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A specimen of the
Spitzbergen variety of
Apus glacialis (X 10), to
show the general ar-
rangement of the limbs
and their gradual dimi-
nution from front to
back. The white masses
on each side near the
brood pouc}es are par-

R . .



NATURE SERIES

R A TPODID A

HE MO RELFOLO0GICAL STUDY

BY

HENRY MEYNERS BERNARD

M.A. CANTAB.

WITH SEVENTY.-.ONE ILLUSTRATIONS

Fonbdon
M CMITLLAN AND CO.
AND NEW YORK

1892

The Right of Translation and Reproduction is Reserved



Ricuarp CLay axp Soxs, LimiTeED,
LONDON AND BUNGAY.

HISTORICAL |
MEDICAL ’j

(-"Eﬁ ﬂ'-‘q

WELLCOME INSTITUTE |
LIBRARY

g —

Coll.| welViOmec |

Call
No. | (X

e

T










GABLE T OE CONTENTS

FAGE
INTRODUCTION . . . o R et (L R |

PART I

8§ 1. OBJECT AND LINE OF ARGUMEHNT . i v » & s « & I
8§11, THE OUTER BODY FORM . . % "% v wio o o « = v 11
SIS PHE SAPPENDAGRS . & & o & a5 sk d e ¥ & & % 0. L2
BN THE MUSCULATURE: & 5 o .« 6 = wfoie o 5w onom =t 8
BV THE NERVOUS BYSTEM : w & sowie af o % & % % @ &
BVI THE SENSORY ORGANS . . +. . & « 2. = « = + + =« 84
ENIL THE ALIMENTARY CANAL . & . o ow'v o 4 o o« wae u 113

EVITLVTHE CIRCULATORY SYRTEM o5 % c sod o 2 4 ste » 1179
§ IX. THE EXCRETORY AND OTHER GLANDS . . . . . . . 124
Bt REPRUIE)UC'I‘IUN. R R e it i e

§ XI. DEVELOPMENT—THE NAUPLIUS . . . . . . ., . . . I48






FINEE RS DG ELCNIN

AMONG the numerous interesting zoological
specimens brought back by Professor Kiikenthal
from East Spitzbergen on his return from the Bremen
Expedition (1889),! was a small species of Apus—
presumably Lepidurus glacialis (Kroyer). Professor
Kiikenthal very kindly handed these specimens to
me for examination. By the kindness of the Rev.
Canon Norman, I also received Greenland specimens
of Lepidurus glacialis (Kroyer), and from Professor
Leché, of Stockholm, specimens of the Lepidurus
glacialis found by Professor Nathorst in West Spitz-
bergen ; Professor Mobius, the director of the Berlin

Natural History Museum, generously sent me speci-

1 Dr. Alfred Walter, to whom this book is dedicated, was Professor
Kiikenthal’s companion during this expedition. Ile died shortly aflter
his return.
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mens of Apus cancriformis, and Professor Biedermann,
of Jena, very kindly obtained for me specimens of
Apus cancriformis, L.epidurus productus, and Branchi-
pus stagnalis from Prague, especially preserved for
histological purposes. An examination of the Spitz-
bergen specimen led to the conclusion that it
was a small variety of Lepidurus glacialis, which
[ propose to call Lepidurus Spitzbergensis; the
orounds for this determination are given fully in
Appendix L

In studying the anatomy of the Spitzbergen
specimens, and in comparing it with that of the other
members of the family kindly placed at my disposal
by the gentlemen above named, I was gradually led
to cast my notes into the form in which they are now
published.

[t has long been recognised that the Phyllopoda
possess many markedly Annelidan characteristics, and
that they are therefore, of all living Crustacea, nearest
in affinity to the primitive Crustacean. In my study
of the Apodide I was so much struck by the resem-
blance between the organisation of Apus and that of
a carnivorous Annelid, that I finally decided to work

entirely along this line. I resolved, by a closer study
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of each organ and system of organs, to find out as far
as possible whether this resemblance was a case of
homology or analogy, and, if the former, to endeavour
to trace the causes which led to the transformation of
the carnivorous Annelid into the Crustacean.

Shrewd conjectures have been made as to the
possible derivation of the Crustacea from Annelids,
but I am not aware that this point has ever before
been worked out in detail, and I should hardly have
ventured to undertake such a task had not my study
of Apus forced it upon me.

My original intention! of preparing a comparative
anatomy of the Apodida thus gave way before the
more ambitious attempt to use Apus as a key to
solve the hitherto unsolved problems as to the origin
of the Crustacea, and the true affinities between the
various groups.

This resolution, however, was not formed at once.
The book is written in the order in which the subject
was worked out.

The first part, which deduces Apus from a carnivo-
rous Annelid, was all T at first intended to publish.
Having never made a special study of Limulus nor

1 Announced in a letter to Nafure, reprinted in Appendix V.
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of the Trilobites, I hesitated to discuss their relation
to Apus, and my knowledge of the Crustacea was
not sufficient to justify my attempting to form a
genecalogical tree of the whole class. I intended to
content myself with an endeavour to show that in
the Apodidae the process and method of the trans-
formation of carnivorous Annelids into Crustacea
was still visible in almost every organ and system of
organs. The unavoidable conclusion from this would
be, that Apus must be—for some groups at least—
the original form.

Here I thought to leave the matter to be followed
up by zoologists whose knowledge and experience of
the special groups were greater than my own. My
curiosity, however, was too great, and after the first
part of this manuscript was practically in its present
form, 1 decided to see, by a study of Limulus and
the Trilobites, whether Apus was to be looked upon
as the original form of the modern Crustacea only, or
whether it could pass for the original of the whole
class, including these archaic forms. This investiga-
tion led to the writing of the second part, which was

an afterthought which, how-

thus an afterthought

ever, gives to the book whatever value it possesses.
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The attempted proof in the first part that Apus is
an original Crustacean ecasily derivable from an
Annelid, however interesting in itself, must have
remained little more than a curious morphological
study. The appeal made in the second part to
palaeozoic Crustacea must, however, be decisive as to
whether our claims for Apus as onc of the original
forms can be definitely established.

In commencing Part I1., it was no small encourage-
ment to find that most of the earlier zoologists, as if
by instinct, classed Apus with the Xiphosuride and
the Trilobites. This provisional classification had
not, however, held its own, and it was necessary to
examine the reasons why it had not done so, and to
see if it was not after all justified by the facts. My
investigations led me to the conclusion that if Apus is
deducible from a carnivorous Annelid in the manner
described in the first part, there is no possible escape
from accepting a similar derivation for the Giganto-
straca, as Haeckel has called these ancient forms. |
found that, strange as it may at first scem, the
very differences between Apus and these ancient
Crustacecans yielded almost more striking proofs of

their having had the same origin and of their close
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relationship, than did the many resemblances which
have been long recognised as existing between them.
The second part thus proves what the first part only
rendered probable.

In such an investigation as this a writer is always
open to the charge of having interpreted the facts as
he wished to interpret them. I cannot of course deny
that the speculation was of such absorbing interest
that [ was not indifferent to the conclusion, and that I
therefore naturally seized upon the facts most favour-
able for the establishment of my argument ; but at
the same time I am not conscious of having ignored
difficulties, If, nevertheless, I have unconsciously
distorted the facts in order to establish my con-
clusions, I comfort myself by the reflection that those
conclusions are of such great zoological importance
that they cannot long pass unchallenged.

I may perhaps mention the fact that whereas in the
first part I have relied almost entirely upon my own
researches into the anatomy of the Apodide and of
the carnivorous Annelids, in the second part 1 have
had to draw many of the facts used in the arguments
from the works of others.

My sincere thanks are due to Professor Ernst
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Haeckel, in whose laboratory the rescarches on which
the following essay is based were carried out, for the
friendly interest he took in them ; and also to Professor
Kiikenthal for his cordial sympathy and encourage-
ment to proceed in a speculation which claims to
solve so intricate a problem as the origin of the

Crustacea.
H. M. B

Streatham, 18g2,

T
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OBJECT AND LINE OF ARGUMENT

THE Apodide have been known and studied for
the last one hundred and fifty years. They have
always attracted considerable attention, not only on
account of their great size in comparison with other
fresh-water Entomostraca, but also on account of their
strange and sudden appearance in pools and ditches
which owe their water entirely to the rainfall. This
also is not all : their morphology has been a perpetual
puzzle to zoologists, and they have been classed by
some with archaic forms such as the Trilobites and
Limulus, while by others they have been considered
as highly specialised recent forms.

This essay claims by a new explanation of the
morphology of the Crustacea, to set this latter point
E B

¥ .
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at rest, and to show that Apus must not only be
ranked by the side of the Trilobites as one of the
primitive Crustacean forms, but that it is itself a true
link between the living Crustacea and the Annelida.
By careful examination of the organisation of Apus,
and a comparison of it with that of a carnivorous
Annelid, it is possible to show, as will be done in the
following pages, that Apus is perhaps the most perfect
“missing link ” which zoology so far possesses, perfect,
not only because its morphology is easily deducible
from that of a carnivorous Annelid, but also because
the mechanical causes of the transformation are
apparent. The Apodide will in fact be found to
afford us the first complete illustration.-of the rise of
one large animal class out of another by the simple and
natural adaptation on the part of one single species
of the latter to a new manner of life. Close investiga-
tion shows the Apodida to be both morphologically
and biologically an almost ideal transition form.
More or less satisfactory transition forms be-
tween most of the great animal classes are now
known, but none has till now been discovered
between the Annelida and the Crustacea. The
object of this book is to satisfy this want, not by
the discovery of a new animal, but by a new ex-
planation of one long known and often described.
The established transition forms between the other
classes of the animal kingdom still leave much to
be desired. Between the Protozoa and Metazoa
the transition forms are either claimed by botanists,
or else, however probable, are somewhat hypothetical.
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Between the Ceelenterata and the Platodes we have
rival links. When reading the arguments in favour
of the claims of those specialised Ctenophora, the
Ceeloplana and Ctenoplana, we feel convinced ; but,
on the other hand, when we study for ourselves
under the microscope such a simple Rhabdoccele as
Microstomum lineare, especially during its changes
of shape when moving about under a cover glass,
our former conviction fades away, and we see in it
a specialised larval form of a Ccelenterate. Between
the Platodes and the Annelids the gap seems small,
but we cannot bridge it over until we decide whether
the segmentation of the Annelids is a kind of axial
strobilation, or the natural mechanical selection of
internal symmetry. Between the Annelids and the
Molluscs we have the claims of Solenogaster to attend
to; but this animal is unfortunately so rare, that
it will be long before we can hope to have any very
thorough knowledge of its morphology. Between the
Annelids and the Tracheata we have Peripatus ; this
highly interesting animal, has a special claim on our
attention, as the Tracheata form with the Crustacea the
great class known as the Arthropoda. We shall find
that our explanation of the rise of the Crustacea
supplies us also with a very probable clue as to the
origin of the Tracheata. The Echinodermata and
the Tunicata hover almost entirely in the air. And,
lastly, we have the giant trunk of the Vertebrata, the
roots of which are being eagerly sought in different
directions. The claims of Amphioxus and of the
Ascidian larva are confidently put forward by the
E 2
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majority of our leading zoologists, but there are diffi-
culties not yet explained which make many restless,
and lead them to search in other directions.

In this state of affairs it will be a clear gain and
encouragement if we can connect the Annelida and
the Crustacea in the way described in these pages, in
which we show how a typical carnivorous Annelid
(presumably a Nereid, though probably not so
specialised as any modern member of that family)
can, by a simple and natural adaptation to a new
manner of life, be established as the ground type
of Apus. We mean a great deal by this expression
“ground type,” much more than any mere general
resemblance of organisation ; we mean that every
single organ of Apus, where it does not resemble
that of its Annelid ancestor, is capable of being
deduced from some organ in the latter, and, further,
that the causes of the transformation are not far to
seek. These are large claims ; the following pages
will show whether they are justifiable.

Before entering into the morphological and
anatomical details upon which our deduction of the
Apodide from a carnivorous Annelid i1s based, it
will make the task of the reader lighter if we here sct
out the line of argument.

Many carnivorous Annelids have, as is well known,
a protrusible pharynx, armed with teeth, which is shot
out for the seizing of prey. We assume that the
Annclid from which Apus is derived, adopted a
habit of browsing, which rendered this protrusible
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pharynx unnecessary, so that it degenerated. The
Annelids afford us such a wonderful variety of
forms adapted to almost every possible manner
of life, that this assumption presents no difficulty.
Cambrian and Silurian formations have revealed to
the palaxzontologist abundant evidence that early
Chatopods crawled about along the bottom of the
seas of those times. That one of these should become
specialised for feeding in the manner supposed, is
not too much to ask.

The use of the pharynx just described is, as far as
we can see, a clumsy method of obtaining food. The
loss of it, and the adoption of a browsing method of
feeding, might well be a gain. The further develop-
ment of this habit would lead to a bending round of
the head sufficient to enable the animal to use its
anterior parapodia for pushing prey into its mouth.
In time the bend of the head would become fixed, and
the parapodia modified as jaws and maxille. The
parapodia of at least a certain number of anterior
trunk segments would certainly also serve to rake
food together into the middle line and forward it
towards the mouth. IFrom this very simple and natural
modification of a Chaxtopodan Annelid, we believe that
all the Crustacea, living or extinct, can be deduced.
To establish this, is the object of this little book, which
we have called “ The Apodida,” since it was during our
study of these Phyllopods that we first caught sight of
the Annelid, so effectually disguised under its Crusta-
cean dress.  Although this disguise is so complete as to
have cluded all former research, yet when once under-
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stood, it is found to be very superficial. We shall be
able to show, in the following pages, that the Apodida
agree in almost every detail of their organisation with
such an Annelid, and that any disagreement is chiefly
due to further specialisation in adaptation to the
new manner of life described.

Commencing with the head, we shall show how the
morphology of the typical Crustacean head is easily
explained by the bending round of the five anterior
segments of such an Annelid for the purpose of
browsing.

The trunk of Apus will be shown to be a true link
between the many-segmented Annelids, and the
Crustacea with their small and almost constant
number of segments. The rise of the shield will be
briefly mentioned, a fuller account of it being reserved
till we compare Apus with the Trilobites.

The gradual transformation of the Annelidan
cuticle into the exoskeleton of the Crustacea, to which
many of the changes in the inner organisation of the
latter are to be referred, will be found well illustrated
by the Apodida.

The Annelidan parapodia (with their dorsal and
ventral branches) will be shown to be capable of
developing every form of Crustacean limb, the reasons
for the suppression of one part and the development
of another being generally fairly evident, Apus again
supplying the clue.

Coming to the inner organisation, we shall take in
turn, the musculature, the nervous system, the sensory
organs, the alimentary canal, the circulatory system,
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the excretory and other glands, and, lastly, the repro-
ductive organs. We shall either point out the
resemblances in each case between these organs and
those of our Annelid, or else show how they can be
deduced from Annelidan organs. It will be found
that while some of the modifications of Annelidan into
Crustacean organs are easy to follow, the explanation
of others has to be sought, and may thus appear to be,
in some cases, far-fetched.

And here we must remind our readers that it 1s
enough for our argument if we can show that such a
deduction is possidle. It is not essential to our theory
that we should show exactly /ot the inner transform-
ations actually took place. Our explanations may
themselves be incorrect, but the validity of our argu-
ment can only be seriously weakened by showing that
a set of organs in Apus could not possibly have been
derived from any organs in the Annelida ; or that the
improbability of such a transformation is so great that
no experienced morphologist would accept it.

We shall conclude the first part of this essay by an
appeal to the Nauplius, to see whether it bears out our
theory that Apus is the original form of the majority
of the modern Crustacea : or, in other words, whether
Apus can itself claim to be the proto-Nauplius of
zoologists. We shall endeavour to describe the exact
morphology of the Nauplius considered as the Apus
larva or the Apus-stage in the development of the
other Crustacca.

This will conclude Part I., which we hope will have
shown that, so far as such claims can be based purely
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upon morphological, anatomical, and biological reason-
ing, the Apodida deserve to take the place we assign
them as an almost ideal transition form between the
Annelida and the Crustacea. Here, as stated in the
Preface, we thought to leave the matter as an interest-
ing suggestion. Fortunately, however, we have the
means of testing the accuracy of our conclusions..

Admitting, on the one hand, that the confirmatory
evidence as to the truth of our theory given by the
Nauplius need by no means be conclusive, we maintain,
on the other hand, that the answer which we receive
to our appeal to palzontology and to such archaic
living forms as Limulus must be decisive. Thus we
enter upon the second part of our essay in order to
obtain a final “yea” or “nay” asto whether our theory
is, as a whole, but a morphological four de force, or a
fairly close guess at the truth.

We commence with Limulus, and show that if Apus
is to be derived from an Annelid with the first five
segments bent round ventrally, Limulus must have
had a similar origin,

In the second section we venture into the dangerous
realm of the Trilobites. The mystery which surrounds
these primitive Crustacea is so great, that every
announcement of a new discovery bearing upon their
morphology meets with more or less scepticism.
Nevertheless, we believe that we can prove that our
derivation of Apus from a bent Annelid reveals the
Trilobites also in their true light, as so many attempts
of browsing Crustacean-Annelids to adapt themselves
to their surroundings—attempts which, in the long
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run, proved unsuccessful, for reasons which we shall
try to point out.

After briefly discussing the Eurypterida, we shall
give an outline sketch of a new classification of the
Crustacea based upon our theory, showing that
while only one group of modern Crustacea admits of
derivation from the Trilobites, all the rest, except
Limulus, can be deduced from the Apodide. We
shall see reasons for believing that it was the develop-
ment of the shield, either as bivalve shell, or as a large
fold of the tergum of the fifth segment, which led to
success in the struggle for existence.

We should here say something as to the preservation
of the Apodida through so many geological ages.
This is explained by the manner of life of the animals.
They usually appear in ditches and pools dependent
on the rainfall. In such waters they naturally come
little into competition with other animals. The dry
secasons are bridged over by the eggs being preserved
in the mud. In this strange but perfectly natural
way, Apus has, from the earliest times, been so com-
pletely isolated that its preservation presents no
difficulty. Its presence in every part of the globe,
with almost always the same manner of life, is a sign
of its great antiquity.

The fact that no true fossil Apodidae are found,
among the rich yield of Crustacean remains of the
Silurian strata, admits of simple explanation. We say
no Zrue Apodide, for we shall find that such forms as
IHymenocaris and Ceratiocaris, though perhaps some-
what more specialised, were probably very closely
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related to the Apodide. Both these points will be
discussed more in detail in Part I1.

Finally, in a short concluding section we shall show
that the method of differentiation which turned the
Annelid into the Crustacean throws a flood of light on
the origin of the Tracheata, and on some of the
morphological differences which separate these two
divisions of the Arthropoda.

Several new points in the anatomy of Apus will be
described and illustrated. Where these do not bear
directly upon the subject, they will be given in full in
an appendix, so as not to interfere with the course of
the argument.



SECTION II

THE OUuTER Bobpy FoRrM
THE HEAID

THE comparative anatomy of the Crustacea has
long ago established the fact that the Crustacean head
must originally have been composed of five fused
segments of an annulate body. Our derivation of
Apus from a browsing Annelid explains the method
of this fusion, that it did not take place along the
longitudinal axis of the body, but by a doubling of
this number of segments upon themselves. This
term “doubling™ or “doublature” has already been
applied to the under sides of the forehead of such
animals as Apus, Limulus, and the Trilobites, but
apparently meaning nothing more than the doubling
of the forehead, which has both a dorsal and a ventral
surface. In reality, however, this “doubling” is the
true description of the Crustacean head as shown in
Figs. 1 and 2 ; these should be further compared with
Iig. 46, p. 212, which represents a longitudinal section
of a Trilobite, where the doubling is very clear.
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Owing to the bending on itself of the cylindrical
Annelidan body, the original head must have been
anteriorly almost completely hemispherical (Figs. 1 and
46). This form of the original Crustacecan-Annelid head

=y,

b

Fig. r.—Diagram showing the first six segments of a carnivorous Annelid ; the first
five being bent round ; #, the prostomium with two pairs of eyes and a median
cirrus, 1, the 15t segment carrying a pair of antennz, its under edge projecting
backwards as the lower lip({). 2, the 2nd segment with a pair of antennal para-
podia. 3, the 3rd segment with rudimentary dorsal parapodia, the wventral
parapodia d'."‘-'tl;:lpil':g into mandibles. 4, the 4th segment with a pair of maxilla,
the dorsal parapodium slightly less degenerated. 5, the sth and last head
segment, the dorsal parapedium with large aciculum and gland. 6, the 6th
segment (1st free segment) with large dorsal parapodium carrying gill (g) and

sensory cirrus (¢).

was, however,very clearly modified. In most Trilobites
traces of it arestill visible in the glabella (Fig. 47,p.213).
In Apus, the disguise is very complete, the whole head
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being broad and flat. This form is due to a ridge run-
ning round the anterior surface as prolongation of the
lateral edges of the shell fold. This ridge is of consider-
able interest, as it appears in almost every Trilobite.
We shall later find reason to believc that it was a

]

L%

6

FiG. 2.—Diagram of head and first trunk segment of Apus, for comparison with
Fig. 1—the lettering the same. In addition : s, shell gland (the acicular gland
of Figz. 1 drawn into the shell fold). The distances between the limbs are much
exaggerated in order to show their forms more clearly.

primary differentiation of the new “ head,” z.e. the new
Crustacean head, composed of five Annelidan segments.
Its origin and modifications will be discussed in
another place. This form of head is no doubt useful
for swimming and perhaps for burrowing in the mud.
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Excepting in the number of limbs, all external traces
of its having been composed of five segments are
obliterated. Internally, however, there are abundant
indications of its origin from the bending of the
Annelidan segments.

The mouth lies ventrally and faces posteriorly, a
fact which, taken in connection with the sharp bend
in the cesophagus, to be described later, is enough of
itself to suggest the original doubling of the segments.
This ventral position of the mouth is an important
characteristic of the whole class of the Crustacea,
which has not received the attention it deserves.

Projecting ventrally and posteriorly over the mouth
is a large upper lip, corresponding with the prostomium
of the Annelid ancestor. This upper lip is thus a
primitive feature among the Crustacea ; it occurs in a
more or less pronounced form in most Nauplii, and
persisted as a very highly developed organ in the
Trilobites, but in the modern Crustacea it is
generally more or less rudimentary

The under edge of the Annelidan mouth would also
naturally project backwardsas a sharp fold (see Fig. 1,7).
Such a fold in Apus, however, would form an obstacle
to the pushing of food forward towards and into the
mouth by means of the maxillae and ventral parapodia
of the anterior trunk segments ; hence we find it
modified into two lateral projections, the middle part
of the fold being merely indicated by a low ridge,
which is not sufficient to form a barrier across the
ventral surface. These two projections have been
handed on to the higher Crustacea as the paragnatha.
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In the larva of Euphausia they develop carly as two
limb-like projections posterior to the mandibles,
and strongly resemble those of Apus.

In Apus, only the mandibles work between the
labrum on the one hand and the under lip on the
other. In Limulus, however, where the under lip also
consists of two projections, the mouth is so stretched
in the longitudinal direction that the masticatory
ridges of five pairs of limbs work as jaws between
them and the labrum. That these labial projections
in Apus and Limulus are really homologous with one
another, and with the under lip of our original
Annelid, will be seen to follow as a necessary con-
sequence of our explanation of their morphology.!

The shield is of great size, and stretches back (as a
fold of the fifth segment) over the greater part of the
body. Laterally it covers and protects the limbs.
Posteriorly, it is armed with thorns, and has a keel
along the dorsal middle line due no doubt to the
central thorn which it supports. The carrying of
these thorns, which are now so slightly developed,
may have originally been the chief function of the
shield in its early stages ; Fig. 48, page 215, in con-
nection with which the origin of the shield will be
discussed more in detail, illustrates what we imagine
to have been the first step in the formation of the
dorsal shield. This function has, however, long given
place to that of protective covering of the whole dorsal
surface and (laterally) of the gills. The lateral edges
of the shield are prolonged into the ridge which, run-

L Cf. pp. 39, 49, and 194, also Fig. 43, p. 188.
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ning round the front of the head, makes the latter
broad and flat, obliterates all external marks of seg-
mentation, and effectually disguises its origin out of
five Annelidan segments.

The coils of the shell glands form one of the most
notable marks of the shield (see Frontispiece). Their
origin, position, and structure will be discussed in
the section on the excretory and other glands.

THE BODY PROPER.

On removing the shield we find a long vermiform
annulate body, Fig. 3. In the anterior part of the trunk
region the rings correspond in number with the limbs
or parapodia ; as we approach the posterior region,
however, the limbs are much more numerous than
the rings. We find two, three, four, or as many as
six rudimentary limbs on one ring. The last five
rings have no limbs at all. This whole phenomenon,
which has hitherto puzzled morphologists, may be
explained as follows.

