great variety of positions. Nor could
the dog recognize them by scent. They were all alike,
and all continually handled by us. Still, I did not trust
to that alone, but had a number printed for each word.
When, for instance, he brought a card with “food” on
it, we did not put down the same identical card, but
another bearing the same word ; when he had brought
that, a third, then a fourth, and so on. For a single
meal, therefore, eighteen or twenty cards would be
used, so that he evidently is not gnided by scent. No
one who has seen him look down a row of cards and
pick up the one he wanted could, I think, doubt that
in bringing a card he felt that be is making a
request, and that he could not only distinguish one
card from another but also associate the word and
object.

I used to leave a card marked “ water” in my dress-
ing-room, the door of which we used to pass in going
to or from my sitting-room. Van was my constant
companion, and passed the door when I was at home
several times in the day. Generally he took no heed
of the card. Hundreds, or I may say thousands, of
times he passed it unnoticed. Sometimes, however, he
would run in, pick it up, and bring it to me, when of
course I gave him some water, and on such ocecasions I
mmvariably found that he wanted to drink,

I might also mention, in corroboration, that one
morning he seemed unwell. A friend, being at break-
fast with us, was anxious to see him bring his cards, and
I therefore pressed him to do so. To my surprise he
brought three dummy cards successively, one marked
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“ham,” one “bag,” and one “brush,” I said re-
proachfully, “Oh, Van! bring “food,” or “tea;” on
which he looked at me, went very slowly, and brought
the “tea” card. But when I put some tea down as
usual, he would not touch it. Generally he greatly
enjoyed a cup of tea, and, indeed, this was the only
time I ever knew him refuse it.

A definite numerical statement always seems to me
clearer and more satisfactory than a mere general
assertion. I will, therefore, give the actual particulars
of certain days. Twelve cards were put on the floor,
one marked “food” and one “tea.” The others had more
or less similar words. I may again add that every time
a card was brought, another similarly marked was put
in its place, Van was not pressed to bring cards, but
simply left to do as he pleased.

1 Van brought “food” 4 times. “Tea” 2 times,
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Thus out of 113 times he brought food 80 times, ted
31 times, and the other 10 cards only twice. Moreover,
the last time he was wrong he brought a card—namely,

“door "—in which three letters out of four were the
same as in “food,”
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This is, of course, only a beginning, but it is, I
venture to think, suggestive, and might be carried
further, though the limited wants and aspirations of
the animal constitute a great difficulty. My wife has
a beautiful and charming collie, Patience, to whom we
are much attached. This dog was often in the room
when Van brought the “food ” card and was rewarded
with a piece of bread. She must have seen this thou-
sands of times, and she begged in the usual manner,
but never once did it occur to her to bring a card.
She did not touch, or, indeed, even take the slightest
notice of them,

I then tried the following experiment :—1I prepared
six cards about ten inches by three, and coloured in
pairs—two yellow, two blue, and two orange. I put one
card of each colour on the floor, and then, holding up one
of the others, endeavoured to teach Van to bring me
the duplicate. That is to say, that if the blue was
held up, he should fetch the corresponding colour from
the floor ; if yellow, he should fetch the yellow, and
so on. When he brought the wrong card he was made
to drop it and return for another, until he brought the
right one, when he was rewarded with a little food.

We continued the lessons for nearly three months,
but asa few days were missed, we may say for ten
weeks, and yet at the end of the time I cannot say that
Van appeared to have the least idea what was expected
of him. It seemed a matter of pure accident which
card he brought. There is, I believe, no reason to
doubt that dogs can distinguish colours ; but as it was
Just possible that Van might be colour-blind, we then
repeated the same experiment, only substituting for the
coloured cards others marked respectively with one,
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two, and three dark bands. This we continued for
another three months, or, say, allowing for intermissions,
ten weeks ; but, to my surprise, entirely without success,
for we altogether failed to make Van understand what
we wanted. I was rather disappointed at this, as, if
it had succeeded, the plan would have opened out many
interesting lines of inquiry. Still, in such a case one
ought not to wish for one result more than another,
as, of course, the object of all such experiments is
merely to elicit the truth, and our result in the present
case, though negative, is very interesting. 1 do not,
however, regard it as by any means conclusive, and
should be glad to see it repeated. If the result proved
to be the same, it would certainly imply very little
power of combining even extremely simple ideas.

CAN ANIMALS COUNT ?

I then endeavoured to get some insight into the
arithmetical eondition of the dog’s mind. On this
subject I have been able to find but little in any of
the standard works on the intelligence of animals.
Considering, however, the very limited powers of
savage men in this respect—that no Australian
language, for instance, contains numerals even up to
four, no Australian being able to count his own fingers
even on one hand—we cannot be surprised if other
animals have made but little progress. Still, it is
curious that so little attention should have been
directed to this subject. Leroy, who, though he ex-
presses the opinion that “the nature of the soul of
animals i1s unimportant,” was an excellent observer,
mentions a case in which a man was anxious to shoot
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a crow. “To deceive this suspicious bird, the plan was
hit upon of sending two men to the watch-house, one
of whom passed on, while the other remained ; but the
crow counted, and kept her distance, The next day
three went, and again she perceived that only two
retired. In fine, it was found necessary to send five or
siX men to the watch-house to put her out in her
calculation. The crow, thinking that this number of
men had passed by, lost no time in returning.” From
this he inferred that crows could count up to four.
Lichtenberg mentions a nightingale which was said to
count up to three. Every day he gave it three meal-
worms, one at a time; when it had finished one it
returned for another, but after the third it knew that
the feast was over. I do not find that any of the recent
works on the intelligence of animals, either Buchner,
or Peitz, or Romanes in either of his books, give any
additional evidence on this part of the subject. There
are, however, various scattered notices,

According to my bird-nesting recollections, which I
have refreshed by more recent experience, if a nest
contains four eggs, one may safely be taken; but if
two are removed, the bird generally deserts, Here, then,
it would seem as if we had some reason for supposing
that there is sufficient intelligence to distinguish three
from four,

An interesting consideration rises also with refer-
ence to the number of the victims allotted to each
cell by the solitary wasps, Ammophila considers one
large caterpillar of Noctua segetum enough ; one species
of Eumenes supplies its young with five victims;
one ten, amother fifteen, and one even as many as
twenty-four. The number is said to be constant in
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each species. How, then, does the insect know when her
task is fulfilled? Not by the cell being filled, for if
gsome be removed she does not replace them. When
she has brought her complement she considers her task
accomplished, whether the victims ave still there or
not, How, then, does she know when she has made
up the number twenty-four? Perhaps it will be said
that each species feels some mysterious and innate
tendency to provide a certain number of victims.
This would not under any ecircumstances be an ex-
planation, nor is it in accordance with the facts. In
the genus Eumenes the males are much smaller
than the females. Now, in the hive bees, humble
bees, wasps, and other insects where such a differ-
ence occurs, but where the young are directly fed, it
is, of course, obvious that the quantity can be pro-
portioned to the appetite of the grub. DBut in insects
with the habits of Eumenes and Ammophila the case is
different, because the food is stored up once for all.
Now, it is evident that if a female grub was supplied
with only food enough for a male, she would starve to
death ; while if a male grub were given enough for a
female it would have too much. No such waste, how-
ever, occurs. In some mysterious manner the mother
knows whether the egg will produce a male or female
grub, and apportions the quantity of food accordingly.
She does not change the species or size of her prey;
but if the egg is male she supplies five, if female ten,
victims. Does she count ? Certainly this seems very
like a commencement of arithmetic, At the same time,
it would be very desirable to have additional evidence
before we can arrive at any certain conclusion.
Considering how much has been written on instinct,
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1t seems surprising that so litile attention has been
directed to this part of 1he subject, One would faney
that there ought to be no great difficulty in determining
how far an animal can count; and whether, for in-
stance, it could realize some very simple sum, such as
that two and two make four. But when we come to
consider how this is to be done, the problem ceases to
appear so simple, We tried our dogs by putting a
piece of bread before them, and preventing them from
touching it until we had counted seven. To prevent
ourselves from unintentionally giving any indication,
we used a metronome (the instrument used for marking
time when practising the pianoforte), and to make the
beats more evident we attached a slender rod to the
pendulum, It certainly seemed as if our dogs knew
when the moment of permission had arrived ; but their
movement of taking the bread was scarcely so definite
as to place the matter beyond a doubt. Moreover,
dogs are so very quick in seizing any indication given
them, even unintentionally, that, on the whole, the
attempt was not satisfactory to my mind. I was the
more discouraged from continuing the éxperiment in
this manner by an account Mr., Huggins gave me of a
very intelligent dog belonging to him, A number of
cards were placed on the ground, numbered respectively
1,2, 3, and soonup to 10. A question was then asked
the square root of 9 or 16, or such a sum as 6455 — 3.
Mr. Huggins pointed consecutively to the cards, and
the dog always barked when he came to the right one,
Now, Mr. Huggins did not consciously give the dog any
sign, yet so quick was the dog in seizing the slightest
indication, that he was able to give the correct answer.

“The mode of procedure is this. His master tells
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him to sit down, and shows him a piece of cake. He is
then questioned, and barks his answers, Say he 1s
asked what is the square root of 16, or of 9; he will
bark four or three times, as the case may be. Or
such a sum as “*42=2 he will always answer correctly,
The piece of cake is, of course, the meed of such
cleverness. It must not be supposed that in these
performances any sign is consciously made by his
questioner., None whatever, We explain the per-
formance by supposing that he reads in his master’s
expression when he has barked rightly; certainly he
never takes his eyes from his master’s face.” *

This observation seems to me of great interest in
connection with the so-called “thought-reading.” No
one, I suppose, will imagine that there was in this
case any “thought-reading” in the sense in which
this word is generally used. Evidently “ Kepler”
seized upon some slight indication unintentionally
given by Mr. Huggins, The observation, however,
shows the great difficulty of the subject.

The experiments I have made are, I feel, very
incomplete, but I have ventured to place them on
record, partly in hope of receiving some suggestions,
and partly in hope of inducing others with more
Jeisure and opportunity to carry on similar observa-
tions, which I cannot but think must lead to interesting
results,

* M. L. Huggins, * Kepler: a Biography.”
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Asellus, 48 :
Acalles, 66 Astacus, 23, 51, 83
Acanthopleura, 15, 145 Asteracanthion, 133
Acheta, 61, 63, 97, 117 Asterope, 22
Acridiide, 100, 106 Astropecten, 132
Actinia, 13 Ateuches, 66
Ageronia, 73 Auditory hairs, 16, 79, 85, 88, 116
Aglaura, 188 —— organs, 77
Alciopide, 14, 22, 137 —— rods, 18, 104, 111
Ammophila, 243, 282
Amphibia, 82, 129 B
Amphicora, 87
Amphioxus, 129 Balanus, 220
Angler, 186 Bee, hive. See Apis
Anguis, 126 Bee, solitary, 242

Annelides, touch, 13; taste, 22; | Beetles, See Coleoptera
smell, 34 ; hearing, 87 ; sight, 134 ; | Bembex, 242, 246

problematical organs, 189 Birds, 129, 282
Anobium, 67 Blatta, 46, 152
Anoxia, 251 Blethisa, 68
Anthidium, 71 BElind spot in eye, 125
Anthrax, 251 Bohemilla, 13, 134
Ants, 24, 31, 43, 56, 69, 107, 115, | Bombardier beetle, 65
178, 202 Bombus, 28, 70, 73, 178, 283
Apion, 94 Bostrychida, 67
Apis, 26, 29, 58, 69, 70, 115, 150, | Brachinus, 64, 68
172, 194, 258, 283 Brachyura, 90
Arca, 141 Butterfly. See Lepidoptera
Arenicola, 87
Arithmetic of animals, 281 C

Arthropods, touch, 16; taste, 23
smell, 35 ; hearimrg, 88 ; sight, 146 ; | Calanella, 159
problematical organs, 188 Calotis, 127

Articulata, See Annelides, Insects | Callianassa, 50
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Camponotus, 208

Capitellide, 34

Capricorn beetle, 96

Carcinus, 92

Cards, Yan and his, 277

Carinaria, 87

Caterpillars, 23, 243, 259

Cats, 262

Centipedes, 49, 74

Cephalopoda, 34, 141

Cerambyx, 67, 95, 9G

Ceratius, 186

Ceratophyus, 63

Chalecididz, 27

Chalicodoma, 251, 2632

Chiasognathus, 68

Chitons, 15, 144

Cicadas, 61, 64, 151

Cicadidee, 151

Clepsine, 154

Cockchafer. See Melolontha

Cockroach, 46, 152

Ceelenterata, touch, 11; taste, 22;
smell, 33 ; hearing, 82 ; sight, 131

Coleoptera, 58, 67, 111, 151

Collie, 280

Color of deep-sea fish, 185

of flowers, 195

—, sense of, 190, 194, 202, 280

Componotus, 239

Compound eyes, 163

Copepoda, 48

Copilia, 158

Copris, 68, 95

Corephinm, 145

Corethra, 18, 113, 117, 151

Corixa, 75

Corti, the organ of, 80, 105

Corycaus, 157

Cossus, 148

Count ? can animals, 281

Crabs, 90, 92

Crayfish. See Astacus

Cricket. See Acheta

Crioceris, 68

Crow, 282

Crustacea, touch, 16; taste, 23;
smell, 46 ; hearing, 85 ; sight, 156 ;
sense of color, 211 ; problematical
organs, 188

Crystalline cone, 166
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Culex, 68, 115
Curculionide, 68
Cychrus, 68
Cyclostoma, 140
Cymbulia, 88

D

Daphnia, 48, 206, 212
Dead-nettle, 200

Death-watch, 66

Dias, 220

Dinetus, 39

Diptera, 52, 69, 110, 149, 131
Direction, sense of, 262

Dog, intelligence of the, 272
Dragon-fly. Se¢ Libellula
Dytiscus, 5, 6, 112, 131, 146, 157

E

See Auditory organs
in tail of Mysis, 92
, structure of the human, 78, 101
Earthworms, 206
Elaphrus, 68
Elaterida, 67
Empusa, 176
Endosmosis, 25
Englena, 130
Epeira, 146
Ephippigera, 103
Epithelial cells, 14, 20
Epithelium, 11, 19
Eristalis, 69, 174, 176
Eucopidax, 85
Eucorybar, 74
Eumenes, 245, 282
Euphausia, 161
Euryecopa, 189
Eutima, 83
Evaneadm, 27
Eye, compound, 163
—— of man, 121
——, pineal, 126
——, simple, 170

Ear.

F

Fish, 182
Flowers, 200
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Fly. See Musca
Forficula, 151, 167
Formica. See Ants

G

Gammarus, 49, 188
Gasteropods, 86

Geotrupes, 68

Geryonia, 86

Glomeris, 50
Glossopharyngeal nerves, 19
Gnat, 68, 115

Gryllotalpa, 102

Gryllus, 63, 98, 106, 108

H

Hairs, anditory, 16, 79, 85, 88, 116

, depressed, 17

, flattened, 56

——, glandular, 29

, hollow, 17

—— in insects, 16

of touch. See Tactile

, olfactory, 16, 25

, ordinary surface, 16, 56

——, plumose natatory, 16, 94

, simple, 18

, solid, 17, 82

, tactile, 16, 18, 28, 29, 56

, taste, 16, 28

Haliotis, 5, 139

Hattaria, 127

Heaving, organs of, in Vertebrata, 77 ;
Ceelenterata, 823 Mollusca, 86 ;
Annelida, 87; Arthropods, 88

, sense of, 60, 97

Helix, 14, 139

Hemiptera, 112, 151

Hesione, 135

Humble-bee.

Hydaticus, 40

Hydrachna, 28

Hydromedusa, 86

Hydrophilus, 168

Hydrozoa, 13

Hyleus, 58

Hymenoptera, 23, 25, 56, 57, 58, 69,
70, 96, 151, 181, 250

See Bombus
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Hyperia, 171
Hypoderm, 5, 16

I

Ichnenmon, 54, 58
[chthyosaurus, 129
Infusoria, 11
Insects, touch, 16 ; taste, 23 ; smell,
35, 52; hearing, 61, 94; sicht,
146 ; problematical organs, 138
Instinct—
Ant, 202, 232, 267
Bee, hive, 194, 253
, solitary, 255, 260, 262
Birds, 232
Bombardier beetle, 64
Change in, 244
Crustacea, 90
Daphnia, 229
Dog, 272
Fish, 186
Fly, 174, 177
Limitation of, 253
Of direction, 262
Ouchidium, 144
Paussus, 65
Wasp, solitary, 243, 282
Isopteryx, 109

J
Jelly-fish. See Medus®
Julus, 49

L

Labyrinthodons, 129

Lacerta, 126, 128

Lamellibranchiata, 14, 141

Lamellicornia, 37, 52

Lamium, 200

Lampyris, 167

Lancelet, 129

Lasius. See Ants

Laura Bridgman, 273

Leech, 189

Lema, 68

Lepidoptera, 37, 71, 94, 111, 148,
151, 168, 181

Leptodora, 156

U
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Leucospis, 251

Libellula, 69, 70, 149, 152, 171
Light-organs, 161, 185

Ligia, 167

Limitation of instinct, 253
Limpet, 4, 158

Limulus, 159

Lithobius, 155

Lizzia, 132

Lobster, 90, 91

Locusts, 62, 99, 106, 111, 149, 176
Longicorn beetles, 66, 95
Lucanus, 43, 52

Lucilia, 177

Lycosa, 179

Lyda, 53

M

Mammals, 129

Maxille, 25

Meconema, 102, 105

Meduse, 6, 22, 82, 83, 84, 85, 86,
117

Meissner’s corpuscles, 7

Melolontha, 52, 58, 67, 68, 148, 152,
168

Mesonotum, 67

Metronome, 284

Miltogramma, 254

Mollusea, 14, 22, 34, 61, 86, 120,
137, 140

Mordella, 148

Mosaic vision, 163

Mosquito. See Culex

Moths. See Lepidoptera

Murex, 139

Musca, 17, 29, 30, 45, 53, 58, 68, 71,
110, 113, 148, 153, 165, 172, 174,
177, 254

Mutilla, 69, 70

Myriapods, 155, 205

Myrmica. See Ants

Mysis, 92, 98, 157, 161

N

Nautilus, 140
Necrophorus, 66, 68
Needle cells, 21
Nematocera, 151

INDEX.

Nematocysts, 12
Nereis, 12, 135
Nesticus, 180
Neuroptera, 111, 151
Newts, 207

Noctua, 73, 243, 282

o

QOceanidzx, 86

Ocypoda, 61

Odynerus, 247

Estrus, 148

Olfactory organs.
smell

Omaloplia, 68

Onchidium, 14, 131, 143

Oniscoida, 170

Ontorchis, 6, 84

Organs of hearing, 17, 19, 77, 81, 93,
109, 114

—— of sight, 19, 130, 146

of smell, 17, 88

—— of taste, 17, 19, 21

—— of temperature, 6, 10

of touch, 11, 14, 17, 19, 131

, problematical, 182

Origin of organs of sense, 3

Orthoptera, 37, 99, 107, 112, 131,
176

Oryctes, 68

Osmia, 2561

Otolithes, 52, 82, 84, 85, 89, 90, 91,
92

——, possible origin of, 3

See Organs of

P

*acinian corpuscle, 8
Pagurus, 51
Palzmon, 51
Palinurus, 61

Palpi, 30, 37, 38, 59, 41, 73
Paludina, 140
Pamphila, 184
Paniscus, 58

Patella, 138, 140
Paussus, 65

Pectens, 61, 141
Pectunculus, 141

| Pelagia, 86




Pelobius, 68
Periplaneta, 152
Perophthalmus, 144
Pheidole, 108
Phialidiom, 85
Photichthys, 185
Pineal eye, 127
Pinnotheres, 51
Piscicola, 154
Platyarthrus, 207
Plesiosaurus, 129
Pleuromona, 189
Podophthalmata, 50, 156
Polydesmus, 189
Polyophthalmus, 33, 98, 134
Pompilus, 58
Ponera, 69

Pontella, 47, 48
Pontinia, 51

Poodle dog, 276
Pressure-point, 10
Prionus, 67
Proctotrupida, 27
Pronotum, 67
Prosobranchiata, 138
Protoplasm, 21
Protozoa, 32, 61
Pteropods, 87
Ptychoptera, 113

R

Recognition among ants, 234
Reptilia, 127, 130
Respiration in insects, 39
Retina, 123

Rhopalonema, 85

Rods, auditory, 18, 104, 111, 187

——, olfactory, 55
— retinal, 124

5

Salivary gland, 30
Sarcophaga, 111
Schizochiton, 145
Scolopendra, 155
Scopelus, 186
Scorpions, 179
Sea-anemone, 12, 187

INDEX. 291

Sense-hairs. See Hairs

Sense of direction, 262

Sense-organs, origin of, 3, 86, 111

Senses, unknown, 192

Serolis, 189

Sete. See Hairs

Sex, power of regulating, 262

Sight, organs of, in Vertebrata, 121;
Cwlenterata, 131 ; Annelida, 133 ;
Mollusca, 137 ; Arthropods, 146

, sense of, 118

——, three possible modes of, 118

Silpha, 38, 41

Sirex, 58

Skin, termination of nerves in, 13

Smell, organs of, in Vertebrata, 32;
Protozoa, 33; Celenterata, 33;
Annelida, 33 ; Mollusca, 34; Arthro-
pods, 35

Smerinthus, 73

Solaster, 133

Sound, organs of, not known in Pro-
tozoa or Ceelenterata, 61; Mollusca,
61 ; Crustacea, 61; Insects, 62

Sphex, 245

Sphinx, 73, 148

Spherotherinm, 74

Spiders, 74, 146, 155, 170, 178

Spondylis, 67, 141

Squilla, 51

Stag-beetle, 43, 52

Staphylinus, 50

Stenobothrus, 62, 63

Stratiomys, 167

Syrphus, 69, 170

i 1

Tachytes, 246

Taste, organs of, in Vertebrata, 19 ;
Annelida, 22; Mollusca, 22; Ar-
thropods, 23

Telephorus, 112

Temperature, organs of, 10

Tenebrionida, 68

Tenthredo, 27, 58

Theridium, 75

Touch, organs of, in Vertebrata, 7 ;
Protozoa, 11; Cwlenterata, 11;
Meduse, 12; Annelida, 13 ; Mol-
lusca, 14 ; Arthropods, 16
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Touch, sense of, 7
Trachee, 29, 30, 101
Trachymedusa, 85
Trachynemada, 157
Tritonia, 87
Trochus, 138

Trox, 68

Tunicata, 129
Turbellaria, 133

¥

Van, 276
Vanessa, 73, 174

INDEX.,

Yaranus, 127

Vaterian corpuscles, 7
Vertebrata, 7, 19, 32, 77
Vespa, 28, 55, 58, 175, 178, 283

W

Wagner’s corpuscles, 7
Warmth organs, 6, 10
Wasp. See Vespa

, solitary, 242, 283
Weevils, 67, 94
Wolffian glands, 27

| Worms. See Annelides

THE END:
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Edition. 2 vols. crown 8vo, I15s.
Griselda. A Society Novel in Rhymed Verse. 5s.
GURNEY, ALFRED, The Vision of the Eucharist, and

other Poems. Crown 8vo, §s.
A Christmas Faggot. Small 8vo, 5s.

Voices from the Holy Sepulchre, and other Poems. Crown
8vo, gs.

HARRISON, CLIFFORD, In Hours of Leisure. Second

Edition. Crown 8vo, 5.

HOMER, Iliad, Greek Text, with Translation. By ]. G.

CORDERY. 2 vols. 8vo, 145 ; Cheap Edition (translation only),
crown 8vo, 5

HORATIUS FLACCUS, Q., Opera. Edited by F. A. CornisH.

With Frontispiece. Elzevir 8vo (Parchment Library). Vellum,
75. 6d. ; parchment or cloth, 6s.
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HOUSMAN, A. E, A Shropshire Lad. Small crown 8vo,
25, 6d,

Kalender of Shepherdes. /uc-simile Reprint. With Intro-
duction and Glossary by Dr. H. OsKAR SOMMER. £2 2s. net.

KEATS, JOHN, Poetical Works. Edited by W. T. ARNOLD.

Large crown 8vo. Choicely printed on hand-made paper. With
Etched Portrait. Vellum, 155 ; parchment or cloth, 125. New
Edition. Crown 8vo, cloth, 3s5. 64.

KEBLE, J., The Christian Year. With Portrait. Elzevir 8vo
(Parchment Library). Vellum, 7s. 6d.; parchment or cloth, 0s.
New Edition. Rubricated, crown 8vo, 25, 64. Also to be had n
leather bindings.

KING, Mrs. HAMILTON, Poems. The Disciples. Tenth
Edition. Elzevir 8vo, 6s,; Small 8vo, 5.
Book of Dreams. Third Edition. Crown 8vo, 3s. 64.
Sermon in the Hospital (from ‘The Disciples’). Foolscap
8vo, 15. Cheap Edition, 34.
Ballads of the North, and other Poems. Crown 8vo, 5s.

LAME, CHARLES, Beauty and the Beast; or, A Rough

Outside with a Gentle Heart. A Poem. Foolscap 8vo, vellum,
105, Od. .

LANG, ANDREW, Lost Leaders. Crown 8vo, 5.
Ballades in Blue China. Elzevir &vo, ss.
Rhymes & La Mode. With Frontispiece by E. A. ABBEY.

Second Edition. Elzevir 8vo, 5s.

LELAND, C. G., Breitmann Ballads. Only Complete

Edition, including 19 Original Ballads, illustrating his travels in
Europe, Crown 8vo, 6s. Another Edition (Lotos Series), 35. 6d.

Pidgin-English Sing-Song; or, Songs and Stories in the
China-English dialect. Second Edition. Crown 8vo, §s.

LINDSAY, LADY, The King's Last Vigil. Elzevir 8vo, 5s.

Lyrics and Other Poems. Second Edition. Elzevir 8vo, ss.

LINTON, W. J., Rare Poems of the Sixteenth and Seven-
teenth Centuries. Crown 8vo, 5s.

LINTON, W. J., and STODDARD, R. H., English Verse.

Chaucer to Burns—Translations—Lyrics of the Nineteenth Century—
Dramatic Scenes and Characters—DBallads and Romances. § vols,
crown 8vo, §s. each,

LOCKER, F., London Lyriecs. Tenth Edition. With Portrait.

Elzevir 8vo, cloth extra, gilt top, 5.
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LOWELL, JAMES RUSSELL, Biglow Papers. Edited by

Tuomas Hucnes, Q.C. Foolscap 8vo, 25, 6d.

LYALL, Sir ALFRED, Verses Written in India. Fourth
Edition. Elzevir 8vo, gilt top, §s.
MACAULAY, Lord, Essays on Men and Books: Lord Clive,

Milton, Earl of Chatham, Lord Byron. Edited by ALEX. H. JaPp.
(Lotos Series), 3s. 6d.

MACKAY, ERIC, A Lovers Litanies, and other Poems.
With Portrait of Author. (ZLefes Series), 35. 6d.

MARCHANT, W. T., In Praise of Ale: Songs, Ballads,

Epigrams, and Anecdotes, Crown 8vo, 105 64.

MILTON, JOHN, Poetical Works. 2 vols. Elzevir 8vo

(LParchment Library). Vellum, 75, 6d.; parchment or cloth, 6s.

Sonnets. Edited by Marx Partison. With Portrait.
Elzevir 8vo (Parchment Library). Vellum, 7s, 6d4.; parchment or
cloth, 6s.

Prose Writings. Edited by E. Mvers. Elzevir 8vo
(Farchment Library). Vellum, 7s. 64.; parchment or cloth, 6s.

MORRIS, Sir LEWIS, Complete Poetical Works, including
A Vision of Saints.” 1 vol. With latest Portrait. Tenth Thousand.
Crown 8vo, cloth plain, 6s.; cloth extra, gilt edges, 7s5. 6d.

The Epic of Hades. With 16 Autotype Illustrations, after
the Drawings of GEoRGE R. CHAPMAN. 4to, cloth extra, gilt
edges, 21z,

The Epic of Hades. Presentation Edition. 4to, cloth
extra, gilt edges, 75, 64.

The Epic of Hades. Elzevir Edition. Printed on hand-
made paper, cloth extra, gilt top, 5+

Poetical Works. Complete in 7 vols. Foolscap 8vo,
55. each,

Vol. I. Songs of Two Worlds. Twenty-second Thousand.

II. The Epic of Hades. Thirty-eighth Thousand.
ITI. Gwen and The Ode of Life. Twentieth Thousand.
IV. Songs Unsung and Gycia. Seventeenth Thousand.
V. 8Songs of Britain. Fifteenth Thousand.
VI. A Vision of Saints. Fifth Thousand.
VII. Songs Without Notes.

Idylls and Lyrics. Third Edition. 12mo, cloth, 5s.
The Birthday Book. Edited by S. S. Cuapman. With

Frontispiece. 32mo, cloth extra, gilt edges, 2s.; cloth limp, 1s. 64,

MUNCHAUSEN’S Travels and Surprising Adventures. Illus-
trated by ALFRED CROWQUILL, (Lofos Series), 35. 64d.
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NEWMAN, Cardinal, Characteristics from the Writings of.

Selections from his various Works, Arranged by W. S. LiLLy.
Ninth Edition. With Portrait. Crown 8vo, 6s.

*4+" Portrait of the late Cardinal Newman, mounted for framing, 2s. 64.

PARKES, Sir HENRY, Sonnets and other Verse. Elzevir
8vo, 2s5. 6d.

PLINY, The Letters of Pliny the Younger. Translated by
J. D. LEwis. Post 8vo, 15s.

POE, EDGAR ALLAN, Poems. Edited by ANDREW LANG.
With Frontispiece. Elvevir 8vo (Parchment Library). Vellum,
75. 6d.; parchment or cloth, 6s,

The Raven. With Commentary by Joun H. INGRAM.

Crown 8vo, parchment, 6s.

POLLEN, JOHN, Rhymes from the Russian. Translations

from the best Russian Poets, Crown 8vo, 35, 6d.

POSNETT, H. M, Comparative Literature, Crown S8vo,
5. (7S 5)

PRAED, W, MACKWORTH, Every-day Characters. Profusely
Illustrated by CeciL ALDEN, Imperial 8vo, 6s.

PRIOR, MATTHEW, Selected Poems. Edited by Austin
DossoN. Elzevir 8vo (Parchment Library). Vellum, 7s5. 6d.;
parchment or cloth, 6y,

Psalms of the West. Small S8vo. 15 64

SAINTSBURY, GEORGE, Specimens of English Prose Style,
from Malory to Macaulay. Selected and Annotated. With an
Introductory Essay. Large crown 8vo, printed on hand-made paper.
Vellum, 155.; parchment antique or cloth, 12s.

French Lyries. Edited by Greorcr Saintssury., With
Frontispiece. Elzevir 8vo (Farchment Library). Vellum, 7s. 6d.;
parchment or cloth, 6.

SCHEFTEL, J. V. and others, Gaudeamus: Humorous

Poems. Translated from the German by C. G. LELAND. 16mo,
3s5. 6d.

SCOONES, W. B, Four Centuries of English Letters. A

selection of 350 Letters by 150 Writers, from the period of the
Paston Letters to the Present Time. New and cheaper Edition. 5.

Sea Song and River Rhyme, from Chaucer to Tennyson.
With 12 Etchings. Edited by ESTELLE ApAMs, Large crown
8vo, 10s. 6d.

SEARS, LORENZO, The History of Oratory from the Age
of Pericles to the Present Time. Crown 8vo, 7s. 64,
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SHAKSPERE, WILLIAM, Works :—

Avon Eprtion. 12 vols. Elzevir 8vo (Parchment Library).
Vellum, 7s. 6d. per vol.; parchment or cloth, 6s. per vol.

CHEAP EDITION, 1s. per vol. net.

*. ¥ Tue CHeap EpITION may also be had complete—
12 vols, in cloth box, 15s. net; or boundin 6 vols., 12s. net.

In ONE VorLuMmE, with Glossarial Index—
Super Royal 8vo, 7s. 6d.

Concordance to Shakespeare’s Poems. By Mrs. FURNESS.
185,

A New Variorum Edition of Shakespeare. Edited by

HoracE HowarDp FurNEss., 18s. each wvol.

Vol. I. Romeo. Vol. V. Lear.
11. Macheth, VI. Othello.
Vols. III. and IV. Hamlet. VII. Merchant of Venice,

Vol. VIII. As You Like It.

Sonnets. Edited by Epwarp Dowpen. With Frontispiece.
Elzevir 8vo (Parchment Library). Vellum, 7s. 6d4.; parchment or
cloth, 6s.

Index to Shakespeare’s Works. By E. O'Coxxor. Crown
8vo, §s.

Shakespeare Classical Dictionary ; or, Mythological Allusions
in the Plays of Shakespeare explained. By H. M. SELBY. Fools-
cap 8vo, 15,

Shakspere: A Critical Study of his Mind and Art. By
Epwarp DowpeN. Ninth edition. Large post 8vo, 12s.

Shakespeare, and other Lectures. By GEORGE DAWSON.
Edited by GEORGE ST. CLAIR. Large crown 8vo, 75, 64,

SHELLEY, P. B., Complete Poetical Works. Centenary
Edition. Edited by GEORGE EDWARD WOODBERRY. 4 vols. crown
8vo, 245. net,

Poems. Edited by Ricuarp Garnerr. With Frontispiece.
Elzevir 8vo (Parchment Library). Vellum, 7s. 64.; parchment or
cloth, 6s,

Select Letters. Edited by RicHARD GARNETT. Elzevir
8vo (Parchment Library). Vellum, 7s. 6d. ; parchment or cloth, 6s.

SIDNEY, Sir PHILIP, The Countess of Pembroke's Arcadia.
Edited by H. OskarR SomMmER. The original 4to edition (1590)
in Photographic Fac-simile, with Bibliographical Introduction,
£2 25. et
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SMITH, HUNTINGTON, A Century of American Literature.

Benjamin Franklin to James Russell Lowell. Crown 8vo, 6.

SWIFT, DEAN, Letters and Journals. Edited by STANLEY
LaNE PooLk. Elzevir 8vo (Parchment Library). Vellum, 7s. 6d. ;
parchment or cloth, 6s.

Prose Writings. FEdited by StanLey LANE PooLe. With
Portrait. Elzevir 8vo (Parchment Library). Vellum, 7s. 6d.;
parchment or cloth, 6.

SYMONDS, JOHN ADDINGTON, Vagabunduli Libellus.

Crown 8vo, 6.
TAYLOR, Sir HENRY, Works., 5 vols, crown 8vo, 3os.
Philip Van Artevelde. Ioolscap 8vo, 3s. 64.
The Virgin Widow, etc. Foolscap 8vo, 3s5. 64.

TENNYSON, Analysis of Tennyson's ‘In Memoriam.’

(Dedicated by permission to the Poet Laureate.) By F. W.
RoBERTSON. Foolscap 8vo, 2s.

TRENCH, Archbishop, Poems. Tenth Edition, Foolscap 8vo,

75. 64. Library Edition, 2 vols, small 8vo, 10,

Household Book of English Poetry. Edited by Archbishop
TrEncH., Fourth Edition, revised. Extra foolscap 8vo, 5s.

TYNAN, KEATHERINE, Shamrocks. Small 8vo, 5s.
Ballads and Lyrice. Small 8vo, 5.

WAGNER, RICHARD, Prose Works. Translated by W.

AsHTON ELLIS.
Vol. I. The Art Work of the Future, etc. 8vo, 125, 64, net,
II. The Drama. 8vo, 125, 64, net.
III. The Theatre 8vo, 12s5. 64. net.
IV. Art and Polities. 8vo, 12s5. 6J. net,

WORDSWORTH, W., Selections. DBy WiLLiam KNicHT and

other Members of the Wordsworth Society. Printed on hand-made
paper. Large crown 8vo., With Portrait, Vellum, 15s ; parch-
ment, 12s. Cheap Edition, crown 8vo, 4s5. 64.

Wordsworth Birthday Book. Edited by AperLaipe and
VioLET WORDSWORTH, 32mo, 25 ; cloth limp, Is. 64d.
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WORKS OF FICTION.

ADAMS, Mrs. LEITH, The Old Pastures. Crown 3vo, 6s.
AMYAND, ARTHUR, Only a Drummer Boy. Crown 8vo,

-picture boards, 2s.

BAIN, R. NISBET, Weird Tales from the Northern Seas.

From the Danish of Jonas Lie. With Illustrations by LAURENCE
HousMaN. Large post 8vo, 7s. 6d.

. BANKS, Mrs. G. LINNAZEUS, God’s Providence House.

Crown 8vo, 6s.

BENSON, MAY ELEANOR, At Sundry Times and in Divers

Manners. With Portrait and Memoir. 2 vols. Crown 8vo, 10s. 64,

CAIRD, MONA, The Wing of Azrael. Crown 8vo, 6.
CHILD, J. T., The Pearl of Asia. 10s. 64

COMPTON, C. G., Scot Free. A Novel. Crown 8vo, 6s.
FLETCHER, J. 8., The Winding Way. Crown 8vo, 6s.
GOODCHILD, JOHN A. My Friends at Sant ’'Ampelio.

Crown 8vo, 7s5. 64.
GRAY, MAXWELL, In the Heart of the Storm. With

Frontispiece, Crown 8vo, 6s,

The Reproach of Amnmnesley. With Frontispiece. Crown
8vo, 6s.

Silence of Dean Maitland. With Frontispiece. Crown
&vo, 6s. New and Illustrated Edition, post 8vo, 6s,

Costly Freak. With Frontispiece. Crown 8vo, 6s.
An Innocent Impostor. With Frontispiece. Crown 8vo, 6s.

GREY, ROWLAND, In Sunny Switzerland; A Tale of Six
Weeks. Second Edition. Small 8vo, gs.
Lindenblumen, and other Stories. Small 8vo, 5s.
Jacob's Letter, and other Stories. Crown 8vo, 5s.
GURNEY, Rev. ALFRED, The Story of a Friendship.

Crown 8vo, §s.

HAWTHORNE, NATHANIEL, Works. Complete in 12

vols. Large post 8vo, 75 64, each.
Scarlet Letter. New Illustrated Edition. Post 8vo, 105, 64.

Dr. Grimshawe's Secret. A Romance. With Preface and
Notes by JuLiaAN HAWTHORNE. Post 8vo, 7s. 64.
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HOUSMAN, LAWRENCE, All Fellows. With 7 Illustrations,

Title Page, and Cover designed by the Author. Imperial 16mo, 6s.

The House of Joy. With ¢ Illustrations, and Cover
specially designed by the Author. Crown 8vo, 6s.

A Farm in Fairyland. With 12 Illustrations by the
Author, Crown 8vo, 6s.

HUYSMANS, J. K., En Route. Translated by C. KEcaN

PavuL. Second Edition. Crown 8vo, 6s.

INGELOW, JEAN, Off the Skelligs. A Novel. With

Frontispiece. Crown 8vo, 6s.

LANG, ANDREW, In the Wrong Paradise, and other Stories,

Crown 8vo, 6s.

MACDONALD, GEORGE, St. George and St. Michael. With

Frontispiece. Crown 8vo, 65. New and cheaper Edition, 3s. 64.

What's Mine's Mine. With Frontispiece. Crown 8vo, 6s.
New and cheaper Edition, 3s. 64.

Annals of a Quiet Neighbourhood. With Frontispiece.
Crown 8vo, 65s. New and cheaper Edition, 3s. 64.

The Seaboard Parish. A Sequel to ‘Annals of a Quiet
Neighbourhood.” With Frontispiece. Crown 8ve, 6s. New and
cheaper Edition, 3s, 6d.

Wilfrid Cumbermede. An Autobiographical Story. With
Frontispiece. Crown 8vo, 6s. New and cheaper Edition, 3s. 6.

Thomas Wingfold, Curate. With Frontispiece. Crown
8vo, 65s. New and cheaper Edition, 3s. 64.

Paul Faber, Surgeon. With Frontispiece. Crown 8vo, 6s.
New and cheaper Edition, 3s. 64.

The Elect Lady. With Frontispiece. Crown 8vo, 6s.
New and cheaper Edition, 3s. 64.

Flight of the Shadow. With Frontispiece. Crown 8vo, 6s.
New and cheaper Edition, 3s. 6d.

Malcolm. With Portrait of the Author engraved on Steel.
Crown 8vo, 6s. New and cheaper Edition, 3s. 64.

Castle Warlock. With Frontispiece. Crown 8vo, 6s.
New and cheaper Edition, 3s. 64,

There and Back. With Frontispiece. 6s5. New and
cheaper Edition, 3s. 64.

Donal Grant. With Frontispiece. Crown 8vo, 6s. New
and cheaper Edition, 3s. 64,
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MACDONALD, GEORGE-—continued.

Home Again. With Frontispiece. Crown 8vo, 6s. New
and cheaper Edition, 3s. 6d.

The Marquis of Lossie. With Frontispiece. Crown 8vo, 6s.
New and cheaper Edition, 3s. 64,

MacKENNA, 8. T., Plucky Fellows. A DBook for Boys.
With 6 Illustrations. Fifth Edition. Crown 8vo, 3s. 6d.

MALET, LUCAS, Colonel Enderby’s Wife. With Frontis-

piece. Crown 8vo, 6.
A Counsel of Perfection. With Frontispiece. Crown 8vo, 6s.
Little Peter. A Christmas Morality for Children of any

age. With numerous Illustrations. Fourth Thousand. §s.

MULHOLLAND, ROSA, Marcella Grace. An Irish Novel

New Edition, with Illustrations. Crown 8vo, 6s.

A Fair Emigrant. With Frontispiece. Crown 8vo, 6s.
New and cheaper Edition, 2s.

OWLGLASS, TYLL, Marvellous and Rare Conceits. Trans-
lated by KENNETH MACKENZIE., Illustrated by ALFRED CROW-
QUILL. (Lotos Series), 3s. 6d.

PONTOPIDDAN, HENRIK, The Apothecary's Daughters.
Translated from the Danish by Gorpius NIELSEN, Crown 8vo,
3s. 64,

PRIG, The Prigment: ‘ The Life of a Prig,’ ¢ Prig’s Bede,’
‘ How to Make a Saint,” ‘ Black is White.” Second Edition. In
1 vol. crown 8vo, §s.

A Romance of the Recusants. Crown 8vo, 5¢.

Black is White: or, Continvity Continued. Second
Edition. Foolscap 8vo, 3s. 0d.

Prig’s Bede. The Venerable Bede Expurgated, Expounded,
and Exposed. Second Edition. Foolscap 8vo, 3s. 6d.

Riches or Ruin. Foolscap 8vo, 3s. 64.

Egosophy. Foolscap 8vo, 3s. 64.

REANEY, Mrs. G. 8., Waking and Working; or, From
Girlhood to Womanhood. New and cheaper Edition. With
Frontispiece. Crown 8vo, 3s. 64.

Blessing and Blessed. A Sketch of Girl Life. New and
cheaper Edition. Crown 8vo, 3s. 64.

Rose Gurney's Discovery. A Story for Girls. Dedicated
to their Mothers, Crown 8vo, 7s5. 6d.
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REANEY, Mrs. G. S.—onftinued,

English Girls: Their Place and Power. With Preface by
the Rev. R. W. DaLE. Fifth Edition. Foolscap 8vo, 2s. 64.

Just Any Onme, and other Stories. With 3 Illustrations.

16mo, 1s5. 64,

Sunbeam Willie, and other Stories. With 3 Illustrations.
16mo, 15, 6d.

Sunshine Jenny, and other Stories. With 3 Illustrations.
16mo, 1s. 0d.

ROSS, PERCY, A Professor of Alchemy. Crown 8vo, 3s. 6d.

SHAW, FLORA L., Castle Blair. A Story of Youthful Days.
Crown 8vo, 3s. 64,

SPINNER, ALICE, Lucilla: An Experiment. 2 vols. crown

8vo, 12s5. met. Also cheaper Edition, crown 8vo, 3s. 64,

Sporting Stories and Sketches. By G. G. With Frontispiece

lgﬁjr G. Bowers., New and cheaper Edition, picture-boards, crown
Vo, 245,

STRETTON, HESBA, David Lloyd's Last Will. With 4

Illustrations. New Edition, royal 16mo, 2s, 64.
‘TASMA,” A Sydney Sovereign, and other Tales. Crown
8vo, cloth, 6s.
In Her Earliest Youth. Cheap Edition. Crown 8vo, 6s.
TAYLOR, Colonel MEADOWS, Seeta. A Novel. With
Frontispiece. Crown 8vo, 3s. 64,

Tippoo Sultaun. A Tale of the Mysore War. With

Frontispiece, Crown 8vo, 3s. 64.
Ralph Darnell. With Frontispiece. Crown 8vo, 3s. 64.
A Noble Queen. With Frontispiece. Crown 8vo, 3s. 6d.

The Confessions of a Thug. With Frontispiece. Crown
8vo, 3s5. 6d.

Tara. A Mabhratta Tale. With Frontispiece. Crown 8vo,
3s5. 64,

THACKERAY, W. M., Sultan Stork, and other Stories and

Sketches, 1529-44. Now first collected, to which is added the
Bibliography of Thackeray. Large 8vo, 105, 64.

THEODOLI, The MARCHESA, Candiduccia. Scenes from

Roman Life. 2 vols. crown 8vo, 125 net,

TRAHERNE, Mrs. ARTHUR, The Mill on the Usk. Crown
8vo, 6s.
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Il. RELIGION.

THEOLOGY, EXEGESIS, DEVOTIONAL
WORKS, ETc.

ABRAHAMS, L. B.,, Manual of Scripture History for Jewish
Schools and Families. With Map. Crown 8vo, Is. 64.

ALEXANDER, WILLIAM, Bishop, The Great Question, and

other Sermons. Crown 8vo, 6s.

ALLIES, THOMAS W., The Monastic Life, from the Fathers
of the Desert to Charlemagne. Post Bvo, gs. net.

ANDERSON, ROBERT, A Doubter's Doubt about Science
and Religion. Second Edition. Crown 8vo, 3s. 6d.

ARNOLD, THOMAS, and SCANNELL, T. B, Catholic
Dictionary. An Account of the Doctrine, Discipline, Rites, Cere-
monies, etc., of the Catholic Church. Fourth Edition, revised and
enlarged. 8vo, 215,

BADHAM, F. P., Formation of the Gospels, Crown 8vo, ss.
BAGSHAWE, EDWARD G., Bishop, Notes on Christian

Doctrine. Crown 8vo, 5s.

BAGSHAWE, JOHN B, Skeleton Sermons for the Sundays
and Holidays in the Year. Crown 8vo, 3s. 64.

Bibliotheca Sacra, Annual Subscription, 14s.

BOLD, PHILIP, Catholic Doctrine and Discipline Simply

Explained. Revised and in part Edited by Father Evrg, S.].
Post 8vo, 105, 64d.