The great length of the original Annelid being
of no use to the Crustacean-Annelid, the hinder
part of the body remains in the latter at an un-
developed or larval stage. The rule in the develop-
ment of Annelid larvae is that the successive
segments form in front of the anal segment, and
differentiate from before backward, those furthest
from the anal segment being the most developed.
In Apus, we find in front of the anal segment
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five segments with no limbs developed, with no
ventral ganglia, and with no organs except the
most necessary, viz, the intestinal tube and the
musculature. Then follows a row of rudimentary
segments, cach with a minute pair of limbs and a pair
of ganglia, which increase in size and development
from behind forward. The rudimentary segments
which have become fixed in the adult Apus do

F16. 3.—Lepidurus Spitzbergensis, from nature. The left half of the shield removed
to show the vermiform body. The first 14 trunk segments carry a pair of limbs
each, the following 10 *“‘rings ' carry between them ca. 28 rudimentary limbs,
and therefore correspond to 28 segments. The last 5 trunk segments (excluding
the anal segment) are limbless. &g, brood pouch formed by the rrth pair of
trunk limbs.

not correspond with the rings of the body; only
gradually as they recede from the limbless segments,
and thus are more fully developed, do the segments
correspond with the rings. The fusing of several
rudimentary segments to form one body ring, ze. a
muscular segment, presents no difficulty. The Myria-
poda afford us several examples of the fusing of true
segments to form body rings.

The study of the development of Apus has shown

C
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that it grows directly out of the Nauplius by the
gradual differentiation of new segments in front of
the anal segment, with no metamorphosis worth
mentioning. This fact has led to its being compared
with an overgrown Nauplius. According to our view,
indeed, the Nauplius is only the young Apus, or
Apus-stage in other Crustaceans. This steady develop-
ment of Apus from its larva, as an Annelid develops
from the Trochophora, falls in with our explanation
of its morphology. Apus, however, differs from its
Annelid ancestors in that it reaches its adult shape
before its inherited number of segments are fully
developed. This fixation of the hinder part of the
body at a larval stage can be easily accounted for by
the process of natural selection, compactness being a
decided advantage to an active free-swimming animal.

The great number of segments, developed and
rudimentary, in the Apodidee is a matter of
considerable importance in estimating their true
position. In all the other specialised Crustacean
groups the number of segments is constant, z.e.
constant for each group. In deriving such animals
with a small but constant number of segments from
Annelids with a large and varying number of seg-
ments, the ideal transition form would be an animal
with a medium number of segments, which is not
quite constant and is visibly diminishing. Both these
points are specially clear in the Apodidee. We find
that all descriptions of Apus cancriformis give a
varying number of limbs, which can hardly be due
merely to the difficulty of counting them, but more
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probably to the fact that the number of rudimentary
limbs actually does vary. And even if it should be
proved that the same species always possesses the
same number of segments developed and rudimentary,
the different species of Apus and Lepidurus are
marked by decided differences in the number of
segments. Whereas the more specialised Crustacea
(the Malacostraca) have either the constant number
of twenty or twenty-one segments, the number in the
Apodide varies between thirty-five and sixty-five.
In the Entomostraca the number varies, but never
reaches even the lowest number in the Apodide.
That the number in the Apodidz is visibly decreasing
follows from our explanation of their morphology.
The fact that the posterior segments remain fixed,
in a larval and undeveloped condition, shows that
they are gradually being dispensed with. On this
ground alone, then, the Apodidae deserve to occupy
the place, half way between the Annelids and the
Crustacea, which we claim for them.

Many of the segments, as alrecady seen, are so
rudimentary as to be useless, z.¢. as movable segments,
so that three, four, or even six combine to form one
body ring. In the Trilobites we shall find that the
posterior rudimentary segments, which were for the
same reason i1mmovable upon one another, form
together, in many genera at least, a solid tail plate,
the pygidium (¢f. Fig. 49, p. 220).

It is a characteristic of the Crustacea that no limbs
develop on the anal segment. In the Apodide, this
segment 1s already fully developed ; they are the

s
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segments anterior to it which are rudimentary, and
which disappear in the development of the higher
Crustacea.

The anal segment is provided with two long
cercopoda or cirri, projecting posteriorly and slightly
ventrally, and two rudiments, probably of similar
appendages, on the posterior dorsal surface of the
segment. These four together correspond with the
four anal cirri found in some carnivorous Annelids
(¢f. pp. 85 and 274). The two cirri are stiffened for the
greater part of their length by a thickened cuticle
covered with setze, and showing slight rings of thinner
skin. The tips of the cirri are quite thin-skinned, and
seem to function as tactile papille.

The posterior dorsal surface of the anal segment
is sometimes prolonged into a variously shaped caudal
plate or lamella,! which we shall find to be the
homologue of the caudal spine of the Xiphosuridz.

THE CUTICLE AND EXOSKELETON.

The generally thin and flexible Annelidan cuticle of
the Apodidae shows local thickenings which may
well be recognised as the commencement of the
Crustacean exoskeleton. A closer study of these
reveals to us the principles of the original formation

1 Apodida having this characteristic have been classed by Leach as a
separate genus, Lepidurus. But Dr. Alfred Walter, to whose memory
this essay is dedicated, discovered a form in a desert well in Trans-
caspian Russia, A pus Hackelii (Walter), which makes it doubtful whether

this division can be sustained. (Bulletin de la Société Impériale des
Naturalisies de Moscou, 1887.)
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of such an exoskeleton. Perhaps the best way to make
the subject clear is to discuss and illustrate these
principles.

(1) First and chiefly, the cuticle is thickened for
the protection of exposed parts. We find the cuticle
of the dorsal surface of the head, which, on the bending
round of the anterior segments, was left entirely un-
protected, and of the upper surface of the shield,
considerably thickened ; also that of the exposed
segments, z.¢. of those segments which are not covered
by the dorsal shield. Underneath the shield, on the
contrary, the skin of the body is very thin and flexible,
though towards the posterior edge of the shield it
begins to thicken. We find the same principle in
Limulus and the Trilobites, where, under the protec-
tion of the thick shield, the cuticle of the ventral and
lateral parts remained soft and flexible.

We also find certain parts of the body thickened
for protection against other parts. Thus the outer
edges of the under lips are thickened for protection
against the working of the powerful jaws and of the
first maxilla, between which two pairs of limbs they
are placed.

(2) We find local thickenings to counteract the pulls
of the muscles, and this in two ways. (a.) There are
thickened areas such as the ventral and lateral parts
of the mandibles, to resist the almost rectangular pulls
of the mandibular muscles. In the higher Crustacea
such thickenings of the cuticle go hand in hand
with the concentration and physiological perfection
of the muscle bands, which, instead of being attached
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to large irregular areas of a soft cuticle, as in the

Annelids and in the trunk segments of Apus, are
attached to definite firm points. (&.) There are thick-
ened strips to resist the longitudinal pulls of muscles,

as along the shafts of the limbs, where, but for such
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Fic. 4.—Anterior (concave) aspect of a trunk limb of a large specimen of Apus
cancriformis, ‘The shading shows the commencement of the thickening of the
cuticle, the white parts being thin and transparent.
of the limb is slig]l'ﬁ'l

The musculature at the base
y indicated. Lettering the same as in Fig. 6, p. 32.

bands, the cuticle of the limb would be drawn into
folds (Fig. 4).

(3) There are thickenings for the formation of claws
and tecth at the tips or edges of limbs, and of thorns
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on exposed angles, edges, or surfaces, as, for instance,
round the posterior segments (see frontispiece).

(4) There are thickenings for the formation of
rudimentary articulations, especially of the limbs upon
the body and of the joints of the limbs on each other.
Figs. 4 and 5 give two views of one and the same leg
of a large specimen of Apus cancriformis. In these

F'16. 5.—Posterior (convex) aspect of the same leg, the skin being nearly all thin and
semi-transparent, but showing rudimentary hinges. A few muscles are indi-
cated, Lettering the sameas in Fig. 6. On the endites are seen the denticulate
seta referred to on p. 46.

the thickenings forming rudimentary hinges are very
instructive, the rest of the cuticle of the leg, with
the exception of the thickened strips and arcas for
the counteraction and attachment of muscles, being
thin and flexible. It would be an interesting mechanical
problem to try to discover why the bent concave side
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of the limb should develop most strongly the
exoskeleton, and the convex side the hinges,

We thus find in Apus the Annelidan cuticle
changing into the exoskeleton of the Crustacea ; the
principles of the change being for the most part
casily deciphered.

The importance of this gradual thickening of the
cuticle for the whole organisation can hardly be over-
estimated. As one of the special characteristics of the
Crustacea, useful at all stages, it is naturally very
carly developed, the youngest larva having a cuticle
too thick to allow of gradual regular growth. This
leads to the habit of moulting, which was doubtless
very gradually acquired. The earliest thickenings
probably peecled off separately in flakes, as the areas
which they covered increased in size. Such half-
loosened flakes in all parts of the body would, however,
materially hinder the animal in the struggle for
existence, and natural sclection would soon bring
about a shortening of the process, those animals being
most successful who were, during life, least encumbered
by loosening flakes, z.e. who threw them off altogether.

But still more important consequences of the stiff
cuticle are to be traced in the zZwner organisation.
Some of the greatest differences between the anatomy
of Apus and that of an Annelid can be traced directly
to its development.

The hairs with which the cuticle is covered will be
described in the section on the sensory organs.

We thus find in their outer organisation that the
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Apodide are but slightly modified Annelids, the
widening of the head being due simply to a fold of
the skin ; and the cuticle being for the most part thin
like that of the Annelids, showing, however, localised
thickenings in which we can recognise the commence-
ment of the Crustacean exoskeleton.

The hinder part of the body-—the trunk
been recognised as worm-like, but we here see that
the front or head part is also essentially Annelidan,
especially in its possession of a prostomium or upper
lip. The head of Apus differs from that of our
Annelid only in the development of the shield and
of the ridge-like fold which gives the head its great
breadth.

The Annelid character of the Apodida, thus visible
in the form of the body (7z.e. of both head and trunk),
will be even more clearly seen when we come to
consider the appendages,

has long




SECTION III
THE APPENDAGES

THE appendages of the Apodida have been much
discussed, and many attempts have been made to
homologise them with the limbs of other Crustacea.
From our point of view, we must look te the para-
podia of our bent Annelid for the true understanding
of these limbs. It is, indeed, generally acknowledged
that the Crustacean limb arose from the Annelidan
parapodium. But the way this took place has not
been worked out. The limbs of Apus, however,
supply us with a clue. From these Phyllopodan
limbs we can work both backwards to the Annelidan
parapodium and forwards to the typical Crustacean
biramose limb.

Continuing the detailed comparison of Apus with a
bent Anneclid, already begun in the first section, we
have now to show that it is possible to deduce the
limbs of the former from the parapodia of the latter,
and that the modifications which transformed the one
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into the other are due to adaptation to the browsing
manner of life.

QOur deduction of Apus from an adult carnivorous
Annelid, which gradually adopted the habit of bending
round its head, and of using its parapodia for capturing
its prey and pushing it into its mouth, gives us at once
the general direction along which we should expect
modification to take place. First of all we should
expect the parapodia along the whole length of the
body to be bent round towards the ventral middle
line. Further, the dorsal and wventral branches of
these parapodia would be somewhat differently de-
veloped in adaptation to the various needs of the new
manner of life. The ventral parapodia on the three
posterior head segments would be differentiated into
jaws and maxille, while on the anterior trunk seg-
ments they would serve to rake food into the middle
line and forward it towards the mouth. The uses to
which the dorsal parapodia could be put are not so
apparent. Since, however, the habit of browsing
necessitates a certain amount of locomotion, we may
safely conclude that they would be utilised for this
purpose. The original Annelid in its Annelidan
days no doubt moved in the typical manner of
Annclids by the alternate extension and contraction
of the body. As, however, the body of our Crustacean
Annelid shortened and began to develop an exo-
skeleton, some other method of locomotion would
become necessary. The dorsal parapodia would thus
naturally be brought into requisition. The same
cfforts which brought the ventral parapodia round
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towards the ventral middle line might be expected to
bring the dorsal parapodia as well, at lcast far enough
round to allow them to assist in locomotion. There
is, further, no need to limit the functions of the dorsal
parapodia simply to locomotion,—they may at the
same time assist in capturing food. Starting from
the assumption that it was the habit of browsing
which first led to the transformation of the Annelid
into the Crustacean, the above is, in outline, the way
in which we should expect the Annelidan parapodia
to be gradually developed into Crustacean limbs.

It is not possible in this place to bring forward at
once all the arguments which, we think, show that this
sketch of the rise of the Crustacean limbs out of
Annelidan parapodia is a fairly correct account of
what actually took place. One reason is, however, here
in place while discussing the limbs as a whole. It is
only in such primitive Crustacean forms as the
Apodida and the Trilobites that we find the ventral
parapodia retained and functioning as jaws along the
corcater part of the body, as we assumed for our
original Crustacean-Annclid ; the dorsal parapodia of
the same segments functioning, in the Trilobites,
purely as locomotory organs, in Apus both for
locomotion and for capturing food. In the higher
Crustacea we find a pronounced division of labour,
viz., the perfection of the ventral parapodia round
the mouth for mastication, and of the dorsal para-
podia in the rest of the body, either anteriorly for
seizing food, like the chelate limbs of the Decapoda,
or posteriorly for locomotion, like the ambulatory legs



SECT. 111 THE APPENDAGES 20

and swimmerets of the same animals, the ventral
parapodia on these limbs disappearing entirely.

We shall further find that this division of labour
in the modern Crustacea was not discovered by
Nature all at once. Many different combinations of
the ventral parapodia as jaws, with dorsal parapodia
as auxiliary appendages, held their own for long
periods. In the long run, however, the typical
Crustacean formula for mandibles and maxillae has,
except in Limulus and in the Ostracods, which have
different masticatory formula, alone survived. These
cfforts of Nature to select the best arrangement of
ventral and dorsal parapodia for the transformation
of a carnivorous Annelid into an armoured Crustacean
will be found tabulated in Part II. p. 250.

Before describing the limbs of Apus in detail,
we must call attention to several important points,
which tend to support their claim to have originated
from Annelidan parapodia in the way described.

(1) The limbs of Apus are little more than highly
developed integumental folds with only rudiments
of articulations, either between the different joints
of the shaft and its appendages, or between the
shaft and the body (Figs. 4 and 5). This absence
of developed articulations has alrecady been pointed
out by Lankester and others, but its true signifi-
cance does not seem to have been noticed. It
is true that in many small thin-skinned typical
Crustaceans the articulations seem to be slightly
developed, but in these the whole exoskeleton has
been reduced ; this does not affect the significance
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of their absence in Apus, where we find many
thickenings of the cuticle which we regard as an
cxoskeleton—not in the act of disappearing—but in
that of appearing for the first time.

The fact that the limbs are little more than folds
of the integument, like Annelidan parapodia, is fully
borne out by the examination of their musculature,
which will be described in detail later. (Sect. IV.)

(2) The course of a line traced through the bases
of the limbs of Apus agrees well with that of a
similar line drawn through the parapodia of our
imaginary bent Crustacean-Annelid. Commencing
at the anterior antenna (see Figs. 1 and 2) at the
side of the prostomium or upper lip, this line passes
in both cases vertically upwards and (for reasons
to be given later, sece p. 212) slightly outwards ;
passing through the 2nd antennz, it bends round
to run backwards, trending, however, gradually
towards the ventral surface. The close agreement
between the courses of these two lines is, morpho-
logically, a fact of great significance. The more
ventral trend of the line in the posterior end of
Apus was to be expected as a necessary adaptation
to the Crustaccan manner of life, ze., to the use
of the appendages as limbs whose functions were
primitively all directed towards the middle line.
The position of the antenna is especially interest-
ing. In the Annelid, these antenna: were originally
metastomial, but have become prostomial by the
bending of the segments on one another. The
assumption of the rise of the Crustacean head from
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five bent segments thus offers a clear solution of
the difficult morphological problem involved in the
prostomial position of these appendages.

(3) As to the great number of the limbs, remind-
ing us of the row of parapodia on each side of the
Polychatan Annelids, we need only refer to what
was sald in the previous section as to the great
number of the segments (pp. 16-18).

(4) The marked difference between the head- and
the trunk-limbs will be presently discussed in detail,
and the differences shown to be exactly what our
theory demands. In the meantime we find a gradual
change in the trunk limbs as we go from front to back.
Though the Phyllopodan type is preserved through-
out, the anterior limbs (except the first, which is
specialised) are highly developed seizing limbs, the
posterior are simplified as rowing plates. There
can be no doubt that the more rudimentary limbs,
though necessarily repeating the type of those
previously developed in front of them, partake more
of the character of an integumental fold, like an
Annelidan parapodium, than do the anterior limbs
with their developed shafts, claws, &c. (¢f. Figs. 4, 5,
and 10).

(5) On placing a typical Phyllopodan limb by the
side of a typical Annelidan parapodium, the homo-
logies of some of the parts are very clear. As,
however, the establishment of the homologies in detail
is not so casy, we shall, in this place, have to content
ourselves with merely stating our conclusions. The
reasons which led to these conclusions, apart from
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those already given in the foregoing pages, will be
gradually gathered as we proceed, for we shall find it
necessary to return to the subject again and again in
the course of the following discussion.

A comparison of a limb of Apus with an Anne-
lidan parapodium such as is shown in Fig. 6 4! is
sufficient to enable us to homologise the shaft and its

Fic. 6.—Diagram to compare an Annelid parapodium (A) 1 w_ilhaﬁm‘b of Apus (&)
&, gill; ¢, sensory cirrus of the dorsal parapodium ;§ ¢, ditto of the ventral para-
podium ; #, ventral parapodium ; ¢, sensory endites. In all the figures the same
letters are used for the homologous parts.

appendages with the dorsal parapodium, the claw
being the true tip.

The gnathobase is the ventral parapodium. The
position of the gill is the same in both, and the
flabellum of Apus is clearly homologous with the

1 Figure A agrees fairly well with that given by Ehlers as the para-
podium of a young Nereis ; we have added the gill, and the sensory
cirrus of the ventral parapodium. See Taf. xxi. 3 in *“ Die Borsten-
wiirmer,”” Leipzig, 1864-68.
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sensory cirrus of the dorsal parapodium of the
Annelids.

The sensory cirrus of the ventral parapodium (¢,)
entirely disappears in Apus, but is retarned in Linulus
(see Fig. 44, p. 192). Both the dorsal and ventral para-
podia in Apus carry highly developed seta, as in the
Polychwta, and again, in both, the gill is entirely free
from seta, which would hinder the free exchange
of the respiratory medium. It may be noted that
many Polychata have appendages on their parapodia
quite as complicated as those on the limbs of Apus
known as the endites (/5. e.), whose origin will be
discussed later,

Passing from the Phyllopodan to the typical Crus-
tacean limb, we assume that the flabellum is the ex-
opodite, the shaft of the limb is the endopodite, and
the ventral parapodium is the masticatory ridge.

I. The first pair of Antenne (Fig. 7 A)—This limb
has retained its original position at the side of the
Anneclidan prostomium or upper lip of the Apodida.
It has already been pointed out that the bending of
the head has changed its position from behind the
mouth to in front of it.

The form of this limb needs no special comment :
the bend in it is not a true joint, nor is it provided
with any muscles except a few which run into the bulb
on which it stands. Its seta are modified into sensory
hairs, homologous with the olfactory hairs of the
higher Crustacea.

Morphologically, the first antenna must be regarded

D
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as the sensory cirrus of the parapodium of the first
segment, the parapodium itself having disappeared, or
possibly being represented by the bulb on which the
antenna stands ; this latter homology is, however, very
doubtful.  Though the parapodium itself has dis-
appeared, the gland of its aciculum is probably still
present, and functions as a salivary gland. Fig. 29
p- 114, shows the position and form of this gland. A
comparison of this figure with Fig. 1 will make it

W

A B

FiG. 7.—A. First antenna (L Spitsbergensis) with hooked sensory hairs, homolo-
gous with the olfactory hairs of the higher Crustacea. ¢, the sensory cirrus ;) o,
the bulb on which it stands, perhaps the remains of the dorsal parapodium on
which it stood. 5. Second antenna (L. Spitsbergensis) showing the rudiments
of the endopodite, f.e. of the distal end of the dorsal parapodium which had
been highly developed in the Nauplius, but 1s degenerated in the adult; ¢, the
sensory cirrus.

clear that this gland can be so homologised ;—the
point will, however, be discussed in detail in connec-
tion with the description of the gland itself. From
Fig. 1 it will be seen that the acicular gland of the
(vanished) parapodium of the first segment could
easily open within the mouth, on the under lip.
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I1. T/e second pair of Antenne (Fig. 7 5)—The
second antenna is so much reduced in the Apodida
that its absence has often been considered characteristic
of the family. In no specimen examined by us has it
been wanting. Its position has already been described
(p. 30) as agreeing cxactly with that of the correspond-
ing antennal parapodium of the Annelids. It has, like
the first antenna, been brought in front of the mouth
by the bending of the head. Although it is very much
degenerated, it shows three divisions, with the slight
rudiment of a branch at the end of the second, which
is the only trace of its former relatively greater develop-
ment as a branched swimming limb in the Nauplius.
We deduce the limb from the antennal parapodium of
the second segment of the Annelida (¢/. Fig. 7 5 with
Figs. 1, 2). Its great reduction in the Apodid® is no
doubt due to its being caught, as it were, in the angle
of the bend, and further shut in under the shield. In
Limulus, owing to the greater space under the shield,
it is freer to develop into a chelate foot (see Fig. 43,
p. 188). In Branchipus also, in which the shield has
disappeared, it undergoes no such reduction.

The second antenna, like the first, stands on a small
bulb which may perhaps be homologous with that
of the first antenna, but certainly in this case cannot
represent the remains of the parapodium. According
to our homologies for this limb (sce Fig. 7 &) the
dorsal parapodium 1is still present, and forms its
proximal half, ending in the minute rudimentary
branch shown in the figure. In sections of the basal
bulb we found a deep indentation, which led us to

D 2
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suspect the presence of a rudimentary antennal gland.
No such gland, however, could be found, although the
indentation may mark the spot where one formerly
opened. Whether this indentation, which was very
distinct in some specimens, really represents the
remains of an opening of an antennal gland or not,
we are still able to assume that such a gland,
homologous with the acicular gland of the dorsal
parapodium, once existed, and has reappeared in
the higher Crustacea as the antennal gland. We
have, in the Crustacean head three glands derived
from three setiparous glands, viz. the gland of the
first antenna (?) developed into a salivary gland (in
Apus), the gland of the second antenna into the well-
known antennal gland, and the gland of the second
maxilla into the shell gland. The homologous
setiparous glands of the mandibles and first maxillae
have quite disappeared, like the parapodia to which
they belonged. To these points, however, we shall
again refer.

We have given in the Figure (7 5) our explanation
of the parts of the second antenna. The correctness
of this explanation naturally depends on a right
understanding of the same limb in the Nauplius. This
matter will therefore be further discussed in the section
dealing with the development of Apus. We may here
anticipate our conclusion by saying that, in accordance
with the homologies given on p. 32, and indicated in
the lettering of Fig. 7 5., the biramose limb of the
Nauplius consists of the dorsal parapodium, the distal
portion of which forms the endopodite, the sensory
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cirrus forming the exopodite. As the larva grows,
the endopodite gradually degenerates, leaving the
sensory cirrus to form the distal end of the limb
which is thus a sensory organ (compare also Figs.
34 and 33).

L11. 7Ve Mandibles—These are the first limbs which
admit of undoubted comparison with parapodia. We
find, however, that while the dorsal branch has entirely

FiG. B.—A, diagram of mandible ; s, shell-fold. At & the dorsal parapodium has
disappeared, but is indicated by the musculature. @, ventral parapodium form-
ing the mandible itself, the musculature coming from the sternal plate (56). 5,
diagram of 1st maxilla. At &, a larger rudiment of the dorsal parapodium is
retained than in the mandible.

disappeared, the ventral has grown cnormously in all
directions to form the powerful masticatory Ilimbs
which are such a striking feature in the Apodide.
That these mandibles are homologous with the gnatho-
bases of the trunk limbs, and therefore, according to
our view, with the ventral parapodia of the Annclida,
may be seen at once by comparing their muscles with
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those of the similar parts of other limbs (see Figs. 8
and 14, p. 59). Muscles also are found which are the
remains of the muscles which once ran into the now
completely degenerated dorsal parapodia (see section
on Musculature, p. §2). The redevelopment in
varying degrees of the dorsal parapodium in the
mandibles of some of the higher Crustacea, to
form the mandibular feelers, or palps (or perhaps
feeler- or palp-carriers) is a matter of considerable
interest,

We see in these large fleshy mandibles of Apus an
undoubtedly primitive characteristicc. They form a
perfect morphological transition between a limb like
the parapodium of the Annelida, and the hard special-
ised jaw of the Crustacca. The “teeth” are only
hard protuberances of the cuticle. The seta are very
small and grouped in tufts round the teeth. This
limb has no hinge on which it works ; it brobably
moves round its upper dorsal end as axis.