BRIDGETT, Rev. T. E., History of the Holy Eucharist in
Great Britain. 2 vols. 8vo, 185,

BROOKE, Rev. STOPFORD A., Christ in Modern Life.

Seventeenth Edition. Crown 8vo, §s.

The Spirit of the Christian Life, Fourth Edition. Crown

8vo, 5.

The Fight of Faith. Sermons preached on various occa-
sions, Sixth Edition. Crown 8vo, §s.

Sermons. Two Series. Thirteenth Edition. Crown 8vo,
5s5. each.

Theology in the English Poets—Cowper, Coleridge, Words-
worth, and Burns., Sixth Edition. Post 8vo, 5s.
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BUDGE, E. A. WALLIS, The Book of Governors. 'The

Historica Monastica of Thomas, Bishop of Marga. 2 vols, 8vo,
40s5. net,

Saint Michael the Archangel, Three Encomiums in the

Coptic Texts, with a Translation. Imperial 8vo, 155 net.

CARPENTER, R. L., Personal and Social Christianity.
Sermons and Addresses by the late RusserLL LANT CARPENTER.
With a Short Memoir by Frances E. Cooke., Edited by J, EsTLiN
CARPENTER. Crown 8vo, 6s.

Catherine of Siena. The Dialogue of the Seraphic Virgin
Catherine of Siena. Translated from the Italian, with an Intro-
duction on the Study of Mysticism. By ALGar THoroLD. 8vo, 155

CHEYNE, Canon T. K., The Origin and Religious Contents
of the Psalter. The Bampton Lectures, 1889. 8vo, 165,

The Prophecies of Isaiah. With Notes and Dissertations.
Fifth Edition. 2 vols. 8vo, 255,

Job and Solomon ; or, The Wisdom of the Old Testament.
8vo, 12s5. 64,
The Book of Psalms; or, The Praises of Isracl. With

Commentary. 8vo, 16s. Elzevir 8vo (Farchment Library). Vellum,
75. 6d.; parchment or cloth, 6s.

CLARK, HENRY W, History of Tithes, from Abraham

to Queen Victoria. Crown 8vo, 5s.

CLARKE, JAMES FREEMAN, Ten CGreat Religions. An

Essay in Comparative Theology. 8vo. Part I. 10s. 64.; Part I1.
A Comparison of all Religions, 10s. 64.

CLODD, EDWARD, Jesus of Nazareth. With a Brief

Sketch of Jewish History to the Time of His Birth. Second
Edition. Small crown 8vo, 6s. Special Edition for Schools, in
2 parts, Is. 6. each.

Childhood of Religions, including a Simple Account of the
Birth and Growth of Myths and Legends. New Edition, revised

andﬁpfartly re-written. Crown 8vo, 55.  Special Edition fm':&'.{.‘hnﬂlfi,
I5. O,

COX, Rev, SAMUEL, D.D,, Commentary on the Book of
Job. With a Translation. Second Edition. 8vo, 15s.

Balaam. An Exposition and a Study. Crowa 8vo, ss.

Miracles. An Argument and a Challenge. Crown 8vo,
25, 6d.

Salvator Mundi; or, Is Christ the Saviour of all Men ?
Twelfth Edition. Crown 8vo, 25 64,

B
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COX, Rev. SAMUEL, D.D.—continued.

The Larger Hope. A Sequel to ‘Salvator Mundi’ Second
Edition. 16mo, Is.

Genesis of Evil, and other Sermons, mainly Expository.
Fourth Edition. Crown 8vo, 6s.

DAVIDSON, SAMUEL, Introduction to the New Testament.

Third Edition, Revised and enlarged. 2 vols. demy 8vo, 30s.

DAWSON, GEORGE, The Authentic Gospel, and other
Sermons. FEdited by GEORGE ST. CLAIR. Fourth Edition. Small
8vo, 3s. 64d.

Every-day Counsels. Edited by GEorGe St. CLAIR. Crown
8vo, 6s.

Prayers. First Series. Edited by his Wife. Tenth
Edition. Small 8vo, 3s. 64. Second Series. Edited by GEORGE
St. CLAIR. Small 8vo, 3s5. 6d.

Sermons on Disputed Points and Special Occasions.
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T. Croskery, D.D., and Rev. J. S. BricHT, D.D. Second
Edition. 15s.

Revelation. Introduction by the Rev. T. RanxpELL, Prin-
cipal of Bede College, Durbam. Exposition by the Rev. A,
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COX, Sir G. W., and JONES, E. H., Popular Romances of the
Middle Ages. Third Edition. Crown 8vo, 6s.

GASTER, M., Greeko-Slavonic Literature and its Relation

to the Folk-Lore of Europe during the Middle Ages. Large post
3vo, 7s. 64,

GOMME, G. LAURENCE, Ethnology in Folk-Lore. Crown

8vo, 2s5. 64. (Modern Science Series.)

Indian Folk-Lore. .See ¢/ass ORIENTAL.

LONG, J., Eastern Proverbs and Emblems Illustrating Old
Truths. Post 8vo, 6s5. (Triibner's Oriental Series.)

MACRITCHIE, DAVID, Fians, Fairies, and Picts. With

Illustrations. Large post 8vo, 7s. 64.
NORTHALL, G. F., English Folk Rhymes. A Collection of

Traditional Verses relating to Places and Persons, Customs, Super-
stitions, etc. Crown 8vo, 10s. 64.

Turkish Tales.—The History of the Forty Vezirs; or, The

Story of the Forty Morns and Eves. Translated from the Turkish
by E. J. W, Gies. Crown 8vo, 10s. 04,

Ill. 0CCULT SCIENCES.

EAUGHAN, ROSA, The Influence of the Stars. A Treatise
on Astrology, Chiromancy, and Physiognomy. 8vo, 5s.

BINET, A., and FERE, C., Animal Magnetism. Second
Edition. Crown 8vo, §55. (/. 5. 5.)

COLLINS, MABEL, Through the Gates of Gold. Mysticism.
Small 8vo, 5. 64.

COOK, LOUISA 8., Geometrical Psychology; or, The Science

of Representation. An Abstract of the Theories and Diagrams of
B. W. BE1Ts. Sixteen Plates. 8vo, 7s5. 64.

COTTON, LOUISE, Palmistry and its Practical Uses.

Twelve Plates. Crown 8vo, 25, 64.

D’ASSIER, ADOLPHE, Posthumous Humanity. A Study

of Phantoms, from the French. By CorLoNeL Ovrcorr. With
Appendix and Notes. Crown 8vo, 7s. 6d.

DEWEY, J. H.,, The Way, the Truth, and the Life. A
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105, 6d.
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HARTMANN, FRANZ, White and Black Magic: or, The
Science of Finite and Infinite Life. Fourth Edition, revised. Crown
8vo, 6s.

Life of Paracelsus, and the Substance of his Teachings.

New and Revised Edition. Post 8vo, 7s. 64,

Life and Doctrines of Jacob Boehme. An Introduction to
the Study of his Works. Post 8vo, 105 64,

HEIDENHAIN, RUDOLPH, Hypnotism, or Animal Magnet-
ism, With Preface by G. J. Romangs. Second Edition. Small
8vo, 25, 6d.

HERMES, TRISMEGISTUS, Christian Neoplatonist, Theo-

logical and Philosophical Works of. Translated from the Greek by
J. D. CuaMBERs. 8vo, 7s. 64.

The Virgin of the World. Translated and Edited by the
Authors of ‘The Perfect Way.’ [Illustrations. 4to, imitation
parchment, 10s. 6d.

JENNINGS, HARGRAVE, The Indian Religions; or, Results

of the Mysterious Buddhism, 8vo, 105 64.

KINGSFORD, ANNA, and MAITLAND, EDWARD, The
Perfect Way; or, The Finding of Christ. Third Edition, revised,
Square 16mo, 7s. 64.

KINGSFORD, ANNA, Spiritual Hermeneutics of Astrology
and Holy Writ. With Illustrations. 4to, parchment, 10s. 64.

MATHERS, 8. L. M., The Key of Solomon the King. Trans-
lated from ancient MSS. in the British Museum. With Plates.
Crown 4to, 25s.

The Kaballah Unveiled. Containing the Three Books of

the Zohar, translated from the Chaldee and Hebrew Text. Post
8vo, 10s5. 64,

The Tarot. Its Occult Signification, use in Fortune-telling,
and method of Play. With Pack of 78 Tarot Cards, 5s+.; without
the Cards, 1s. 64.

OLCOTT, Colonel, Theosophy, Religion, and Occult Science.
With Glossary of Eastern Words. Crown 8vo, 7s, 6d.

OWEN, ROBERT DALE, Footfalls on the Boundary of
another World. With Narrative Illustrations, Post 8vo, 7s5. 64.

Debatable Land between this World and the Next. With

Illustrative Narrations. Second Edition. Crown 8vo, 7s. 64.

Threading My Way. Twenty-seven Years of Autobiography.
Crown 8vo, 7s. 6d.
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PREL, CARL DU, Philosophy of Mysticism. Translated

from the Gérman by C. C. MassEY. 2 vols 8vo, cloth, 25s.
Psychical Research Society, Proceedings. Irregular.

SERJEANT, W. C. ELDON, The Astrologer's Guide (Anima
Astrologiz). 8vo, 7s. 6d.

STREET, J. C., The Hidden Way across the Threshold ;

or, The Mystery which hath been hidden for Ages and from
Generations. With Plates. Large 8vo, I5s.

VAUGHAN, THOMAS, Magical Writings. Edited, with
Introduction and Notes. by A. E. Warre. Small 4to, 10s. 64.

VINCENT, R. HARRY, The Elements of Hypnotism,

Crown 8vo, 5.
WAITE, A. E, Lives of Alchemystical Philosophers. 8vo,
105, 6d.
Magical Writings of Thomas Vaughan. Small 4to, 1os. 64.

Real History of the Rosicrucians. With Tllustrations.
Crown 8vo, 7s5. 6d.

Mpysteries of Magic. A Digest of the Writings of Eliphas
Lévi. New and revised Edition. With Illustrations, 8vo, 10s. 6d.

The Occult Sciences. Crown 8vo, 6s.
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ACLAND, Sir THOMAS DYKE, Knowledge, Duty, and
Faith. A Study of Principles Ancient and Modern. Crown 8vo
3. 6d.

A.LEK)LNDER, S., Moral Order and Progress: An Analysis

of Ethical Conceptions, Second Edition. Post 8vo, 145, (Fhilo-
sophical Library.)

ALLEN, GRANT, Colour Sense : Its Origin and Development.

An Essay in Comparative Psychology. Second Edition, Post 8vo,
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ARISTOTLE, The Nicomachean Ethics. 'Iranslated by F.
H. PeteErs. Third Edition. Crown 8vo, 6s.

BAIN, ALEXANDER, Mind and Body: The Theories of

their Relations. With Four Illustrations. Eighth Edition. Crown
8vo, 55. (L. 8. 8.)
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BASTIAN, H. CHARLTON, Brain as an Organ of Mind.
With numerous Illustrations., Fourth Edition." Crown 8vo, ss.
(£. 8. 5.)

COMTE, AUGUSTE, Positive Philosophy. Translated and
Condensed by HARRIET MARTINEAU. 2vols. Third Edition. Large
post 8vo, 15s.

Catechism of Positive Religion. From the French by R.
CONGREVE, Third Edition. Crown 8vo, 2s. 64.

FICHTE, J. GOTTLIEB, Characteristics of the Present Age.
Translated by W. SMITH., Post 8vo, 6s,

New Exposition of the Science of Knowledge. Translated
by A. E. KroEGER. 8vo, 125,

Science of Knowledge. Translated by A. E. KROEGER.
With an Introduction by Prof. W, T. HARRIS. 105 6d. (Philo-
sophical Library.)

Science of Rights. Translated by A. E. Kroecer. With
an Introduction by Prof. W. T. HARRIS. 125 6d. (Philosophical
Library.)

Science of Ethics. Translated by W. T. Harris. 7s. 64,

Popular Works: The Nature of the Scholar, The Vocation
of the Scholar, The Vocation of Man, The Doctrine of Religion,
Characteristics of the Present Age, Outlines of the Doctrine of
Knowledge. With a Memoir by W. SMITH. 2 vols. 21s5. (Philo-
sophical Library.)

GUICCIARDINI, F., Counsels and Reflections. Translated
by N. H. THoMsoN., Crown 8vo, 6s.

HARTMANN, E. von, Philosophy of the Unconscious.

Translated by W. C. CouPLAND. 3 vols. post 8vo, 3Is. 64,
(Philosophical Library.)

HEGEL, G. W. F., Lectures on the History of Philosophy.

Translated by E. S. HALDANE. 3 vols. post 8vo, each 125,

HINTON, JAMES, The Law-Breaker, and The Coming of the
Law. Edited by MARGARET HinTON., Crown 8vo, 6s.

Mystery of Pain. New Edition. Foolscap 8vo, 1s.

Philosophy and Religion. Selections from the MSS. of
the late James Hinton. Edited by CArRoLINE HADDON. Second
Edition. Crown 8vo, 55,

The Larger Life. Studies in Hinton’s Ethics. By CAROLINE
Happon. Crown 8vo, §s.
HUGHES, H., Principles of Natural and Supernatural Morals,
Vol. I. Natural Morals. 8vo, 125

The Theory of Inference. 8vo, 10s. 64.




Classified List of Publications. 33

JORDAN, F., Character as seen in Body and Parentage.
With Illustrations. Third Edition, Small crown 8vo, 2s. 64, net,

LEWES, GEORGE HENRY, Problems of Life and Mind. 8vo.

Series I. Foundations of a Creed. 2 vols. 28r.
II. Physical Basis of Mind. With Illustrations. 16s.
1I1. 2z vols. 225 64.

The Physical Basis of Mind. With Illustrations. New
Edition. With Prefatory Note by Prof. J. SuLLy. Large post 8vo,
10s5. 6d.

LANGE, Prof. F. A., History of Materialism, and Criticism
of its Present Importance, Authorised Translation by ErnEesr
C. THoMAs. 3 vols. post 8vo, 10s. 6d. each. (Philosophical
Library.)

LESLEY, J. P., Man's Origin and Destiny. Sketched from

the Platform of the Physical Sciences. Second Edition. Crown
8vo, 7s. 64.

LUBBOCK, Sir John, Senses, Instincts, and Intelligence of
Animals, With special reference to Insects. With 100 Illustrations.
Third Edition. Crown 8vo, §5. (/. 5. 5))

LUYS, J., Brain and its Functions. With Illustrations.
Third Edition. Crown 8vo, 5s. (/. 5. 8.)

MAUDSLEY, H.,, Body and Will. An Issay concerning
Will, in its Metaphysical, Physiological, and Pathological Aspects,
8vo, 125,

Responsibility in Mental Disease. Fourth Edition. Crown
8vo, §5. (/. S5.S.)

Supernaturalism. — Natural Causes and Supernatural
Seemings. Second Edition. Crown 8vo, 6s.

MILL, JOHN STUART, Auguste Comte and Positivism.
Third Edition. Post 8vo, 3s. 6d. (Philosophical Library.)

MIVART, ST. GEORGE, On Truth. 8vo, 16s.
Origin of Human Reason. 8vo, 10s. 64,

MOORE, AUBREY L., Essays, Scientific and Philosophical.
With Memoir of the Author. Crown 8vo, 6s.

MORSELLI, Prof. H., Suicide. An Essay on Comparative

Moral Statistics. Second Edition. With Diagrams, Crown 8vo,
En (L S'S)

RIBOT, Prof, T., English Psychology. Crown 8vo, 7s. 64,

Diseases of Memory. An Essay in the Positive Psychology,
Third Edition. Crown 8vo, 5. (/. 5. 5.)
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RIEHL, Dr. A., Introduction to the Theory of Science and

Metaphysics. Translated by Dr. ARTHUR FAIRBANKS, Post 8vo,
gs. (Philosophical Library.)

ROMANES, G. J., Mental Evolution in Man. Origin of the
Human Faculty. 8vo, 14s.

Mental Evolution in Animals. With Posthumous Essay

on Instinct by CHARLES DARWIN. 8wvo, 125

Animal Intelligence. Fourth Edition. Crown 8vo, 5.
(E 58

SCHOPENHAUER, ARTHUR, The World as Will and Idea.
From the German. By R. R. HaArLpane and J. KEmp. Third
Edition. 3 vols. post 8vo, 12s. each vol,

SIMCOX, EDITH, Natural Law. An Essay in Ethics. Second
Edition. Post 8vo, 105, 6d. (Philosophical Library.)

SULLY, JAMES, Illusions. A Psychological Study. Third
Edition. Crown 8vo, 5s. (/. S, §.)

WEDGWOOD, JULIA, The Moral Ideal. An Historic Study.
Second Edition. 8vo, g5
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BIOGRAPHY.

&lcher;lystica.l Philosophers, Lives of. With a Bibliography
of Alchemy. By A. E. WAITE. &vo, 105 6d.

ANSELM, 8t., Archbishop of Canterbury, and Primate of the
Britons, Life and Times of. By MarTIN RULE. 2 vols. 8vo, 32s.

APPLETON, Dr., His Life and Literary Relics. By J. H.
ApprLETON and A, H. Savce. Post Svo, 105 6d. (Philosophical
Library.)

BACON, FRANCIS, Life and Times of. By JAMES SPEDDING.

2 vols. post 8vo, 214,

BETTERTON, THOMAS. By R. W. Lowe. Crown 8vo,
25, 64, (Eminent Actors.)

BLAVATSKY, Madame, Incidents in the Life of. DBy A. P.
SINNETT. With Portrait. 8vo, 105, 64,

BOEHME, JACOB, Life and Doctrines of. An Introduction
to the Study of his Works. By Franz HARTMANN. Post 8vo,
105, 64,
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BRADSHAW, HENRY. A Memoir. By G. W. PrRoTHERO.

With Portrait and Fac-simile. 8vo, 16s.

Brave Men's Footsteps. A Book of Example and Anecdote
for Young People. By the Editor of ‘Men who have Risen.’
Illustrations by C, DovLe. Ninth Edition. Crown 8vo, 2s. 64,

BRUNO, GIORDANO, the Nolan, Life of. By I. FriTH.

Revised by Professor Mor1z CARRIERE. With Portrait. Post 8vo,
145,

BURKE, the Very Rev. T. N, Life of. By W. J. FITZPATRICK.
With Portrait. 2 vols. 8vo, 305. New and cheaper Edition, 7s. 64.

BURROWS, HENRY WILLIAM. Memorials. By E. WoRrDs-
WoRTH. With Portrait. Crown 8vo, 6s.

CAXTON, WILLIAM, England’s First Printer, Biography
and Typography of. By W, Brapes. 8vo, hand-made paper,

imitation old bevelled binding, £1 1s. Cheap Edition, crown
8vo, 5.

DAWSON, GEORGE, Biographical Lectures. Edited by
GEORGE ST. CrAIR. Third Edition. Large crown 8vo, 7s. 6d.

DICKENS, CHARLES, and the Stage; or, A Record of his

Connection with the Drama. By T. Engar PEMBERTON. Crown
8vo, 6s.

DIGBY, Sir EVERARD, The Life of a Conspirator, a

Biography of. By one of his Descendants, With Portrait. Demy
3vo, gs.

DORA, Sister. A Biography. By MARGARET LONSDALE
With Portrait. Thirtieth Edition, Small 8vo, 2s. 64,

DRUMMOND, THOMAS, Life and Letters of Under-
Secretary in Ireland, 1835-40. By R. BARRY O’BRIEN. 8vo, 145,

DUNCAN, FRANCIS, C.B,, R.A,, M.P,, Life of. By Rev.

HeNnrY BiIRbDWooD BLoGe. With Introduction by the BisHor oF
CHESTER. Crown 8vo, 3s. 64.

EDMUND, 8t., of Canterbury, Life. From Original Sources,
By WILFRID WALLACE. With g Illustrations and Map., 8vo, 155,

EMERSON, RALPH WALDO, Talks with. By C. Js

Wooneury, Crown 8vo, ss,
Emerson at Home and Abroad. By M. D. Conwav.
With Portrait. Post 8vo, 10s. 64, (Philosophical Library.)

Episodes in the Lives of Men, Women, and Lovers. By
EpiTH SiMcox, Crown 8vo, 7s. 64,

FICHTE, JOHANN GOTTLIEB, Memoir of. By W. SmITH.
Second Edition, Post 8vo, 4.
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FORBES, Bishop. A Memoir. By DonaLp J. MACKAY.
With Portrait and Map., Crown 8vo, 7s5. 64,

FRANCIS, 8., of Assisi, History of. By Abbé LEon LE
MoONNIER., With a Preface by Cardinal VAuGHAN, 8vo, 16s.

FRANCIS XAVIER, the Apostle of the Indies. DBy Mary

HarLlL McLean, Crown 8vo, 6s5. net.

From World to Cloister; or, My Noviciate. By ‘ BERNARD.’
Crown 8vo, §s.
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GILBERT, Mrs. Autobiography, and other Memorials.
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self in Speeches and Public Letters. By H. J. LeecH. Crown
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GOOCH, Sir DANIEL, Bart., Diaries of. With an Intro-
ductory Notice by Sir THeoporReE MArTIN, K.C.B. With
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GORDON, Major-General C. G., His Journals at Khartoum.
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8vo, 215. Cheap Edition, 6,

Gordon's Last Journal: A Fuc-simile of the Last Journal
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photo-lithography. Imperial 4to, £3 3¢

GOWER, Lord RONALD, My Remtnlscences. New Edition.
Post 8vo, 7s. 6d.

HAMILTON, ARTHUR, B.A., of Trinity College, Cambridge.
Memoirs of. Crown 8vo, 6s.

HINTON, JAMES, Life and Letters of. With an Introduction

by 51r W. W. GuLL, and Portrait engraved on stecl by C. H. JEENS,
Sixth Edition. Crown 8vo, 8s. 64,

JOHNSON, SAMUEL, Lives of the Most Eminent English
Poets. Edited, with Notes and Introduction, by ARTHUR WAUGH,
and with 30 Portraits. 6 vols. foolscap 8vo, £1 164,

KEMPIS, THOMAS A. Notes of a Visit to the Scenes in
which the Life of Thomas 4 Kempis was spent. By F, R. CRUISE,
With numerous Illustrations. 8vo, 12s.

KHAMA. The Story of an African Chief. By Mrs, WyNDHAM
K~i1GHT-BRUCE, Fourth Edition, 16mo, 25,
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A. C. Benson., Crown 8vo, 6s.
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MARIE ANTOINETTE, Last Days of. An Historical Sketch.
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MOHL, JULIUS and MARY, lLetters and Recollections of.
By M. C. M. SimpsoN. With Portraits and 2 Illustrations. 8vo,

I55.
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MORRIS, GOUVERNEUR, Minister of the United States
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MUNRO, Major-General Sir THOMAS. A Memoir. By Sir
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crown 8vo, 7s. 6d.
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" Selections from her Journals, Letters, and other Papers. Edited by
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German Edition. Post 8vo, 10s. 64.

HOLST, H. von, The French Revolution. 2 vols. crown 8vo,
cloth, 18s.

HOPE, Mrs., The First Divorce of Henry VIII. As told in

the State Papers. Crown 8vo, 6s.
India. See ORIENTAL.

JANSSEN, JOHANNES, History of the German People at
the Close of the Middle Ages. Translated by M. A, MITCHELL
and A. M. CHRISTIE. 2 vols. 8vo, 25s.

KINGSFORD, W., The History of Canada. By W. Kincs-
FORD. Vol. i. 1608-1682; 'vol. ii. 167g-1725; vol. iii. 1726-1756;
vol, iv. 1756-1763; vol. v. 1763-1775; vol. vi. 1776-1779; vol. vii.
1779-1807; vol. viii. 1808 1815. With Maps. 8vo, 155. each volume.
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LELAND, C. G., The Gypsies. Crown 8vo, 105. 6d.
LEONARD, Major ARTHUR G., How We Made Rhodesia.

Second Edition. Crown 8vo, 6s.

LIVY. Discourses on the First Decade of Titus Livius.

From the Italian of NiccoLd MachiavernLl. By N, HiLn
THompsoN, Large crown Svo, 125,

MOORE, AUBREY L., Lectures and Papers on the History
of the Reformation in England and on the Continent. 8vo, 16s.

O'CLERY, THE, The Making of Italy, 1856-1870. 8vo, 10s.

O'HAGAN, JOHN, Joan of Are. An Historical Essay. Crown
8vo, 35 6d.

PARAVICINI, FRANCES DE, The Early History of Balliol
College. 8wvo, 125,

PASTOR, Dr. LUDWIG, The History of the Popes. Trans-

lated from the German by FrREDERICK J. ANTROBUS.. Vols. IIL
and IV. 8vo, 24s. net.

PEET, Rev. STEPHEN D., Prehistoric America. Vol. I., The

Mound Builders. [Illustrated. Crown 8vo, 21s. net.

REINDORFT, Rev. CARL CHRISTIAN, History of the Gold

Coast and Asante. Demy Svo, gs. net.
SARJENT, Lt. HERBERT H., Napoleon Bonaparte's First

Campaign. Crown 8vo, 6s.

TRENCH, Archbishop, Gustavus Adolphus in Germany, and

other Lectures on the Thirty Years’ War. Third Edition, enlarged.
Foolscap qu, 45,

WALPOLE, C. G., Short History of Ireland. With 5 Maps

and Appendices. Third Edition, Crown 8vo, 65,

WRIGHT, THOMAS, Farly Britain—The Celt, the Roman,
and the Saxon. A History of the Early Inhabitants of Britain
down to the Conversion of the Anglo-Saxons to Christianity.
Corrected and Enlarged Edition. With nearly 3co Epgravings.
Crown 8vo, gs.

TRAVELS, VOYAGES, GUIDE-BOOKS, &ec.
AUEBERTIN, J. J., Wanderings and Wonderings. With

Portrait, Map, and 7 Illustrations. Crown 8vo, 8s5. 64,

By Order of the Sun to Chili. With Illustrations.

Crown 8vo, §f.
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BEVAN, THEODORE F., Toil, Travel, and Discovery in
British New Guinea. With 5 Maps. Large crown 8vo, 7s. 6d.

BRADSHAW'S Guide. Dictionary of Mineral Waters,
Climatic Health Resorts, Sea Baths, and Hydropathic Establish-
ments. With a Map, 3s. 64.; without Map, 2s. 64,

BROWN, HORATIO F., Venetian Studies. Crown 8vo,
7+, 6d.

BURGESS, W. W., Bits of 0Old Chelsea. 40 splendid
Etchings. With Letterpress Descriptions by LIONEL JOHNSON
and RICHARD LE GALLIENNE. Only 100 copies printed, Folio,
A 10 105, net.

CORNEY, P,, Early Northern Pacific Voyages (1813-1818).
With Preface by Prof. W. D. ALEXANDER., Crown 8vo, 7s. 6d.

CROKER T. CROFTON, A Walk from London to Fulham.
Enlarged and Re-written by BeaTrice E. HorneE. With Illus-
trations, 75 €d. net.

GRIMBLE, AUGUSTUS, The Deer Forests of Scotland.

Illustrated by A. THORBURN. 4to, £2 I10s. net,

HAECKEL, Prof. ERNST, A Visit to Ceylon. Post 8vo,
78 6d.

HEILPRIN, A., Bermuda Islands. 8vo, 18s.

HENDRIKS, DOM LAURENCE, The London Charterhouse :
Its Monks and its Martyrs. Illustrated. 8vo, 15+

HORNADAY, W. T., Two Years in a Jungle, With

Illustrations. 8vo, 21s.

IM THURN, EVERARD F., Among the Indians of Guiana.
Sketches, chiefly Anthropologic, from the Interior of British Guiana.
With 53 Illustrations and a Map. 8vo, 18s.

JOHNSTON, H. H., The Kilima-Njaro Expedition. A
Record of Scientific Exploration in Eastern Equatorial Africa.
With 6 Maps and 8o Illustrations. 8vo, 21s.

History of a Slave. With 47 Illustrations. Square 8vo, 6s.

KRAUS, J., Carlsbad and its Natural Healing Agents.
With Notes by Joun T. WALLERS. Third Edition. Crown 8vo,
6s. 6Od.,

LELAND, C. G., Fu-Sang; or, The Discovery of America by
Chinese Buddhist Priests in the Fifth Century. Crown 8vo, 7s. 64,

MARKHAM,. Captain ALBERT HASTINGS, The Great
Frozen Sea. A Personal Narrative of the Voyage of the Alert
during the Arctic Expedition of 1875-76. With Illustrations and
Map., Sixth and cheaper Edition. Crown 8vo, 6,
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MITCHELL, E. H, Forty Days in the Holy Land. With

6 Illustrations, Crown 8vo, 63,

MULHALL, M. G. and E. T., Handbook of the River Plate,

comprising the Argentine Republic, Uruguay, and Paraguay. With
Railway Map. Sixth Edition. Crown 8vo, 6s.

OATES, FRANK, Matabele Land and the Victoria Falls:

A Naturalist's wanderings in the interior of South Africa. Edited
by C. G. Oares. With numerous Illustrations and 4 Maps.
8vo, 21s.

PIDGEON, DAVID, Venice. With Frontispiece after TURNER.

Small crown 8vo, 3s. 64. net.

RENDELL, J, M., Handbook of the Island of Madeira.
With Plan and Map. Second Edition. Foolscap 8vo, Is. 64.

REYNOLDS-BALL, E. A., Mediterranean Winter Resorts.
With Maps and Diagrams. Third Edition. Foolscap 8vo, 5s.

ROLFE, E. N., and INGLEBY, H., Naples in 1888. With

Illustrations, Crown 8vo, 6s.

ROUTLEDGE, Canon C. F., History of St. Martin's Church,
Canterbury. Crown 8vo, 54

ST. CLAIR, GEORGE, Buried Cities and Bible Countries.

Large crown 8vo, 7s. 64.

SAMUELSON, JAMES, Bulgaria, Past and Present: His-

torical, Political, and Descriptive. With Map and numerous Illus-
trations. 8vo, 1045 6d.

STODDARD, CHARLES AUGUSTUS, Cruising among the

Caribbees. Summer Days in Winter Months. With Illustrations.
8vo, 5.

STRACHEY, Sir JOHN, India. With Map. New Edition.

Crown 8vo, 6s.

TAYLOR, Canon ISAAC, Egypt. Leaves from an Egyptian
Note-Book. Crown 8vo, 5.

VINCENT, FRANK, Around and About South America:

Twenty Months of QQuest and Query. With Maps, Plans, and 54
Illustrations, Medium 8vo, 21s.

Wales.—Through North Wales with a Knapsack. By Four
Schoolmistresses. With a Sketch Map. Small 8vo, 25, 64,

WARD, BERNARD, History of 8t. Edmund's College, 0ld
Hall (Ware). With Illustrations, 8vo, 105 64,

WRIGHT, G. F., and APHAM, W., Greenland Icefields, and
Life in the North Atlantic. With Maps and Illustrations. Crown
8vo, 7s. 6d.
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YOUNG, ROSALIND AMELIA, Mutiny of the ‘Bounty,’
and Story of Piteairn Island : 1790-1894. Bya NATIVE DAUGHTER.
Third Edition, Illustrated. Crown 8vo, 5s.

VI.—80CIOLOGY.

EDUCATION.

BAIN, ALEXANDER, Education as a Science. Seventh
Editon. Crown 8vo, 55. (/. 5. 5.)

BROWNING, OSCAR, Introduction to the History of
Educational Theories. Second Edition. 3s. 64, (Education Library.)

GALLOWAY, R. Ecientific and Technical Education; or,

How the Inductive Sciences are taught, and how they ought to be
taught. 3vo, 105 64,

HAEZCKEL, Prof. E., Freedom in Science and Teaching, With
a Prefatory Note by Prof. T, H. HuxLEY. Crown 8vo, §s.

HAWTREY, MABEL, The Co-Education of the Sexes.

Crown 8vo, 2s5. 6. net,

LESSING, G. E., Education of the Human Race. From the

German. By F. W. Roserrson. Fourth Edition, revised. Fools-
cap 8vo, 2s. 64.

LANDON, JOSEPH, School Management. Including a

General View of the Work of Education, Organisation, and
Discipline. Eighth Edition. Crown 8vo, 6s. (Educationn Library.)

MAGNTUS, Sir PHILIP, Industrial Education. 6s. (Zducation
Library.)

MAHATFY, Prof, Old Greek Education. Second Edition.
35. 6d. (Education Library.)

MASON, CHARLOTTE M., Home Education. A course of

Lectures to Ladies. New Edition. 8vo. 6s.

Parents and Children. S8vo. G6s.
Our Public Schools: Eton, Harrow, Winchester, Rugby,

Westminster, Marlborough, and the Chairterhoyse. Crown 8vo, 6s.
Parents’ Review. Monthly. 64.

PLUMPTRE, C. J., Lectures on Elocution. Delivered at
King’s College, Fifth Edition. Illusirated. Post &vo, 155
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LAW.
AMOS, Prof. SHELDON, History and Principles of the Civil

Law of Rome. An Aid to the Study of Scientitic and Comparative
Jurisprudence. 8vo, 16

Science of Law. Seventh Edition. Crown S8vo, 5s
(LS. 5.}

BENTHAM, JEREMY, Theory of Legislation as Enun-
ciated by Bentham. Translated from the French of Ltienne Dumont
by R. HILDRETH, Seventh Edition. Post Svo, 75. 6d. New and
cheaper Edition. Crown 8vo, 3s. 64. (Paternosier Library.)

BERTILLON, ALPHONGSE, Signaletic Instructions, ineclud-
ing the Theory and Practice of Anthropometrical Identification.
Translated under the Supervision of Major R. W. McCravGiry.
Illustrated. large 8vo, hall morocco, 41 175

FIELD, D. D., Outlines of an International Code. Second
Edition. Royal 8vo, £2 2s.

FOSTER, ROGER, Commentaries on the Constitution of the
United States, Historical, and Juridical. Vol. 1, royal 8vo,

AT 45. net.
HALLECK'S International Law ; or, Rules Regulating the

Intercourse of States in Peace and War. Third Edition, thoroughly
revised by Sir SHERSTON BAKER, Bart. 2 vols. 8vo, 38s.

HOLST, H. von, The Constitutional Law of the United
States of America. Translated by AvLFRED BisHor MASON,
Royal 8vo, cloth, 105. 6d.

The Constitutional History of the United States. Trans-
lated by LaLor. 8 vols., 8vo, cloth. Vols. 1, 2, 3, 4, 5, and 7,
18s. each ; vols. 6 and 8, 125. 64. each.

JENKINS, E., and RAYMOND, J., Architect’s Legal Hand-

book. Fourth Edition, revised. Crown 8vo, 6s.

LEVI, Prof. LEONE, International Law, with Materials for
a Code of International Law. Crown 8vo, 55, (/. & 5.)

SALAMAN, J, 8., Trade Marks: their Registration and

Protection. Crown Svo, 5,
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POLITICS, LABOUR, SOCIALISM,
FINANCE, ETc.

AMOS, Prof. SHELDON, Science of Politics. Third Edition.
Crown 8vo, 55, (/. §.8.)

BAGEHOT, WALTER, Physics and Politics; or, The Appli-

cation of the Principles of ¢ Natural Selection’ and * Inheritance’ to
Political Society. New Edition. Crown 8vo, 35. 64, (Paternoster
Library.)

The English Constitution. New Edition. Crown 8vo, 3s. 64.

(Laternoster Library.)

Lombard Street. A Description of the Money Market.
New Edition. With Notes, bringing the work up to the present
time, by E. JouNsTONE. Crown 8vo, 3s5. 64, (Paternoster Library.)

Essays on Parliamentary Reform. New Edition. Crown
8vo, 3v. 6d. (Faternoster Library.)

BESANT, Sir WALTER, and Others, The Poor in Great

Cities. With Illustrations by HueH THOMPsON, etc. 8vo, 125,

BRENTANO, LUJO, History and Development of Guilds,
and the Origin of Trade Unions. 8vo, 35 64.

BRYCE, J., Handbook of Home Rule. Being Articles on the

Irish Question. Second Edition. Crown 8vo, 1+. 64. ; paper covers, 1s.

CLAPPERTON, JANE H,, Scientific Meliorism, and the

Evolution of Happiness. Large crown 8vo, 8s. 64,
DAVITT, MICHAEL, Speech before the Special Commission.

Crown 8vo, 5s.

FAIRBANKS, ARTHUR, Introduction to Sociology. Post
8vo, s, 6d. (Philosophical Library.)

GEORGE, HENRY, Progress and Poverty. An Inquiry into
the Causes of Industrial Depressions, and of Increase of Want with
Increase of Wealth ; the Remedy. Fifth Edition. Post 8vo, 7s. 64,
Cabinet Edition, crown 8vo, 2s. 64. Cheap Edition, limp cloth,
I5s. 6d.; paper covers, Is.

Protection or Free Trade. An Examination of the Tariff
(Question, with especial regard to the interests of Labour. Second
Edition. Crown 8vo, §r. Cheap Edition, limp cloth, 1s. 64.; paper
covers, Is.

Social Problems. Fourth Thousand. Crown 8vo, 55. Cheap
Edition, limp cloth, 15, 64.; paper covers, 1.




Classified List of Publications. 47

GEORGE, HENRY —continued.
A Perplexed Philosopher. Being an Examination of Mr.

Herbert Spencer’s various utterances on the Land (Question, etc.
Crown 8vo, 55, Cheap Edition, limp cloth, 1s. 6d.; paper covers, 1.

GRAHAM, WILLIAM, Socialism New and Old. Crown 8vo,
-5 I o S |

The Social Problem, in its Economic, Moral and Political
Aspects. 8vo, 14s.

GREG, W. R., Political Problems for our Age and Country.
8vo, 10s. 64.

HAGGARD, H. RIDER, Cetewayo and His White Neigh-

bours. Crown Svo, 35 64, (Paternoster Library.)

HOPKINS, ELLICE, Work amongst Working Men. Sixth
Edition. Crown 8vo, 3s. 64.

HUMBOLDT, Baron W. von, The Sphere and Duties of
Government. From the German, by J. COULTHARD. Post 8vo, 5s.

JEVONS, W. STANLEY, Money and the Mechanism of
Exchange. Ninth Edition. Crown 8vo, 55. (/. 5. 5.)

KAUFMANN, M., Christian Socialism. Crown 8vo, 4s5. 64

Utopias: or, Schemes of Social Improvement, from Sir
Thomas More to Karl Marx. * Crown 8vo, §s.

LEFEVRE, Right Hon. G. SHAW, Peel and O'Connell. 8vo,
105. 6d.

Incidents of Coercion. A Journal of Visits to Ireland.
Third Edition. Crown 8vo, limp cloth, 1s. 64.; paper covers, Is.

Irish Members and English Gaolers. Crown 8vo, limp

cloth, 1s. 64.; paper covers, Is.

Combination and Coercion in Ireland. Sequel to ‘ Incidents
of Coercion.” Crown 8vo, cloth, 1s. 64.; paper covers, 14.

LYNCH, E. M., Killboylan Bank; or, Every Man His Own
Banker. Foolscap 8vo, 35 6d. (Fillage Library.)

MINTON, FRANCIS, Welfare of the Millions. Crown 8vo,

limp cloth, 1s. 64.; paper covers, Is.

O'BRIEN, R. BARRY, Home Ruler's Manual. Crown 8vo,

cloth, 1s. 6d.; paper covers, 1s.

Irish Wrongs and English Remedies, with other Issays.

Crown 8vo, §s.
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PERRY, ARTHUR LATHAM, Principles of Political

Economy. Large post 8vo, 9s.

PLIMSOLL, SAMUEL, Cattle Ships. Being the Fifth Chapter

of *An Appeal for our Seamen.” With 46 Illustrations. Cheap
Edition, 1.

SPENCER, HERBERT, Study of Sociology. Fifteenth
Edition. Crown 8vo, 55. (/. 5. .5.)

SUMNER, W. G., What Social Classes Owe to each Other.

18mo, 3. 6,

TAYLOR, Sir H., The Statesman. Foolscap 8vo, 3s. 64.

TAYLOR, R. WHATELEY CCOKE, The Modern Factory
System. S8vo, 145

THOMPSON, Sir H., Modern Cremation. Second Ldition,

revised and enlarged. Crown 8vo, Is.; cloth, 2s.

VI.—NATURAL SCIENCE.

ANTHROPOLOGY AND ETHNOLOGY.

Anthropological Institute of Great Britain and Ireland,
Journal of. Quarterly. g

BALKWILL, F. H., The Testimony of the Teeth to Man's
Place in Nature. With Illusirations. Crown 8vo, 6s.

CARPENTER, W. B., Nature and Man. With a Memorial
Sketch by J. ESTLIN CARPENTER. Portrait. Large crown Svo,
8s. 6d.

CLODD, EDWARD, Childhood of the World: A Simple

Account of Man in Early Times. Eighth Edition. Crown 8vo, 3s.
Special Edition for Schools, 15

CURR, EDWARD M., The Australian Race. Its Origin,

Languages, Customs, etc. With Map and lllustrations. 3 vols,
8vo, 1 vol. 4to, £2 25

FORNANDER, A., Account of the Polynesian Race. Its
Origin and Migrations, and the Ancient History of the Hawaiian
people. Post 8vo. Vol, 1. 7s. 64.; Vol. 1I. 10s. 64. ; Vol. IIL.
9s. (Philosophical Library.)

GEIGER, LAZARUS, Development of the Human Race.
Translated from the German by D, AsyEr. Post 8vo, 65, (Philp-
sophical Library,)
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HAECKEL, Prof. ERNST, History of the Evolution of Man.

With numerous Illustrations. 2 vols. post 8vo, 32s.

JOLY, N., Man before Metals. With 148 Illustrations.
Fourth Edition. Crown 8vo, 55. (Z 5. 5.)

QUATREFAGES, Prof. A. DE, The Human Species. Fifth
Edition. Crown 8vo, 55. (/. 8. 5.)

SMITH, R. BROUGH, The Aborigines of Victoria. Com-

piled for the Government. With Maps, Plates, and Woodcuts.
2 vols. royal 8vo, £3 3s

STARCKE, C. N., The Primitive Family in its Origin
and Development. Crown 8vo, g5s. (/. 5..5.)

WRIGHT, G. YREDERICK, The Ice Age in North America,
and its Bearing upon the Antiquity of Man. With Maps and
Illustrations. &vo, 215

Man and the Glacial Period. With 111 Illustrations and
Map. Crown 8vo, 5s. (/[ 5. S.)

ASTRONOMY.

DRAYSON, Major-General, Untrodden Ground in Astronomy
and Geology. With Numerous Figures. 8vo, 145.

LOOMIS, E., A Treatise on Astronomy. 8vo, sheep, 7s. 64,
Introduction to Practical Astronomy. 8vo, sheep, 7s. 64.

STANLEY, W. I., Notes on the Nebular Theory. 8vo, 0.

YOUNG, Professor, The Sun, with Illustrations. Crown
8vo, 55. (/. 5. 5.)

BOTANY.

CANDOLLE, ALPHONSE DE, Origin of Cultivated Plants.
Second Edition. Crown 8vo, 55. (/. 8. S.)

COOKE, M. C., British Edible Fungi: How to Distinguish
and how to Cook them. With Coloured Figures of upwards of
Forty Species, Crown 8vo, 7s. 64.

Fungi: their Nature, Influences, Uses, &ec. Edited by
Rev, M. J. BerkreLry. With numerous Illustrations. Fourth
Iidition. Crown 8vo, 5. (/. §. 8.)
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COOKE, M. C.—continued.

Introduction to Fresh-Water Alge. With an Enumera-
tion of all the British Species. With 13 plates. Crown 8vo, 5.
(£ & 82)

DAVIES, G. CHRISTOPHER, Rambles and Adventures of
Our School Field Club. With 4 Illustrations. New and cheaper
Edition. Crown 8vo, 3s. 6d.

HENSLOW, Prof. G., Origin of Floral Structures through

Insect and other Agencies. With 88 Illustrations, Crown 8vo, 5.
550

The Origin of Plant Structures. Crown 8vo, 55. (Z. S. .S.)
HICKSON, 8. J., The Fauna of the Deep Sea. Crown 8vo,

25, 6d. (Modern Science Series. )

LENDENFELD, R. von, Monograph of the Horny Spenges.
With 50 Plates. Issued by direction of the Royal Society. 4to, £3.

LUBRBOCK, Sir JOHN, Contribution to Our Knowledge of
Seedlings. Wit nearly 700 figures in text. 2 vols,, 8vo, 30s. net.
Also Popular Edition. Crown 8vo, 55. (Z S. S.)

PHILLIPS, W., Manual of British Discomycetes. With

Descriptions of all the Species of Fungi hitherto found in Britain,
included in the Family, and Illustrations of the Genera. Crown 8vo,
6. (s )

SEDDING, JOHN D., Gardencraft, Old and New. With
Memorial Notice by the Rev. E. F. RussiEiLL. 16 Illustrations.
Second Edition. 8vo, 125,

Tropical Agriculturist. Monthly. Annual Subscription,
£1 G :

TROUESSART, E. L., Microbes, Ferments, and Moulds.
With 107 Illustrations. Second Edition. Crown 8vo, §5. (/. 5. 5.)

WARD, H. MARSHALL, The Oak: a Popular Introduction
to Forest Botany. Crown 8vo, 2s. 6d. (Modern Science Series.)

WEED, C. M., Fungi and Fungicides. A Practical Manual.

Crown 8vo, §s.

YOUMANS, ELIZA A., First Book of Botany. Designed to

Cultivate the Observing Powers of Children. With 300 Engravings,
New and Cheaper Edition, Crown 8vo, 25 6d.
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CHEMISTRY.
COOKE, Prof. J. P., Laboratory Practice. A Series of

Experiments on the Fundamental Principles of Chemistry. Crown
8vo, 5, :

New Chemistry. With 31 Illustrations. Ninth Edition.
Crown 8vo, 5s. (/. 8. 5.)

RICHTER, Prof. V. von, Chemistry of the Carbon Com-

pounds: or Organic Chemistry. Authorised Translation by EpGaxr
F. SmMiTH. Second American Edition from Sixth German Edition.
Crown 8vo, 20s.

Text-Book of Inorganic Chemistry, Authorised Translation

by EnGAr F. SmiTH. Third American Edition from Fifth German
Edition. Crown 8vo, 8s. 64,

SMITH, EDGAR F., Electro-Chemical Analysis. With » 5

Ilustrations. Square 16mo, 3s,

STRECKER, ADOLPH, Text-Book of Organic Chemistry,

Edited by Professor WisLICENUS, Translated and Ldited, with
extensive Additions, by W, R, HoDGKINSON and A. J. GREENAWAY.
Second and cheaper Edition. 8vo, 125, 6.,

VOGEL, Dr. HERMANN, Chemistry of Light and Photo-

graphy, With 1oo Illustrations. Fifth Edition. Crown 3vo, 55,
(£ 5 %)

GEOLOGY, MINERALGGY, ETcC.
ABERCROMBY, Hon. RALPH, Weather, A popular Expo-

sition of the Nature of Weather Changes from day to day, With
g6 Figures. Second Edition. Crown 8vo, 55. (L. 8. 5.)