The homologous limb in Limulus, ze., the third, is
not so specialised as it is in Apus; its masticatory
process is not more developed than that of the second
antennza, or of the two pairs of maxille, and of the
first trunk limb. In Apus, only the mandibles work
between the upper and lower lips, but in Limulus all
the masticatory ridges of five pairs of limbs do so.
In Pterygotus (see Fig. 55, p. 239), the third limb
scems to have ceased to function as a jaw, and the
powerful swimming limb, the sixth or (morphologi-
cally) the first trunk limb, has developed strong masti-
catory processes, which seem to function as the chief
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mandibles.! It is difficult to see on what principle
this occurs ; the advantages gained by using the
ventral parapodia of the most powerful limbs as jaws,
would seem to be more than counterbalanced by the
disadvantage of combining locomotory with masti-
catory functions; perhaps we might assume that in
this case the dorsal and ventral parapodia became
separately articulated with the body, so as to securc
all the advantages of the division of labour. Irom
what we know both of Crustacean and of Annelidan
morphology, there is no difficulty in the assumption
of the separate articulation with the body of two
parts of the same limb or parapodium.

T/e Under Lips—These, though not limbs, are best
described here, as they have hitherto always been mis-
taken for limbs or parts of limbs. They owe their
origin, as has already been described, to the change of
position of the mouth, the under edge of which must
naturally project backwards (as shown in Fig. 1, p. 12).
This under lip, which was originally a straight ridge,
has been cut out in the middle, in order not to form a
barrier which would hinder the pushing of food into
the mouth by the maxillee. We thus find, instead of
the pronounced ridge right across the posterior edge
of the mouth, two limb-like projections, the inner
edges of which gradually slope down towards the
middle line, the remains of the ridge being easy to
follow from side to side in a series of sagittal sections.

! The different attempts of the primitive Crustacea to find the best

combination of limbs to function as jaws will be found in a table,
p. 250,



40 THE APODIDAE PART 1

It 1s clear that this division of the under lip must have
been a very primitive feature in the Crustacean-
Annelid. It was absolutely necessary if the ventral
parapodia (posterior to the under lip) were to be used
for pushing food forwards into the mouth, which
habit led the way, according to our theory, in the
differentiations which transformed the Annelid into
the Crustaccan. This carly division of the under lip
accounts for its appearance as two ventral projections
in Limulus, where such a form can have no special
significance. The mouth in Limulus is a long median
slit, and instead of only the mandibles and two
maxillae being used as jaws, the ventral parapodia of
the four posterior cephalic and the first trunk limb
perform the masticatory functions,

We find a divided #pper lip in some Trilobites (see
Fig. 49, p. 220), which offers a curious parallel to the
divided under lip of Apus and Limulus, but must
naturally be due to other causes (see however note
P. 241).

IV. T/he First Maxilla—Unlike the mandibles,
the first maxilla has retained a small rudiment of
the dorsal parapodium in the form of a fold. That
this is, in fact, the reduced dorsal branch is clear
from a comparison of the musculature with that of the
other limbs (see Fig. 8 B). In the higher Crustacea,
this limb also may redevelop its dorsal branch as
maxillary feeler. The maxille work behind the
lower lip. The limb itself requires no special descrip-
tion, its form can be seen from the figure.

In Limulus the dorsal parapodium is well developed
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in addition to the masticatory ridge or ventral para-
podium. In the Eurypteridza, the ventral masticatory
part seems to have almost disappeared in Pterygotus,
(see Fig. 55, p. 239) but to be well developed in
Eurypterus (Fig. 56, p. 245).

V. The Second Maxilla—This much-discussed
limb has retained rather a larger rudiment of the
dorsal parapodium than the first maxilla; in it, in
fact, the dorsal is the more important of the two
branches, the ventral being rendered almost useless
by the powerful first maxilla, between which and
the ventral parapodium of the first trunk limb it
is squeezed (see Ilig. 2 and Frontispiece). The
dorsal parapodium is reduced to a stump without
appendages, but is interesting on account of the
aperture of the shell gland at its tip ; we are thus
able, as already mentioned, to homologise the shell
gland with the setiparous sac of the original An-
nelidan parapodium (see section on Excretion, also
Fig. 1, p. 12). The opening of the shell gland on
this limb shows it to be the second maxilla, and not
a maxillipede, as some authors maintain. An ex-
amination of the musculature shows further that this
limb belongs to the fifth segment, a long thin muscle
band descending into it from in front of the opening
of the shield, which is a fold of the dorsal integu-
ment of this segment. This muscle band is doubt-
less homologous with the bands which, in each
segment, run from the dorsal integument into its
limb (see Figs. 14, p. 59, and 15, p. 60).

The five limbs just described are the typical five
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pairs of limbs of the Crustacean head, so marked off
for all time by the bending round of the five anterior
segments of the original Annelid, and the growth of
the shield. The three posterior limbs develop the
ventral branches of the original Anneclidan parapodia
as masticatory apparatus round the mouth ; the dorsal
branches are more or less completely degenerated,
reappearing, when the antenna adopt a frontal
position, as palps, or palp-carriers. This arrange-
ment of masticatory ridges may have had some-
thing to do with the preservation of the modern
Crustacea, while the older groups with other, and
probably less advantageous, combinations, such as
those developed by the Trilobites, have died out.

We find here also the origin of the rule that, among
the Crustacea, the dorsal parapodia are less developed
on the mandibles than on the first maxillae, and less
on the first than on the second maxillze. The typical
Crustacean mandibular palp consists of the dorsal
parapodium carrying its sensory cirrus, both apparently
being sensory organs.

The limbs liable to most modification are, naturally,
the first two, z.e. the two pairs of antenna. In Apus
we find the first pair retaining perhaps the original
size, the second pair, however, degenerating. In
Limulus both pairs are well developed as chelate
seizing limbs, the second even redeveloping its ventral
parapodium as a masticatory ridge. In the Euryp-
teridae, other characteristic changes will be noticed,
and where possible will be traced to changes in their
manner of life. We may here perhaps suggest the
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rule, that the more the forchead is pressed against the
oground, the antenna pointing backwards, the more
likely would the latter be to degenerate, as in Apus,
and in the Trilobites (?), or by losing the sensory
function to become modified as in Limulus. On the
other hand, the more the animal adopted the swimming
manner of life, the more the antenna would tend to
point forwards as sensory organs, and would then
undergo further development as such. This we see in
some Furypterida, Branchipus, and Nebalia.

The Apodidae thus furnish us with a complete
explanation of the way in which the typical Crustacean
head is composed of five fused Annelidan segments
with their parapodia, and why the limbs of the head
differ from those of the trunk throughout the whole
class. The former (lcaving out the antenna) develop
chiefly the ventral parapodia for mastication, the
latter the dorsal for locomotion and for other functions
which will be discussed in the following pages. In
Apus we find a transition between the two, the last
head segment having both dorsal and ventral para-
podia about equally developed.

The important modifications, however, which the
cephalic limbs may present, will be referred to again
when discussing Limulus, the Trilobites and the
Eurypteride, and are tabulated p. 250.
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THE LIMBS OF THE TRUNE.

Passing from the second maxilla to the first trunk
limb, we are struck by a sudden contrast, the former
being much reduced, while the latter is highly de-
veloped, indeed the most highly developed limb of
the whole body. This point is of more than ordinary
interest, as we shall find that it throws considerable
licht on the homologies of the limbs in the Xipho-
suridae, the Eurypterida, and the Trilobites, in which
animals, from what we learn from Apus, we are able
to assume that the first large locomotory limbs
must be homologous with the sixth pair, ze. with the
first trunk limbs. The explanation of the great
differentiation of the first pair of trunk limbs, in all
these primitive Crustacea, is no doubt to be found
in the fact that the sixth segment was really the
first free segment, ze. the first segment not used up
in any way in the bend which forms the head. Its
parapodia were thus free to develop as limbs for
locomotion or for some other function unconnected
with the mouth (see Fig. 1). The development of the
anterior trunk limbs into maxillipedes in the higher
Crustacea, has long been considered to be a secondary
modification. In the chief point which constitutes
them maxillipedes, 7z.e. in the retention of the ventral
parapodia as masticatory ridges, they are however the
more primitive form of limb. Those Crustaccans, on
the contrary, in which the first trunk limbs have lost
all traces of the ventral parapodia, and are purely loco-
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motory, are the more highly specialised. The max-
illipedes are secondary modifications only in the
degeneration of their dorsal parapodia which, as the
limbs of the first free segment, typically developed
into large locomotory limbs.

In Apus, the gnathobases of the anterior trunk
limbs are retained, and are doubtless functional. In
Limulus those of the first pair even work in front of
the under lips ; the same is true of the Trilobites, and
of the Eurypteride, in some of the latter they have
taken on almost the whole function of mastication.

The extraordinary number of the limbs, and their
gradual simplification from before backward, z.e., from
complicated Crustacean limbs to parapodium-like
swimming plates, has been already discussed and
described.

The following points are also of interest. Unlike
the limbs of the head, in which, for the purpose of
pushing food into the mouth, the ventral parapodia
were developed at the expense of the dorsal, the
trunk limbs develop the dorsal at the expense of the
ventral parapodia.

Apus shows its primitive character in that the
ventral parapodia do not disappear, but are retained
as functional appendages to the limbs for pushing
food towards the mouth. In the higher Crustacea,
however, they have, as a rule, entirely disappeared,
except in a few anterior trunk limbs.

The reason of the greater development of the
dorsal than of the ventral parapodia in the trunk
limbs of Apus may be conjectured ; the greater sweep
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was needed both for locomotion and for the purpose of
grasping and bringing prey towards the middle line.
This bending round of the dorsal parapodium towards
the ventral middle line naturally leads to its greater
development, at least in the anterior limbs, which
function as described ; in the posterior limbs, which
have only to assist in swimming, the dorsal branch is
not so highly developed, forming with the ventral the
swimming plate (Fig. 10).

The anterior limbs are the most highly differentiated
from the original parapodia, they are the most
Crustacean. On the principle of the division of
labour, we find the first limb almost entirely specialised
as a sensory limb. Its appendages, omitting the
ventral parapodium, formerly considered as an
appendage of the limb, are, on the nner side, feelers
(called endites) with tufts of sensory hairs on slight
protuberances, which are regularly arranged alter-
nately on the two sides (see Fig. 9). The feelers vary
in length in different species, and are of importance
in classification. The corresponding appendages on
the other limbs are leaf-shaped plates with highly
developed denticulate seta ! on their flat surfaces, and
tufts of sensory hairs along their edges. Besides
helping in swimming, these sensory endites have
been specially developed to assist in the capture of
prey. The action of sweeping together prey into the
middle line by means of the long dorsal parapodia,
requires a fine sense of touch on the under edges of
the limbs. The denticulate hairs at the sides of the

1 See Fig. 5.
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endites may have been developed in order to prevent
prey from getting away between the limbs, the
endites being provided with special muscles to move
them. The prey, which the dorsal parapodia succeed
in raking into the middle line, is probably held,

Fic. 9.—First trunk limb (L. Spitsbergensis). Lettering as in former figures.
£, sensory endites,

and perhaps killed, by the ventral parapodia, which
are provided with sharp thorn-like sete, as well as
with long sensory hairs (Figs. 9 and 10). We can
further judge from their shape and from the direction of
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their muscles (see Fig. 12, p. 55) that what the
gnathobases held between them would be rapidly
forwarded towards the mouth. The disappearance of
the gnathobases, excepting on the most anterior
trunk limbs—the maxillipedes—in the majority of
modern Crustacea, is explained by a change in the
manner of life. As the trunk limbs became more and
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Fi6. 10.—The last rudimentary trunk limb (L. groductns), } mm. in length, Lettering
as before, It is seen to be a typical Phyllopodan limb.

more purely locomotory organs, such as ambulatory
legs, and as other methods of capturing prey were
acquired, the ventral parapodia would degenerate, not
only from having lost their function, but as positive
hindrances to the free movement of the limbs.

The most distal appendage, on the first limb of
Apus, is a probably functionless scale (Fig. 9), and in
the following limbs it is a toothed claw (Fig. 4), while
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in the posterior rowing limbs it is a flat piece forming
part of the swimming plate (Fig. 10). What we here
call the most distal appendage is, however, according
to the homologies described on p. 32,in reality the tip
of the dorsal parapodium.

The exites, or appendages on the back of the limb,
are always two in number, the distal being a
swimming plate (flabellum, homologous with the
sensory cirrus of the Annelidan parapodium), much
reduced on the first limb but well developed on all
the rest, and the proximal a gill which corresponds
in position with the gill on the dorsal parapodium of
the Annelid.

The limbs themselves have been so often described
that it is not necessary here to.do more than refer to
the drawings (Fig. 9, 4, 5, 10).

Returning now to the homologies here set forth
between the Crustacean limbs and the Annclidan
parapodia, we find that they differ considerably from
those generally put forward. Although as far as I
know the point has not been worked out in detail, it
is assumed that the exopodite is homologous with the
dorsal, and the endopodite with the ventral para-
podium. We have here, however, seen that in the
typical biramose trunk limb the ventral parapodium
has disappeared, perhaps being used up in the forma-
tion of the basal joint, and that the limb proper is
formed of the dorsal parapodium, the distal end of
which forms the endopodite, while its sensory cirrus
forms the exopodite.

Such a result might be expected on theoretical
E
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grounds ; an integumental fold, developing outwards
into a limb in order to fulfil various functions, would
require to be provided with sensory organs. Its
efficiency could in fact only be secured by its being
provided with a fine sense of touch. It is true that in
Apus the ventral edge of the dorsal parapodium has
itself developed organs of touch, viz., the endites.
The tip of the parapodium might also have developed
its own sensory organs. Itconomy, however, would
certainly lead to the use of whatever sensory c-rganﬁ

happened to be already present.
This homology of the flabellum of Apus with the

sensory cirrus of the Annelidan parapodium, finds
some support from a study of its finer structure. Its
fringe of sensory hairs, its numerous ganglion cells and
conspicuous nerve fibres, show it at once to be a
sensory organ. Its flattened shape presents no diffi-
culty, since it is clearly thus modified to help the
animal in swimming. Packard thinks that it takes
a special share in respiration, but this we do not
believe, for the gills, in their inner structure and in
their freedom from hairs, show that they are specialised
for that purpose.

Further, the consequent homology of the exopodite
of the typical Crustacean limb with the sensory cirrus
of the dorsal parapodium of the Annelida, receives
considerable support from a study of any series of
Crustacean limbs, such, for instance, as those given in
Lang’s Zext-book of Comparative Anatomy. It is im-
possible to avoid the impression that as a rule (with
no doubt many exceptions) the exopodite is a sensory
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organ attached to the limb. We shall see further
reasons for this homology in the section on the
Nauplius.

In later sections we shall see, further, that although
the ambulatory limb of the Decapoda has becn
derived from the Phyllopodan limbs of their Lepto-
stracan ancestors, yet ambulatory limbs may develop
straight from Annelidan parapodia, as we assume to
have been the case in the Trilobites. The method of
differentiation is the same in both cases, but the fact
that the Decapodan limb first passed through a
Phyllopodan stage has made a slight difference in
the result (see section on the Trilobites).

This brief discussion on the limbs of Apus and of
the Crustacea is by no means exhaustive. We have
purposely limited ourselves chiefly to our main point,
viz., how the limbs of Apus have been derived from
the parapodia of an Annelid. In so doing we have
naturally had our attention called to several homolo-
gies which may not at this stage appear altogether
satisfactory, but which will be found to hang together
with our whole argument.



SECTION IV
THE MUSCULATURE

THE musculature of the Apodida is so essentially
Annelidan in its arrangement, showing only such
differentiations as we should expect would arise from
the modification of the body already described, i.e.,
the bending of the head, that were there no other
resemblance between the Apodide and the Annelida,
it alone would be almost sufficient to establish their
relationship.

[t may perhaps be interesting to mention that it
was the Annelidan character of the musculature of
Apus which first attracted our attention, and led to
the discovery of the other homologies recorded in this
volume.

Anteriorly, where the body has been apparently
most modified, we should naturally expect that the
Annelidan character of the musculature would be
least recognisable. This, however, is hardly the case,
for just as the head of the Apodida® can be traced to
the anterior segments of an Annelid fixed in the
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bent position, the only striking alteration being its
development of the sharp ridge round the front as a
continuation of the lateral edges of the dorsal fold,
so the musculature can easily be traced back to that
of a typical Annelid transformed, first by the bend-
ing of the body, and secondly by the development
of the exoskeleton.

We shall first describe the musculature in a car-
nivorous Annelid, and see what transformations it
would undergo owing to the bending of the five
anterior segments. Iig. 11 is a transverse section
of such an Annelid. A rather weakly developed
circular muscle layer is found immediately under the
hypodermis, and under this runs a strongly developed
longitudinal muscle layer, the two forming together
the dermo-muscular tube. The development of para-
podia leads to important modifications, such as the
grouping of the longitudinal muscles into four strong
bands, two dorsal and two ventral, each being a chain
of segmentally arranged muscular bundles marked off
by the transverse dissepiments. The circular muscles
are also modified, running out laterally, both dorsally
and ventrally, into the parapodia.

At the posterior end of the body where the
parapodia are less developed, we might expect that
the muscle bands would gradually spread out to
form a more and more complete dermo-muscular
tube, the dorsal bands eventually uniting with the
ventral in the last segments.

It is not difficult to describe the changes which would
naturally take place in this musculature by the fixing
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of the anterior segments in the bent position. The
dorsal bands in the five anterior segments would be
much stretched in order to bend round over the
intestine to be attached near the prostomium. The
ventral/ bands in the same region would, on the con-
trary, be much shortened, the bend behind the lip
being very sharp. The muscle bands here would
ffn
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Fi1G. 11.—Transverse section through the trunk of a carnivorous Annelid, diagram-
matic (from Lang’s Texi-book of Comparative Anatomy). g, gill; o, dorsal ;
o, ventral parapodium; ¢, cirrus of the dorsal parapodium; ¢a, ditto of the
ventral parapodium j e, circular musculature ; ¢, longitudinal musculature ;
¢mi, transverse musculature ; ac, aciculum; », nephridium ; ¢, developing eggs,
some of which are floating free in the body cavity.

be rendered almost useless, in fact, would be a
hindrance, and would therefore degenerate, not,
however, without leaving some traces. . While the
muscular clements disappeared, the sinewy elements
would persist as points of attachment for those
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muscles which are still functional, ze. those which
diverge in the transverse plane.

Let us now compare this sketch with the muscula-
ture of the Apodida (Figs. 12 and 13). The dorsal
longitudinal bands in the head region, after springing
across the opening into the interior of the shell fold
of the fifth segment, are attached to the forehead by
numberless fine fibres of connective tissue, so that it

+ e b
S B e = i el (St o
e — e { pa— ":‘ e = B :’1}%
Ry = e S TR R [T T [ g
-*;. '1‘ E“iq"l:'p:'- ¥ -l:‘-l.ll !:JII.‘IIJ-:' '.,'I‘ :J &l F‘-‘%‘i&h%\\_\ ™
,;:"'T.r‘-‘ ' ':_?fii".' e '1': AHNEE N i b '}?%%
f,flh = % "1':': ' .:-,.*';'TLE = i":-‘&'.,- P *;"‘
i ! ' gl TR e AR Py e
LR L - e S 4] 1@&'1&\\4-@:* B
A At e
e ‘“'l1 'u"‘-."x_ Y Ii‘ ‘H’:"ah o _.-‘:E:_::_:'E'E
Ei |.‘.|---“I1 .+"\,.‘16 Um U
n, m,

F1G. 12.—Section through a specimen of Apus cancriformis, parily diagrammatic, to
show the longitudinal musculature. Anteriorly the dorsal bands are stretched
round the bend of the head, the ventral bands of the five segments being clumped
Into a sinewy mass, the sternal plate. Puﬁtcrinrly the two unite round the body
to form a dcrnm—!mmcu]nr tube. o, dorsal; e, ventral muscle bands ; s, shell’;
¢, eye ; 4, under lip ; a1q, as, 15t and 2nd maxillz ; o, ventral parapodia of trunk
limbs ; 6 ditto of 1st trunk limb. The five original anterior segments of the
Annelid indicated by dotted lines.

is not at first apparent that the two strong bands
which start a little in front of them from very
scattered points of insertion on each side of the eyes,
running down over the cesophagus to be attached in
front of the prostomium, are really a continuation of
the dorsal bands. That this is the case, however, is
clear from Fig. 13. We see here not only the dorsal
bands themselves lengthened to pass round the curve
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formed by the bending of the head, but the attach-
ments of the muscles also spread out over a large
surface. IFurther, partly from having no segments to
move, and partly on account of the growth of the
frontal ridge, they apparently pass through one or two
segments without being attached at all.
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Fig. 13.—Diagram to show the musculature of the head. Lettering as in Fig. 12.
wed, mandibles ; 7, intestine.

The ventral muscle bands of the Apodida, on the
other hand, on reaching the sharp bend of the head
near the lip, are all clumped together into an ap-
parently shapeless sinewy mass ; the muscle bands
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themselves have clearly disappeared; their sinewy
connections, however, being more resistant, and still
functional as attachments for the mandibular, maxillar,
and cesophageal muscles, &c., have been retained,
massed together as described in our imaginary
Annelid. This sinewy mass is known as the sfernal
plate or entosternite. 1t is clear that, if the origin we
have ascribed to it is correct, it becomes a morpho-
logical characteristic of great value, and, whenever
met with among the Crustacea in the same position,
z.e., within the angle of the bent intestine, must be
referred back to the ventral muscle bands of a bent
Annelid. We shall see in the second part how im-
portant this point is in establishing the relationship
between Apus and Limulus. The Arachnida are,
we believe, the only other animals with an entoster-
nite. The origin and significance of it in this case
will be discussed in another section.

Again, turning to the posterior end of the body,
we find, as we expected, that as we pass from front
to back the longitudinal bands gradually widen out,
as the limbs are less and less developed, until, in
the limbless segments, they unite to form a simple
dermo-muscular tube,

Thus, in the arrangement of its longitudinal
musculature, Apus is a typical carnivorous Annelid
with its five anterior segments bent round in adapta-
tion to the browsing manner of life.

On turning now to the circular musculature, we find
a more complete differentiation. The circular muscle
layer in the carnivorous Annelids is, as” a rule,
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much more weakly developed than the longitudinal.
This is also the case in the Apodida, where it is
almost entirely confined to the muscular bands which
run into the limbs, especially to those from the dorsal
surface. In the limbless part of the body, where the
longitudinal muscles form a complete dermo-muscular
tube, the circular muscle layer has entirely dis-
appeared. The commencement of the formation of
an exoskeleton renders it useless. We shall return
to this subject in discussing the musculature of the
limbs.

The muscles attached on each side, just above the
ventral cord, to the membrane which encloses the
intestine and genital glands, and forms the intestinal
sinus, may perhaps best here be mentioned as in part
having arisen from the circular musculature. We
shall return to these also when we discuss the cir-
culation and the origin of the above-mentioned
membrane,

Two especially interesting groups of muscles, of
unmistakably Annelidan origin, deserve particular
attention. These are the rows of dorso-ventral
muscles (Fig. 14, ¢2.) which pass between the intes-
tine and the genital glands in almost exact corre-
spondence with the longitudinal muscle dissepiments
so common among the Annelida (¢f. Fig. 11, #m). In
the Apodida, these rows are composed of a kind of
lattice work of muscle bundles with definite points
of attachment, ventrally to the sinewy partitions of
the ventral muscle bands and thus indirectly to the
body wall, and dorsally to the segmental con-
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strictions in the integument. In ecach segment we
find two bands crossing each other diagonally, in
addition to those placed between the segments. These
strikingly Annelidan dorso-ventral muscle bands of
Apus are not, as far as we know, preserved in any
of the higher Crustacea, being rendered uscless by
the development of the exoskeleton. Clear traces of

F1G. 14.—Transverse section through Apus cancriformis, to show the distribution of
the musculature. &, heart; am, dorsal; o, ventral muscle bands ; ¢, circu-
lar musculature (as shown in Fig. 15, A); v, dorso-ventral musculature (/.
Fig. 1z, #m); s, membrane enclosing the intestinal and genital sinus ; 7, intes-
tine ; g, genital glands ; ¢, eggs; @ and & have reference to Fig. 15.

them are, however, found in Limulus, where their
points of attachment have drawn in the outer integu-
ment to form the entapophyses. Their use in Apus
will be discussed in the sections on circulation
and reproduction. They are not developed in the
posterior rudimentary segments.

The muscles of the limbs present complications
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which might have been expected, when we take into
account the transformations which have developed
the latter out of parapodia. It will not be necessary
to describe the muscles of the more distal parts of
the limbs ; we must confine ourselves to those which
move the limbs on the body, and endeavour to show

Fic. 15.—Tangential sections through three segments passing between the long:-
tudinal muscle bands and the lateral body wall, diagrammatic, the plane of
the section passes through the points & and 4 in Fig. 14, A to show the
circular musculature ; & to show the arrangement of the longitudinal muscu-
lature ; C to show the crossing of the longitudinal muscle bands.

how they have arisen as simple modifications of the
original dermo-muscular tube.