BALL, Sir ROBERT, The Cause of an Ice Age. Crown 8vo,

25. 64, (Modern Science Series,)

BONNEY, Prof. T. &., Ice Work, Present and Past. Crown
8vo, 55 (1.5.8.)

CATLIN, GEORGE, The Lifted and Subsided Rocks of

America. With their Influence on the Oceanic, Atmospheric, and
Land Currents, and the Distribution of Races, With 2 Maps,
Crown 8vo, 65, 6d,
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DANA, E. 8., Text-Book of Mineralogy. With Treatise on
Crystallography and Physical Mineralogy. Third Edition. With
800 Woodcuts and Plates. 8vo, 155

DANA, J. D., Text-Book of Geology, for Schools. Illustrated.

Crown 8vo, 105,

Manual of Geology. Illustrated by a Chart of the World,

and 1000 Figures. Fourth Edition. 8vo, 28s.
The Geological Story Briefly Told. Illustrated. 12mo, 7. 6d.

DANA, J. D., and BRUSH, J. G., System of Mineralogy. Sixth

Edition, entirely re-written and enlarged. Royal 8vo, £2 125. 6d.
Manual of Mineralogy and Petrography. Fourth Edition.

Numerous Woodcuts. Crown 8vo, 6s. net.

DAWSON, Sir J. W., Geological History of Plants. With
8o Illustrations. Crown 8vo, §5s. (/. 8. 5.)

GEOLOGICAL SURVEY OF INDIA IN CALCUTTA:
Palzontologia Indica. Folio. 1863-95. Published at various

prices.
# # Index to the Genera and species described in the Paleontologia

©  Indica up to the year 1891. By W. THEOBALD. 186 pp. folio.
1592, 45,
Memoirs of the Geological Survey. Vols. L-XXIV. Royal

8vo. 1859-91. 10s. each.
* * Contents and Index to the first 20 volumes, By W. THEOBALD.

Royal 8vo. 1892. 4.
Records of the Geological Survey. Vols. L-XXVIIIL

Royal 8vo. 1868-95. 4s. each.
* * Contents and Index to the first 20 volumes (1868-87). Royal 8vo,

1891. 4.
HAECKEL, Prof. ERNST, The History of Creation. New

Edition. Translation revised by Prof. E. RAY LANKESTER. With
20 Plates and numerous Figures. Fourth Edition. 2 vols. large

post 8vo, 32s.
JUDD, Prof. J. W., Volcanoes: What they Are, and What

they Teach. With 96 Ilistrations on wood. Fourth Edition.
Crown 8vo, 55, (/. &. 5.)

KINAHAN, G. H, Valleys, and their Relations to Fissures,

Fractures, and Faults. Crown 8vo, 7s. 6d.
T,OOMIS, E., A Treatise on Meteorology. 8vo. sheep, 75. 64.
MALLET, F. R., Manual of the Geology of India. Part 4.—

Mineralogy (mainly non-economic), 175 pp- royal 8vo. 1887, 4~
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MILNE, J., Barthquakes and other Barth Movements. With
38 Figures. Third and revised Edition. Crown 8vo, 55. (/4. 5. 5.)

MOSES, A. J., and PARSONS, C. L., Elements of Mineralogy,
Crystallography, and Blow-pipe Analysis. Svo, 10s.

OLDHAM, R. D., Manual of the Geology of India. Second

Edition, revised and largely re-written. Royal 8vo, half calf.
1893. 16s.

SCOTT, ROBERT H, Elementary Meteorology. Fifth Edition.

With numerous Illustrations. Crown 8ve, 5. (/. 5. 8.)

SYMONS, G. J., The Eruption of Krakatoa, and Subsequent
Phenomena. Report of the Krakatoa Committee of the Royal
Society. With 6 Chromo-lithographs, and 40 Maps and Diagrams.
4to, _(,yl 105,

TYNDALL, J., Forms of Water in Clouds and Rivers, Ice
and Glaciers. With 25 Illustrations. Tenth Edition. Crown 8vo,
T e A

WRIGHT, & F., The Ice Age in North America, and its
Bearing upon the Antiquity of Man. With Maps and Illustrations.
8vo, 215

MATHEMATICS.

CLIFFORD, W. KINGDON, Common Sense of the Exact
Sciences. Second Edition. With 100 Figures. Crown 8vo, §s.
(L. 5. 5.)

KLEIN, FELIX, Lectures on the Ikosahedron, and the
Solution of Equations of the Fifth Degree. Translated by G. G.
MORRICE. 8vo, 105 6d.

PHYSICS.
BARBBITT, E, D., The Principles of Light and Colour. With

over 200 Engravings and 4 Coloured Plates, Royal 8vo, 215, net.

Electricity in Daily Life. A Popular Account of its
Application to Everyday Uses. With 125 Illustrations. Square
Svo, 9s.

GLAZEBROOK, R. T, Laws and Properties of Matter.

Crown 8Svo, 25. 6d. (Modern Science Series.)

HOSPITALIER, E., The Modern Applications of Electricity.
Translated and Enlarged by Junius MAIER. Second Edition,
revised, with many Additions and Numerous Illustrations. 2 vols.
3vo, 25s.
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LE CONTE, JOSEPH, Sight. An Exposition of the Principles

of Monocular and Binocular Vision. Second Edition. With 1 32
Illustrations. Crown 8vo, 55, (/. 5. 5.)

LOMMEL, Dr. EUGENE, Nature of Light. With a General
Account of Physical Optics. With 188 lllustrations and a Table
of Spectra in Chromo-lithography. Fifth Edition, Crown 8vo, §s.
(L.45..5)

ROOD, OGDEN N., Colour. A Text-Bobk of Modern

Chromatics. With Applications to Art and Industry. With 130
Original Illustrations, Third Edition. Crown 8vo, g5, (1.5, 8.)

STALLO, J. B., Concepts and Theories of Modern Physics.
Third Edition, Crown 8vo, 55. (Z 4. S.)

STEWART, BALFOUR, Conservation of Energy. With 14

[llustrations. Seventh Edition. Crown 8vo, 5s. (/L 5..5)

WURTZ, Prof, The Atomic Theory. Translated by E.

CLEMINSHAW, Fifth Edition. Crown 8vo, 5s. (/. 5. 5.)

LZOOLOGY.

BENEDEN, J. P, van, Animal Parasites and Messmates.
With 83 Illustrations.  Fourth Edition. Crown 8vo, 55 (/. 5. .5.)

BERNSTEIN, Prof, The Five Senses of Man, With g1

Illustrations. Fifth Edition. Crown 8vo, 55 (/. S. &.)

COMSTOCK, JOEN HENRY and ANNA B, A Manual for
the Study of Insects., Royal 8vo, 25 net.

FLOWER, W. H., The Horse: A Study in Natural History.

Crown 8vo, 25, 64. (Modern Science Series.)

HARTMANN, R., Anthropoid Apes. With 63 Illustrations.

Second Edition. Crown 8vo, 55 (/. 5. 5.)

HEILPRIN, Prof. A., Geographical and Geological Distribu-

tion of Animals. With Frontispiece. Crown 8vo, 85 &l )

HORNADAY, W. T., Taxidermy and Zoological Collecting.
With Chapters on Collecting and Preserving Insects, by W. [.
Horranp, D.D. With 24 Plates and 85 Illustrations. 8vo,
105, 64.

HUXLEY, Prof. T. H., The Crayfish: An Introduction to

the Study of Zoology. With 82 Illustrations. Fifth Edition.
Crown 8vo, 55, (/. 5. S))
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KEW, H. W., Dispersal of Shells. Crown 8vo, 55. (Z. 5. .5.)
LUBBOCK, Sir JOHN, Ants, Bees, and Wasps. A Record

of Observations on the Habits of the Social Hymenoptera. With
5 Chromo-lithographic Plates, Tenth Edition. Crown 8vo, 5s.
(& 5. 5.)

On the Senses, Instincts, and Intelligence of Animals.
With Special Reference to Insects. With 118 Illustrations. Third
Edition. Crown 8vo. (/. 5..5.)

MAREY, Prof E. J.,, Animal Mechanism. A Treatise on
Terrestrial and Aérial Locomotion. With 117 Illustrations. Third
Edition. Crown 8vo, 55. (/. S. 5.) .

MEYER, G. HERMANN von, Organs of Speech and their
Application in the Formation of Articulate Sounds. With 47
Illustrations. Crown 8vo, §s. (/. 5. S.)

PETTIGREW, J. B,, Animal Locomotion ; or, Walking, Swim-
ming, and Flying. With 130 Illustrations. Third Edition. Crown
8vo, 55. (LS. 3.)

POULTON, E. B.,, Colours of Animals: their Meaning and
Use, especially considered in the case of Insects. With Coloured
Frontispiece and 66 Illustrations in text. Crown 8vo, 55 (/. 8. S.)

RODD, E. H.,, Birds of Cornwall and the Scilly Islands,
Edited by J. E. HarTING. With Portrait and Map. 8vo, 14

ROMANES, G. J., Jelly-Fish, Star-Fish, and Sea-Urchins.

Being a Research on Primitive Nervous Systems.  With IHlustrations,

Second Edition. Crown 8vo, R B AR |

(See also PHILOSOPHY.)

SCHMIDT, Prof. 0., Doctrine of Descent and Darwinism.
With 26 Illustrations. Seventh Edition, Crown 3vo, §s. (/. 5. %)

Mammalia in their Relation to Primeval Times. With
51 Woodcuts., Crown 8vo, 55, (/. S 8.)

SEMPER, KARL, Natural Conditions of Existence as they
affect Avimal Life, With 2 Maps and 106 Woodcuts. Fourth
Edition. Crown &vo, §5. (/. 5. 4.)

STEBBING, T. R. R, A History of Crustacea. Recent
Malacostraca.  With numerous Illustrations. Crown 8vo, s
(&5 8)

TRIMEN, ROLAND, South African Butterflies. A Mono-
graph of the Extra-tropical Species. With 12 Coloured Plates.
3 vols., 8vo, £2 125, 64.
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WARNER, Prof F., Physical Expression: Its Modes and

Principles. With so Illustrations. Second Edition. Crown 8vo,
B (4LE5R)

WEED, C. M., Insects and Insecticides. Illustrated. Crown
8vo, 75. 6d.

WITHERBY, HARRY, Forest Birds, their Haunts and
Habits, With Illustrations. Crown 8vo, 2s5. 6.

VIIl.—USEFUL ARTS AND SCIENCES AND
FINE ARTS.

CHESS.

British Chess Magazine. Monthly, gd.

EUCLID'S Analysis of the Chess Ending, King and QQueen

against INing and Rook. Edited by E. FREEEOROUGH, 8vo, 6.
net,

FREEBOROUGH E., Chess Endings. A Companion to Chess

Openings, Ancient and Modern. Edited and arranged by E. FrREE-
BOROUGH, Large post 8vo, 7s. 6d.

Select Chess End Games. Edited and arranged. Crown
8vo, 1s5. 64. net.

FREEBOROUGH, E., and RANKEN, C. E., Chess Openings,
Ancient and Modern. Revised and Correcied up to the Present
Time [rom the best Authorities. Large post 8vo, &s.

GOSSIP, G. H. ., The Chess Player's Text-Book. An

Elementary Treatise on the Game of Chess. Numerous Diagrams,
16mo, 2.

GREENWELL, W. J., Chess Exemplified in One Hundred
and Thirty-two Games of the Most Celebrated Players. By W,
J. GREENWELL. &vo, §s.

WALKER'S Chess Studies. New Edition. With Preface
by E. FREEBOROUGH. Large post 8vo, 7s. 64,
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GASTRONOMY AND DIET.
ALLEN, MARY L., Luncheon Dishes. Comprising Menus

in French and English, as well as Suggestions for Arrangement and
Decoration of Table. Foolscap 8vo, cloth 1s. 64, ; paper, Is.

Five O'clock Tea. Containing Receipts for Cakes, Savoury

Sandwiches, etc. Eighth Thousand. Foolscap 8vo, 1s. 64. ; paper
covers, 11,

CAMERON, Miss, Soups and Stews, and Choice Ragouts.

15. 6d. ; paper covers, 1J.

DE JONCOURT, MARIE, Wholesome Cookery. Fifth

Edition. Crown Svo, 1s. 64. ; paper covers, Is.

HOOPER, MARY, Cookery for Invalids, Persons of Delicate
Digestion, and Children. Fifth Edition. Crown 8vo, 25 6d.

Every-Day Meals. Being Economical and Wholesome
Kecipes for Breakfast, Luncheon, and Supper. Seventh Edition.
Crown 8vo, 2s5. 6d.

Little Dinners. How to Serve them with Elegance and
Economy. Twenty-first Edition. Crown 8vo, 25, 64.

KINGSFORD, ANNA, The Perfect Way in Diet. A Treatise

advocating a return to the Natural and Ancient Food of our race.
Third Edition. Small 8vo, 2

NEWMAN, FRANCIS WILLIAM, Essays on Diet. Small

Svo, cloth limp, 2s.

SANTIAGO, D., Curry Cook’s Assistant. Toolscap 8vo,

1s. 6d ; paper covers, Is.

SMITH, E., Foods. With numerous Illustrations. Ninth
Edition. Crown 8vo, 55. (/. 5. .5.)

THOMPSON, 5ir H., Diet in Relation to Age and Activity.

Foolscap 8vo, 1s. 64, ; paper covers, Is.

MEDICINE AND PHYSIOLOGY.

BROTHERS, A., Infantile Mortality during Child-Birth, and
Its Frevention. 8vo, 7s. 64 net.

BROWNE, EDGAR A., How to use the Ophthalmoscope.
Third Edition. Crown 8vo, 3s. 64,
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BUNGE, Prof. G., Text-Book of Physiological and Pathological

Chemistry, for Physicians and Students, Translated from the
German by L. C, WooLDRIDGE, 8vo, 165

BYFORD, H. J, Manual of Gynecology. With 2 34 Illus-

trations, Crown Svo, 10s5. 6d4. net.

CARPENTER, W. B, Principles of Mental Physiology.
With their Applications to the Training and Discipline of the Mind,
and the Study of its Morbid Conditions. Illustrated. Sixth Edition.
8vo, 125,

CATLIN, GEORGE, Shut Your Mouth and Save Your Life.
With 29 Illustrations. Eighth Edition. Crown 8vo, 2s. 64,

DUNN, H. P., Infant Health. The Physiology and Hygiene
of Early Life. Small crown 8vo, 3s. 6d.

DYMOCK, W., WARDEN, C. J. H., and EOOPER, D., Phar-

macographia Indica. The principal Drugs of Vegetable Origin met
with mn British India. Six Parts and an Index. 8vo., 1839-93

43 105,

GREEN, F. W. EDRIDGE, Colour Blindness and Colour
Perception. With 3 Coloured Plates, Crown 8vo, 5.

HAMMERSTON, OLOF, A Text-Book of Physiological
Chemistry. 8vo, £1.

HARLINGEN, A. van, Handbook on the Diagnosis and
Treatment of Skin Disease. With 6o Illustrations. 8vo, 125 net.

Index Medicus. A Monthly Classified Record of the Current
Medical Literature of the World. Annual Subscription, £5 ss.

JACKSON, EDWARD, Skiascopy and Its Practical Applica-
tion to the Study of Refraction. gs.

KRAUS, Dr. J., The Etiology, Symptoms and Treatment of
Gall-Stones. With Remarks on Operative Treatment by H. Mogrgis.
Crown 8vo, §s.

EKRAUS, Dr. J.. Senr., Pathology and Therapy of Gall-Stones.
Crown 8vo. §s.
Carlsbad: Its Thermal Springs and Baths, and How to

Use them. Fourth Edition, revised and enlarged. Crown 8vo, 6s. 64.

LAGRANGE, F., Physiologzy of Bodily Exercise. Second
Edition. Crown 8vo, 55. (/. 8. 5.)

LEHMANN, K. B.,, Methods of Practical Hygiene. Trans-
lated by W, CrRoOKES, 2 vols., 8vo, £1 115. 64,
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LUCKES, EVA C. E, Lectures on General Nursing. De-

livered to the Probationers of the London Hospital Training School
for Nurses. Fourth Edition. Crown 8vo, 2s5. 64.

METCHNIKOFF, ELIAS, Lectures on the Comparative

Pathology of Inflammation. Translated from the French by F. A.
and E. H. STARLING., 8vo, 12v.

NUNN, T. W., Growing Children and Awkward Walking.

Crown &vo, 25,

PILCHER, J. E., First Aid in Illness and Injury. With

174 Illustrations, Crown 8vo, 6.

PURITZ, LUDWIG, Code-Book of Gymnastic Exercises,

32mo, Is. 64. net.

PYE, W., Surgical Handicraft. A Manual of Surgical Mani-

pulations, &c. With 235 Illustrations. Third Edition. Revised
and Edited by T. H. R. CRowLE. Crown 8vo, 105, 6d.

Elementary Bandaging and Surgical Dressing, for the use
of Dressers and Nurses. Twelfth Thousand. 18mo, 2s.

RIBOT, Prof. T., Heredity: A Psychological Study of its

Phenomena, Laws, Causes, and Consequences, Second Edition.
Large crown 8vo, gs.

ROSENTHAL, Prof. J., General Physiology of Muscles and
Nerves. Third Edition. With 75 lllustrations, Crown 8vo, 5s.
(L. &% 5.)

Sanitarian. Devoted to the Preservation of Health, Mental
and Physical Culture. Monthly, Annual Subscription, 18s.

SCOVILLE, W. L., The Art of Compounding Drugs. TFor

Students and Pharmacists at the Prescription Counter. 8vo, 125.

STRAHAN, 8. A. K., Marriage and Disease. A Study of
Heredity and the more important Family Degenerations. Crown
8vo, 6s.

TAYLOR, CHARLES BELL, Lectures on Diseases of the
Eye. Third Edition. 8vo, 10s,

TYRRELL, WALTER, Nervous Exhaustion: its Causes,

Outcomes, and Treatment. Crown 8vo, 3s.

WAKE, C. STANILAND, Development of Marriage and
Kinship. 8vo, 185,

WALLIS, J. WHITE, Manual of Hygiene. Crown 8vo, 23. 64.
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WOOLDRIDGE, L. C., On the Chemistry of the Blood, and
other Scientific Papers. Arranged by VicTtor HoORSLEY and
ERNEST STARLING., With Introduction by VicTorR HORSLEY.
With Illustrations. 8vo, 16s.

MILITARY SCIENCE.

BAKER, Lt-Col. EDEN, R.A., Preliminary Tacties. An

Introduction to the Study of War. For the use of Junior Officers,
Crown 8vo, 6s.

BRACKENBURY, Major-General, Field Works. Their
Technical Construction and Tactical Application. 2 vols. small
crown 8vo, 125

BUXTON, Major, Elements of Military Administration,
First Part: Permanent System of Administration, Small crown
8vo, 7s. 6d.

Cavalry Tactics, Organisation, etc., Notes on. Dy a
CAvALRY OFFICER. With Diagrams. 8vo, 124,

CLERY, Gen. C. FRANCIS, Minor Tactics. 13th Edition

Revised, with 26 Maps and Plans. Crown 8vo, gs.

FOSTER, C. W., Modern War. Translated by C. W. FoSTER.
Part I. : Strategy, and Atlas of 64 Plates. 8vo, £1 16s. Part II. :
Grand Tactics, 155,

GALL, Captain H. R., Solutions of the Tactical Problems
Examinations for Captains, May, 1896. Crown 8vo, 25, 64.

HARRISON, Col. R., Officer's Memorandum Book for Peace
and War. Fourth Edition, revised. Oblong 32mo, red basil, with
pencil, 3s. 6d.

HUTCHINSON, Col,, and MACGREGOR, Major, Military
Sketching and Reconnaissance, Fifth Edition. With 16 Plates,
small crown 8vo, 4.

PRATT, Lieut.-Col. S. C., Field Artillery. Its Equipment,
Organisation, and Tactics. Sixth Edition. Revised by Lieut.-Col.
EpeEN BAKEr., Small crown Svo, 6s, (Military Handlboolks,)

Military Law. Its Procedure and Practice. Eleventh
revised Edition. Small crown 8vo, 4s. 64. net. (Military Hand-
books.)

SCHAW, Col. H., Defence and Attack of Positions and
Localities, Fourth Edition. Crown 8vo, 3s. 64,
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SHAW, Lieut.-Col. WILKINSON, Elements of Modern
Tactics practically applied to English Formations. Eighth
Edition. With 31 Plates and Maps. Small crown 8vo, 9s. net.
(Military Handbooks.)

TRENCH, Major-General, Cavalry in Modern War. Small
crown 8vo, 65, (Military Handbooks.)

WINDHAM, Sir C. A., The Crimean Diary of the late
General Sir Charles A. Windham, K.C.B. With an Introduction
by Sir W. H. RusserL. Edited by Major HuGH PEARCE. With
an added Chapter on The Defence of Cawnpore, by Lieut.-Col.
Joun Apve, C.B. 8vo.

MUSIC.
BLASERNA, Prof. P., Theory of Sound in its Relation to

Music. With Numerous Ilustrations. Fourth Edition. Crown
Svo, 55. (L5 5

LOCHER, CARL, Explanation of Organ Stops, With Hints

for Effective Combinations. 8vo, 5s.

PARRY, C. HUBERT H., The Evolution of the Art of Music,
Crown 8vo, 55. Also cloth, gilt top, 6s. (/. 5. 5.)

POLE, W., Philosophy of Music. Lectures delivered at the
Royal Institution. Fourth Edition. Post 8vo, 7s5. 6d. (Philo-
sophical Library.)

WAGNER, RICHARD, Prose Works. Translated by W.
AsHTOoN ELLIS.
Vol. I. The Art Work of the Future, &, 8vo, 125, 64, net,
Vol. II. The Drama. 8vo, 12s. 6@, net.
Vol. III. The Theatre, 8vo, 125 6d. net.
Vol. IV. Art and Politiecs, 8vo, 12s5. 64, net.

NUMISMATICS.

Numismata Orientalia. = Royal 4to, in paper wrapper.
Part [.—Ancient Indian Weights, By E. TrHomas. With a plate
and Map, 9s. 64. Part II.—Coins of the Urtuki Turkumans. DBy
S, LANE PooLE, With 6 Plates, gs. Part III.—Coinage of Lydia
and Persia. By Barcray V. Heap. With 3 Plates, 10s. 64.
Part IV.—Coins of the Tuluni Dynasty. By E. T. RoGeErs, With
1 Plate, §55. Part V.—Parthian Coinage. By PERCY GARDNER.
With 8 Plates, 18r. Part VI.—Ancient Coins and Measures of
Ceylon. By T. W. Ruvs Davips.  With 1 Plate, 105
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Numismata Orientalia—continued,

Vol. I.  Containing the first six parts as specified above. Royal 4to,
half bound, £3 13s. 64,

Vol. I1.  Coins of the Jews, Being a History of the Jewish Coinage
in the Old and New Testaments, By F. W. MADDEN., With 279
Woodeuts and Plate. Royal 4lo, £2.

Vol. ITI.  Part I.—The Coins of Arakan, of Pegu, and of Burma. By
Licut.-General Sir ARTHUR PHAYRE, Also contains the Indian
Balhara and the Arabian Intercourse with India in the ninth and
following centuries. By Epwarp THomAs, With 5§ Illustrations,
Royal 4to, 8s. 64.

Vol. III.  Part II.—The Coins of Southern India. By Sir W.
Elliott. 'With Map and Plates. Royal 4lo0, 255.

Numismata Orientalia.  Illustrated. Fifty-seven Plates of
Oriental Coins, Ancient and Modern, from the collection of the late

WiLLiAM MaRsSDEN, F.R.S. Engraved from drawings made under
his directions. 4to, 31s. 64,

PAINTING, SCULPTURE, ETo.
BLAKE, WILLIAM, Selections from the Writings of,

Edited, with Introduction, by LAURENCE HOUSMAN, With Frontis-
piece, Elzevir 8vo, Parchment or cloth, 6s.; wvellum, 75, 6d.
(Farchment Library.)

CLEMENT C. E.,, and HUTTON, L., Artists of the Nine-
teenth Century and their Works. 20350 Biographical Sketches,
Third Edition, revised, Crown 8vo, 1 L

GOWER, Lord RONALD, Bric-i-Brac. Being some Photo-

prints illustrating Art Objects at Gower Lodge, Windsor. With
Letterpress Descriptions. Super-royal 8$vo, 1 5%. ; extra binding, 215,

HOLMES, FORBES A, W., The Science of Beauty. An

Analytical Inquiry into the Laws of Acsthetics. Second Edition,
Post 8vo, 3s. 64,

HOUSMAN, LAURENCE, Arthur Boyd Houghton. Selec-

tions from his Work in Black and White, With Introductory Essay.
4to, 155, net.

HOWELLS, W. D.,, A Little Girl among the 0ld Masters.

With 54 Plates. Oblong crown 8vo, 10y,

LEIGHTON, Lord, P.R.A., Addresses to the Students of the
Royal Academy, With Portrait, 8vo, 7s. 64.
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MITCHELL, LUCY M., History of Ancient Sculpture. With

numerous Illustrations. Super-royal 8vo, 42s.

REYNOLDS, Sir JOSHUA, Discourses. Edited by E. GossE.

Elzevir 8vo (Parchment Library). Vellum, 7s. 64, ; parchment or
cloth, 6s.

THACKERAY, W. M., Essay on the Genius of George

Cruikshank,  Reprinted verbatim from the Westminster Review,
With 40 Illustrations. Royal 8vo, 7s5. 64,

THOMPSON, Sir E. MAUNDE. English Illuminated Manu-

scripts. With 21 Plates in chromo-lithography, Imp. 8vo, 18s.

WOLTMANN, ALFRED, and WOERMANN, KARL, History
of Painting, With numerous Illustrations. Med. 8vo. Vol I.:
Painting in Antiquity and the Middle Ages, 28s. Vol IL : The
Painting of the Renasence, 42s. The two volumes may be had
bound in cloth with bevelled boards and gilt leaves, price 30s. and
45s. respectively.

TECHNOLOGY, ETcC.

Amateur Mechanic's Workshop. Plain and Concise Direc-
tions for the Manipulation of Wood and Metals. By the Author of
“The Lathe and its Uses.” Sixth Edition. Illustrated. 8wvo, 6s.

ANDERSON, WILLIAM, Practical Mercantile Correspon-

denece. A Collection of Modern Letters of Business, With Notes.
Thirtieth Edition, Revised. Crown &vo, 3s. 64,

AXON, W. E. A.,, The Mechanic’s Friend. A Collection of

Receipts and Practical Suggestions relating to Aquaria, Bronzing,
Cements, Drawing, Dyes, Electricity, Gilding, Glass-working, &ec.
Second Edition. Numerous Woodcuts. Crown 8vo, 3+ 6d.

BELLOWS, W., The Ocean Liners of the World Illustrated.

Second Edition. Small oblong 4to, Is.

DU MONCEL, Count, The T:elephune, the Microphone, and
the Phonograph. With 74 Illustrations, Third Edition. Small
8vo, 5.

EGER, GUSTAYV, Technological Dictionary. In the English

and German Languages. 2 vols. royal 8vo, £1 7s.

FULTON, J., A Treatise on the Manufacture of Coke, and
the Saving of By-Products, 8vo, 21s.

GALLOWAY, ROBERT, Treatice on Fuel. Scientific and

Practical, With Illustrations. TPost 8vo, 6s,
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HULME, F. EDWARD, Mathematical Drawing Instruments,
and How to Use them. With Illustrations. Third Edition,
Imperial 16mo, 35, 6d.

HUSMANN, G., American Grape Growing and Wine Making.

New and entirely Revised Edition, Crown 8vo, 75. 64,

INMAN, JAMES, Nautical Tables. Designed for the use of

British Seamen. New Edition, Revised and Enlarged. 8vo, 16s.

JAPP, A’ H., Days with Industrials. Adventures and

Experiences among Curious Industries, With Illustrations, Crown
avo, 6s.

KAMARSCH, KARL, Technological Dictionary of the Terms
Employed in the Arts and Sciences (Architecture, Engineering,
Mechanics, Shipbuilding and Navigation, Metallurgy, Mathemathics,
&c.). Fourth Revised Edition. 3 vols. imperial 8vo.

Vol. I. German—English—French. 12s.
Vol. II. English—German—French. 125,
Vol. ITI. French—German—English, 155

KROHNKE, G. H. A., Handbook for Laying out Curves on

Railways and Tramways. Crown 8vo, 5.

Lathe, The, and its Uses; or, Instruction in the Art of
Turning Wood and Metal. Sixth Edition. Illustrated. 8vo,
105, 6d.

LAWLOR, J. J., Practical Hot Water Heating, Steam and
Gas Fitting. Crown 8vo, 8: 64.

LEFFMANN, HENRY, and BEAM, W., BExamination of
Water for Sanitary and Technical Purposes. Second Edition,
Revised and Enlarged. With Illustrations. Crown Svo, gy,

Analysis of Milk and Milk Products. Crown 8vo, ss.
LUKIN, J., Amongst Machines. A Description of Various

Mechanical Appliances used in the Manufacture of Wood, Metal,
etc. A book for boys. Thigd Edition. With 64 Engravings.
Crown 8vo, 3s. 64,

The Boy Engineers. What They Did, and How They Did
It. A book for boys. With 30 Engravings. Third Edition.
Crown 8vo, 3s. 6d. .

The Young Mechanic. A Book for Boys, containing Direc-
tions for the Use of all kinds of Tools, and for the Construction of

Steam Engines and Mechanical Models. Seventh Edition. With
70 Engravings. Crown 8vo, 3s. 6d.

MAGUIRE, W. R., Domestic Sanitary Drainage and Plumb-

ing. Second Edition, Revised. 8vo, 125,
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MALDEN, W. J., Pig Keeping for Profit. Crown 8vo, 2s. 64.
( Fillage Library.)

MOORE, CUNNINGHAM WILSON, A Practical Guide for

Prospectors, Explorers, and Miners. 8vo, 12s. net.

MORFIT, CAMPBELL, Pure Fertilisers, and the Chemical

Conversion of Rock Guanos, ete., into various valnable products,
8vo, £4 4s.

Manufacture of Soaps. With Illustrations, 8vo, £2 125 64.
OSTERBERG, MAX, Synopsis of Current Electrical Litera-

ture. 8vo, 55 net,

RICHARDSON, M. T., Practical Blacksmithing. With 400

Ilustrations. 4 vols. Crown 8vo, 5. each,

Practical Carriage Building. 2 vols. 10s.

Practical Horse-shoer. With 170 Illustrations, Crown
3vo, 5-.

ROSS, Lieut.-Col. W. A., Pyrology:; or, Fire Chemistry.
Small 4qto, 36s.

SCHEIDEL, Dr. A, The Cyanide Process; its Practical

Applications and Economical Results, 8vo, 6.

SCHOOLING, J. HOLT, Handwriting and Expression. A
Study of Written Gesture, with 150 Fac-simile Reproductions of the

Handwritings of Men and Women of various Nationalities. Trans-
lated. 8vo, 6s.

SCHUTZENBERGER, Prof, Fermentation. With 28 Illus-

trations. Fourth Edition, Crown 8vo, 55. (/. 5.5.)
Science. Weekly. L1 25
Scientific American. Weekly. 18s.
Scientific American. Export Edition. Monthly. A1 s
Scientific American. Building Edition. Monthly. 14s.
Do. Supplement. Weekly. A1 j5s

SEDDING, J. D., Art and Handicraft. Six Essays. S8vo,
75, 6d,

SMITH, HAMILTON, Hydraulics. The Flow of Water

through Orifices, over Weirs, and through Qpen Conduits and Pipes,
With 17 Plates. Royal 4to, 30r.

E
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THURSTON, Prof. R. H., History of the Growth of the Steam

Engine., With Numerous Illustrations, Fourth Edition. Crown
8vo, §5. (. 5. 5)

Manual of the Steam Engine. For Engineers and Tech-
nical Schools. Parts I. and II. Royal 8vo. 31s. 64, each Part.

WANKLYN, J. A,, Milk Analysis. A Practical Treatise on
the Examination of Milk and its Derivatives, Cream, Butter and
Cheese. Second Edition. Crown 8vo, §s,

WANKLYN, J. A, and CHAPMAN, E. T., Water Analysis.
A Treatise on the Examination of Potable Water. Tenth Edition,
thoroughly Revised. Crown 8vo, 5s.

WANKLYN, J. A.,, and COOPER, W. J., Bread Analysis.

A Practical Treatise on the Examination of Flour and Bread. Crown
8vo, 5s.

Air Analysis. A Practical Treatise. With Appendix on
Illuminating Gas. Crown 8vo, §s.

WATERHOUSE, Col. J., Preparation of Drawings for Photo:
graphic Reproduction. With Plates. Crown 8vo, §s.

WEISBACH, JULIUS, Theoretical Mechanics. A Manual of

the Mechanics of Engineering. Designed as a Text Book for Tech-
nical Schools, and for the use of Engineers. From the German, by
E. B. Coxe. With goz Woodcuts, Second Edition, 8vo, 31s. 64,

WIECHMANN, G. F., Sugar Analysis. For Refineries,

Sugar-Houses, Experimental Stations, &c. 8vo, 125. 6d,
WILCOX, LUTE, Irrigation Farming. Crown 8vo, 10s.
WYLDE, W., Inspection of Meat. A Guide and Instruction

Book to Officers supervising Contract Meat, and to all Sanitary
Inspectors. With 32 Coloured Plates. 8vo, 105, 64,

SPORTS.

GOULD, A. C.,, Modern American Pistols and Revolvers.
8vo, cloth, 7s. 64,

Modern American Rifles. 8vo, cloth, 10s. 64.
HILLIER, G. LACY, All About Bicyeling. 12mo, 1s.
MONEY, Captain ALBERT (“Blue Rock,”) Pigeon Shooting.

Foolscap 8vo, &5 net,
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NEWHOUSE. The Trapper's Guide. A Manual of Instruc-

tion. Crown 8vo, ss.

Practical Hints on Shooting. By “20-Bore.” 8vo, 125,
WHEELDON, J. P.,, Angling Resorts near London. The

Thames and the Lea. Crown 8vo, paper, 15, 64.

IX.—PHILOLOGY.

COMPARATIVE PHILOLOGY..

ABEL, CARL, Linguistic Essays. Post 8vo, 9s. (Trubner's
Oriental Series. )

Slavic and Latin, Lectures on Comparative Lexicography.
Post 8vo, ss.

BRUGMANN, K., Elements of the Comparative Grammar
of the Indo-Germanic Languages. A Concise Exposition of the
History of Sanscrit, Old Iranian, Old Armenian, Old Greek, Latin,
Umbrian, Samnitic, Old Irish, Gothie, Old High German, Lithua-
nian, and Old Bulgarian. In 5 vols. 8vo, cloth.

Vol. 1. Introduction and Phonology. By J. WricHT, 582 pPp.
1888. 18s.

Vol. II. Part IL—Morphology. Stem Formation and Inflection, By
S. Conway and W. D. Rouse. 500 pp. 1891, 16s.

Vol, IT1.  Part IT.—Morphology. Numerals, Nouns, and Pronouns,
By S. Conway and W. D. Rouse. 412 pp. 1892, 125, 6d.

Vol. IV. Part III.—Morphology. Verbs: Formation of the Stem,
and Inflection or Conjugation. By S. Conway and W. D. Rouses,
630 pp. 1895 A£1.

Vol. V. Index of Words, Matters, and Authors mentioned in Vols,
IL-IV. 250pp. 1895 o

BYRNE, Dean JAMES, General Principles of the Structure

of Language. 2 vols. Second and Revised Edition. 8vo, 36s.

Origin of Greek, Latin, and Gothic Roots. Second and

Revised Edition. 8vo, 18;s.

CUST, R., Linguistic and Oriental Essays. Post Svo. First
Series, 10s. 64. Second Series, with 6 Maps, 215, Third Series,
21s. (Triébner's Oriental Series.)

DELBRUCK, B., Introduction to the Study of Language,

The History and Methods of Comparative Philology of the Indo-
European Languages. 8vo, 5s.
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GARLANDA, FEDERICO, The Fortunes of Words. Crown
8vo, 5s.
The Philosophy of Words. A Popular Introduction to the

Science of Language. Crown 8vo, §s.

GREG, R. P., Comparative Philology of the Old and New

Worlds in Belation to Archaic Speech. With Copious Vocabularies.
Super royal 8vo. £1 115, 6d.

LEFEVRE, ﬁNDRﬁ, Race and Language. Crown 38vo, §s.
(i)

Philological Society, Transactions and Proceedings of.

Irregular.
L

SAYCE, A. H., Introduction to the Science of Language.

New and Cheaper Edition. 2 vols. Crown 8vo, 9s.

The Principles of Comparative Philology. Fourth Edition

revised and enlarged. Crown 8vo, 10s5. 6d.

SCHLEICHER, AUGUST, Comparative Grammar of the
Indo-European, Sanskrit, l}raek and Latin Languages. Translated
from the Third German Edition hy H. BENDALL. 8vo, 13s. 6d.

TAYLOR, Canon ISAAC, The Alphabet. An Account of
the Origin and Duelupmcnt of Letters. With numerous Tables
and Fac-similes. 2 vols. 8vo, 36s.

WHITNEY, Prof. W. D., Life and Growth of Language.
Sixth Edition. Crown 8vo, 55. (/. 8.5.)

Language and the Study of Language. Fourth Edition.
Crown 8vo, 10s. 64.

Language and its Study. With especial Reference to the
Indo-European Family of Languages. Edited by R. MORRIS,
Second Edition. Crown 8vo, §s.

AFRICAN.

CUST, R. N. A Sketch of the Modern Languages of Africa.
2 vols. With 31 autotype portraits, 1883. Post 8vo, 18s. (7. 0. S.)

ALBANIAN.

Grammaire Albanaise, & I'usage de ceux qui désirent appren-
dre cette langue sans I'aide d’un maitre. Par P. W. Crown 8vo
75. bd.
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ANGLO-SAXON.

RASK, ERASMUS, Grammar of the Anglo-Saxon Tongue.
From the Danish, by B. Tuorre. Third Edition. FPost 8vo,
g5, 6d.

ARABIC.
COTTON, General Sir A., Arabic Primer. Consisting of 180

short sentences, containing 30 primary words prepared according
to the vocal system of studying language. 38 pp., crown 38vo,
cloth. ' 1876. 2s.

Diwans, The, of the six ancient Arabic Poets—Innabiga,
’ Antara, Tharafa, Zuhair, 'Algama, and Imruulqais, and a collection
of their fragments, with a list of the various readings of the text
edited by W. AHLWARDT. 8vo, wrapper, 1870. 125

HIRSCHFELD, H., Arabic Chrestomathy in Hebrew charac-
ters, with a Glossary. viii. and 174 pp., 8vo, cloth. 1892. 7s. 6d.

MEAKIN, J. B. BUDGETT, Introduction to the Arabic of
Morocco. English-Arabic Vocabulary, Grammar, Notes, etc. Fools-
cap 8vo, 6s5. netl.

#

NEWMAN, F. W., Dictionary of Modern Arabic. (Anglo-

Arabic and Arabo-English.) 2vols. Crown 8vo, £1 15
Handbook of Modern Arabic. Post 8vo, 6s.
PENRICE, J., Dictionary and Glossary of the Koran, with

copious Grammatical References and Explanations, 1873 Small
4to, £1I 15

SALMONE, H. A., Arabic-English Dictionary. Comprising
about 120,000 Arabic words with English Index of about 50,000
words. 2 vols. Post 8vo, 365,

BANTU.
KOLBE, F. W., A Language Study based on Bantu. An

Inquiry into the Laws of Root Formation. 8vo, 6s.

TORREND, J., Comparative Grammar of the South African
Bantu Languages. Comprising those of Zanzibar, Mozambique,
the Zambezi, Kafirland, Benguela, Angola, the Congo, the Ogowe,
the Cameroons, the Lake Region, &c. Super-royal 8vo, 25s.
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BASQUE.
VAN EYS, W., Outlines of Basque Grammar. Crown 8vo,
35 6d.
BENGALL

YATES and WENGER, Bengali Grammar, New and Revised
Edition. 136 pp. small 8vo, cloth, 1885. 4+

CHINESE.

BALL, J. D.,, How to Write Chinese, Part I. Royal 8vo,
boards. 1888. 105 64

EITEL, E. J., Chinese Dictionary in the Cantonese Dialect.
With Supplement. Royal 8vo, half calf, 42 125 6d.

HIRTH, F., Text Book of Documentary Chinese. With a

Vocabulary. 2 vols, demy 4to, £1 1s.

Notes on the Chinese Documentary Style. 1888. 8vo,
35, 6d.

LOBSCHEID, Rev. W., Chinese and English Dictionary,

Arranged according to the Radicals. 1871. Royal 4to, cloth,

£2 8s.

English-Chinese Dictionary. With the Punti and Mandarin
Pronunciation, 1866-69. 4 vols., folio, £4 4s.

WILLIAMS, 8. WELLS, Syllabic Dictionary of the Chinese
Language. Arranged according to the Wu-Fang Yuen Yin, with
the Pronunciation of the Characters as heard in Pekin, Canton,
Amoy, and Shanghai. Third Edition. 4to, half calf, £3 155. Also
Index to same, arranged according to Sir Thomas Wade's system of
orthography, by AcHEsON. 8vo, cloth, 12s. 64,

CUNEIFORM.
BERTIN, GEORGE, Abridged Grammar of the Languages of

the Cuneiform Inscriptions, Crown 8vo, §s.
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DANISH.
BOJESEN, MARIA, Guide to the Danish Language. 121mo0, 55.
OTTﬁ, E. C., Dano-Norwegian Grammar. A Manual for

Students of Danish, based on the Ollendorfian System. Third
Edition. Crown 8vo, 7s5. 64, Key, 3s.

Simplified Grammar of the Danish Language. Crown 8vo,
25. ﬁff.

ROSING, 8., Danish Dictionary. Crown 8vo, 3s. 64.

DUTCH.

AHN, F., Grammar of the Dutch Language. 12mo, 3s. 64.
HALDEMAN, S. S., Pennsylvania Dutch. A Dialect of

South Germany, with an Infusion of English. 8vo, 3s. 64,

EAST INDIAN.
BEAMES, J., Outlines of Indian Philology. With language

Map. Second Edition, enlarged and revised. 1868. Crown 8vo,
55,

Comparative Grammar of the Modern Aryan Languages of
India. Hindi, Panjabi, Sindi, Gujarati, Marathi, Oriya, and
Bengali. In 3 vols. 8vo, 165, each vol.

Vol. L.—On Sounds, xvi. and 360 pp. 1872.
Vol. II.—The Noun and Pronoun, xii. and 348 pp. 1875,
Vol. II1,—The Verb, viii. and 316 pp. 1879.

CAMPBELL, G., Specimens of Languages of India. Includ-
ing those of the aboriginal tribes of Bengal, the Central Provinces,
and the Eastern Frontier, Royal 4to, boards. 1874. £1 I1s. 6d,

WHITWORTH, G. E., Anglo-Indian Dictionary. A Glossary

of Indian terms used in English, and of such English or other non-
Indian terms as have obtained special meanings in India. 8vo, I2s,

EGYPTIAN.
BUDGE, E. A. WALLIS, First Steps in Egyptian. Large

post 8vo, 9s. net,

An Egyptian Reading Book for Beginners, with a Vocabu-
lary, 8vo, 155, net.
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ENGLISH.
BARTLETT, J. R., Dictionary of Americanisms. A Glossary

of Words and Phrases colloquially used in the United States. Fourth
Edition, 8vo, 215,

BOWEN, H. C., Studies in English. For the use of Modern

Schools. Tenth Thousand. Small erown 8vo, 15, 64,
English Grammar for Beginners, Foolscap 8vo, 1s.

CARRENO, Metodo para aprender a Leer, escribir y hablar
el Ingles segun el sistema de Ollendorff, 8vo, 4s5. 6d. Key, 3s.

JENKINS, JABEZ, Vest-Pocket Lexicon. An English Die-

tionary of all except Familiar Words, including the principal Scien-
tific and Technical Terms. 64mo, roan, 1s. 64, ; cloth, 1s.

SMITH, H. PERCY, Glossary of Terms and Phrases, Cheap

Edition. Medium 8vo, 3s. 6d.

TRENCH, Archbishop, English Past and Present. Four-
teenth Edition, Revised and Improved. Foolscap 8vo, 5.
On the Study of Words. Twenty-third Edition, Revised.
Foolscap 8vo, 5.
Select Glossary of Fnglish Words used formerly in Senses

Different from the Present. Seventh Edition, Revised and En-
larged. Foolscap 8vo, §s. :
WEDGWOOD, H., Dictionary of English Etymology. Fourth
Edition, Revised and Enlarged, 8vo, £1 1s.
Contested Etymology in the Dictionary of the Rev. W. Ww.
Skeat, Crown 8vo, ss,

WHITNEY, Prof. W. D., Essentials of English Grammar.

Second Edition. Crown 8vo, 3s. 64.

FRENCH.
AHN, F., Method of Learning French. First and Second

Courses. 12mo, 3s. Separately, 1s. 6d, each.

Method of Learning French. Third Course. 12mo, 1s. 64,

BELLOWS, JOHN, French and English Dictionary for the
Pocket. Containing the French-English and English-French Divi-
sions on the same page, Conjugating all the Verbs, Distinguishing
the Genders by Different Types, giving Numerous Aids to Pronun-
ciation, &ec. Fifty-third Thousand of the Second Edition. 32mo,
morocco tuck, 125, 64. ; roan, 105 64,
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FRENCH—continued.
BRETTE, P. H,and THOMAS, F., French Examination Papers

set at the University of London. Part I.—Maitriculation and the
General Examination for Women. Crown 8vo, 3s5. 64, Key, §s.
Part II.—First B.A. Examinations for Honours and D. Litt, Ex-
aminations. Crown 8vo, 7s.

CASSAL, CHARLES, Glossary of Idioms, Gallicisms, and

other Diffieulties contained in the Senior Course of the ‘ Modern
French Reader.” Crown 8vo, 25 6d.

CASSAL, CHARLES, and KARCHER, THEODORE, Modern
French Reader. Junior Course. Nineteenth Edition. Crown 8vo,
25. 64, Senior Course. Crown 8vo, 4s. Senior Course and
Glossary in 1 vol. Crown 8vo, 6s.

Little French Reader. Extracted from the ‘Modern

French Reader,” Third Edition. Crown 8vo, 2r.

KARCHER, THEODORE, Questionnaire Frangais. (Juestions

on French Grammar, Idiomatic Difficulties, and Military Lxpres-
sions, Fourth Edition. Crown 8vo, 4s5. 64.; interleaved with
writing paper, §5s5. 6d.