In the first place, we find that the muscles of the
limbs have for the most part the same character as
those of the trunk, ze, they are bands with broad
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surfaces of attachment. They are, in fact, so far at
least as they are composed of longitudinal muscles,
nothing but the elements of the dermo-muscular tube
drawn out of their position, as may be clearly seen
from Fig. 12, which gives a general view of the whole
musculature. The same fact might also be concluded
from their great number, disorder, and want of con-
centration. When, however, we have to decide which
muscles belong to the circular and which to the
longitudinal layer, the following secems to be the

l

7 2

FiG. 16.—Diagram to explain the courses of the muscle bands in B and C, Fig. 15
1 represents an Annelidan parapodium in its original horizontal position with
three longitudinal muscle bands running into it. 2 represents the same drawn
down to form a limb of Apus.

principle of arrangement. The muscles which enter
the dorsal side of the limb with broad insertions on
the soft integument of the dorsal surface (Fig. 15, 4)
are probably elements of the circular muscle layer;
their position close under the lateral integument
favours this derivation (Fig. 14, em. ; ¢f. also Fig. 11).
On the other hand, we find on each side of the limb
a number of muscle bands with more definite points
of insertion ; these are attached dorsally to the sides
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of the septa (see Fig. 15, B), and are probably
longitudinal muscles. The order in which these
latter groups of muscles occur is significant of their
origin, as shown in the diagram (Fig. 16). We find
that those which arise most dorsally run the furthest
into the limbs, this rule being regularly observed.
This order is what we should expect if we assume
that these are parts of the longitudinal musculature
which ran outwards into the parapodium, the dorsal
edge of which was then gradually lengthened, and
the whole turned round the body in the transverse
plane towards the ventral middle line, as shown in
Fig. 16. The dorsal muscle bands will naturally be
the most lengthened and reach the furthest down
into the limb ventrally. In the case of longitudinal
muscle bands running outwards into the parapodia,
but traversing them from the anterior to the posterior
wall, the same rule would hold and the bands would
cross one another, as shown in Fig. 15, C.!

The musculature running into the ventral part of
the limb or the ventral parapodium is more ecasy to
separate into its elements (see Fig. 14). The longi-
tudinal muscles come direct from the ventral muscle
bands, and run sloping backwards, as shown in Fig. 12,
so that the ventral parapodia or gnathobases which
slope away downwards and backwards may be used
for pushing food forwards in the middle line. The

1 We have, however, only once found such muscle bands, and have
since repeatedly looked for them in vain. It is not unlikely that our
observations relaling to them were incorrect, being founded on a series
of sections, through which the individual muscle bands had to be

followed.
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circular muscles of the ventral parapodium are as
inferior in development to those of the dorsal para-
podium, as the ventral parapodium itself is inferior
in development to the dorsal. They consist of only
two bands. One passes between the ventral cord and
the ventral muscle band, to be attached proximally
to the ventral membrane of the intestinal sinus, the
other is attached direct to the hypodermis at each side
of the ventral cord (Fig. 14). The former muscle will
be mentioned again in describing the circulation, in
which it perhaps plays a more important part than
it does in connection with the limbs.

It is hardly necessary to describe the musculature
of the trunk limbs more in detail. That of the head
limbs, however, requires special attention, not only on
account of the origin of these limbs almost exclusively
from ventral parapodia, but also because the masti-
catory formula of the Apodida is, with slight
differences, the same as that found in the majority of
modern Crustacea, viz.,, one pair of mandibles and
two pairs of maxilla ; although in Apus, the second
maxillae are rudimentary.

Commencing with the mandibles, we there find
an arrangement exactly the opposite of that de-
scribed in connection with the trunk limbs. In
these latter the muscles running into the dorsal
branch are the more highly developed ; in the man-
dibles, however, the dorsal branch is rudimentary,
and the muscles running into the ventral branch
are the most developed. The closing muscles radiate
from the sinewy mass above described, and are
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enormously developed in accordance with the great
development of the limb they have to move.
They evidently correspond with the muscles already
described as running into the ventral parapodia of the
other limbs, that is with those which come from the
longitudinal muscle band. They radiate from the
sternal plate, z.e. from the remains of the ventral muscle
bands of the head segments. At the dorsal extremity
of the mandibles, we find the remains of the circular
muscles which (see Fig. 15, 4) were so powerfully
developed in the trunk limbs, in two or three bands
running between the dorsal middle line and the
integument, where the last rudiment of the dorsal
parapodium has disappeared (see Fig. 8, 4, 4, p. 37).
The longitudinal muscles, attached to the integu-
mental folds between the limbs (see Fig. 15, 5), are
strongly represented, and probably serve both for
closing the mandibles and rotating them round their
longitudinal axes.

The same description applies with but slight
modification to the muscles of the first maxillae, but
in this case, those of the ventral parapodium, though
strongly developed in comparison with those of the
ventral parapodia of the trunk limbs, are weak as
compared with those of the mandibles. Again, a
more distinct rudiment of the dorsal parapodium is
retained in the first maxillae than in the mandibles,
and into this rudiment a very long and tolerably
strong band runs, probably homologous with the
circular muscle bands shown in Fig. 15, A. The
powerful muscles which enable the first maxille to
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function as jaws are also, like the closing muscles of
the mandibles, derived from the sinewy mass, and
run slantingly backwards, across the opening leading
into the under lip.

The muscles of the second maxillae are very slightly
developed as thin slips running into the dorsal and
ventral parapodia ; the former, as already described,
arising from a point close to the opening of the shell
fold.

The rings of muscles round the eyes will be de-
scribed in the section on the sensory organs, and we
shall see that they are developed from the longitu-
dinal musculature, and join the two bands which are
attached to the proximal end of the upper lip. Certain
bands which run from the sternal plate to the open-
ing of the shell fold, to join the dorsal longitudinal
bands, are probably to be referred to the dorso-ventral
longitudinal muscle septa.

We find the expected histological difference between
the musculature of Apus and that of the Annelids,
that of the former being striped, that of the latter
unstriped. Perhaps the primitive character of the
striped muscles of Apus may be seen in that the
muscle cells form a thick irregular layer of nucleated
protoplasm round each bundle of fibres, without any
investing membrane or sarcolemma.

This brief chapter by no means exhausts this
interesting subject; further study will doubtless
reveal other, and perhaps more conclusive, homologies
between the muscles of Apus and those of a car-
nivorous Annelid. We have here selected only the

F
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most obvious; enough, however, to establish our point
that Apus may have been derived—at least so far as
its musculature is concerned—from such an Annelid
as we have described. We thus find that the
musculature confirms what we learnt from our study
of the outer organisation and of the appendages.



SECTION V
THE NERVOUS SYSTEM

THE nervous system of Apus doesnot at first sight
seem to support our theory as obviously as does the
musculature. This, however, is the case only at first
sicht. A closer study of it, and a comparison of it
with that of an Annelid modified by having its five
anterior segments bent in the way assumed, leave but
little doubt concerning its origin. The central nervous
system of Apus can in fact be shown to be the central
nervous system of a bent Annelid adapted to the
necessities of a new manner of life; the principal
modification being due to the migration of the eyes on
to the dorso-frontal surface.

Figure 17 shows the general type of the nervous
system of a carnivorous Annelid, such as the ancestor
of Apus may be supposed to have possessed. The
longitudinal commissures may perhaps have been
somewhat wider apart.! We find the brain in the

1 See however p. 8o.
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prostomium giving off two pairs of nerves to the
two pairs of eyes, and connected by csophageal
commissures with the infra-cesophageal ganglion in
the first segment. From this ganglion the nerves to
the first antennae diverge; they may perhaps have
been united for some distance with the cesopha-
geal commissures. It is even possible that their

FiG. 17.—Diagram of the first five segments of a carnivorous Annelid to show the
arrangement of the nervous system, from above. & brain ; £, anterior pair of
eyes on the prostomium ; ey, posterior ditto : aj, first antennz ; @s, antennal para-
podium of the second segment.

canglia may have moved forwards along the com-
missures towards the brain, as in many Annelids we
find the antenna moved forwards till they appear to
be projecting from the posterior edge of the prostomium.
The second antenna, belonging to the second segment,
would receive their nerves from the second ventral
cganglion, then would follow the nerves to the para-
podia of the third segment, &c., in order.
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Just as the sharp bending of the head led to a
condensation of the ventral musculature into the
sinewy mass above described, so it would naturally
lead to a fusing of the anterior ventral ganglia, as
shown in Fig. 18. We should thus expect to find at

3

Fic. 18.—Anterior end of the same, bent as in Fig. 1 to show the change in the
central nervous system due to the bending of the body.

least the first three or four pairs of ganglia of the
ventral chain fused to form one infra-cesophageal
ganglion ; the outgoing nerves, however, would remain
distinct, except perhaps the first antennal nerve, which,
as we have said, might have been fused for a short way
with the cesophageal commissures, or might even, as



70 THE APODIDAE PART 1

—

above stated, come almost direct from the brain. The
other changes, brought about by the bending of the
segments, would be the disappearance of the longi-
tudinal commissures between the four or five fused
ganglia, and perhaps a fusion of at least some of their
transverse commissures. We shall see in the second
part of this book, when we come to compare Limulus
and Apus, that the nervous system of the former,
though showing certain special modifications of its
own, corresponds, to a remarkable degree, with that
of such a bent Annelid, and thus shows even a more
primitive state than that of Apus.

Now let us consider the modification such a central
nervous system would undergo owing to the gradual
migration of the eyes on to the dorsal surface. Figs.
19 and 20 are two diagrams to illustrate the change ;
Fig. 19 supposing the ganglion for the first antenna to
come from the infra-cesophageal ganglion, Fig. 2o sup-
posing this ganglion to have already migrated along
the commissures to near the brain. The brain, follow-
ing the eyes, would divide the original cesophageal
commissures (@;) longitudinally, thus producing two
cesophageal commissures, one (@,) in its original
position, innervating the cesophagus and the upper lip,
and the other (@) carrying the brain and the eyes.

This origin of the two cesophageal commissures in
Apus is especially interesting because it explains zke
origin of the sympathetic nervous system in the Crustacea.
Reserving, however, this point for the present, we
have to consider the more difficult problem relating to
the position of the antennal nerves, and how they
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would be affected by this splitting of the cesophageal
commissure owing to the travelling backwards'?
of the brain. Taking first the case illustrated in Fig.
19, 7.¢., assuming that the nerves for the first antenna
branched, in the original Annelid, from the first
ventral ganglia, we tried to answer this question
theoretically. Our answer, however, was not quite
correct. We assumed that the first antennal nerve was
originally united with the cesophageal commissures for
a short distance, and would remain where it was when
the brain dragged away the portion it required for
itsclf. We were doubtless also misled by the position of
the first antenna of Apus near the prostomium. These
mistakes were very natural. For the second antenn,
however, our answer was correct. We rightly assumed
that as the brain and cesophageal commissures moved
forwards and upwards, passing through the position
occupied by these antennal nerves, the two might
unite, so that we described the nerves for the second
antenna as branching off from the brain commissures,
this position agreeing best with the position of the
second antenna in Apus.

On comparing this theoretical scheme for the antennal
nerves with Zaddach’s drawings, we found, as stated,
that the nerve for the first antenna, which has the
more ventral position, branched off from the brain-
esophageal commissure dorsally to the nerve of the
second antennz which has the more dorsal position,
so that, if Zaddach’s drawings were correct, a slight

1 ““Backwards ” is morphologically correct ; actually the brain moved
forwards and upwards,
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crossing of the nerves must take place. Our own
examination of the nervous system quite confirmed
this, as shown in Figs. 19, 20, and 21. These figures

Fic, 19.—Diagram to show the derivation of the central nervous system of Apus from
that of a bent Annelid as in Fig. 18 drawn on the assumption that the nerves
of the first antenna of the original Annelid branched from the first ventral
ganglion. 1, 2, 3, 4, 5, ganglia of the 1st, 2nd, 3rd, 4th, and sth segments. &,
brain of Annelid ; B, of Apus ; @, eesophageal commissures of Annelid ; a%, a2,
the two cesophageal commissures of Apus derived from @) ; ay, ag, nerves to the
1st and znd antennze of the Annelid ; aj, aa, ditto of Apus; ¢, €3, nerves to the
eyes of the Annelid ; 1), 9, ditto to those of Apus.

should be compared with Figs. 1 and 2, which show
the positions of the antennee,

This position of the first antennal nerve tells us,
however, nothing definite as to the position of the
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ganglion. All we can positively affirm is that, if
the ganglion was infra-cesophageal in the Annelid,
the proximal portion of the nerve was carried up
with the cerebral portion of these commissures

Fic. m—Dmiam showing the same as Fig. 19, drawn, however, on the assump-

tion that the nerves for the first antennz in the original Annelid came from the

poal,f:rmr end of the brain., Lettering the same as in Fig. 19. X shows the
position of the ganglia of the first antenna: according to Pelseneer.

which split off and travelled backwards. This would
explain the apparently anomalous position of the
points of departure of the antennal nerves from
the brain-cesophageal commissure,—they have to cross
cach other to reach their destinations. As these
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commissures travelled upwards, describing part of a
circle, carrying up with them the two pairs of antennal
nerves, the pair of nerves which originally had the
more ventral position would naturally come to occupy
the more dorsal position, as shown in the diagram,
Fig. 10.

If now we assume, as shown in the diagram, Fig. 20
that in the original Crustacean-Annelid the ganglia
of the first antenna had already travelled up the
cesophageal commissures to near the brain, then we
have to suppose that these ganglia split away with
the brain-cesophageal commissures, although, by
so moving off with the brain, they were dragged
further from the limb their fibres had to innervate.
This latter assumption, as shown in Fig. 20, agrces
best with the description of the central nervous system
given by DPelsencer. He assumes that a group of
ganglion cells, in the position marked x in Fig. 20,
form the ganglia for the first antennae, and he supports
this claim by the fact that the nerves branch back-
wards, as shown in Figs. 2o and 21.* If this reason-
ing is correct, then we may assume either (1) that the
migration of the ganglia had already taken place in

Y Quarterly Journal of Micro. Sec., vol. xxv. Although inclined
to believe Pelseneer's view to be correct, his arguments do not
ceem to us quite conclusive. The results of our own research
unfortunately remained neutral. We should much like the point re-
examined ; perhaps the new method of staining the nervous system of
living animals with methyline blue would reveal the actual courses of
the fibres. In our own best hazmatoxylin preparations the fibres

became suddenly quite confused where the antennal nerve joined the
commissure, and we could not say whether they ran on to the bram, or

bent back towards the infra-cesophageal ganglion.
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the original Annelid, and is inherited by Apus, or
(2) that the formation of the compound sensory
nervous centre (the syncerebrum of Lankester) has
taken place in Apus by the wandering of the first
pair of ganglia to join the brain. The former seems
to us the more natural conclusion, considering
the great difference in the distances between the
brain and antennaz of an Annelid, and between
the same parts in Apus. We mean that the great
distance between the cerebral position of the ganglia
of the first antenna and the antenna themselves in
Apus, which seems unnatural, is best explained by
assuming that this cerebral position of the ganglia
was derived from the Annelid, where, owing to
the proximity of the antenn® to the brain, it is
most natural. On the other hand we think the
second view the less probable, considering (a) the
weak development of the first antenna in Apus, and
() the distance of the eyes from the antenna, and the
difficulty of correlating their respective sensations, the
eyes pointing forwards and upwards, the antenne
backwards and downwards.

In the higher Malacostraca, with well-developed
antenna placed close to the eyes and functioning as
auditory, olfactory, and tactile sensory organs, there
would be no difficulty in imagining the migration of
the ganglia to have taken place in the course of their
development. But, as already stated, it is difficult to
imagine this in the case of Apus, and it is casier to
suppose that the fusion of the antennal ganglia with
the brain had alrecady taken place in the original
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Annclid, We may perhaps find some support for
this view in the fact that the first antenna never
appear in the Crustacea as anything but uniramose
which shows that, in the original Annelid, they had
long lost all traces of the parapodia to which they
primitively belonged, and were nothing but sensory
organs projecting forwards on each side of the pro-
stomium.

Some further light might perhaps be thrown on this
point by a study of the central nervous system of
Limulus, which shows in some respects a more primi-
tive condition than that of Apus, at least as regards
the position of the brain. According to Packard, the
fibres of the first antennal nerve do not come from the
brain, but from the cesophageal commissures near it.
Owing, however, to the great modification of the
cesophageal commissures of Limulus, in consequence
of the lengthening out of the oral aperture, it is doubt-
ful whether this fact supports the view illustrated in
Fig. 20, that, in the original Annelid, the ganglia of
the antenna had moved to near the brain.

There are, however, other points which bear on this
question. On examining the first section of the ven-
tral cord of Apus, we find a long ganglion consisting
of two groups of ganglion cells, and joined by two
transverse commissures. IFrom the long ganglion, the
prostomial-cesophageal commissures run down to
embrace the wsophagus. Before reading Pelseneer’s
paper, we were inclined to consider the front group of
ganglion cells, which form part of the long ganglion,
as belonging to the first antennae. It did not occur
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to us that they belonged to the prostomial com-
missures, or stomato-gastric ring, as suggested by
Pelsencer, because we considered this ring as no
special nerve branching from the cord, but simply as
the remains of the original cesophageal commissures.

Fic. z1.—Central nervous system of Apus. Lettering as in Figs. 17, 18, and 19.
gie, nerve to the eye muscles ; £, the anterior pair of eyes transformed into the
unpaired “* eye " (:r:f § on the sensory organs); * the position of the ganglia of
the 1st pair of antenna according to Pelseneer.

As for the two transverse comimissures, we consi-
dered them to represent the two commissures of the
two pairs of antennal ganglia. We assumed that each
was due to a fusion of two transverse commissures,
at least if we might conclude from the fact that the
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other ventral ganglia in Apus have two transverse
commissures, that the transverse commissures of the
antennal ganglia were also originally double. On this
supposition, passing from the original Crustacean-
Annelid to the higher Crustacea, we should have two
separate fusions. First, in Apus, there is a fusion of
the double transverse commissures of the two pairs
of antennal ganglia, leaving two transverse com-
missures, one for each pair of antennal ganglia;
then, in the higher Crustacea, these two single
transverse commissures of the two pair of ganglia
again fuse, so that there is only one transverse com-
missure joining the cesophageal commissure in front of
the infra-cesophageal ganglion. This transverse com-
missure, which is always assumed to be that of the
ganglia of the second antennz, would be, according to
this view, the fused transverse commissures of the
ganglia of both pairs of antenna, though the ganglia
themselves have wandered towards the brain.

We can see no inherent difficulty in thus deducing
the central nervous system of Apus from that of a
bent Annelid ; none of the assumed transformations
are in themselves improbable, if the migration of the
cyes is once admitted. We shall return more than
once to this subject of the migration of the eyes,
especially in connection with the Nauplius and
Limulus, in each case bringing forward fresh evidence
in support of the assumption. In the meantime it
scems to us that the central nervous system of
Apus, taken as a whole, bears incontestable witness
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to the fact that the eyes have thus travelled on
to the dorsal surface. Zaddach’s diagram gives the
brain and cesophageal commissures a distinct curve
backwards, so that they come to lie along the
cesophagus, reaching as far back as the mid-gut.
The brain lies between the hepatic-diverticula.

In discussing the appendages, we saw how the
antenna, which were originally metastomial, became
prostomial by the bending of the head. We now
see that the same change of position has taken place
in the case of the points of departure of their nerves
(at least of those of the second pair). By the sweep-
ing round of the cerebral portion of the cesophageal
commissures upwards and backwards, and by their
carrying the antennal nerves along with them, these
nerves have also acquired a prostomial position.

This derivation of the central nervous system of
Apus from that of a bent Annelid throws new light
upon the fact, established by Claus and Dohrn, and
referred to by Balfour with evident surprise, that, in
the Nauplius, the nerves for the second antennza arise
from the infra-cesophageal ganglion. This is of
course what we should have expected, indeed from
our point of view it is necessary to account for the
fact that the nerves of doz/e the pairs of antenna do
not arise from the infra-cesophageal ganglion. We
are obliged to assume that this primitive Annelidan
condition was passed through in embryonic and not
in larval life, Ze., in an carly Annelidan, not in a
Crustacean stage.

Of the rest of the nervous system little need be
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said ; the Annelidan character of the ventral cord of
Apus has long been acknowledged as an unmistak-
able sign of relationship between it and the Annelida.
Lankester has also called attention to the fact that
the ventral cord resembles more nearly that of a
Chztopod than that of a Crustacean. He sees its
archaic character in the fact that the longitudinal
strands are separated by a considerable interval.
This reasoning is however doubtful, because in the
rudimentary segments of Apus the ganglia in each
segment are close together. While it is true that
a great interval between the longitudinal halves of the
ventral cord of an Annelid is generally supposed to
denote an archaic condition, this state in Apus has
clearly been secondarily acquired. Further, the pre-
sence of well-developed parapodia, which were
gradually transformed into Crustacean limbs, is con-
clusive evidence that the Annelid from which Apus
was derived was not a primitive form. The drawing
out of the longitudinal commissures of the anterior
ganglia of the ventral cord which, in the bent
Annelid, were massed together (see Fig. 18), is clearly
a secondary modification, due to the travelling
forwards of the brain. It will be referred to again
in the next section in connection with the migration
of the eyes.

Till now, it has never been quite understood why
the ventral cord should suddenly cease with the
limbs, so that no ventral ganglia are developed in
the limbless segments. The explanation of this we
have already seen, viz., that the posterior end of the
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body becomes fixed in a larval stage ; the posterior
limbs with their ganglia remain quite rudimentary,
while the last few segments develop neither limbs
nor ganglia.

Some light is also thrown on the morphology of
the sympathetic nervous system, which is particularly
well developed in the Malacostraca. The second
eesophageal ring formed by the sympathetic nerve is,
in fact, the remains of the original Annelidan ceso-
phageal ring, after the splitting off of the portion
which carricd the brain. The present Crustacean
cesophageal commissures, together with the ring
made by the sympatheticus, formed the original
Annelidan cesophageal commissures.

We also get an interesting insight into the mor-
phology of the Crustacean brain. Originally, when
still placed in the prostomium, it consisted of the
ganglia of the two pairs of eyes, and of whatever
other sensory organs may have been on the prosto-
mium, and perhaps also of the ganglia of the first
antenna. These sensory centres (with the exception
of the last, which were probably situated on the
eesophageal commissures) were but collections of
hypodermal ganglia, as is clear from the fact that the
pair of longitudinal muscles which traverse the head
dorso-ventrally (see Figs. 12 and 13) pass between
the brain-cesophageal commissures (@) ; this shows
that the ganglia must have had a hypodermal posi-
tion, z.e., must have lain between the hypodermis and
the musculature. On the migration of the eyes, the
optic ganglia would separate from the ganglia which

Cx
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belonged especially to the prostomium, taking the
antennal ganglia along with them on the com-
missures which continue to unite the brain with the
ventral cord.

The transformation of the anterior pair of eyes
into the unpaired “eye ” with other sensory functions
would bring about secondary complications.

The gradual wandering of the ganglia of the first
antennz along the cesophageal commissures, or, if
these were already near the brain, their final union
with the same, added further complications.

Lastly, when the antennz, and especially the
anterior pair, adopted a frontal position on the head,
and became important sensory limbs carrying
olfactory, auditory (? directive), as well as tactile
sensory organs, so that their ganglia became large
complex senscry centres at the posterior end of the
brain, its complication was completed, and it
reached the stage found in the higher Crustacea
(e.g., Decapoda). !

At first sight, this method of deducing the Crusta-
cean nervous system from that of a bent Annelid
may not appear to the reader altogether satisfactory.
We may therefore perhaps anticipate what we shall
describe in its right place, and mention that when we
drew Fig. 18, to show where the brain was originally
placed in the more Annelidan ancestors of Apus, we
had quite forgotten that this was sti// the place which
it occupies in Limulus. In Part 1I. we hope to be
able to show that, if Apus is derivable from a bent
Annelid, Limulus must also have had the same
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origin, This difference in the position of the brain in
Apus and Limulus is one of those cases, referred to in
the preface in which the differences between these two
animals afford more striking proof of their relation-
ship, through a common origin from a bent Annelid,
than any similarity in the position of the brains could
have done.

oy}
b



SECTION VI

THE SENSORY ORGANS

IN our endeavour to deduce the sensory organs of
Apus from those of a carnivorous Annelid, we must
not forget that the development of an exoskeleton
must necessarily lead to striking modifications.
Such modifications, important in all the organs, are
especially so in those which, like the sensory organs,
lie at the surface in more or less immediate contact
with the outer world. We will take the sensory
organs in turn, and discuss the changes which took
place in them during the transformation of the
Annelid into the Crustacean.

The antenne, as sensory organs, admit without
difficulty of deduction from the antenna and antennal
parapodia of the first two segments of the Annelid,
as we have already seen in the section on the
appendages.

The round white spot behind the eyes of Apus
has often been taken to be a sensory organ, and we
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originally assumed it to be the remains of a frontal
cirrus (as shown in Fig. 1) smoothed off to facilitate
swimming. We have, however, discovered that its
functions are entirely excretory (see Section IX., on
the excretory organs, and Appendix IIL.).