LARMOYER, M. DE, Practical French Grammar. Crown

8vo. New Edition, in one vol., 35. 64. Two Parts, 25, 6. each.

LE-BRUN, L., Materials for Trailsla.ting English into French.
Seventh Edition. Post 8vo, 45. 64.

NUGENT, French- English and English-French Pocket

Dictionary. 24mo, 3s.
ROCHE, A., French Grammar. Adopted by the Imperial
Council of Public Instruction. Crown 8vo, 3.

French Translation. Prose and Poetry, from English
Authors, for reading, composition, and translation. Second Edition,
Foolscap 8vo, 2s5. 64.

SIMONN‘I&, Metodo para aprender a Leer Escribir y hablar

el Frances, segun el verdadero sistema de Ollendorff. Crown Svo,
6s. Key, 35 6d.

VAN LAUN, H.,, Grammar of the French Language. Crown

8vo. Accidence and Syntax, 4s. ; Exercises, 3s5. 6d.

WELLER, E., Improved Dictionary. Lnglish-I'rench and
French-English. Royal 8vo, 75, 6d.
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GERMAN.

AHN, F., Grammar of the German Language. New Hdition.
Crown 8vo, 3. 64.

Method of Learning German. 12mo, 35. Key, 84.

Manual of German Conversation; or, Vade Mecum for
English Travellers. Second Edition. ' 12mo, 1s. 64,

FREMBLING, F. OTTO, Graduated German Reader. A

Selection from the most popular writers, With a Vocabulary,
Twelfth Edition. 12mo, 3s. 64.

Graduated Exercises for Translation into German. Extracts
from the best English Authors, with Idiomatic Notes. Crown 8vo,
45. 6d. ; without Notes, 4s.

GREEK.

CONTOPOULOS, N., Lexicon of Modern Greek-English and
English-Modern Greek. 2 vols., 8vo, 275,

Modern-Greek and English Dialogues and Correspondence.
Foolscap 8vo, 2s5. 64,

GELDART, E. M., Guide to Modern Greek. Post 8vo, 7s. 64.
Key, 2s. 6d.

Simplified Grammar of Modern Greek. Crown 8vo, 2s. 64,
PAUL, C. KEGAN, and STONE, E. D., Philological Intro-

duction to Greek and Latin for Students, Translated and adapted
from the German. Third Edition. Crown 8vo, 6s.

THOMPSON, E. MAUNDE, Handbook of Greek and Latin

Paleography. Second Edition. Revised. With numerous fac-
semiles, Crown 8vo, §s. (7. 8. §.)

GUJARATI.

TISDALL, Rev. W. ST. CLAIR, A Simplified Grammar of
the Gujarati Language. Together with a short Reading Book and
Vocabulary, Crown 8vo, 105, 64.
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HEBREW.,
BALLIN, ADA 8. and F. L., Hebrew Grammar. With

Exercises selected from the Bible, Crown 8vo, 7s. 64,

BICKELL, G., Outlines of Hebrew Grammar. 8vo, cloth, 4s.

HINDI.
BALLANTYNE, J. R, Elements of Hindi and Braj Bhakha

Grammar. Compiled for the East India College at Haileybury.
Second Edition. Crown 8vo, §s.

BATE, J. D., Hindi-English Dictionary. Royal 8vo, cloth,
1875. L1 115, 6d.

KELLOGG, S. H., Grammar of the Hindi Language. With
copious Philological Notes and Tables. Second Edition, Revised
and Enlarged. 1893. 8vo, cloth, 185,

HINDUSTANI.

CRAVEN, T., English-Hindustani and Hindustani-English
Dictionary., New Edition. 18mo, 4s. 64,

DOWSON, J., Grammar of the Urdua or Hindustani Language.

Second Edition. Crown 8vo, 105 64.

Hindastani Exercise Book. Passages and Extracts for
Translation into Hindiistani. Crown 8vo, 2s5. 64d.

FALLON, 8. W, A New English-Hindustani Dictionary.

With Illustrations from English Literature and Colloguial English.

iv. and 674 pp. royal 8vo, cloth. 1883. (Published at Rs, 22.)
Reduced to £1.

* . Printed in Roman characters only.

A New Hindustani-English Dictionary. With Illustrations
from Hindustani Literature and Folk-lore. xxiv, ix, and 1216 pp.
royal 8vo, cloth. 1879. (Published at Ks. 52.) Reduced to £2.

*.* All Hindustani words are printed in the Persian and Roman
character ; those of Hindi origin also in the Devanagari.

PALMER, E. H., Simplified Grammar of Hindustani, Persian,
and Arabic. Second Edition. Crown 8vo, gs.

PHILLIPS, Col. A. N., Hindustani Idioms. With Vocabulary

and Explanatory Notes. Crown 8vo, 55,
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HUNGARIAN.

SINGER, J., Simplified Grammar of the Hungarian Language.
Crown 8vo, 45, 64,

IRISH.
STOKES, WHITLEY, Goidelica. Old and Early-Middle

Irish Glosses, Prose and Verse. Second Edition. Medium 8vo, 18s.

ITALIAN.

AHN, F., Method of Learning Italian. 1z2mo, 3s. Od.
CAMERINI, E. L’Eco Italiano. A Guide to Italian Con-

versation, With Vocabulary, 12mo, 4s. 64,

MILLHOUSE, J., English and Italian Dictionary. 2 vols.

31‘1}, L2535,
Manual of Italian Conversation. 18mo, 2s.

JAPANESE.
BABA, TATUI, Elementary Grammar of the Japanese

Language. With easy Progressive Exercises. Second Edition, s,

CHAMBERLAIN, Prof. B. H., Simplified Japanese Grammar.
Crown 8vo, 5s.
Romanised Japanese Reader. Consisting of Japanese
Anecdotes and Maxims, with English Translations and Notes,
12mo, 6s.

Handbook of Colloquial Japanese. Second Edition. 8vo,
125, 6d.
Handbook of the Japanese Language. For Tourists and

Residents. In the C lloguial style. 24mo, 4.

HEPBURN, J. C., Japanese and English Dictionary. Second

Edition. Imp. 8vo, half roan, 18s.

Japanese-English and English-Japanese Dictionary. Third
Edition, Royal 8vo, half morocco, 30s. Pocket Edition, square
16mo, 14s. Index of Chinese characters in the royal 8vo. Edition,
arranged according to their radicals by W, H. WHirNEy. 1888,
Cloth, 4s, 64,
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JAPANESE —continued.

IMBRIE, W., Handbook of English-Japanese Etymology.
Second Edition, 1889. 8vo, 6s.

MUTSU, H., Japanese Conversation Course. 1394. Small

8vo, 25. 64, A
KHASSI.
ROBERTS, H., Grammar of the Khassi Language, Crown
8vo, 105 O4.
LATIN.

AHN, F., Latin Grammar for Beginners. Thirteenth Edition.
12mo, 3.

THNE, W., Latin Grammar for Beginners, on Ahn's System.

12mo, 3s.

MALAGASY.

PARKER, G. W., Concise Grammar of the Malagasy
Language. Crown 8vo, 55

NORWEGIAN.
SMITH, M., and HORNEMAN, H., Norwegian Grammar.

With a Glossary for Tourists. Post 8vo, 2.

PALIL
CHILDERS, R. C. Pali-English Dictionary. With Sanskrit

Equivalents, Imperial Svo, £3 35
MULLER, E., Simplified Grammar of the Pali Language.
Crown 8vo, 7s. 64.

PANJABI.

TISDALL, W. ST. CLAIR, Simplified Grammar and Reading
Book of the Panjabi Language. Crown 8vo, 75 6.



78 Kegan Paul, Trench, Triibner, and Co.’s

PERSIAN.
FINN, A., Persian for Travellers, Oblong 32mo, ss.
PALMER, E. H,, English-Persian Dictionary. With Simpli-

fied Grammar of the Persian Language, Royal 16mo, 105. 64.

Persian-English Dictionary. Second Edition. Royal 16mo,
105, 64,

Simplified Grammar of Hindustani, Persian, and Arabic.
Second Edition. Crown 8vo, 5.

POLISH.

MORFILL, W, R., Simplified Grammar of the Polish
Language. Crown 8vo, 3r. 6d,

PORTUGUESE.
D'ORSEY, A. J. D,, Colloquial Portuguese; or, The Words

and Phrases of Every-day Life, Fourth Edition. Crown 8vo,
35. 6,

Grammar of Portuguese and English. Adapted to Ollen-

dorft’s System. Fourth Edition, 12mo, 71,

VIEYRA'S Pocket Dictionary of the Portuguese and English
Languages. 2 vols, Post 8vo, 105,

PUSHTO (or Afghan).
TRUMPP, E, Grammar of the Pas'to ; or, Language of the

Afghans, compared with the Trinjan and North Indian Idioms,
Cloth, 1873. 215,

ROMANY.
LELAND, C. G, English Gipsies and their Language. New

and Cheaper Edition, Crown 8vo, 3s. 6d.

ROUMANIAN.

TORCEANTU, R., Simplified Grammar of the Roumanian
Language. Crown 8vo, g,
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RUSSIAN.
RIOLA, HENRY, How to Learn Russian. A Manual for

Students. Based upon the Ollendorffian System. Fourth Edition,
Crown 8vo, 125. Key, 55

Russian Reader. With Vocabulary. Crown 8vo, 105. 64.

SANSKRIT.

BALLANTYNE, J. R., First Lessons in Sanscrit Grammar.
Fifth Edition. 8vo, 3s. 64.

BENFEY, THEODOR, Grammar of the Sanskrit Language.
For the use of Early Students. Second Edition. Royal 8vo, 10s. 6d.

COWELL, E. B., Short Introduction to the Ordinary Prakrit
of the SBanskrit Dramas. Crown 8vo, 35 64,

Prakrita-Prakasa, or the Prakrit Grammar of Vararuchi.
With the Commentary (Manorama) of Bhamaha, 8vo, 14+

WHITNEY, Prof. W. D., Sanskrit Grammar. Including both

the Classical Langua&e and the Older Dialects of Veda and
Brahmana. Second Edition. 8vo, 125,

SERBIAN.
MORFILL, W. R., Simplified Serbian Grammar. Crown 8vo,
45. 6d,
SOMALL
Somali-English Dictionary. Post 8vo. In the Press. Orders
booked.
SINHALESE.

MENDIS, GUNASEKARA A., A Comprehensive Grammar
of the Binhalese Language. 8vo, 125 04,

Sinhalese Made Easy; or, Phrase-Book of Colloquial
Sinhalese, Revised and enlarged Edition, 12mo, 3s. 64.

SPANISH.

BEALE, ALFRED A, Excelsior English - Spanish and
Spanish-English Dictionary. Commercial and Technical. TFools-
cap 8vo, roan, 10s. 64,
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SPANISH—wntinued
BUTLER, F., Spanish Teacher, and Colloquial Phrase-Book.

18mo, half roan, 2s. 64,

VELASQUEZ, M. de la CADENA, Dictionary of the Spanish
and English Languages. For the use of Young Learners and
Travellers. Crown 8vo, 6r,

Pronouncing Dictionary of the Spanish and English
Languages. Royal 8vo, /1 45,

New Spanish Reader. Passages from the most approved
Authors, with Vocabulary, Post 8vo, 6s.

Introduction to Spanish Conversation, 1 2mo, 25. 64,
VELASQUEZ and SIMONNE, New Method of Learning the

Spanish Language, Adapted to Ollendorff’s system. Revised and
corrected by Senor Vivar, Post 8vo, 6s. ; Key, 4.

SUAHILI.
KRAPF, L, Dictionary of the Suahili Language. 8vo,
j:[ Lo,
SWEDISH.

OTTE, E. C, Simplified Grammar of the Swedish Language.
Crown 8vo, 2s5. 6d.

TAMIL.

ARDEN, A. H, A Progressive Grammar of Common Tamil,
8vo, 55,

A Companion Reader to Arden's Progressive Tamil
Grammar, 2 vols. 8vo, 5s5. each. Vol. I : Companion Exercises
and Easy Stories. Vol. II, : The Panchatranta in Tamil.

TIBETAN.
JASCHKE, H. A, Tibetan Grammar. Prepared by Dr. H.

WENZELL. Second Edition. Crown &vo, 55,

Tibetan-English Dictionary. With special reference to the
prevailing dialects, to which is added an English-Tibetan Vocabu-
lary. Royal 8vo, cloth, (Published £1 105.) £T 15,
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TURKISH.
ARNOLD, Sir EDWIN, Grammar of the Turkish Language.

With Dialogues and Vocabulary. Post 8vo, 25, 64.

REDHOUSE, J. W., Simplified Grammar of the Ottoman-
Turkish Language. Crown 8vo, 105 64

Turkish Vade-Mecum of Ottoman Colloguial Language.
English-Turkish and Turkish-English, the whole in English Charac-
ters, the Pronunciation being fully indicated. Third Edition. 32mo,

bs.

VOLAPUK.
SPRAGUE, C. E,, Handbcok of Volapuk. The International

Language. Second Edition. Crown 8vo, 55,

ZULE L
ROBERTS, €., An English-Zulu Dictionary. Crown 8vo,

54. net.

The Zulu-Kafir Language. Crown 8vo, 6s. net.

X.—ORIENTAL.
BRITISH INDIA.

ALBERUNTS India: The Religion, Philosophy, Literature,
&c., of India about A.D. 1030. Arabic Text, edited by Prof. E.
SAcHAU, 1887. 4to, 43 3. .

ARNOLD, Sir EDWIN, India Revisited. With 32 full-page
Illustrations. Crown 8vo, 6s.
(See also class BELLES-LETTRES,)

BALDWIN, Capt. J. H,, Large and Small Game of Bengal
and the North-Western Provinces of India. With Illustrations.
Second Edition. Small gto, 105. 64.

BALL, V. Diamonds, Coal, and Gold of India, Foolscap
8vo. 1881. g5

BALLANTYNE, J. R., Sankhya Aphorisms of Kapila.
Translated and Edited. Third Edition. Post 8vo, 16s. (7»iibner’s
Oriental Series.)

F
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BARTH, A., Religions of India. Translated by the Rev. J.

Woop. Third Edition. Post 8vo, 165. ( Zriibner’s Oriental Series,)

Bhagavad-Gita; or, The Song Celestial. From the Sanskrit
by Sir E. ArNoLD. Fifth Edition. 1894. Crown 8vo, 5.

Bhagavadgita. With Commentary and Notes, as well as
References to the Christian Scriptures. Translated from the Sans-
krit by M. CHATTERJI. Second Edition. 1892. 8vo, 10s. 64.

Bhagavad-Gita. English translation, with a Commentary and
a few introductory papers by HURRYCHUND CHINTAMON. 1874.
x. and 83 pp. 8vo, 6.

Bhagavad Gita ; or, the Sacred Lay. Translated, with notes,
from the Sanskrit by J. Davies. Third Edition. 1893. Post 8vo,
6s. (Twiibner's Oriental Series.)

BOSE, P. NATH. A History of Hindu Civilization during
British Rule. Vols. I. and 1L together, 155 net. Vol, IIL, 75, 64.
net. Crown 8vo, To be completed in 4 volumes.

BOYD, P, Nagananda; or, the Joy of the Snake World.
From the Sanskrit of Sri-ITarsha-Deva. 1872. Crown 8vo, 4s. 64.

BRITISH MUSEUM CATALOGUES OF INDIAN LITERATURE,
Special List Sent on Application.

BURNELL, A. C. South Indian Palzography, from the 4th
to the 17th Century. Enlarged Edition, with Map and Plates. 4to,
£2 125 64,

Ordinances of Manu. Translated from the Sanskrit, with
introduction. Completed and edited by E. W, Hopkins. 1884.
Post 8vo, 125, (Zriibner’s Oriental Series.)

CHRISTIAN, J., Behar Proverbs. Classified and arranged

according to subject-matter, with notes. 1890, Post 8vo, 105 64,
( Zriibner's Oriental Series.)

COTTON, H. J. 8, New India; or, India in Transition.
Third Edition. Crown 8vo, 4s. 6.

COWELL, Prof E. B.,, Short Introduction to the Ordinary
Prakrit of the Sanskrit Dramas. 1875. Crown 8vo, 3s. 6d.

Prakrita-Prakasa ; or, The Prakrit Grammar of Vararuchi.
With the Commentary (Manorama) of Bhamaha. 1868. 8vo, 14s.

COWELL and GOUGH, A. E,, The Sarva-Darsana-Samgraha ;
or, Review of the Different Systems of Hindu Philosophy. 1882,
Post 8vo, 10s5. 64, (7riibner’s Oriental Sertes.)
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CUNNINGHAM, Major-Genl. ALEX., Ancient Geography of
India_£ ‘l.énl. I.: The Buddhist Period. With 13 Maps, 1870,
3vo, A1 8&s.

DAVIES, J., Sankhya Kariki of Iswara Krishna, An Ex-

position of the System of Kapila. 1881. Post 8vo, 6s. (L riibrer’s
Oriental Series.)

DOWSON, J., Classidal Dictionary of Hindu Mythology and
History, Geography and Literature, 1879, DPost 8vo, 165, (7¥uib-

ner's Oviental Servies.)

DUTT, ROMESH CHUNDER, History of Civilisation in
Ancient India, based on Sanskrit Literature. Revised Edition in
2 vols, 18g4. $8vo, 215 ;

Lays of Ancient India. Selections from Indian Poetry
rendered into English verse. 1894, Post 8vo, 7s. 64.

DUTT, TORU, Ancient Ballads and Legends of Hindustan.
With an Introductory Memoir by EpDMUND GossE. 18mo, cloth
extra, gilt top, 5+

EDGREN, H., Compendious Sanskrit Grammar. With a brief

sketch of scenic Prakrit. Crown 8vo, 10s. 64. (Forms a volume of
Triibner’s Collection of Simplified Grammars.,)

ELLIOT, Sir H M, History of India, as told by its own

Historians. The Muhammadan Period. Revised and continued
by Professor JouN DowsoN. 8vols, 1871-77. 8vo, £8 8s.

History, Folk-lore, and Distribution of the Races of the
North-Western Provinces of India, Edited by J. BEAMEs. With
three coloured Maps, 2 vols. 1869. 8vo, 41 164

FERGUSSON, J., Arch=zology in India. vii. and 115 pp. text,

with numerous Cuts. 1884. 8vo, 55

FERGUSSON, J., and BURGESS, J., The Cave Temples of
India. 536 pp. text, with one hundred Plates. 1880. 4to, half
calf (Pub. at £2 2s5.) AI 1Is 64,

GOUGH, A. E,, Philosophy of the Upanishads. 188z. Post

8vo, gs. (Triibner's Oriental Series.)

GOVER, C. E.,, Folk Songs of Southern India. Containing
Canarese, Badaga, Coorg, Tamil, Malayalam, and Telugu Songs.
8vo, 105, 64.

GRAY, J., Ancient Proverbs and Maxims from Burmese
Sources ; or, The Niti Literature of Burmah., Post 8vo, 6s. (Zrub-
ner’s Oriental Series.)
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GRIFFIN, Sir LEPEL, The Rajas of the Punjab. History of

the principal States in the Punjab, and their political relations with
the British Government. 1870. Royal 8vo, 21,

HAIG, Maj.-Gen., The Indus Delta Country. With 3 Maps.
1895. Royal 8vo, 5s. net,

HAUG, M, Essays on the Sacred Language, Writings, and
Religion of the Parsis. Third Edition.® Edited and enlarged by
E. W. WEesT. 1884. DPost 8vo, 16s5. ( Zriibner's Oviental Series.)

HODGSON, B. H., Essays on the Languages, Literature, and
Religion of Nepal and Tibet. 1874. 8vo, 14s.

Miscellaneous Essays relating to Indian Subjects. 2 vols.
1880. Post 8vo, 28s.  (7riibner's Oriental Series.)

HUNTER, Sir W. W., Imperial Gazetteer of India. Second
Edition, enlarged and revised. 14 vols. 1885-87. 8vo, half calf.
(Pub. at £3 35.) £2 25

Imperial Series of the Reports of the Archzological Survey
of India. LZist Sent on Application.

JACOB, G. A, Manual of Hindu Pantheism. The Vedinta-
sira. Translated, with Annotations, &c. Third Edition, 1891.
Post 8vo, 6s5. (Zriibner's Oriental Series.)

JOHNSON, S, Oriental Religions, and their Relation to
Universal Religion: India. 2 vols. 1879. 402 and 408 pp. 8vo,
AU 1s.  (Triibner’s. Philosophical Library.)

KNOWLES, J. H., Folk Tales of Kashmir. 1888. Post 8vo,
16s5. (Zriibner's Oriental Series.)

Koran. Selections from it, with a commentary. Translated
by E. W. LANE. New Revised Edition, with Introduction by
S. Lang-PooLe. 1879. Post 8vo, 9s. (Zrubner’s Oriental Sertes. )

Mahabharata. Translated literally from the original Sanskrit
text into English prose by M. N. Durr, M.A. To be complete in
30 parts, of which the first three are out. Subscription price to the
whole work, £1 355,

Mahabharata. ‘Iranslated into English prose by the late

Prorar CHUNDRA RoY. Price of the whole work, bound in
10 vols, 8vo, £10 105,

MAISEY, Gen. F. C,, Sanchi and its Remains. With Intro-

ductory Note by the late Maj.-Gen. Sir ALEX, CUNNINGHAM.
With 40 plates. 1892, Royal 4to, £2 10v.

Manava-Dharma-Castra, the Code of Manu. Original Sanskrit
text. Edited, with critical Notes, by Jurius JorLLy. 1887. Post
8vo, 105, 64, (ZTriibner's Oriental Series.)




Classified List of Publications. 85

——— e — —

MASON, F., Burma, its People, and Productions. Being
Notes on the Fauna, Flora, and Minerals of Tenasserim, Pegu, and
Burma. New Edition, re-written and enlarged by W. THEOBALD.
2z vols. 1884. 4to. (Pub. at £3 35.) £1 11s 64d.

MUIR, J., Original Sanskrit Texts, on the Origin and History
of the People of India, their Religion and Institutions. Collected,
Translated, and Illustrated by Joux MuIr. § vols. 8vo. Price of
a complete set, £5 55. Sold enly in sets.

MULLER, MAX, Sacred Hymns of the Bramins, as pre-

served in the Rig-Veda-Sanhita. Translated from the Sanskrit.
Vol. L. : Hymns to the Maruts, or the Storm-Gods, 1869. &vo,
I25. 64’.

Hymns of the Rig-Veda. In the Sanhita and Pada texts.
Reprinted from the Edition 1‘r|1‘n:=_p~:. 2 vols. Second Edition.
1877. Svo. (Pub.at £1 125.) 165,

Naradiya Dharma-Sastra ; or, The Institutes of Narada.
Translated from the Sanskrit by Jurius Jorry, 1876, Crown
8vo, 10s. 64J.

PICKFORD, J., Maha-vira-Charita ; or, The Adventures of
the Great Hero Rama., From the Sanskrit of Bhavabhiiti. 1871.
Crown 8vo, §s.

ROUTLEDGE, J., English Rule and Native Opinion in India.
From notes taken in 1870-74. 1878. 8vo, 105 64,

SCOTT, J. G., Burma as it Was, as it Is, and as it Will Be.
Cheap Edition. 1886, Crown 8vo, 2s5. 64,

STRACHEY, Sir J., India, with map. New Edition. 1894.

Crown 3vo, 6.