Of the original four anal cirri of the Annelid, two
arc retained and two are rudimentary. Those
retained have developed a ringed cuticle for the
greater part of their length, and so far are covered
with setee also arranged more or less in rings, those
on the inner side being longer than those on the
outer. The tips of these cerci are thin-skinned, and
function as tactile papille; this is indicated by
shading in the drawing of L. Spitzbergensis given as
frontispiece.

The two rudimentary cirri are reduced to papille
on the dorsal surface of the anal segment ; they are
thin-skinned, and surrounded anteriorly by a rampart
of thorns ; from the centre of cach rises a long branched
tactile hair.

The whole body is covered with hairs. We have
found at least four kinds.

(1) There are very fine hairs in groups of two and
three ; they are apparently longer (eca. 4u1) on the inter-
segmental membranes than on the harder parts of
the cuticle (ca. 2u). We have found them chiefly on
the exposed abdominal segments. [t is very doubtful
whether they are sensory ; their great numbers and
minute size render it probable that they serve to
prevent the attachment of other organisms which
‘might hinder free locomotion. On the other hand,
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this very roughness might favour the attachment of
spores,

(2) There are, further, short straight hairs which
seemed to be sensory, but all our attempts to trace
their elements through the cuticle were baffled ; in
one place alone, where the cuticle was split from the
hypodermis, we saw fine processes connecting the
points where the hairs arose with the hypodermis,
and these may have been nerve fibres. These short
hairs are very numerous, especially in the frontal and
dorsal regions of the head.

(3) There are undoubted sensory hairs whose
nerves even with a low power are easy to follow into
the hypodermis, where they probably join the sub-
hypodermal nerve plexus.

(4) The sensory hairs and setae on the limbs may
perhaps be classified as follows.

(a) Tufts of minute hairs on small papille round
the edges of the endites, and along the outer edges
of the gnathobases.

(8) Long feathered hairs on the gnathobases, occur-
ring together with sharp tooth-like seta, which latter
help to give the gnathobases the character of jaws
(see “Fig. 9, p. 47). The nerves of these highly
developed tactile hairs are easy to follow; the
ganglia at their roots are compound (see Fig. 3I,
p. 131).

(v) A fringe of similarly feathered hairs round the
flabella, which we. have homologised with the sensory
cirri of the dorsal parapodia. The flabella being
transparent, the nerves can casily be followed.
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(8) Hooked or bent hairs on the first antenn=e
which we homologise with the olfactory hairs of
the higher Crustacea (see Fig. 7, p. 34).

To these may be added :—

(e) Fine sensory hairs thickly covering the inner
surfaces of both upper and lower lips.

The gill, as already stated, has no hairs, since these
would hinder the free flow of the respiratory medium,

Besides these different kinds of hairs, there are
stiff denticulate bristles in rows near the bases, on the
flat surfaces, of the rhomboidal feelers (the endites),
which probably hinder the escape of prey between
the limbs (see Fig. 5, p. 23, and p. 46).

While, perhaps, the finer sensory hairs may be
homologised with similar tactile hairs in the Annelida,
it is not easy to homologise the more highly developed
setee. If any of the original Annelidan setae have
been transformed into the hollow Crustacean hairs,
the transformation would have to be described some-
what as follows. The thickening of the cuticle
supplying a firm base for the seta, it would not be
necessary for it to sink below the integumental surface.
Again, the integument not being liable to be thrown
into folds like the soft skin of the Annelida,
the seta would not require to be movable ; hence
there is no need for it to project from a sac-like
group of secreting cells under the cuticle, provided
with muscular attachments. The Crustacean seta is
a hollow process of the cuticle secreted by a ring of
hypodermis cells, through which the nerve runs into
the lumen of the seta. At the base of the hair, the
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nerve swells into a ganglion. In the feathered hairs,
a fibre runs into cach barb, and the ganglion is a
regular group of cells (see Fig. 31, p. 131). This
nerve may well be the nerve which originally supplied
the setiparous gland of the Annelid, and the ring of
secreting cells all that remains of the sac itself,

On each side of the under lip is a straight longi-
tudinal row of sensory papille. As these are some-
times found thickly clogged with particles of food,
they probably border the channel leading into the
cesophagus on cach side, to hinder juices, &c., from
cscaping laterally under the mandibles.

THE EYES,

We are here brought face to face with a problem
of no small difficulty. It is clear that if our theory
is true, we have to attempt to explain the develop-
ment of the eye of Apus, z.e, the development of the
typical Crustacean eye from that of the Annelids. It
is hardly necessary to dwell upon the difficulty of
such a task, since it is but too well known that the
last word has not been said as to the actual structure
of either the Crustacean or the Annclidan eye. Still
we cannot turn from the attempt, especially as we
hope to be able to show that if we do not go
into too many details, and at the same time keep con-
stantly in mind the effect which the development of
a thick chitinous cuticle would naturally have upon
the hypodermal eye-spots, it is possible to sketch a
fairly probable origin of the Arthropodan eye.
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We confine our attention at present entirely to the
paired eyes, reserving the unpaired “eye” for special
description later on. We may here say that, whether
this attempt to explain the origin of the Crustacean eye
as a visual organ from the Annelidan eye succeeds or
not, our theory will not be affected, for there are
points in the anatomy of the eye of Apus, such as the
musculature and the space between the eye and the
integument for water, which are easily enough ex-
plained on our theory, and which would, we think, be
very difficult to explain on any other theory. If then
we ourselves fail to trace the rise of the elements of
the Crustacean eye, another, better fitted for the task,
will no doubt be more successful.

As already stated in the introductory chapter, our
original Annelid is supposed to have had (like the
Nereida) two pairs of eyes on the prostomium, which
we have called simple eye-spots. Von Graber has
shown that these Chztopodan eye-spots are by no
means simple structures, but are complicated visual
organs. This, however, does not make our task any
the more difficult, because we attribute the trans-
formation of the Annelidan into the Crustacean eye
chiefly to the thickening of the cuticle, which is one of
the Crustacean characteristics of the Nauplius before
the paired eyes are formed. The simple hypodermal
elements of the Annelidan eye have thus had to
develop, in each individual, not under Annclidan but
under Crustacean conditions, ze, under a thickening
exoskeleton.

When we come to ask what are the most character-
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istic elements in the Crustacean eye, we find them to
be (1) the crystal cones, and (2) the retinule, ze.,
definite groupings of a certain number of retinal and
pigment cells (see Fig. 23). In the first of these we
have a new structure, whose development must be
accounted for ; the second may safely be assumed to
be merely specialised hypodermal sensory (z.e., visual)
cells ; we have simply to account for the ¢ retinula-
tion” of these cells, as Lankester calls the grouping
of them into retinule.

We assume, then, that first of all the crystal cones
were but slight irregularities in the thickness and
refractiveness of the developing cuticlee Under
these irregularities, z.¢., under those which either con-
centrated the light or otherwise favoured its passage,
the visual cells would naturally tend to group. We
say naturally, because it is clear that, under places
through which the light but feebly penetrated, the
visual cells would be rendered useless. In process of
time, certain definite irregularities of the cuticle would
be selected and further developed as lenses, &c., for
collecting the light. We find in the eye of Limulus
the particular form of cuticular development which
may have given rise to the crystal cones of Apus (¢f.
Fig. 22 with Fig. 23). This fact is particularly
interesting because we have already seen that
Limulus has retained the original position of the brain
in the bent Annelid. And here we find the same
animal supplying a form of eye which shows clearly
a possible origin of the Crustacean crystal cones.
We have only to assume that such conical processes
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of the cuticle as we find in Limulus projecting inwards
became separated from the cuticle, and thereby,
naturally, surrounded by their seereting hypodermis
cclls, and we have at once the Crustacean crystal
cones and cone-cells.!

In the eye of Limulus we further find visual sensory
cells forming groups or retinulae at the tips of the
cones, these latter having been gradually pushed

R
SN

F1G. 22.—Section through the eye of Limulus (after Lankester). ¢, cuticle which
grows into conical papillze directed inwards, and pushing down the hypodermis
cells (&y) ; at the tips of the cones are found the retinula imbedded in connective
tissue. %

down below the hypodermis into the subhypodermal
connective tissue. We find exactly the same in the
eye of Apus (sce Fig. 23), where the crystal cones and
the hypodermis cells form the original hypodermis
layer, the retinule having been pushed down even

1 Grenacher in his Sekorgane der Arthropoden states that the cones
in Limulus have nothing to do with the Crustacean crystal cones.
Our contention here is, however, that some such conicle projections
of the cuticle, not necessarily exactly similar to those in Limulus, may

casily be supposed to have produced the Crustacean crystal cones, by
being separated from their cuticle.
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below the connective tissue layer. In this way we
get the double layer of cells composing the typical
Crustacean eye.

Fig. 23.—Diagram of two single eyes cof the paired eyes of Apus. /y, original
undifferentiated hypodermis cells secreting outer cuticular membrane. cc,
crystal cone cells = differentiated hypodermis cells secreting the cones (¢7); ¢,
layer of connective tissue fibres =subhypodermal connective tissue layer; »,
retinulz, 7.¢., groups of sensory (retinal) cells (»¢), with their rhabdoms (»%),
and pigment cells (#1); these belong to the hypodermis, but are thrust down
below the subhypodermal connective tissue layer by the cones.

The great advantage of this separation of the cones
is not far to seek. The rounding off of the distal ends

! See Appendix II. on the pigment in these cells.
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of these cones seems one of the simplest methods of
obtaining convex surfaces to act as lenses for the
reception of the light-rays from all directions. The
formation of corneal lenses over these cones is a
secondary and, we think, a much more complicated
specialisation.

Another possible advantage gained in the separa-
tion of the cones from the cuticle is the slight
possibility of movement which the separate omma-
tidia or single eyes would thereby acquire. It
appeared clear to us, during our study of the eye of
Apus, that the separate elements were capable of
slicht movement, brought about, no doubt, by the
layer of connective tissue, which is only indicated
by faint lines in the diagram (Fig. 23), but which in
reality is very highly developed. The slight attach-
ment of the crystal cone cells to the cuticle would
not altogether prevent such small movements as we
suppose.

If the Crustacean eye is in this way to be referred
to the formation of the exoskeleton, it seems clear
that no special value can be attached to similarity of
eyes in establishing the relationships between animal
groups. The development of an exoskeleton is
common to the whole class of the Arthropoda, and
there is no reason why very different forms of cuticular
irregularity should not be utilised by the visual cells,
which would group themselves accordingly in different
ways. We thus see no reason whatever for trying to
deduce the one form of Arthropodan eye from the
other, it being more probable that they are with a few
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exceptions independent groupings of the sensory cells
under different forms of cuticular irregularities.

Returning to the eye of Apus, it is of special
interest to find that the eyes of all the Crustacea
which we assume to have descended from Apus may
be referred back to different groupings and modifica-
tions of the ommatidia, whose first development in
Apus we have endeavoured to describe,

The formation of the corneal facets above the
crystal cones may be due to a further utilisation
of irregularities in the thickness of the cuticle which
remains after the separation of the crystal cones. In
this way, we think, the gradual development of the
Crustacean eye may have gone hand in hand with
the thickening of the cuticle to form the exoskeleton
characteristic of the class. We have two highly
plastic elements, the hypodermis, with its scattered
sensory and pigment cells, and the thickening cuticle.
We cannot help thinking that it was the latter which,
coming between the sensory cells and the source of
stimulation, took the lead in the formation of the
different kinds of Arthropodan eye.

Before dismissing the subject of the development
of the Crustacean eye we feel that some apology is
necessary for treating it so shortly and so lightly.
We have not attempted to work through the enor-
mous literature on the structure and development of
the Crustacean eye! Our object here has been to

1 While these pages have been passing through the press we have
had occasion to read Watase’s admirable paper on the *“ Morphology
of the Compound Eyes of Arthropods.” It was especially interesting
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describe a possible development of the Annelidan
eye-spots into simple Arthropodan eyes, that being all
that we here need, in our endeavour to show that
Apus is a very primitive Crustacean, and at the same
time but a slightly modified Annelid. What we have
here written is a preliminary suggestion as to the
probable rise of the Crustacean eye. We hope in
another place, and in another connection, to discuss
it more fully, dealing especially with the sensory
clements and their physiological significance.

Some further morphological details relating to the
paired eyes of Apus fortunately admit of more satis-
factory deduction from the Annelida than does the
fine structure of the eyes themselves.

As to their position, we have two remarks to make:

1. We find them on the dorsal frontal surface,
whereas in the original Annelid they were on the
prostomium. It has already been assumed that, on
the fixation of the bent attitude of the five anterior
Annelidan segments, they gradually wandered round
on to the dorsal surface. There 1s no great difficulty
in this assumption, especially as we have seen, in our
investigation of the central nervous system, that the
position of the brain and the divided cesophageal
commissures indicate that such a wandering of the

to us to find that he had also selected the compound eye of Limulus as
the nearest type of the primitive Crustacean eye. We do not see what
is gained by his assumption of integumental pits. It is not easy to see
how the various stages in the development of these pits could have
functioned as visual organs,
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eyes has taken place. The length of the stalks of
the optic nerve, and the secondary drawing out of
the longitudinal commissures of the anterior ventral
ganglia, point to the same conclusion.

2. We find the eyes close together, 7ze., about as
near to one another as they probably were on the
prostomium. This point is important, because it is
often assumed that the eyes of Apus have moved
together from the sides towards the middle line,
whereas, on the contrary, we hold that the eyes of
Apus have kept about the same distance apart as
they were on the prostomium of the Annelid
ancestor, and that it is the eyes of the higher
Crustacea which wander apart and take up positions
at the sides. The gradual reduction of the dorsal
shield, in the majority of the descendants of Apus,
facilitates the wandering to the sides. The case of
Limulus is particularly interesting. Here, as will be
described later, the eyes wandered from the first, not
forwards and upwards, but sideways and upwards, so
that the brain could not follow as in Apus, but, being
drawn in two opposite directions, remained where it
was, the extraordinary length of the optic nerves
showing clearly that the eyes must have wandered
considerably.

Almost more interesting, however, are the water-
sacs which spread out over the eyes of Apus,
between them and the integument. These have never,
we think, been described before, at least in detail,
and here deserve particular attention as lending
support to our theory of the migration of the eyes.
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Fig. 24 is a diagram of these water-sacs. A small
pore, in the shape of a fine transverse slit (see
Figs. 24 and 69, p. 303) in front of the eyes, is, in
large specimens, visible to the naked eye. This leads

Fi1G. 24.—Diagram to show the water-sacs over the eyes of Apus. s, water-sacs;
¢, canal leading into the same; g, pore; e, paired eye; &, brain; @, esophagal
commissure ; og, optic ganglion; s, eye-muscles. The eye is drawn in the
section ; in reality a median section passing through the pore passes defiveen the
eyes ; €z, unpaired eye receiving a branch from the water-canal.

into a canal, which runs along the dorsal surface of

the unpaired “eye.” Here it widens out con-

siderably, its upper and lower chitinous membranes

being in close contact, except in the median line
I
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above the unpaired “eye ” (see Fig. 27, p. 105). At the
posterior end of the unpaired “eye” it gives off a
branch which runs into that organ, as will be described
later. The sacs then widen out over the eyes, as
shown in Fig. 24.

This water-layer probably facilitates the move-
ment of the eyes by the ring of muscles attached
round their rims. It is not improbable that the
sacs further serve as lenses, but this cannot be stated
with certainty. As for the mechanism by which the
water is drawn in and out, a contraction of the whole
ring of muscles at once would draw the water in,
while a general pressure of the body fluid under the
eyes, caused by muscular contractions in other parts
of the body, would expel it through the canal.

This whole structure has probably been developed
in the following way. The original head showed con-
strictions between the segments of which it was
composed, ze., folds of the skin projecting inwards.
The eyes, in travelling backwards, would necessarily
have to pass by these folds. The first fold of all
would be that between the prostomium and the
first seement. It is clear that the eyes must either
be stopped in such a fold, or else carry it back with
them. This latteris what we suppose took place at the
posterior edge of the prostomium. The eyes came
against the fold of the first segment, which generally
overlaps the prostomium when the body is at all
contracted. Under this the eyes would disappear.!

1 Tt is clear that while the bending round of the anterior segments
would so stretch the dorsal integument as to obliterate all such constric-
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It would be impossible for them to get further
than the posterior end of this fold unless they
dragged it after them, and thus, as we suppose, the
fold has travelled backwards with the eyes, the front
part gradually closing, till only a fine transverse slit
is left.

This derivation of the water-sacs receives some
support from the ring of muscles round the eyes,
which are clearly bands borrowed from the longi-
tudinal musculature. Their sinewy attachment joins
the large muscle which runs down from near the
cyes to be attached near the prostomium. A com-
parison of Fig. 24 with Figs. 12 and 13, p. 56, makes
the origin of the eye muscles very evident. As the
eyes, which are hypodermal structures, travelled
backwards, dragging an intersegmental fold back
with them, they naturally took along with them some
of the longitudinal muscle bands attached to that
fold. This accounts for the way in which a hypo-
dermal structure, such as the original Annelidan eye,
became an independent organ, movable by a special
and apparently highly developed system of muscles.

The development of the stalked eye from the eye
of Apus appears to us by no means such a simple
matter to understand. We are inclined to think that
it may have taken place in two different ways:
(1) By the gradual projection of the eye itself above
the surface of the body (we find such projections of
the cye stalks in many Trilobites). (2) By the

tions between them, this would not be the case with the fold between
the prostomium and the first segment. The labrum of Apus was
probably at first a movable organ.

H 2
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gradual diminution of the shield and head, and the
sinking in of the sides of the latter till the eyes,
with their cones of long muscle-bands (¢f. Fig. 24, ),
became movable lateral ridges running dorso-ventrally.
Their gradual complete articulation at their bases
would then ecasily follow. This method of trans-
forming the cyes of Apus into movable stalked eyes
is well exemplified in Branchipus stagnalis, which is
nearly related to Apus. The head region seems in
it to be reduced to a small base for carrying the
enormous second antenna® and the stalked eyes.

THE UNPAIRED “EYE.”

This organ, which is just visible as a dark spot be-
tween the paired eyes of Apus, is often called the
“ rudimentary median eye of Apus.” Closer study
of it, however, reveals that it is a highly developed
sensory organ with definite functions of its own. In
describing the water-sacs over- the eye, we have
already had occasion to refer to it,and we there found
that through the canal which leads into these water-
sacs its interior is also in open communication with
the external world, that is, if the chitinous fold which
runs into it is really open at the end. It is better to
defer a discussion as to the use of this organ until after
an examination of its general structure and probable
origin,

Beyond the account of the middle eye of a Cope-
pod by Grenacher, this organ has received very little
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attention. It is generally referred to as the x-shaped
eye-spot which occurs throughout the Entomostraca,
but disappears during larval life in the Malacostraca.
It is, as a rule, so small, that investigation of its
finer structure is difficult. In Apus, however, the
unpaired cye is so large that its finer details are made
out with comparative ecase. This fact is especially
important from our point of view, for if Apus is really
the (or a) primitive Crustacean, then all the unpaired
eyes throughout the whole class are in all probability
only modifications of that of Apus. Hence it is
necessary, for a compaiative study of these organs, to
have some accurate knowledge of their original form.
We feel justified in assuming that this organ in Apus
is in its original form, not only because Apus has
retained so many primitive (ze. Annelidan) character-
istics, but because, as will be described below, this
form gives us a clue as to the origin of the organ out
of an anterior pair of Annelidan eye-spots. In these
pages we must of course confine our attention exclu-
sively to the unpaired eye of Apus, describing in
order (1) its general structure ; (2) its probable origin ;
and (3) its present functions.

Structure.—Two groups of sensory cells, each form-
ing what is in this connection generally called a retina,
yield the two side walls of a cavity whichis flat at the
top and rounded below. The top consists of the chiti-
nous fold, already described as forming the water-sac,
while the lower part hangs free in the body cavity.
Anteriorly, the cavity runs to a point along the water-
canal (see I'ig. 25); posteriorly, it ends in a blunt
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point very nearly abutting on the brain. The posterior
wall of the cavity and the posterior half of its floor
arc also composed of somewhat similar retine. The

1 2

M. 25_—I,un;i;iludina'[ median section through the unpaired ‘‘eye,” diagrammatic.

orr, ventral ; &7, dorsal retina; ‘,d-,lt:hl:lglh- of pigment cells; s, water-space over

the eyes; ¢, canal of the same, giving off a branch (1) into the interior of the
organ ; &, brain,

sensory cnds of all these retinal cells point inwards ;
the nerves from the outer ends of the cells unite
together to run towards the brain, forming from the
four retina four nerve strands on which the un-
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paired “eye” seems to stand on the brain, as on four
stalks, between the stalks of the optic ganglia. The
stalk of the ventral retina 1s distinguished by the pre-
sence of several enormous ganglion cells, apparently
the largest in the whole nervous system of Apus.
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F1G. 26.—Lateral view of the unpaired “‘eye,” diagrammatic. o7, ventral ; ar, dorsal;
{r, lateral retina; &, brain; §, water-space; ¢, canal of the same ; g, tangle cf
pigment cells. Only the outer ends of the lateral retinal cells can be seen.

A cross section of the posterior end of the organ
looks to the naked eye like an X. The retina, bul-
ging in somewhat towards the interior of the cavity,
give 1ts lumen this form. (See Fig. 27, 3.) The
pigment cells which fill the cavity form a tangle of
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pseudopodia without any apparent arrangement.
They contain the same minute olive green pigment
granules as the other pigment cclls, which spread out
in great numbers over the subhypodermal conncctive
tissue layer throughout the body. This, however, is not
always the case ; some specimens had brown pigment
in large granules like those of the paired eyes. Some
of the pseudopodia penetrate a long way between the
retinal cells, and, at the surface of the organ where
there are no retinal cells, the pigment cells with their
long processes form together the external surface,
the whole structure having apparently no enclosing
membrane. The pigment cells, in fact, are nothing
more than a plexus of the ordinary pigment
cells which spread out irregularly throughout the
whole body, among the subhypodermal connective
tissue.

In a well-preserved specimen, in which the pigment
did not happen to be very dense, the cells were seen to
send down processes towards the inner sensory ends
of the retinal cells. As these processes were regularly
arranged, and free from pigment, it was difficult at first
to decide whether they belonged to the retinal or to
the pigment cells. We mistook them at first for large
cilia belonging to the retinal cells.

It will be scen from the drawings that the retinal
cells are not all of the same size. The lateral retinae
are composed of two distinct groups, an anterior group
of long narrow cells, and a posterior group of short
thicker cells. The ventral retina is composed solely
of large thick cells, and the dorsal of two groups of
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similar large cells, the smaller group placed dorsally
and slightly anteriorly to the other.

As already described, a fine branch of the water
canal, on which this sensory body is suspended, runs
in towards the angle made by the dorsal and ventral
retin;e. This fine canal is shown in Fig. 25 and in
sections 2 and 3, Fig. 27.

This structure of the median eye seems to be com-
mon to all the specimens of the different species of
the Apodide examined by us. In series of sections
the organ is very likely to be displaced by the tearing
away of the chitinous tube. On this ground it would
require a much more extended study to ascertain
whether arrangements which sometimes appear to be
characteristic of the organ in the different species
are not really due to defects in the preservation of the
animals or in the preparation of the sections.

Enough has here been said as to the general struc-
ture to bear out what we maintain—viz., that the
unpaired eye is no rudimentary organ, but in reality
a highly developed sensory body playing a most
important part in the life of the animal.

Origin.—As to the probable origin of this organ,
everything points to its having been originally com-
posed of an anterior pair of eyes on the Annelidan
prostomium. The two posterior eyes formed the
paired eyes, the two anterior, which were nearer
together than the posterior pair, united to form the
unpaired eye. The evidence in favour of this origin
seems to us to be overwhelming.

When the paired eyes travelled into the end of the
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fold as already described, the anterior pair followed
them, and also disappeared under the fold, but,
naturally, nearer the opening. While the paired eyes,
perhaps with the aid of the water lenses, remained
functional as eyes, the anterior pair of Annelidan eyes
seem to have been dragged out of their hypodermal

FiG. 28.—Diagram to show the origin of the unpaired eye out of two eye-spots, the
retinz being drawn down to form the lateral retina of that organ. p, pigment
cells. The pigment in the eyes is not drawn.

position, and to have been arranged so as together to
form the cavity already described. The hypodermis
cells can still be seen secreting the chitinous membrane
of the under side of the water-sac. The retin® now
forming the unpaired eye scem to be connected with
the original hypodermis only through fine connective
tissue and pigment strands, similar pigment cells also
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crowding between the retine. Fig. 28 is a diagram to
show the way in which we suppose the unpaired eye
to have been formed out of a pair of simple hypo-
dermal eyes. Further investigation must decide
whether the dorsal and ventral retina and the larger
posterior cell groups of the lateral retina are later
differentiations of the same two original eyes or new
developments. In the inner ends of the retinal cells,
r.e., in that part of the cells which points inwards,
irrcgular roundish or oval refractive bodies of different
sizes are found ; these are probably remains of rods or
rhabdomeres originally secreted by these retinal cells.

The whole structure of the organ, its apparently
loose connection with the hypodermis, the chitinous
fold which runs down as a branch from the water-canal
into its cavity, the occasional occurrence of brown
eyc pigment instead of the olive green connective
tissue pigment, the nerves of its retin® running
scparately into the brain, all tend to support the
above view of its origin (¢/. also p. 169).

Further corroboration of this theory of the origin of
the unpaired eye from the anterior pair of Annelidan
eyes will be found in the section on Limulus. In that
animal the anterior Annelidan eyes remain as eyes, but
are reduced to ocelli, or eyes with one single large cuti-
cular lens. These ocelli first appear, according to
Packard, on the ventral surface, and wander on to the
dorsal surface in the course of the later development.?
This astonishing fact receives its full explanation if we

1 We shall also find clear traces of a migration of the eyes in the
Crustacean Nauplius, § xi. Figs. 36 and 37, p. 158,
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admit the relationship between Limulus and Apus,
and deduce them both from the same bent Annelid, in
which the eyes wander from the prostomium, where
they are useless as eyes, to a position where they can
function as such. In Part II. we hope to show that
the derivation of Apus and that of Limulus from the
same bent Annelid stand or fall together.

Function—As to the function of the unpaired eye,
we can perhaps with some certainty conclude that in
Apus at least it regulates the position of the body in
the water. Its structure out of four sensory retine at
once suggests such a function, while further, the loose
tangle of pigment cells would constitute a body free to
be acted on by the earth’s attraction. The organ is
perhaps rendered more perfect by the rounded arrange-
ment of the retinal cells, which thus present many
different surfaces to appreciate the movement of the
mass of pigment cells under the action of gravity.

It is difhcult to ascertain for certain whether the
chitinous canal opens in the cavity of this sensory
organ or not. If it opens in the cavity to fill it with
water we should rather expect to find a more definite
membrane round the whole organ. If, on the other
hand, it does not open, it may be a structure for
the appreciation of changes of pressure, 7ze., of
depth. The end of the tube as shown in Fig. 27
(2 and 3) is irregular, and in section seems as if it
might be a loose empty sac. As the outer pressure
increases, such a fine membranous sac would be the
first part of the body to feel it,and would commence to
swell. But such an appreciation of changes of pressure
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could also no doubt be equally well effected if the
canal were open, the increase of pressure leading
to a rush of water into the cavity. Further, whether
the canal is open at the end or closed, it would serve
well for enabling the animal to have a rapid perception
of changes of temperature in the water, the inlet of
cold water acting at once on the pigment cells,

We may perhaps find some confirmation of our
supposition that this sensory body fulfils various
functions, in the fact that there are at least two kinds
of retinal cells. The diagrams in Fig. 27 show not
only differences in the forms of the cells, but also
different groupings of the cells. The end of the canal
is shown close to the posterior groups of short thick
cells.

We have thus a comparatively simple but extremely
uscful organ, probably adapted for the immediate
appreciation of the changes of depth and temperature
in the medium in which the animal lives, and further
for regulating its position in the water. The Apodide
are, from all accounts, invariably excellent swimmers.
Keeping the ventral surface of the body uppermost,
they dive occasionally with great rapidity, rising
again to skim along just below the surface of the
water. Some organ to regulate such definite move-
ments is clearly necessary.

That this is at least one of the chief functions of the
organ is rendered probable by its carly appearance
in the Nauplius larva. The powerful rowing limbs of
this free-swimming larva render some directive body
necessary ; hence the appearance of this organ along
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with the rowing limbs, and long before the paired eyes
are developed or nceded. Itis also worth noting that
the unpaired “eye ” is especially characteristic of most
small free-living Crustacea such as the Ostracoda,
Cladocera, and non-parasitic Copepoda.! In some of
these animals the organ probably combines rudi-
mentary visual with directive sensory functions, the
visual function being secondarily acquired, as there
can be little doubt that it has entirely ceased in
Apus.

This view of the function of the unpaired eye, by
explaining its carly appearance in the larva, makes it
unnecessary to suppose that it is, as is generally
assumed, therefore phylogenetically older than the
paired eyes. On the other hand, its appearance in the
larva of all Crustacea rightly leads to the conclusion
that it was present in the original racial form of the class.
According to our theory, Apus being the ancestor of
the majority of the modern Crustacea, the unpaired
eye appeared for the first time as such in Apus.

A further and more exact study of this interesting
organ in Apus, and a comparison of it with the homo-
logous organs in other Crustaceans or Crustacean
larvae, is very desirable. It is impossible here to
follow up the matter further, as it would lead us too
far from the main subject of the book, which is an
endeavour to show how every single organ of Apus
admits of more or less ecasy derivation from similar
or dissimilar organs of a carnivorous Annelid.

! Some of the differences between the unpaired eye of Calanella
described by Grenacher, and that of Apus will be referred to in § XV,



SECTION VII

THE ALIMENTARY CANAL

ALTHOUGH it is not, as a rule, possible to draw
any conclusions as to the relationship between animal
groups from the similarity of their alimentary canals,
yet the likeness between the digestive tract of the
Apodide and that of the Annelida is so striking
that it must be admitted to be of some weight in
establishing the relationship which this book seeks to
prove. Allowing for the bend in the cesophagus,
the alimentary canal runs straight through the body
from end to end, and the mid-gut is lined by the
thread-like ciliated epithelium characteristic of that
of the Annelida.

The bending of the first five segments of our
Annelid, so that the mouth not only lies ventrally
but faces posteriorly, necessarily led to a bend in the
alimentary canal, so that, from the mouth, the
cesophagus would slope upwards and forwards. We
find that it has this position in the Apodid®, and
from the Apodide it has been handed on to the
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whole class of the Crustacea as one of their most
constant characteristics. It is not easy to imagine a
simpler or more likely explanation of this extra-
ordinary bend in the intestinal tract than that here
given ; and if it is true, its importance for the purposes
of classification is at once evident. We shall return
to this subject in the section on the relations of Apus
to Limulus and to the Trilobites,

The cesophagus itself corresponds with that of the
original Annelid, which was probably provided with
a protrusible pharynx. The loss of this proboscis
would naturally follow on the adoption of a browsing
manner of life, and the gradual adaptation of the para-
podia as instruments for pushing food into the mouth.
The cesophagus is very muscular, and is provided
with muscle bands radiating forwards into the fore-
head, and backwards into the sincwy mass alrcady
described. These bands serve to dilate it, while its
powerful circular muscles close it; when closed it is
thrown into folds. The dilators may perhaps be the
remains of the retractors and extensors of the
pharynx. The @sophagus is lined by a chitinous
intima and provided with set@ which project upwards
so as to form a fish-trap apparatus. The paired glands
which open on the under lip close to the mouth (see
Fig. 29) will be described in the section (IX.) on the
excretory and other glands.

The wsophagus is in Apus comparatively simple,
but it is easy to see how a part of such a muscular
apparatus, with its chitinous intima folded, and thrown
into strong movement by every act of swallowing,

L
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might become differentiated into a masticatory
stomach, such as we find in the higher Crustacea.
No such differentiation is, however, visible in Apus.
In Limulus we shall find the chitinous ridges used
for masticatory purposes in what is called the pro-
ventriculus, which is homologous with the masticatory
stomach of the higher Crustacea.

The cesophagus projects somewhat into the mid-

FiG. 29.—Diagram of the branched diverticula of the anterior end of the mid-gut (s),
on the left without the glandular (hepatic) branched cocca, on the right a few of
the latter are drawn. e, entrance to the esophagus, on each side of which are
seen two long glands opening together in the muddle line, assumed to be the
acicular glands of the vanished parapodia of the first antennal segment.

gut, which is a large sac with lateral diverticula—five
or six on each side ; these unite, in Apus, to enter
the mid-gut together (Fig. 29). These diverticula fill
up the large flat head widened by the ridge run-
ning round the frontal region, as already described.
Diverticula of the mid-gut are common among
Annelids, and serve to increase the digesting surface.,

The diverticula of Apus are especially interesting
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as showing a perfect transition stage between the
simple digesting diverticula of the Annelids, and the
hepato-pancreatic glands of the higher Crustacea.
In Apus, particles of food are found in all the wider
parts of the diverticula which, like the rest of the
mid-gut, are lined with ciliated epithelium. Smaller
branching invaginations from these diverticula (sec
Fig. 29) contain large glandular cells, which occur in
great numbers towards their tips. The secretion of
the glands is no doubt forwarded by the ciliated
epithelium, which is everywhere present when not
entirely displaced by the glandular cells. In the
preserved specimens this secretion formed brown
crystals.

In order to turn these digesting diverticula, pro-
vided with glandular cells at their branched distal
ends, into the lobate hepato-pancreas of the higher
Crustacea, we have only to imagine the glandular
cells increasing so as entirely to displace the ciliated
digesting epithelium, and the lumen of the diverticula
themselves narrowed to form glandular ducts.

In Astacus, where the mid-gut has almost en-
tirely disappeared, these diverticula are highly deve-
loped tassel-like hepato-pancreatic glands. Apus
supplies us with a perfect transition stage, showing
the origin of these livers out of the digesting diver-
ticula of the Annelidan mid-gut.

The epithelium of the mid-gut, like that of the
diverticula, is composed of minute thread-like cells
with nuclei near their basal ends. They stand on a
basal membrane, round which run at short intervals

I 2
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fine circular bands of transversely striated muscles,
We find here a striking resemblance with the mid-gut
of many carnivorous Annelids.

The mid-gut passes gradually into the hind-gut ; it
is very difficult to fix upon the exact place where the
chitinous intima of the latter commences. In passing
from one to the other, the muscular layer is more
and more developed; the epithelium gradually
changes, becoming more and more a glandular
epithelium, with large round glandular cells arranged
in great numbers, and pouring their contents through
pores ! in the chitinous intima into the hind-gut. From
the position of these glands we are fairly safe in con-
cluding that they are excretory.

In the anal segment the rectum is attached to the
body wall by radiating muscles, which act as dilators,
while the strong circular muscles keep it closed. As
in the cesophagus, the wall of the rectum is thrown
into folds, which run longitudinally. The anus is
situated at the extreme end of the body under the
caudal plate, where such a plate is present, and
between the caudal cirri or cercopoda.

1 The actual existence of these pores we have not, however, been able
to demonstrate.



SECTION VIII
THE CIRCULATORY SYSTEM

THE actual blood-vessels in Apus are limited to the
long dorsal vessel or heart. Although, among the
Annelida, circulatory systems are found of many
different grades of development, it is not necessary
to suppose that our original Crustacean-Annelid had
a very simple blood vascular system, in order to
account for the above fact. It seems to us probable
that the development of an exoskeleton, which holds
the organs in their places, and protects the inner
parts generally from being squeezed together, renders
special blood-vessels more or less unnecessary, the
blood being able to bathe all the organs of the body
without difficulty. On the other hand, this is not the
case in a soft-skinned strongly contractile body, such
for instance as that of the leech, where it is necessary
to carry special blood streams between the organs
which are liable to be crowded together. If then our
original Crustacean-Annelid possessed a highly deve-
loped blood vascular system, it would naturally, with
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the development of the exoskelcton, give place to a
simple lacunar system as sufficient for the needs of
the body, the only vessel retained being the contrac-
tile dorsal heart, necessary for propelling the blood
through this lacunar system. It may be objected
that the trunk of Apus under the shield has a soft
skin, and nevertheless the blood system in this part is
entirely lacunar. The trunk is, however, not very con-
tractile, and although the blood flows through lacunz,
there are definite methods of propelling it through
the intestinal sinus, which will be mentioned later on.

[t is clear, then, that the absence of nearly all truc
blood-vessels from the circulatory system of Apus
makes any comparison of it with that of an Annelid
impossible. Apart, however, from the dorsal vessel
or heart, which is generally recognised as an organ
derived from Annelidan ancestors, there is, in Apus,
a slight trace of a pair of typical Annclidan vessels ;
these are the short vessels which supply the shell
glands. (See Fig. 30, p. 125.) They branch off
from the dorsal vessel on each side, and descend
towards the dorsal parapodia of the second pair
of maxille, to dip under the shell gland. They
arc necessary for conducting the blood into the
shield in which the coils of the gland lie. They may
be homologous with a pair of lateral arteries from the
dorsal vessel of the fifth segment, such as typically
supply the parapodia and sides of the body in a
carnivorous Annelid.

Attention must be drawn to the tapering away of
the heart to a point towards the posterior end of the
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body. This is in keeping with our general explanation
of the morphology of the body of Apus. As we go
from before backwards, the organs are less and less
developed, the limbs are more and more rudimentary,
and the musculature less and less specialised ; the
nervous system ceases where the rudimentary limbs
ceasce, and the genital organs gradually diminish in
size and development. The heart is no exception ; it
tapers away in about the tenth or eleventh segment
into a point, not being developed in the more larval
segments which come behind.

We may also perhaps mention that the blood in
many, if not in all Apodida is coloured red, as is the
case in many Annelids. The direction of the blood
through the body is the same as in the Annelids—
dorsally from behind forwards, ventrally from before
backwards. On its way back through the intestinal
sinus, which will be presently described, it streams out
ventrally through fenestrae in the membrane which
forms the sinus. (See Fig. 14, m, p. 59.) It is thus
enabled to stream over the ventral cord, and then
outwards on each side along the ventral side of each
limb. At the end of the limb it turns round to run
back along its dorsal edge and thus passes through
the gills. It passes up thence through the lateral
dermo-muscular sinus of each segment into the peri-
cardial sinus, and thence through the ostia into the
heart.!

We have now to try and trace the origin of the

1 As this account differs from that of Zaddach, a fuller description
with illustrations will be given in Appendix IIL p. 296,
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lacunar system of Apus more in detail. Its main
features are very simple, and in this respect it shows
a primitive character. In the main it may be said to
consist of but one membrane, forming a tube which
runs from the anterior end of the first trunk segment
(where it is attached all round to the body wall) to
the end of the body. This membranous tube sur-
rounds the intestine and genital glands, while between
it and the body wall lie the heart, the ventral cord,
and all the musculature, except the dorso-ventral
bands which run between the intestine and the genital
glands. (See Fig. 14, p. 59; ¢ also Fig. 66, p. 297.)
The membrane is attached to the body wall, at least
in the first eleven trunk segments, by segmental dis-
sepiments, which correspond with the segmental con-
strictions of the body. These dissepiments extend
dorsally to the points of attachment of the dorso-
ventral muscles, which raise up the membrane in
conical folds. Between these dorso-ventral muscle
rows the membrane hangs free of the dorsal body wall,
thus forming the cardial sinus, in which the heart is
expanded by an arrangement of connective tissue
fibres.

In trying to trace the origin of this membrane and
these dissepiments (see Fig. 67, s, p. 298) from the
internal organs of the original Annelid, we naturally
begin with the latter, as reminding us at once of the
Anneclidan septa. Are they the remains of such
septa? The answer depends on the interpretation we
give to the membrane forming the intestinal sinus.

Glancing at the membrane then as a whole, as a
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tube running through the whole trunk outside of the
dermal musculature, and containing the intestine and
the genital glands, its origin is at once suggested to
us. It appears to be the parietal layer of the ccelom
epithelium of the original Annelid, loosened from the
body wall except at certain definite points, viz.,
where it 1s in contact with the ventral muscle bands,
and laterally along the segmental constrictions, where
it remains attached by means of the septa above men-
tioned, each of which extends dorsally as far as the
point of attachment of the dorso-ventral muscle
bands. (See Figs. 66, p. 297, and 67, p. 208.)

In this way we should at once get just such an
intestinal sinus as we find in Apus, viz.,, a membra-
nous tube lying just inside of the dermal musculature,
the transverse dorso-ventral muscles being almost the
only muscles found within the tube. Indeed the rela-
tion of the membrane to these muscle bands seems to
support this view, for where these are attached to the
dorsal surface, the membrane itself is raised up into
conical folds in the manner illustrated in the diagram
(Figs. 14, p. 59, and 66, p). This certainly looks as if
the membrane had, as it were, fallen away from the
integument. If this view is correct, the intestinal
sinus corresponds with the body cavity of the original
Annelid, and the dermo-muscular sinus of each seg-
ment is a new formation caused by the loosening of
the epithelium from the body wall.

The dissepiments themselves may be folds of this
membrane grown together. If so, these partial dis-
sepiments must have been secondarily acquired, after
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the original Annelidan dissepiments had disappeared.
There is no great difficulty nor, indeed, improbabi-
lity in such a supposition. We may indeed find in
these dissepimental folds, attaching the membrane
to the body wall, traces of the former presence of
the old Annelidan septa, which may have originally
run in between the folds just as the transverse dorso-
ventral muscles run up into the conical folds of the
membrane, as already described and marked p in the
ficures.

If this latter view is correct, we then explain the
origin of the lacunar system of Apus by the loosening
of the ccelom epithelium from the heart and from the
dorsal surface in the immediate neighbourhood of the
heart so as to form the longitudinal cardial sinus.
On cach side of this sinus laterally it remains attached
to the intersegmental folds, being loosened, however,
from the segmental walls, so as to form the lateral
segmental dermo-muscular sinuses, which conduct the
blood from the gills to the cardial sinus.

The separate stages by which this lacunar system
took the place of a blood vascular system, are not
difficult to imagine. The first step in the transforma-
tion would be the gradual degeneration of the separate
blood-vessels and the consequent mingling of the
blood with the body fluid or lymph. The disappear-
ance of the vessels supplying the dermal musculature,
and the general diffusion of hamolymph between
the integument and the ccelom epithelium might
very easily lead to the loosening of the latter from
the integumental musculature, excepting along
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the intersegmental folds, across which the dermal
blood-vessels of the original Annelid did not run (?).
These two modifications, (1) the degeneration of the
blood-vessels, and (2) the loosening of the peritoneum
from the body walls, are all that is needed to produce
the lacunar system of Apus from the blood vascular
system of an Annelid.

The contrast between the circulatory systems of
the Annelida and of the Apodida does not therefore
stand in the way of the acceptance of our theory of
their close relationship. Apart from the well-known
fact that, among the Invertcbrata . at least, blood
vascular systems have little morphological value, we
have here shown how simply the lacunar system of
Apus can be deduced from the blood vascular system
of an Annelid.

We reserve any further discussion of the ccelom
epithelium, a part of which has been here used up in
the formation of the lacunar system, till we come to
the genital glands, when we shall again see what an
important part it has played in transforming the
Annelid into the Crustacean. (See further p. 169 and
Appendix III.)



SECTION X
EXCRETORY AND OTHER GLANDS

The Shell gland—THE most conspicuous glands
of the Apodida, the long coils of which are seen in
the shield, one on each side of the middle line, are
known as the shell glands. These are generally
homologised with the Annelidan nephridia.

From Figs. 1 and 2 it will be seen that we have
assumed that the acicular gland of the dorsal para-
podium of the fifth segment became excretory, and
grew into the growing shell fold, thus forming the
shell gland. The position of its external opening, at
the tip of the dorsal branch of the second maxilla,
agrees exactly with this supposition. The distal end
of it is a chitin-lined sac running through the shaft
of this limb.! The proximal end of the gland has
grown into the shield, and is of great length, being
folded six times upon itself. That the inner part of
the gland has grown upwards, and the limb bent
downwards, can be seen by the course of the duct of

1 See Appendix IV, for the finer structure of the gland.
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the gland which, on leaving the shell fold, makes a
sudden sharp bend downwards. We thus consider
this shell gland as a striking link between our Annelid
and Apus. The mesoblastic origin of the urinary
canal may mean that this section of the gland is a

@*ﬁ‘%&%ﬁmﬁéﬁ R
":‘t_,’_, -t}:f‘r%& Ay K.ﬂl.‘ t@i‘ s
N

4 1‘»?]‘-‘1’.\.\ )
N

il

\2' : I-| ﬁ F. I-I
Wty I‘ IJI LA ?{\ %h
3 R
o %?L‘ld‘ﬁ
Fic. ?o.uDiagrnm of the shell gland. &, the heart; ac, the aorta cephalica. The
blood is distributed to the gland through a special vessel on each side. /s,
terminal saccule; ¢, urinary canal; &, chitin-lined bladder in the shaft of the

dorsal parapodium of the 2znd maxilla (#+), homologous with the original
setiparous gland of the Annelid.

| I, n* | g | \L‘
i =il r:j:,;}::‘]:{s%:;\\ '\ )
B
) LT ?‘YR}

\ : ...I- il :I '..' T r+l-l ‘r “
%ﬁm-ﬂ;‘ RIS §
AR s R 2 N ey
I‘.n..t..h;‘ljj"'l{h"‘r..‘h'!' iy \’Ih o, A

new formation,—the bladder alone representing the
acicular gland.

This homology of the Crustacean shell gland with
the acicular gland of the fifth parapodium of the
Annelid, naturally leads us to ask whether the acicular
gland of any other of the head limbs has been pre-
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served. The mandibles and first maxille have lost
their dorsal parapodia almost entirely, and with them
all traces of setiparous glands. The antenna, how-
ever, are in this respect especially interesting. We
have homologised them with the sensory cirri of the
vanished or rudimentary dorsal parapodia of the first
two segments. The acicular glands of both, however,
have apparently been preserved in the Crustacea.
The Acicular gland of the first segient.—There is
a pair of glands (salivary ?) opening near the entrance
of the cesophagus (Fig. 29, p. 114). We think
that these belong almost certainly to the first
antenne ;! they open together in a small transverse

1 We were at first inclined to think that these *‘salivary” glands were
the acicular glands of the parapodia of the second antennz, there being
no antennal glands in Apus. Their opening in the mouth could then
be explained as follows :—When the Annelid first took to browsing, its
ventral parapodia near the mouth would not as yet.have developed
teeth. The acicula of the antennal parapodia might then have been
used as piercers and killers of prey. They would thus be turned inwards
towards the opening of the mouth, where their glands might persist as
salivary glands after the development of the ventral parapodia of the
third and fourth segments into jaws and maxillee had rendered the
acicula useless as teeth. It seemed to us more likely that the acicula
of the parapodia of the second segment would be so used, than that the
acicula of the vanished parapodia of the first segment should redevelop
for that purpose. We have to choose then between the following :

(1) These salivary glands are the acicilar glands of the parapodia of
the second antennse, the acicula themselves having once functioned as
teeth ; this homologises them with the typical antennal glands of the
Crustacea.

(2) They are the acicular glands of the vanished parapodia of the first
antennze which had redeveloped their acicula as teeth.

(3) They are the acicular glands of the vanished parapodia of the first
antennie which, as glands, need never have disappeared. While we
think the oral position of the opening of the glands is better explained
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fissure on the inner side of the under lip, almost
within the mouth. Their whole structure indicates
that they are acicular glands. The ducts are long
chitinous tubes which lead to a chitin-lined sac with
a very fine epithelium, their proximal ends being
attached to the body wall by muscle bands just as
are the setiparous sacs in the Annelids. The figure
shows the course of these long glands. What the
exact function of the two glands, opening together in
the mouth, may be, it is impossible to say. In all
preparations they are found to be strongly contracted,
so that the chitin-lined lumen is to be seen only with
difficulty.

These “salivary” glands, developed out of acicular
glands, are especially interesting as compared with the
salivary glands of Peripatus, which have been shown
to be transformed necphridia. In both cases the
openings of the glands have united in the middle line.
In both cases we have to assumec that, the acicula or
the secretions of their glands on the one hand, the
excretion from the nephridia on the other, assisted the
jaws in their alimental functions as the first step
towards their differentiation into salivary glands.

The Acicular gland of the antennal parapodia or
Antennal gland—In Apus we could find no certain
trace of an antennal gland at the base of the second
antenna ; a slight indentation on the basal swelling
secemed, however, to indicate that there had been

by the early use of the acicula as teeth, which would make our choice
fall between 1 and 2, we think the last view is the most probable,
although we do not reject the second alternative.
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an opening. Its redevelopment in the higher Crus-
tacca 1s paralleled by the redevelopment of the
dorsal parapodia of the mandibles, although the
latter had disappeared in Apus. It is a well-known
principle that organs which have disappeared may
reappear in the descendants of those who have learnt
to dispense with them.

The absence of the antennal gland in Apus is
perhaps to be explained by the enormous size of the
shell gland. In one specimen of L. Spitzbergensis,
11 mm. long to the tip of the caudal plate, the coils of
the shell gland on each side measured over 25 mm.
Such an enormous gland would no doubt be able to
undertake the greater part of the excretion of the
body.

We have thus, in the Crustacea, three setiparous
olands preserved in the head : the salivary (?) gland
of the first antenna (in Apus at least), the antennal
gland, and the shell gland of the second maxillz.

The antennal glands as well as the shell glands are
cgenerally homologised with the Annelidan nephridia.
From the foregoing account of the origin of these
glands we repeat the following points, which must
render such a homology improbable.

(1) The position of the external opening is on
the dorsal/ parapodium,—an unlikely place for the
opening of a nephridium, but, on the other hand,
quite a proper place for the opening of an acicular
gland.