WATT, G., A Dictionary of the Economic Products of Indla.
6 w_u]mm.f.,, bound in 9. 1889-1893. Royal 8vo, half calf, £3 3s.

WEBER, A, History of Indian Literature. 'I'ranslated from
the German. Third Edition. 18go. Post 8vo, 105 6d. (7iriid-
ner’s Oriental Series.)

WHEELER, J. TALBOVS Tistory of India. From the

Earliest Ages down to the ume of the Mughul Empire. 5§ vols,
1867-1881. 8vo, £6 6s. net, Or separate, except vol, L,

Early Records of British india. A History of the English

Settlements in India, 1878, Royal 8vo, 15s.

WILLIAMS, Sir M. MONIER Modern India and the
Indians, Fifth Edition. I'ust 8vo, 14s. (Lrudner’s Oriental
Seres.)
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WILSON, H. H., Complete Works. 12 vols., bound in 13.
1862-77. 8vo, £10 105, net,

Rig-Veda-Sanhita. A Collection of Ancient Hindu Hymns.
From the Sanskrit. Edited by E. B, CowgLL and W, F. WEBSTER,
6 vols. 1854-1888. 8vo, £6 6s. nel.

The Megha-Duta (Cloud Messenger). Translated into
English verse with the Sanskrit text of Kalidasa, Third Edition.
1867. 4to, 105, 64,

CENTRAL AND WESTERN ASIA.
BRETSCHNEIDER, E., Medizval Researches from Eastern

Asiatic Sources. Fragments towards the Knowledge of the Geo-
graphy and History of Central and Western Asia, from the 1 3th to
the 17th Century. 2 vols. With two Maps, 1888, Tost 8vo,
21s.  (Lrubner’s Oriental Series.)

Papers Relating to Indo-China. Reprinted from Dalrymple's
“ Oriental Repertory,” {*“ Asiatic Researches,” and the “‘ Journal ¥
of the Asiatic Society of Bengal. 2 vols. 1886. Post 8vo, 21s.

—— Second Series. Ldited by the late R. Rost. With Plates,
and a Map, 2vols. 1887, 25s. (Zribner’s Oviental Series.)’

RALSTON W. R. 8, Tibetan Tales. Derived from Indian

sources  Tlone into English from the German of F. ANTON VON
SCHIEFNEL. 1882, Post 8vo, 14s. (Zriibner’s Ordental Series.)

CHINA.
ALEXANDER, Maj.-Gen. G. G., Confucius, the Great Teacher.

Crown 8vo, 6.
Lao-tsze, the Great Thinker. Crown 8vo, 5.
ALLEN, C. F. ROMILLY, Book of Chinese Poetry. Being

the Collection of Ballads, Sagas, Hymns, and other Pieces known
as the Shih Ching, metrically translated. 8vo, 16s.

BALFOUR, F. H,, Leaves from my Chinese Scrap-Book., Post
8vo, 7s. 6d.

DENNYS, N. B, Folk-Lore of China, and its Affinities with
that of the Aryan and Eemitic Races. 8vo, 105 64.

-
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DOUGLAS, Prof. R. K, Catalogue of Chinese Printed Books,

Manusecripts, and Drawings in the Library of the British Museum.
4to, 20s,

Chinese Language and Literature. Crown 8vo, 5.
Life of Jenghiz Khan, Translated from the Chinese.

Crown 8vo, §s.

EDKINS, J., D.D., Religion in China, Containing a Brief

Account of the Three Religions of the Chinese. Third Edition.
Post 8vo, 7s. 6d. (Zvriibner’s Oriental Sertes.)

FABER, E., The Mind of Mencius; or, Political Economy
Founded upon Moral Philosophy. A Systematic Digest of the
Doctrines of the Chinese Philosopher Mencius. Translated from the
German, with Additional Notes, by A, B, HUTCHINSON, Post 8vo,
105. 6d. (Triibner’s Oriental Series.)

FERGUSSON, T., Chinese Researches, Chinese Chronology
and Cycles. Crown 8vo, 10s. Od.

HAHN, T, Tsuni-Goam, the Supreme Being of the Khoi-
Khoi. Post 8vo, 7s. 6d. (Zriibner’s Orien 1 Series.)

JOHNSON, 8. Oriental Religions and their Relation to
Universal Religion. China. 8vo, cloth, 2355

LEGGE, JAMES, Chinese Classics. Translated into English.

Popular Edition. Crown 8vo.

Vol. I.—Life and Teachings of Confucius, Sixth Edition. 105 Gl
,» I1I.—Works of Mencius, 125
,, 1II.—She-King, or Book of Poetry. 12

SMITH, ARTHUR H., Chinese Characteristics, Sccond

Edition. Revised, with Illustrations, 8vo, 10s, 64,

EGYPT AND ASSYRIA.

BRITISH MUSEUM PUBLICATIONS:

TYLOR, J. J., Wall Drawings and Monuments of El Kah.
Part I. : Paheri. 18 Plates. With Notes by SOMERS CLARKE.
£z 25, [Other Parts in preparation. ]

BUDGE, E. A. WALLIS, Book of the Dead. 'The

Papyrus of Ani, in the British Museum. With Translation and
Transliteration. 4to, half morocco, 41 10s.
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British Museum Publications— continued.
Archaic Classics, Assyrian Texts. Being Extracts from

the Annals of Shalmaneser II., Sennnacherib, and Assur-Bani-
Pal, with Philological Notes. Small 4to, 7s. 6d.

History of Esarhaddon (Son of Sennacherib), King of

Assyria, BC, 681-663. Translated from the Cuneiform Inscrip-
tions in the British Museum. Post 8vo, 105, 6d4. (Zriibner's
Ordental Series.)

Inscriptions in the Hieratic and Demotic Character,
Folio, £1 7s5. 6d.

Egyptian Texts of the Earliest Period. From the coffin
of Amamu. 32 Coloured Plates, Folio, £2 25,

Fac-simile of an Egyptian Hieratic Papyrus of the
Reign of Rameses III., now in the British Museum. Folio, £3.

Photographs of the Papyrus of Nebseni, in the British
Museum. Unmounted, £2 2, Or, Mounted and in portlolio,
on special terms,

EGYPT EXPLORATION FUND:

MEMOIRS,

Vol. I.—The Store City of Pithom, and the Route of the Exodus,
By E. NavViLLE. Third Edition, 1887. Out of print,
53 II.—Tanis, Part 1., by W, M, FLINDERS PETRIL. Second
Edition, 1888. " £1 35,
III.—Naukratis, Part I. By W. M. FLINDERS PETRIE. Third
Edition. 1888. 41 5.
»» ~ IV.—Goshen, and the Shrine of Saft-el-Henneh. By E.
NAVILLE. Second Edition, 1888, /71 55,
V.—Tanis, Part IL Including Tell Defenneh, and Tell
Nebesheh. By W. M. FLINDERS PETRIE, cte. 1888.
AT 55,
VI.—Naukratis, Part II, By E. A, GARDNER and F, L.
GRIFFITH. 1889, £I1 s,
VIL.—The City of Divas, and the Mound of the Jew. By E.
NAVILLE and F. L. GRIFFITH, 1890, A1 5s,
VIIL. —Bubastis. By E. NaviLLe. 1801, A1 55,
IX.—Two Hieroglyphic Papyri from Tanis, Y508 . BA
I. The Sign Papyrus. By F. L. GrIFFITH,
II. The Geographical Papyrus, By W. M. FLINDERS
PerTRI1E,
X.—The Festival Hall of Osorkon II. (Bubastis). By E,
NaviLLE. 1892, £¥ &
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Egypt Exploration Fund: Memoirs— contsnued.

Vol. XI.—Ahnas el Medineh. By E. Navitre. And The Tomb
of Paheri at El Kab. By ]. J. Tvior and F. L.
GRIFFITH., 18a4. £1 59
;s XIL—Deir el Bahari, Introductory Volume. By E. NAVILLE,
1504. A1 §s.
»» XIII,—Temple of Deir el Bahari. By E. NaviLpe, Part L
18g6. £1 105

Atlas of Ancient Egypt. Second Edition. Revised. Small
4to, 35, 64.

LE PLONGEON, AUGUSTUS, Queen Moo snd the

Sphinx, Royal 8vo, £1 105 net.

MARIETTE, ALPHONSE, The Monuments of Upper
Egypt. Crown 8vo, 75 64,

PATON, A. A, History of the Egyptian Revolution.

From the Period of the Mamelukes to the death of Mohammed
Ali.  Second Edition. =z vols. 8vo, 7s. 64d.

PUBLICATIONS OF THE ARCHZAEOLOGICAL SURVEY
OF EGYPT:

First MEMOIR.—Beni Hasan, TPart I. By P. E. NEWBEKRY.
" 1890-91. L1 §s.

SECOND MEMOIR.—-Beni Hasan, TPart II. By I’. E. NEWBERRY
and G, W, Fraser. 1891-g2. £1 gs.

THiRD MEMOIR.—EL Bersheh., Part I. By P. E. NEWBERRY.
1892-93. L1 ss.

FourTH MEmoIR.—El Bersheh. Part II. By F. L. GrirrITH
and . E, NEWBERRY. 1893-94. £1 &s.

Fikru Memoir.—Beni Hasan, Part III, By F. L. GRIFFITH.

£1 B,
SANDWITH, F. M, Egypt as a Winter Resort. Crown
dvo, 35 64.
ISLAM.

BLUNT, W. 8., The Future of Islam. Crown 8vo, 6s.

BROWN, J. P., The Dervishes. With Illustrations. 1868,
Crown 8vo, 14s.

BUNBEN, ERNEST DE, Islam, or Trus Christianity, Crown
8vo, §4.
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HUNTER, Sir W. W., The Indian Musalmans. Third Edition.
1876, 8vo, 10s. 6d.

LANE, E. W, Selections from the Koran. New Edition.

With Introduction by STANLEY LANE-PoOLE. Post 8vo, gs.
(7riibner’s Oriental Series.)

REDHOUSE, J. W, History, System, and Varieties of
Turkish Poetry. Illustrated by Specimens in the Original English
Paraphrase, 8vo, 25, 6d.

The Mesnevi, Usually known as the Mesneviyi Sherif, or
Holy Mesnevi of Mevlana (Our Lord), Jelalw’d-Din Muhammed
Er-Rimi. Illustrated by a Selection of Characteristic Anecdotes,
Translated by J. W. REDHOUSE. Post 8vo, £1 1s. (Zrébuer's
Oriental Series.)

Tentative Chronological Synopsis of the History of Arabia
and its Neighbours, from B.C. 500,000 (*) to A.D. 679, §vo,
paper, I1s.

SELL, Rev. EDWARD, The Faith of Islam. Second Edition,
Revised. Post 8vo, 125, 64, (Z7sibner’s Oriental Library.)

WHERRY, A Comprehensive Commentary to the Quran.

To which is Prefixed Sale’s Preliminary Discourse, with additional
Notes and Emendations. Together with a Complete Index to the
Text, Preliminary Discourse, and Notes. Vols. L., II., and IIL,
125, 6. each. Vol. IV,, 105 64.

WRIGHT, W, Book of Kalilah and Dimnah. Translated

from Arabic into Syriac, with Preface and Glossary in English.
8vo, 21s.

JAPAN.

CHAMBERLAIN, BARBIL, Classical Poetry of the Japanese.
Post 8vo, 75, 64, (Zriibner’s Oviental Series.)

Things Japanese. Second Edition. Crown 8vo, 8s. 64,

Chushingura, or the Loyal Retainers of Akao. Translated
by JukicHi Inouve, with numerous Illustrations by EISEN
TomIioOKA. 8vo, 35. 6d.

GOWER, Lord RONALD, Notes of a Tour from PBrindisi to
Yokohama, 1883-84. Foolscap &vo, 25, 64,

GRITTFIS, W. E., The Mikado's Empire. Book I.—History

of Japan from B.C. 660 to A.D. 1872. Book II.—Personal Ex-
periences, Observations, and Studies in Japan, 1870-74. Second
Edition. Illustrated. &vo, 20s.
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History of the Empire of Japan. Compiled and Translated
under the direction of the Department of Education, Tokyo. With
numerous Illustrations, of which some are in Colours and Collotype,
and a Map. vi. and 428 pp. of text. 1893. 8vo, boards, 12s5. 64.

*«* The Illustrations are printed on Japanese paper.

Nihongi; or, Chronicles of Japan from the Earliest Times to
A.D. 697. Translated from the original Chinese and Japanese, by
W. G. Aston. Vol. I. 1896. 8vo. Price, complete in 2 vols., 215,

SALWAY, CHARLOTTE M., Fans of Japan., With 10 full-
page Coloured Plates, and 39 Blocks in Text. Royal 4to, 315, 64, net.

TAYUI, R., The Commercial Guide and Trade Directory of
Japan. Royal 8vo, cloth, £1 1=

WENCKSTERN, F. von, Bibliography of the Japanese Em-
pire. Being a Classified List of all Books, Essays, and Maps in
European Lapguages, relating to Dai Nihon, published in Europe,
America, and the East, from 1859-93, to which is added a fac-simale
reprint of Léon Pages’ Bibliographic japonaise depuis laj X Ve, sidcle
Jusquw’a, 1859, 1895, Large 8vo, 41 5s. net.

ORIENTAL BUDDHISM.
BEAL, S., The Romantic Legend of Sakya Buddha. From

the Chinese Sanskrit. 1875. Crown 8vo, 125,

Life of Hiuen-Tsiang. By the Shamans Hwur L1 and
YEN-TsunG, with an Account of the Works of I-TsinG, Post 8vo,
105, (Zriibner’s Oriental Series.)

Dhammapada.—Texts from the Buddhist Canon, commonly
known as Dhammapada. Translated from the Chinese. Post 8vo,
75, 6d, (Triibner's Orienial Series.)

Catena of Buddhist Scriptures. From the Chinese. 8vo,
155,

Si-Yu-Ki: Buddhist Records of the Western World,

Translated from the Chinese of HiveN Ts1ANG (A.D. 629). With
Maps. 2 vols, Post 8vo, 24s5. (Zriibner's Oriental Series.)

BIKSHU, SUBHADRA, Buddhist Catechism. 12mo, 2s.
EDKINS, J., D.D.,, Chinese Buddhism. Sketches Historical

and Critical. Post 8vo, 185, (Zruibuner's Oriental Series.)

EITEL, E J.,, Chinese Buddhism. Handbook for the Student

of. Second Edition, Crown 8vo, 18s.
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FAUSBOLL, V., The Jataka, Together with its Commentary,

being tales of the anterior birth of Gotama Buddha. Now first
published in Pali. Vols, L-VI. 8vo, 28s. each,

JENNINGS, H, The Indian Religions; or, Results of the
Mysterious Buddhism, 1890, 8vo, 105 64.

KISTNER, O., Buddha and his Doctrines. A Bibliographical
Essay. 4to, 25, 64,

LILLIE, A, Popular Life of Buddha. Containing an answer
to the Hibbert Lectures of 1881, With Illustrations, 1883. Crown
3vo, 6s.

Buddhism in Christendom; or, Jesus the Essene. With
Illustrations. 1887. 8vo, 155

RHYS-DAVIDS, T. W., Buddhist Birth-Stories; or, Jataka

Tales. The Oldest Collection of Folk-Lore extant. Being the

Jatakatthavannand, translated from the Pali Text of V. FAUSBOLL,
Vol. I. Post 8vo, 18s. (Zrsibner’s Oriental Series.)

ROCKHILL, W. W, Life of the Buddha and the Early
History of his Order. Derived from Tibetan works in the Bkah-
Hgyur and the Bstan-Hgyur. 1884, Post 8vo, 105, 6d. (7riibner's
Oriental Series.)

Udanavarga. A collection of Verses from the Buddhist

Canon. Compiled by DHARMATRATA, and translated from the
Tibetan. 1883. DPost 8vo, gs. (7 rubner’s Oriental Series.)

SWAMY, Sir M. C, Sutta Nipata; or, Dialogues and
Discourses of Gotama Buddha., Translated from the Original Pali,
Crown 8vo, 6s,

The Dathavansa; or, the History of the Tooth Relic of
Gotama Buddha, Pali Text with Translation. 8vo, 10s5. 6d.
English Translation only, 65.

(See also wnder CHINA,)

PERSIAN.
HATIZ, The Divan. By Kawaja SHAMSU-D-DIN MUHAMMAD-

1-HAriz-1-SHIRAZI. Translated into English Prose, with Remarks,
ete., by Lieut.-Col. H. WiLBERFORCE CLARKE. Vols. I. and II.
1891. 4to, cloth, £2 125 64. Vol. II1., gto, cloth, £1 115

HATIZ, of Shiraz, Selections from His Poems. Translated
from the Persian by 11, BICKNELL. 1875. 4to, cloth, £2 2s.

JOHNSON, 5., Oriental Religions and their Relation to

Universal Religion. Persia, Svo, 18s.
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OMAR KHAYYAM, The Quatrains. Persian Text with an
English Verse Translation by E. H., WHINFIELD. 1883 [Dost
8vo, cloth, 10s5. 6d. (Zriibner's Oriental Series.)

The Quatrains. New Translation into English Verse by
E. H. WHINFIELD. 1881, Post 8vo, cloth, 55 (Zricbuer’'s
Oriental Series.)

RIEU, C. Catalogue of Persian Manuscripts in the British

Museum. 3 vols. 1879-83. 4to, cloth, 255. each volume,

SA'D UD DIN MAHMUD SHABISTARI Gulshan i Raz
(the Mystic Rose Garden), Persian Text with an Enghsh Trans-
lation, Notes, and a Commentary, by E. H. WHINFIELD. 1880.
4to, cloth, 10s. 6d.

The Gulistan, or Rose Garden of Shekh Mushliu'd-Din
Sadi of Shiraz. Translated from the Atish Kadah, by E. B,
Eastwick. Second Edition. Post 8vo, 1os. 64, (Triibner's
Oriental Series. )

Vazir of Lankuran. A Persian Play, with a Grammatical
Introduction, Translation, Notes, and Vocabulary, by W. H. IAG-
GARD and G. LE STraNGE. Crown 8vo, 105, 6d.

XI.—BIBLIOGRAPHY, PERIODICALS, AND
PUBLICATIONS OF SOCIETIES.

BIBLIOGRAPHY.
ALLIBONE, 8. A. Dictionary of English Literature and

British and American Authors., From the Earliest Accounts to
the Latter Half of the 19th Century, 3 vols. Royal 8vo, £5 8&s.
SUPPLEMENT, 1891, 2 vols. royal 8vo, £3 3r.

Bibliographica—3 Volumes. Containing the 12 parts. Bound

in half morocco (Roxburgh style). Large Imperial 8vo, £2 2s. net
each.

British Museum Publications. List on application.
DUFF, E. GORDON, Early Printed Books. With Frontis-

piece and Ten Plates. Post 8vo, 65, net. (Books about Books.)

ELTON, CHARLES and MARY, The Great Book Collectors.

With 10 Illustrations, Post 8vo, 6s. net. (Books about Books. )
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FLETCHER, W. YOUNGER, English Bookbindings in the
British Museum. With 66 plates. Printed in Jac-simile by W,
GRriGas.  Iolio, limited to 500 copies, £ 3 35 net,

HARDY, W. J, Book Plates. With Frontispiece and 36

"Illustrations of Book Plates. Post 8vo, 6s. net. (Books about
Books.)

HORNE, H. P, The Binding of Books. With 12 Plates,
Post 8vo, 6s. net.  (Books about Books,)

IBRAHIM, HIMLY, Prince, The Literature of Egypt and

the Soudan. A Bibliography, comprising Printed Books, Periodical
Writings, and Papers of Learned Societies, Maps and Charts,
Ancient Papyri Manuscripts, Drawings, etc. 2 vols. Demy 4to,

43 35
Japan, Bibliography of, (See ORIENTAL,)

MADAN, FALCONER, Books in Manuscript. With 8 Plates.
Post 8vo, 65, net, (Books about Books.)

POLLARD, A. W., Early Illustrated Books. With Plates.

Post 8vo, 6s. net. (Books about Books.)

POOLE, W. F., Index to Periodical Literature. Revised

Edition. Royal 8vo, £3 135. 64, net. FIRrsT SUPPLEMENT, 1882
to 1887. Royal 8vo, £2 net. SECOND SUPPLEMENT, 1887 to
1892. Royal 8vo, £2 net,

SLATER, J. H.,, Barly Editions. A Bibliographical Survey

of the Works of some Popular Authors. 8vo, 21Is. net. Interleaved
with Writing Paper, 26s. net.

SWINBURNE, Bibliography of Algernon Charles Swinburne
from 1857 to 1887. Crown 8vo, vellum, gilt, 6s.

THACKERAY, Bibliography of. Sultan Stork, and other

Stories and Sketches, 1820-44, now first collected. To which is
added the Bibliography of Thackeray. Large 8vo, 10s. 64.

THOMPSON, Sir E. MAUNDE, English Illuminated Manu-

seripts. With 21 Plates in Chromo-Lithography. Imperial 8vo,
155 net,

TRUBNER'S Bibliographical Guide to American Literature
from 1817 to 1887. 8vo, half bound, 18s,

Catalogue of Dictionaries and Grammars of the Principal
Languages and Dialects of the World. Second Edition, 8vo, 55,
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PERIODICALS AND SOCIETIES.

Anthropological Institute of Great Britain and Ireland,
Journal of. Quarterly. 5s.

Antiquarian Magazine and Bibliographer, The. Idited by
Epwarp Warrorp and G. W, REpway. Complete in 12 vols,
8vo, £ 3 net.

Asiatic Society of Bengal, Journal. 8vo, 3s. per number.
Proceedings, 1s. per number.

Asiatic Society, Royal. Bombay Branch. Journal Irregular.
Asiatic Society, Royal. Ceylon Branch. Journal. Irregular.
Asiatic Society, Royal. China Branch. Journal. Irregular.
Asiatic Society, Royal. Straits Branch. Journal. Irregular.
Asiatic Society. Japan Branch. Transactions. Irregular.
Bibliotheca Sacra. Quarterly, 35. 64. Annual Subscription, 14s.
British Chess Magazine. Monthly, od.

Calcutta Review. Quarterly, 6s.

Imperial Institute Year Book. 1os. net.

Index Medicus. A Monthly Classified Record of the Current

Medical Literature of the World. Annual Subscription, 50s.

Indian Antiquary. A Journal of Oriental Research in
Archzology, History, Literature, Languages, Philosophy, Religion,
Folk-lore, etc. Annual Subscription, £1 165

Indian Evangelical Review. Annual Subscription, ros.
Psychical Research Society, Proceedings. Irregular.

Sanitarian. Devoted to the Preservation of Health, Mental
and Physical Culture. Monthly. Annual Subscription, 185,

Science. Weekly. Annual Subscription, A1 2.
Scientific American, Weekly. Annual Subscription, 18s.

Scientific American, Export Edition. Monthly. Annual
Subscription, £1 55



96  Kegan Paul, Trench, Triibner, and Co.’s List.

Scientific American, Building Edition. Monthly. Annual

Subscription, 14,

Supplement. Weekly. Annual Subscription, £1 35s.
Tropical Agriculturist. Monthly. Annual Subscription, £ 1 65,
Parents’ Review. Monthly, 64.

Messrs. KEGAN PAUL, TRENCH, TRUBNER & CO., Ltd,
are also Publishers to the following Societies, ete., lists
of publications of which may be had on application :

The Chaucer Society. The British Museum.

The Early English Text Society. The Geological Survey of India,
The New Shakspere Society. The India Office.

The Wagner Society, | The Egypt Exploration Fund.

Plymouth: W. Brexvon and Sow, Printers
