(2) The structure of the glands as we find them (in
Apus at least) is exactly that of setiparous glands.



skEcT. 1IX EXCRETORY AND OTHER GLANDS 129

A long chitin-lined duct opens into a similarly lined
vesicle.

(3) In the “salivary ” gland the chitinous sac ends
blindly, the end being fastened by muscle bands to
the body wall, exactly as is a setiparous gland of the
Annulata. In the shell gland, however, the sac or
bladder is continued into a long coiled urinary canal.!
The position of this urinary canal in the dorsal fold,
and the finer structure of its walls, scem to indicate
that at least this part of the gland is a new formation.
It in no sense reminds one of an Annelidan nephri-
dium.

(4) These arguments are especially strong if the
rest of our argument holds good, viz., that Apus is
but a slightly transformed Annelid, or, indeed, if
we only claim what is often admitted, that the
Phyllopods stand nearest the racial form of the Crus-
taceans. If even this latter alone is the case, the
shell gland of Apus, if a true nephridium, should
show more likeness to a nephridium than do the
shell glands of the higher Crustacea, which have
departed further from the Annelidan type. We
should expect the shell gland in Apus to be a
transition form between the Annelidan nephridium
and the Crustacean shell gland, just as we found the
“liver” of Apus to be a true transition form between
an ordinary digesting diverticulum such as is common
among the Annelida, and the purely glandular hepato-

! Grobben says that the whole canal in the antennal gland of Mysis is
lined with a chitinous cuticle. In Apus, however, the intima ceases
with the bladder.

s
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pancreas of the higher Crustacea. But this is
certainly not the case. Neither in position nor in
structure do the glands remind one of Annulatan
nephridia, but, on the other hand, they correspond in
a most remarkable manner with the acicular glands
of the Annelidan parapodia.

(5) We further assume that the habit of browsing
of the bent Annelid was originally acquired by the
adul/t animals, in which the nephridia in the anterior
segments have generally disappeared in the course
of development; so that Apus, which represents
such a browsing Annelid, would probably have no
nephridia in the anterior or head segments., In the
trunk segments, on the other hand, we shall find
abundant traces of nephridia.

These considerations, which, taken singly, do not
possess much weight, taken all together make the
nephridial origin of these glands very improbable
compared with that which we here attribute to them.

Setiparous glands on the trunk segments arc hardly
to be expected ; the dorsal parapodia are developed
into complicated limbs covered with setae, and the
ventral parapodia are also thickly beset with sete of
different kinds. We have succeeded, however, in
finding two such glands on the same limb in one
specimen of Apus cancriformis (see IFig. 31). We
could find no similar glands on the gnathobase or
ventral parapodium of the corresponding limb of the
same segment, and only on one other limb. Perhaps
further search would reveal more, but it is certain
that these glands occur quite irregularly. We are
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inclined to consider them as occasional abnormal
returns to the Annelidan method of developing the
setee (see pp. 87, 88). When such an abnormal
setiparous sac does occur, it would in all probability
be utilised for excretory purposes, Chitin itself is
probably an excretory product, utilised for protective
purposcs.
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Fic. 31.—Part of a section through the gnathobase of Apus mentioned in the text
(p. 130), showing an abnormal reappearance of a setiparous gland containing
a brown secretion.  #, the nerves to the hairs ; those to the feathered hairs send
a fibre into each barb and possess small groups of ganglion cells.

This irregular appearance in Apus of glands so
obviously homologous with the setiparous glands of
the Annelida, as an occasional abnormal return to a
former method of developing seta, establishes beyond
all contradiction the usual homology of the leg or
coxal glands of the Crustacea with the setiparous
glands of the Annclida.

K 2
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Having so far considered the typical Crustacean
glands, the antennal, shell, and leg glands, and
homologised them with setiparous glands of the
original Annelid, it is necessary, in order to establish
the close relationship which we maintain exists
between Apus and the Annelida, to discuss the
typical excretory organs of the latter (Ze, the
nephridia), and to endecavour to discover their fate
during the transformation of the Anneclid into the
Crustacean.

Professor Haeckel, in the last edition of his Nafural
History of Creation,) characterises the Crustacea as
segmented animals without nephridia, and the worms
as segmented animals with segmental organs or
nephridia, the presence or absence of these latter
being the chief characteristic difference. The stress
here laid by so distinguished a zoologist upon the
nephridia as a class characteristic renders it doubly
necessary cither to find the nephridia in Apus—our
primitive Crustacean—or to give some probable
explanation of their absence. Although no expla-
nation of the absence of nephridia was immediately
cvident, we were convinced that it would some day
be found. We would not allow that the difficulty
of finding a set of organs in Apus to homologise
with another sct in the Annelida—though no doubt
serious—could destroy the value of the mass of
evidence alrecady obtained as to the relation of
Apus to the Anneclids. This reasoning is further
especially applicable in the case of the Annelidan

! Ed. viil. 1891, p. 570.
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nephridia, whose arrangement in the Annelids them-
selves is always very variable.

[t at first appeared possible that the absence of
nephridia in Apus could be explained by assuming that
in the original Crustacean-Annelid they were developed
more in the posterior segments (which is in fact often
the case), and that these segments do not attain deve-
lopment in Apus, the enormous shell gland sufficing
for the removal of waste products from the blood.
The weakness of this argument is at once obvious.
It is only when all the segments are fairly well
developed that the permanent nephridia are limited
to the posterior segments. Nephridia or their rudi-
ments are, as a rule, to be found at one time or
another in the course of development in all the seg-
ments. As the posterior segments attain develop-
ment, the nephridia in the anterior segments often
disappear. Nephridia ought therefore certainly to be
found in the developed segments of the trunk of
Apus, and rudiments of nephridia in the larval
secments of which the posterior part of the
trunk of Apus is composed. Fortunately, we
are not driven to take refuge in such a doubtful
explanation.

Knowing, on the one hand, that there are no true
nephridia in Apus, and on the other that in the carni-
vorous Annelids the nephridia are often the ducts for
the transmission of the sexual products, we naturally
tried to overcome the difficulty by the aid of the
genital glands. The study of these glands soon
yielded the desired clue. 'We have then here some-
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what to anticipate a description of the genital
alands.

These glands are segmental tubes running dorso-
ventrally on each side of the intestine, inside the
intestinal blood sinus. They are separated from the
intestine only by the incomplete longitudinal dissepi-
ments formed by the dorso-ventral muscle bands
described above. The genital tubes commence in the
first trunk segment, but become gradually shorter and
shorter till they are quite rudimentary in the larval
segments of the abdomen ; they cease to be deve-
loped at all some distance before reaching the last
limb-bearing segment. These segmental tubes are
branched at each end. At the tips of the branches
cggs develop which are found projecting, not into
the tube, but inte the body cavity, as will be more
minutely described in the next section ; it is, how-
ever, important for our argument to mention the fact
here.

All the segmental genital tubes on each side arc
connected together by a longitudinal canal which runs
through them all, and acts both as oviduct and shell-
or rather shell-secreting gland (see Fig. 32), so that
cggs coming dorsally and ventrally from the ends of
the branches meet in the middle, and then travel
along the longitudinal canal to near the middle of
its course, where a descending canal leads to the
exterior,

The question is, Can these organs reveal anything
about the vanished nephridia? It is obvious that
they are not themselves the nephridia; they are
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simply tubes formed out of the germ-bearing epithe-
lium. When we turn to the carnivorous Annelids,
we find that the germ-bearing epithelium is simply
the ceelom epithelium which covers all the internal
organs including the nephridia ; the eggs project from
this epithelium into the body cavity, and, falling off,
ripen in the body fluid (see Fig. 11, p. 54) to find
their way out through the nephridia. When we com-
pare this process with what takes place in Apus, we
find in the latter an epithelium from which the eggs pro-
ject into the body cavity. (See Fig. 33, p. 144.) Isnot
this epithelium homologous with the Annelidan ccelom
epithelium ?  Instead, however, of dropping off into
the body cavity, the eggs are drawn back through the
epithelium and find their way out through the canals
formed by this cecelom epithelium. Are not these
canals, then, in some way, the homologues of the
Annelidan nephridia? To the first of the above
questions we give an affirmative, to the second a
negative answer ; but we arrive at the conclusion that
the germ epithelium is the original calom epithelium
which covered the wneplirvidia, and that the canals
which it now forms once contained the nephridial
canals through which the eggs found their way to the
exterior. In course of time, the nephridial canals
ceased to have any excretory function owing to the
sufficiency of the shell gland, and disappeared, leaving
only their coverings of ccelom epithelium, which, in
proportion as the canals degenerated, itself developed
into the pronounced epithelium of the genital glands.
The development of the longitudinal canal also out of
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the ccelom epithelium presents no difficulty, as this
epithelium, on the degeneration of the Annelidan septa,
would naturally form such a continuous membrane
through all the segments of the body. The dis-
appearance of all the nephridial apertures except the
one between the tenth and ecleventh segments is a
further very natural specialisation,

In summing up the arguments here used in favour
of this account of the disappearance of the nephridia
in Apus, we have to notice the following points :—-

(1) The eggs which develop out of the epithelium
of the genital glands project,.as in the Annelida, into
the body cavity and not into the cavity of the genital
glands themselves, as one would naturally have ex-
pected. This epithelium, then,is a part of the original
ccelom epithelium of the Annelid.

(2) The eggs pass again through the epithelium,
and travel down the canal formed by it ; this canal has
therefore probably taken the place of the nephridial
canal which it once covered as cecelom epithelium.

(3) We have to call attention not only to the
segmental arrangement of the organs, but to the fact
that there is a pair in each segment except in the
most rudimentary; both of these facts agree with
what we know of the typical development of nephri-
dia in each segment of the Annelida.

(4) The position of these genital organs be-
tween the dorso-ventral muscle dissepiments and the
body wall agrees exactly with that of the nephridia
of the carnivorous Annelids, which lie in the lateral
chambers of the body (see Fig. 11, p. 54).
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(5) The position of the only aperture which re-
mains agrees well with the position of the opening
of the Annelidan nephridium, 7e., it lies laterally on
the ventral surface. The fact that, in Apus, it comes
between two consecutive limbs is due to the bending
round of the parapodial limbs towards the ventral
middle line as already described (see § on Append-
ages).

(6) The genital aperture does not always remain
in the same segment in the Crustacea ; it differs even
in the males and females of the same species.

(7) Lastly, we have to add the fact that the genital
ducts have been generally recognised as homologous
with Annelidan nephridia.

We thus believe that though the nephridia are ab-
sent in Apus, we have found sufficient traces of their
having been once present in the typical manner, onc
pair in each segment, functioning, as they do typically
in Annelids, as ducts for the transmission of the sexual
products. The great development of the shell gland
rendering the excretory functions unnecessary, there
remained only the secondary function of conduct-
ing the sexual products out of the body. As this
could be done equally well by simple tubes formed
out of the covering of ceelom epithelium, these latter
alone have been retained, preserving, however, the seg-
mental arrangement and the position of the nephridia
which they had at one time clothed.

These considerations seem sufficient not only to
remove the difficulty caused by the absence of ne-
phridia in Apus, but even to strengthen the evidence
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in support of our main argument; they not only
remove a difficulty, but bear positive testimony to the
truth of our theory. Those who, however, may think
this view of the disappearance of the Annelidan ne-
phridia (with the exception of their peritoneal cover-
ings) far-fetched, should remember that the weight of
all the positive evidence brought forward as to the
rclationship of Apus and the Annelida is only really
diminished if we cannot show that a difficulty is sur-
mountablc. It is by no means necessary for our
argument cither to remove all difficulties so long as
they are not positive contradictions, or to state exactly
Jotv such and such a transformation came about, but
only to show that such transformations are not incon-
ceivable. We believe, however, that in this case we
have not only shown this, but more, viz. that the pro-
cess of the disappearance of the nephridia was what
we have described.

We have now dealt with the principal glands of the
Crustacea and of the Annelida. We have deduced
the Crustacean glands from the Annelidan setiparous
glands, and followed the Annelidan nephridia in their
transformation into Crustacean genital glands.

Of the typical dermal glands of the Annelida we
have found no trace in Apus (except in the dorsal
organ, see below and Appendix IV). The hypodermis
is very thin, and seems to be entirely taken up in
secreting the cuticle in its gradual transformation
into an exoskeleton.

There are very numerous glandular cells in the
hind-gut, which have already been mentioned in
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§ vii,, where we stated that from their position
they were almost certainly excretory.

The glands at the tips of the diverticula of the mid-
gut were also mentioned in the same section, and
were interesting as forming with the diverticula a
striking transition between the digesting diverticula
of the Annelids and the hepato-pancreas of the higher
Crustacea.

The white oval spot, or dorsal organ, behind
the eyes in Apus we at first thought to be the
remains of an Annelidan frontal cirrus such as that
shown in Fig. 1. It appears to be an island of dermal
glandular cells, the last remains of the Annelidan
dermal glands, which the thickening exoskeleton
probably rendered impracticable. This organ will
be described in detail in Appendix IV. It offers
indirect support to our theory of the Annclidan origin
of Apus.



SECTIONSX
REPRODUCTION

THE carnivorous Annelids are mostly sexually
separate. The same was originally the case with
the Apodidae, which are now, however, mostly
hermaphrodite (see Appendix V.). Males, generally
smaller than the females, have been found at intervals
in the best known species, and these seem to suffice
for occasional cross fertilisation.

The sexual elements of the Annelids frequently
develop out of the ceelom epithelium (see Fig. 11, p.
54), and then, falling off, ripen in the body fluid.
They are discharged through the nephridia, which
may or may not be specially modified into sexual
ducts.

In the section on the excretory glands, we have
already briefly described the sexual glands in the
Apodide. We have here, then, only to describe the
process of formation of the sexual products some-
what more minutely. We repeat, however, for the sake
of clearness what was said above. The genital glands
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are scgmental tubes connected by a longitudinal canal
which acts as a common duct for all the glands.
These latter are branched dorsally and ventrally.
The branching is very rich in A. cancriformis and L.
productus, and in L. glacialis more so than in L.
Spitzbergensis. We failed to find that the branches of
the genital glands in one segment anastomosed with
those in others, so as to form the network figured by
Zaddach ; but we see no reason why such anasto-
moses may not sometimes take place.

a@

F1G. 32.—Diagram of a somewhat simplified genital tube of L. Spitsbergensis or
ﬁian}:ffs, the dorso-ventral segmental tubes only slightly branched. a, aperture
etween the 1oth and rrth segments ; 7, the rudimentary part, f.e. the part
which lies in the posterior rudimentary segments, in which in this species the
epithelium breaks up into sperm cells filling up the whole lumen of the tube.

Although there is no apparent difference between
the epithelium of the longitudinal canal and that
of the sexual glands, it is useful to consider the
two apart. They are both, as we have scen, formed
out of the peritoneal epithelium, and besides having
the same origin, they have the same function, viz., to
secrete the slime which hardens in the brood pouch to
form a covering for the eggs.

[t is of considerable importance for us to note first
of all that the sexual glands are segmentally arranged
in Apus. This, as far as we know, is not the case in
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any other Crustacean, and is in itself evidence of
the primitive or Annelidan character of Apus. The
gradual simplification of the glands from before back-
wards towards the less developed segments is also
significant. The many-segmented ancestors of Apus
developed sexual products in every or nearly every
segment.

In the section on excretion we have already traced
back the epithelium forming the sexual glands to the
cecelom epithelium of the original Annclid, and to that
special part of the epithelium which covered the
nephridia. The nephridial tubes themselves have
entirely disappeared, having probably been rendered
uscless by the great size and physiological efficiency
of the shell glands. Their peritoneal coverings, how-
ever, have remained as the sexual glands. The eggs
develop out of this epithelium, not projecting into the
lumen of the gland, but outwards, so that they bulge
out into the body cavity. This agrees with what
takes place in many Polych®tan Annelids ; the eggs
develop out of the peritoneum, and apparently out of
any part of the samec, drop off into the body cavity;
and are emptied out through the nephridia. In Apus
slight changes have taken place: the eggs develop
towards the body cavity out of the peritoncal covering
of the vanished nephridia : they do not, however, drop
off, but pass through the epithelium again, to pass out
through the tube formed by this epithelium, just as
they at onc time no doubt passed out through the
nephridial tubes. When we consider the great size
of the eggs owing to the accumulation of the yolk, it
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is apparent that the vanishing of these nephridial
tubes could be nothing but pure gain; the simpler
and the less differentiated the duct which they have
to stretch in passing out, the better.

The eggs appear to develop out of indifferent
epithelial cells at the dorsal and ventral tips of the
genital glands. Their very first stages we have, how-
ever, not been able to trace. They are first recognis-
able as small groups of four cells with large nuclei
(see Fig. 33), embedded among the undifferentiated
epithelial cells. The nuclei show characteristic
differences from the first stage at which we have found
them. One i1s clear and round, with one or at the
most two germinal spots ; the other three are slightly
larger and quite full of irregular deeply stained
granules. The former is the nucleus of the future
egg, the latter are the nuclei of the nutritive
cells,

The four cells grow together in one compact mass
to a great size, the partitioning membranes being,
however, traceable. They bulge out the membrane of
the genital tube into the body cavity. In successful
preparations, fine nuclei of a tesselated follicular
epithelium can be found between the eggs and this
membrane (Fig. 33,#). When the egg has been dis-
charged down the branch into the genital tube, the
locus of the egg is found as a small shrunken bag full
of minute round bodies which are doubtless these
follicle cells thrown off by the shrinking of the mem-
brane (Fig. 33,6). This epithelium then apparently
plays no very important part, unless, in some way, it
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brings about the contraction of the membrane for the
discharge of the eggs.

The nuclei of the nutritive cells grow to an cnor-
mous size, and clearly play the chief part in absorbing
material for the formation of the yolk. When the
cgg is ripe, these nuclei come to the surface and
gradually disappear.

Fi1G. 33.—Eggs at different stages. In stage 1 the definitive egg nucleus is already
differentiated from the nuclei of the three nutritive cells; the latter are seen to
grow very large and coarse, and then in 5 to move to the side where they
eventually disappear. In 5 the yolk discs fill the whole egg, making the nucleus
difficult to see. At 6 an egg has been discharged ; the follicular membrane has
shrunk, its contents being probably dislodged epithelial cells. #, testes as
occasionally found {e.g. in A, cancriformis); », nuclei of follicular epithelium.

The egg, in its passage down the genital tube and
along the longitudinal oviduct, gets covered with a
slimy substance yielded by the deep club-shaped
epithelial cells. This substance hardens into a shell
for the protection of the egg, a shell which, as Von
Siebold remarks, looks as if made of hardened foam.
The eggs pass out between the 10th and 11th pairs of
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limbs into the brood pouch formed by a modification
of these limbs.

The external aperture of the genital ducts corre-
sponds well, as has already been pointed out, with one
of the apertures of the nephridia of the original Crus-
taccan-Annelid. This view, which is now generally
accepted among zoologists, 1s supported by the fact
that, among the higher Crustacea, the position of the
apertures is not always constant, z.e. they do not always
occur on the same segment or segments. Indeed, the
male and female apertures may occur on different
segments in the same species (e.g. in the Crayfish).
Whiie there is variation in this point, there is con-
siderable constancy in the position of the openings
relatively to the ventral middle line of the body.
Both these points are important in homologising the
genital apertures of the Crustacea with the nephridial
apertures of the Annelida.

Many if not all of the Apodide are now, as was
before stated, hermaphrodite. The small oval sperm
cells form out of the epithelium of the genital tubes
in the manner illustrated (FFig. 33,7). In some species!
the whole of the epithelium at the extreme posterior
end of the genital tube breaks up into sperm cells.

The sperm cells of the Polychaxta are always (?)
thread-like, while those of Apus are round or oval:
this 1s no doubt a secondary modification. DBut
the round form of the sperm cells in Apus may
perhaps be the starting point for the many peculiar
shapes found among the higher Crustacea. Other

1 L. glacialis and L. Spitsbergensis, see Fig. 32,
L
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groups again (e.g. the Cirripedia) have returned to,
or retained, the thread-shaped spermatozoa of the
Annelida.

In the development of the eggs and of the sperm
here described, we find but little positive evidence of
the relationship which we seck to establish. But we
must again repeat that it is enough for our argument
if nothing actually contradicts it. It rests upon an
accumulation of homologies which are hardly to be de-
nied, some of which, indeed, have long been recognised
though never before carried out in detail. It is enough
if we show how the other parts of the organisation
of Apus can be deduced from organs of an Annelid.

With regard to the origin of the sexual products, we
have shown more than this. We have drawn attention
to at least one point in which Apus agrees with the
Annelid, and that is, in the development of the egg, not
into the genital tube, which did not exist in the
Annelid, but into the body cavity. The point may
seem to be a small one, but every one who has worked
out the anatomy of Apus will, we are sure, have been at
once struck by the fact, that although the genital glands
are large and extensible, yet the eggs bud outwards
and not inwards. It was this striking method of
development of the eggs which first led us to homo-
logise the epithelium of the genital tubes with the
ccelom epithelium of the Annelida.

The egg, as already described, consists of one egg-
cell and three nutritive cells. As the nutritive cells are
probably modified egg-cells, the eggs of the original
Crustacean-Annelid may have developed out of its
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ccelom epithelium in small groups. So also the small
bulgings in the epithelium in which the sperm-cells
develop may be considered to represent small pustules
containing sperm in the peritoncal wall of an Annelid
(see Fig. 33, 7), but in this case the organs which
this wall originally covered, 7z.e. the nephridia, have
disappeared.

Lastly, we repeat the fact, that in no other Crus-
taccan are the sexual glands segmentally arranged ;
one pair in each developed segment, and rudiments
in the more developed of the rudimentary segments.
The value of this fact for our argument can hardly be
over-estimated.



SECTION XI
DEVELOPMENT

THE NAUPLIUS

OUT of the egg of Apus is hatched the well-known
Crustacean larva the Nauplius, which, with certain
characteristic differences for each group, occurs in all
essential points the same throughout the whole class.
The general likeness of the adult Apus to the
Nauplius has, as already mentioned, been pointed
out by carlicr observers. This likeness, from our
point of view, is very casily explained ; Apus being
the primitive Crustacean, or at lecast one of the
primitive Crustacecans, the Nauplius is simply the
young Apus, the adult developing gradually out of
the larva without any metamorphosis worth men-
tioning (see Figs. 34, 39, and 41). Thus the
Nauplius larva of other Crustacecans is simply the
Apus-stage in their development. We repeat this,
not as a conclusion only, but in order to use it as
an argument in support of the theory set forth in
this book.
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The fact that a Nauplius stage is passed through
by so many Crustaceans—by all, indeed, where the
larva is not hatched out at a higher stage of develop-
ment than the Nauplius, has reccived great attention.
It led the older naturalists to assume that the primi-
tive Crustacean must have becn an animal like a
Nauplius. This view has, however, gecnerally been
given up, on the ground that no such conclusion
can be drawn from a free-swimming larva which
is certainly much modified to suit its own special
mode of life as larva. The whole argument of this
book has, nevertheless, brought us back somewhat to
the old view, ze. that the primitive Crustacean was
a Nauplius-like animal, viz.,, an Apus. At the same
time, the modern objections were largely justified, for
the Nauplius is only a larval form of the primitive
Crustaccan, in some respects comparable with, but
much more advanced than, the Trochophoran larva
of the Annelids, showing, on the one hand, traces
of its adult organisation, and, on the other, modifi-
cations to suit its own special method of existence
as a free-swimming larva. There were no means
of deciding which fecatures belonged to the adult
and which to the larva as such. The general like-
ness to Apus was never thereforc understood to
point to the fact that the Nauplius was nothing more
nor less than an Apus larva, and that consequently
Apus was a primitive Crustaccan. And yet there
seems to be no difficulty in this view ; indeed, had
it been put forward alone, it would, we think, have
met with some acceptance as a plausible specula-



150 THE APODID/AE PART 1

e e e —— T e

tion. In this book, however, we have arrived at
such a conclusion from quite another point of
view. We started by endeavouring to show that
Apus, from its many striking Annelidan charac-
teristics, was a transition form between the Crus-
tacca and the Annelida, and hence a primitive
Crustacean. It comes, therefore, as no slight sup-
port to our argument to be able to show that the
higher Crustaceans pass through an Apus-like stage.
That a// Crustacea do not pass through this stage
is easily explained by the theory of abbreviated
development, so that this stage is either passed
through in the egg, or else considerably disguised
by the early acquirement of adult characteristics.
As to the case in which the stage is passed
through in the egg (eg. among the Malacostraca)
it is important to note "that this is not the case
in a// Malacostraca, a Nauplius stage occurring,
for example, in the development of Penzus and of
Euphausia.

The theory of the origin of Apus from an Annelid
gives us at once the true relation of the Nauplius to
the Trochophora. It is not necessary to assume that
Apus passes through a Trochophora stage, because
this latter is a stage in the development of the
Annelid specially adapted to a free-swimming larval
life. The equivalent stage in Apus, being no longer
larval but embryonic, does not require to develop
the special characteristics of the Trochophora.

When the young Crustacean is hatched as a
Nauplius, it has alrcady advanced considerably
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beyond the Trochophora stage. A comparison of
the Nauplius of Apus just hatched from the cgg
with the figure of a Polychatan Trochophora shows
at a glance that the former stands at a far higher
stage of development than the latter. That this is
in reality the case is also clear from the fact that
the Nauplius develops three limbs, ze., the homo-
logues of the parapodia of the first #kree Annclidan
segments, traces of the dorsal fold which belongs
to the fifth segment, and further slight indications
of five trunk segments (see Fig. 34), in all Zen
Annelidan segments. A larva so far developed
cannot be compared with the simple ciliated Tro-
chophora, which when hatched probably represents
only #:we, z.e. the first and last, segments of the adult
Annelid.

With certain characteristic differences for each
group, the Nauplius is essentially the same through-
out the whole class of the Crustacea. Its exact
morphology we shall endeavour to explain with the
aid of the light we have now obtained as to its
origin, as the larva of Apus, or the Apus-stage in
the development of other Crustacea.

When hatched from the egg the Nauplius has
three pairs of Crustacean limbs, the unpaired “eye,”
the dorsal shield, the large upper lip, and what is
not usually mentioned—the bent intestine, or, what
is the same thing, the rudiments for the development
of such a bent intestine (see Fig. 37). We will
take these points in turn.

1. The Nawplius Limbs.—We are not bound to
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claim that these in any way resemble the original
limbs of the primitive Crustacean. It is only neces-
sary to assume that they are homologous with the
first three pairs of Crustacean limbs, but modified for
the special needs of a frce-swimming larval life. Asa
matter of fact we do find that the form of the limbs
can casily be traced to its origin. The first uni-
ramose limb corresponds with the antenna of the

Fic. 34.—Nauplius of Agus cancriformis just hatched (after Claus). The large
rowing limb homologised with the dorsal parapodium d, carrying the sensory
cirrus ¢, which forms the most important branch, the smaller branch being the
tip of the parapodium.

Annelids, 7.e. with the sensory cirrus of the vanished
parapodium of the first segment. It arises direct
from the body as a uniramose appendage without
any parapodial portion, z.¢. unless the slight bulging,
which is seen at its base in Apus (see Fig. 7 A,
pP.- 34) represents the remains of such a dorsal
parapodium, which we think improbable, as the
sensory cirri of Annelidan parapodia frequently rise
from such papilla-like swellings. Owing to the
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smallness of the Nauplius it is not easy to ascertain
exactly where the limb springs from ; Claus states
that it rises on ecach side of the prostomium or
upper lip.

The second limb is biramose, z.¢. besides the sensory
cirrus, the parapodium on which it stands is also re-

FiG. 35.—Nauplius of Lepidwrus productus (after Brauer); commencing segmen-
tation of the trunk disguised. A comparison with the znd stage, Fig. 40, shows
that the trunk in the Nauplius certainly corresponds to several segments. ),
dorsal parapodium of the 2nd antenna ; ¢, sensory cirrus.

tained. Repeating the homologies brought forward
in the section on the appendages pp. 32 and 33, the main
stem of this second limb of the Nauplius is composed
of the dorsal parapodium together with its sensory
cirrus ; the true tip of the dorsal parapodium appears
like a small branch. Here clearly the exopodite is the
sensory cirrus, the endopodite the tip of the dorsal
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parapodium. That this is the true homology we
have little doubt ; the facts that the second antenna
is a sensory limb, that its tip carries long sensory
hairs, that, as a long rowing foot, it requires to be
provided with a fine sense of touch, all tend to sup-
port it. It is difficult to say whether the thorn-like
process at the base of the limb represents the ventral
parapodium ; it is possible that, in order to facilitate
the motion of the rowing foot, the ventral branch has
disappeared, just as in the higher Crustacea, when the
legs become more specialised as such.

Figs. 35 and 36 are two views of the Nauplius of L,
productus. In these the structure of the whole limb
in the manner we have described is particularly clear,
the sensory nature of the larger branch of the second
antenna being marked by the length of its filaments.

The further development of the limb is interesting.
As it ceases to be a rowing limb and to be specialised
as a sensory organ, one of its branches, that represent-
ing the tip of the original dorsal parapodium, dege-
nerates, leaving the other, the sensory cirrus, ze. the
exopodite, to form the distal portion of the limb. In
Apus a small rudiment of the endopodite remains
(see Fig. 7 B, p. 34, where the lettering explains the
homologies).

If the thorn-like process at the base of the 2nd
antenna is really the homologue of the ventral para-
podium, we may perhaps see in it an attempt on the
part of the very first Crustacean to use the ventral
parapodia of all the segments round the mouth for
mastication, an effort which succeeded well in Limulus,
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as we shall see in Part II. In the other Crustacea,
however, the greater efficiency of the ventral para-
podia of the 3rd, 4th, and 5th segments, owing to
their easier concentration rourtd the mouth, led to
their specialisation as mandibles and 1st and 2nd
maxillae, so that the masticatory process of the second
antenna was rendered useless and disappeared (see
table p. 250).

The third limb has again essentially the same shape
as the second. We have the dorsal (and ventral?)
parapodia, with an appendage on the former homo-
logous with the sensory cirrus or the antennal branch
of the second limb. The dorsal parapodium gradually
disappears in Apus, leaving only the ventral as masti-
catory ridge or mandibles. It is however retained
as palp in the higher Crustacea.

We repeat then here what we have learnt from our
study of the limbs of the adult Apus and of those of
the Nauplius larva. The tip of the dorsal Annelidan
parapodium forms the endopodite of the Crustacean
limb, the sensory cirrus the exopodite, and the ventral
parapodium the masticatory process. Applying this
once more to the trunk legs of Apus, we conclude that
the flabellum becomes the exopodite, and the limb
proper (z.e. the dorsal parapodium) is the endopodite ;
the gnathobase or first endite is the ventral para-
podium, which in the typical trunk limb of the
Crustacea disappears, but may be retained as a
primitive feature, as in Apus, Limulus, and the
Trilobites, and, as on the maxillipedes of the higher
Crustacea, as a masticatory process.



156 THE APODID/E PART 1

We repeat further what was stated on p. 50, that
theoretical considerations would also lead onc to
expect a retention of the parts mentioned to form the
Crustacean limb, thé capacity of sensation being
necessary to all co-ordinated movement. Hence, as
the dorsal parapodium lengthened into a seizing foot
or locomotory organ, it had everything to gain by
retaining its sensory appendage. It is interesting to
note that when the exoskeleton is so developed that
the limbs are protected by an almost stony covering,
and the limb used simply for walking, the cxopodite
disappears, while on the other hand it is nearly always
present in soft-skinned limbs, and generally scems to
have retained its sensory functions. As an instance
of this we can compare the thoracic witli the abdominal
limbs of the macrurous Decapoda.

When we come, in Part 11., to consider the relation
of Apus to Limulus and the Trilobites, we shall find
considerable confirmation of the homologies here put
forward, the homologising of the limbs of these animals
with those of Apus being by no means the impossible
task it is too often assumcd to be.

2. The Unpaired “ Eye”—The presence of powerful
rowing limbs in the larva necessitated some more per-
fect sensory organ than any possessed by the Anne-
lidan larva ; hence the early development of the un-
paired “eye” which in the Nauplius probably still
retains its visual functions, although these have appa-
rently been lost in the median “eye” of Apus. The
structure of this organ in Apus has been described, and
its probable origin out of the two anterior eye-spots on
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the original Annclidan prostomium has been discussed.
We also saw how it, together with the paired eyes,
wandered on to the dorsal surface. In support of this
migration of the eyes, we call attention to Figs. 36
and 37, which show the cyes paired and unpaired
far more anteriorly placed in the Nauplius than they
arc later in the adult, z.e. mzdway between the ventral
position in the bent Crustacean-Annelid and the dorsal
Crustacean posttion,

In Limulus, as alrcady mentioned, the ocelli travel
during embryonic life from the ventral to the dorsal
surface. The homology of the unpaired eye of Apus
with the two ocelli of Limulus assumed here and on
p- 108 will be further discussed in Part I1I.

It is important to note that this sensory organ is
present in all Nauplii, and persists throughout life in
all Entomostraca, but degenerates in the Malaco-
straca. In the more highly developed larva of these
latter, traces of it arc also generally, if not universally,
to be found, ¢¢. in the Phyllosoma larva of Palinurus,
the Erichthus larva of Squilla, and in some, if not all,
Zoxa larvae. Owing to this almost universal presence
of the unpaired eye among the Crustacea it has been
assumed that it was present in the original Crustacean.
This assumption falls in with our theory that it was
first developed in the Crustacecan-Annelid.

In addition to what was said on p. 109 as to the
function of this organ, we may say that its form as a
hollow vesicle full of pigment cells scems at first
sight to suggest an auditory organ, but we share
the growing conviction among zoologists that many
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sensory organs which are now called auditory really
serve for regulating the position of the body in the
water. ‘The position of the organ in Apus seems to
support this view. The feathered hairs fringing the
flabeila are far more capable of appreciating and
responding to sound waves than is a plexus of pig-

Fic. 36.—Nauplius of .. productus from the side (after Brauer), showing the position
of the eyes at the frontal end, 7.e. in their passage from the ventral to the dorsal
position.

ment cells in a closed vessel suspended inside the
body some distance beneath the outer integument.
There is here, however, abundant room for further
rescarch. It is possible that in the course of the
development of some Entomostraca, its original
function as a directive body may entirely give place
to secondary visual functions, or, as above suggested,
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it may function both as directive and as visual organ.
Indeed, there is no reason why we should not assume
this double function at least during larval life, so long

Fic. 37.—Nauplius of A. cancriformis just hatched {Claus) from the side, showing
the unpaired *‘ eye"” in its ]p_:l::sngc rom the ventral to the dorsal position. /,
large upp{:r_llp; s, dorsal shield ; &, dorsal parapodium of the second antennae ;
¢; sensory cirrus of the same.

as the paired eyes arc not developed, and the animal
is transparent. On the other hand, if it is a directive
body its disappearance in the higher Crustacea is
quite intelligible, especially in the Decapoda, which
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for the most part crawl, and develop *auditory”
organs in the antennules.

We may in this connection mention the frontal
sensory organs which appear in many (or all ?) Nauplii
(see Fig. 39, /) on each side of the unpaired eye.
They disappear throughout nearly the whole class
in the course of development.- They may perhaps

Fig. 38.—Nauplius of A. m;.r:??f{'ﬂnm's just hatched, dorsal view (after Claus).
5, posterior edge of the shield ; V, the large larval excretory organ, the dorsal
or neck organ.

be supposed to represent a pair of feelers rising on
the prostomium of the original Annelids, such as those
found, for example, on the prostomium of the Eunicidz.
In a section of Apus cancriformis we thought we found
traces of them on the frontal surface in a very
short stiff horn-like process of the cuticle, at the base
of which was a group of large ganglion cells.
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3. The Dorsal Shield.—As a dorsal shield is present
in most Nauplii, it has been generally concluded that
the original Crustaccan possessed such a protective
covering. When we come to discuss the relation
between Apus and the Trilobites we shall find that
this was by no means the case. Only in so far as
Apus is the original of all living Crustacea (excepting,
perhaps, the Ostracoda') can i1t be said with truth
that the racial form possessed a dorsal shield, at least
as a fold of the fifth segment. The shield of the
original Crustacean-Annelid was itself a different
structurec. From it not only the shell fold of Apus,
but also the different forms of bivalve shell have been
developed, as will be described in detail on pp. 213-216.
Again, a further false conclusion has often been
drawn from the great size of the shield in the
Nauplius, viz., that it must have been of about the
same size, relatively, in the original Crustacean as in
the Nauplius. Hence it has been concluded that, for
instance, the Estherida, which have a large dorsal
shield, are more primitive than the Apodida with
their relatively smaller shield. The great size of the
shield in the Nauplius, however, admits of a much
simpler explanation. The shield is, as we have seen,
a dorsal fold of the fifth segment. Hence, in larva
in which only the first five or six segments are
developed, it must necessarily appear relatively of
very great size.

! Our reason for excluding at least some of the Ostracoda from

the other modern Crustacea which we deduce from Apus will be
discussed in a special section of Part 1L

M
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The development of the shield is well shown in
IFigs. 35 and 36 of the Nauplius of L. productus, which
should be compared with the commencement of the
development of such a shell in the Trilobite Acid-
aspis, Iig. 48, p. 215, the neck lobe of which, developed
as a thorn-carrier, suggests a very probable origin of
the dorsal shield. We see it again in the Nauplius of
A. cancriformis, Figs. 37 and 38, developing as a
fold.

No great difficulty need be found in the fact that
the fold of the fifth segment should appear in the
Nauplius before any trace of the limbs of the fourth
and fifth segments, z.¢., of the two pairs of maxillae. It
1s doubtless of considerable advantage to the larva to
develop the shield as early as possible as a protective
covering.

4. The Upper Lip.—The labrum is another very
characteristic feature of most Nauplii. In some,
indeed, it reaches an enormous size (see Fig. 37).
The homologies of this organ have been a great
puzzle to zoologists. Packard suggests the median
frontal tentacle of certain larval Annelids. Its
presence in the Nauplius seems certainly to suggest
that it was a prominent organ in the racial form of
the Crustacea, especially as it is difficult to see what
special advantage it can offer to the larva as such.
Our derivation of Apus and of the whole class of
Crustacea from a bent Annelid, homologises it, as
already described, with the Annelidan prostomium,
which is probably the most important of all the
cxternal organs of the Annelidan body. Its general
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presence in the Nauplius larva of so many Crustaceans,
whether it is afterwards retained by the adult or not,
is thus easily explained. Its relatively great size in
the larva admits of the same explanation as we gave
of the great size of the dorsal shield ; the Nauplius
consisting mainly of the Crustacean head of five bent
segments, the prostomium is naturally a more pro-
minent organ in it than it is later in the adult.

5. Z/he Bent Intestine.—As a characteristic of the
Nauplius not often mentioned we have alluded to the
bent intestine or, in other words, the relative position
of the mid-gut and the mouth under the upper lip
(see I'ig. 37, which is a side view of the Nauplius of
Apus showing the position of the parts), We lay
stress on this as a characteristic of all Crustaceans,
the origin of which is explained by the bent Annelid
theory.

The development of the liver as diverticula of the
mid-gut is very clear in Figs. 34, 38, 39, 40.

The important fact that the nerves for the second
antennax spring in the Nauplius from the infra-
cesophageal ganglion has already been mentioned in
discussing the nervous system. This fact serves as a
very striking link between Apus and the Nauplius,
Apus showing in this respect a very primitive condition,
for though the nerves of the second antenna branch
off from the cesophageal commissures, there can be
no doubt that the ganglia are infra-aesophageal (¢f.
Section V.).

We may perhaps here briefly summarise what has
been said about the morphology of the Nauplius

M 2
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larva. So far from its being comparable with the
Trochophoran larva of its original Annelidan an-
cestors; 1t 1s essentially a Crustacean larva, con-
taining from six to ten of the original Annelidan
segments, five of which are bent round to form the
head. This method of development by the appcar-
ance at first of the head and the gradual addition of
the new segments has been clearly inherited from the
Annelids, and is, in this connection, very important.
This free-swimming larval Crustacean head develops
chiefly those organs which are necessary to it, those
not especially needful remaining rudimentary. These
useful organs are the anterior pair of sensory antenne
and the second pair of rowing antenna, which are also,
as we have seen, sensory organs. The use of the
third pair of limbs is not clear, unless they serve for
holding on to stationary objects ; it seems necessary
to attribute some function to them, since, if they had
no such larval function, they would probably appcar
more in their definitive form. The two pairs of
maxillae have no function to perform in the larva and
are only developed later. It is generally said that
the second pair of limbs degenerates; this is not
strictly true, only relatively so. They are precociously
developed in the larva, and, according to Brauer’s
measurements for L. productus, continue to grow,
not, however, in proportion to the growth of the larva,
The slight change they undergo is duc to a change of
function. The shield which belongs to the fifth seg-
ment, being a useful organ, is visible from the first
The unpaired “eye” is developed before the paired eye,
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not because it is phylogenetically older, but because
its functions are more usecful to the free-swimming but
not at first independently feeding larva. In the larva
of L. productus rudiments of the paired ecyes are dis-
tinctly visible. The excretory functions of this larva
arc entirely carried on by the large round or oval patch
of glandular hypodermis called the neck- or dorsal-
organ (see Fig. 38, and Appendix V.). Lastly, return-
ing to the gradual development of the Nauplius into
Apus without metamorphosis, we cannot help repeat-
ing that in itself it is a strong argument in our favour
that the Nauplius is but the young Apus, and Apus
but an adult Nauplius (¢f. Figs. 34, 39, 41, and
Frontispiece).

One of the chief features, however, in the gradual
development of the Nauplius into an Apus is the
regular formation of new segments in front of the
anal segment as in the Annelid, and the cessation of
orowth in Apus before the full number of inherited
and rudimentary segments are fully developed. Apus
is thus, even when adult, little more than a large
Nauplius with its posterior segments in front of the
anal segment fixed throughout life in their larval con-
dition. The significance of this fact is very great,
it shows so conclusively that Apus is a primitive
form, that we cannot refrain from repeating our
explanation of its morphology. The very fact
which has been supposed to be an index of the high
specialisation of the Apodide, 7., the great number
and peculiar arrangement of the limbs, is in reality
one of the strongest proofs of the undifferentiated
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primitive character of the genus. The number of
limbs is far in excess of the rings in the body, and if
Wwe once recognise that the rings do not correspond
with segments except in the fully developed anterior
trunk region, but that each pair of limbs having its own
pair of ventral ganglia corresponds with a true segment

I

F1G. 30.—Second larval stage of Apus cancriformis (Claus), showing the gradual
d:-.relgpm:nt of Apus out of the Nauplius, the liver as diverticula of the mid-gut.

J, frontal sensory organs,

cither developed or rudimentary, we have an animal,
say Apus cancriformis, with from 60-65 segments.
There arc other species with from 40-50 segments.
In all other Crustacca the number of segments is
for each group ecither absolutely or very nearly con-
stant. The type is fixed. In the Apodid®, as we
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have seen, this i1s not the case; thec number of
segments varies not only in the different specics of
the genus, but, as it appears, in different individuals
of the same species. These two characteristics of the
Apodida, the great number and the varying number
of the segments, ought almost of itself to constitute
them the natural transition form between the Annelids
and the Crustacea. In the Annclids we have a large
and variable number of segments, in the higher

F16. 40.—Second larval stage of Lepicdurus productus (after Brauver).

Crustacea a comparatively small, and for cach group
a fixed, number of segments. Between these two the
Apodide form the true link, having a diminishing
number of segments, diminishing, that is, by a con-
siderable number remaining undeveloped, and so
rudimentary as to be useless to the animal, and there-
fore liable to vanish.

In this section on the Nauplius we have appealed
to the developmental history of Apus in support of
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the arguments founded upon anatomical and morpho-
logical comparisons brought forward in the previous
sections. We may, we think, safely maintain that the

F16. 4r.—Fourth larval stage of Apus(Claus), the diverticula of the mid-gut com-
mencing to form the glandular invaginations (/).

bulk of the evidence to be deduced from the Nauplius

is decidedly in favour of our theory. To us it seems

so strong, that on it alone the theory might almost be
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based. All that our argument requires is, that, while
the positive evidence is strong, the difficulties should
not be insuperable.

We have had to limit our remarks to the larval
history of Apus, as observations on its embryological
development are unfortunately wanting. We may,
however, here mention onc or two facts in the embry-
ology of the Crustacea which bear upon our theory. It
is stated,! for instance, that the median eye develops
from paired rudiments—an observation which lends
some support to our account of the origin of this
organ out of an anterior pair of eyes. Still more
important for our theory is the fact that, while in the
development of a few Crustacea there is a tendency
in the mesoblast to form paired, segmented mesoderm-
streaks, in the majority of cases the mesoderm cells
form irregular lacunar spaces.®* The significance of
these two facts taken toget/ier cannot be over-estimated,
that is, if we are right in assuming that the latter
method of development of the mesoblast is gradually
displacing the former, and is therefore ccenogenetic. It
will be remembered how, from purely morphological
reasoning, we came to the conclusion that the greater
part of the cecelom epithelium (the parietal layer) of the
original Crustacean-Annelid went to form the mem-
brane of the lacunar blood system of the Crustacca.
We find then this acquired rearrangement of the meso-
derm shifted back to the earliest embryonic stages.

1 Grobben, *‘ Die Entwickelungsgeschichte der Moina rectirostris. ”

* Korschelt und IHeider, ‘* Lehrbuch der vergleichenden Entwicke-
lungsgeschichte der Wirbellosen Thiere.”
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GENERAL CONCLUSION BASED UPON TIHE ARGU-
MENTS CONTAINED IN THE FOREGOING SECTIONS.

In pre-Cambrian times, of which there are now
no fossil remains, a browsing carnivorous Annelid ac-
quired the habit of keeping its “head,” 7., its first five
segments, bent round so that the mouth faced ventrally
and posteriorly, and used its parapodia for pushing
food into its mouth. The antenna, antennal para-
podia, and parapodia developed gradually into Crus-
tacean antennz, mandibles, maxillae, and limbs. For
the protection of the exposed anterior dorsal surface,
a shield, to be more accurately described later on,
was developed out of a fold of the tergum of the fifth
segment, the posterior edge of which grew perhaps as
a carricr of defensive thorns. At the posterior end
of the body, the inherited number of Anneclidan
scgments gradually ceased to be developed, and
remained in a rudimentary or larval condition.
The gradual development of a thickened cuticle led
to transformations of outer and inner organisation
sufficient to change the Annelidan into the Crustacean
type. The modern representative of this Crustacean-
Annelid is Apus.

We have now to sce if it is possible to deduce
the principal groups of both living and extinct
Crustacca either from this racial form or from a
similar Crustacean-Annelid. This is clearly the best
test of the truth of the morphological and anatomical
rcasoning contained in this first part.
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RELATION OF APUS TO THE OTHER CRUSTACEA

[N Part I. we have endeavoured, on morphological
and anatomical grounds, to deduce Apus from a car-
nivorous Annelid. We have shown that the trans-
formation of the latter into the former was in
adaptation to a new and very simple change in the
manner of life of the Annelid. If the reasoning of
Part I. is correct, we feel justified in concluding on
the ground of probability that the transformation of
Annelids into Crustaceans only took place once, and
that therefore our bent carnivorous Annelid must form
the root of the whole Crustacean system. Further, it
is clear that the Apodidae must stand very close to
this root. This reasoning leads us at once to find an
infallible test for our whole theory. We have two
lines along which to work, both of which are capable
of leading to a positive answer, negative or affirma-
tive. We shall first take the archaic forms and see
whether they, like Apus, are capable of being deduced
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from our bent Annelid. And, secondly, we shall see
whether Apus forms a probable starting-point for the
modern Crustacea. In both cases we shall find that
our theory stands the test. We shall find that the
transformation of the carnivorous Annclids into Crus-
tacea did not result in only one form of primitive
Crustacean, butin several. It was, however, the same
Annelid, with the same number (five) of anterior
trunk segments bent round towards the ventral sur-
face, which gave rise to the whole class.

The most important and apparently the most suc-
cessful modification in early times was the Trilobites,
that is, if we may judge from the extraordinary num-
bers and varied development of these carly Crus-
tacea in palaozoic times. They, however, all died
out, leaving, perhaps as their sole modern represen-
tatives, some families of the Ostracoda.

Other modifications of the original Crustacean-
Annelid were the Eurypteridae and Xiphosurida, to
which latter the still living king-crab belongs.

All these groups, however well adapted to their
palaozoic surroundings, have, with the exception of
the last-named (and the Ostracoda, which we think
may have come direct from the Trilobites), entirely
disappeared, and it was the Apodida which became
(with the above exceptions) the sole ancestors of
the now living Crustacea, surviving mainly, we think,
on account of the advantages afforded by the develop-
ment of a dorsal shield.

We have, then, to try to show first, that these Crus-
tacean forms are deducible, like Apus, from the bent
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carnivorous Annelid, and, secondly, that the living
Crustacea, cxcepting Limulus and (?) the Ostracoda,
may be casily deduced from the Apodida.

If these points can be established, they necessarily
involve a rearrangement of the present system of
classification. The discovery that an animal, which
has hitherto been considered as a very specialised
form of a special group, is in rcality one of the
simplest and most original forms of all the groups,
supplies at once the starting-point for the classifi-
cation of the Crustacea which has hitherto been
wanting. It is at present impossible to find points of
connection, sufficient for a natural system of classifi-
cation, between many of the different groups. We
shall now find that the acceptance of our Annelid
ancestor of Apus as the original form enables us, for
the first time, to sketch, at least in outline, a natural
order, not only embracing the Entomostraca and
Malacostraca, but also Limulus, the Eurypterida,
and the Trilobites. This new classification we shall
attempt, that is, if we are justified in calling that
“new ” which is in reality only a further development
of views expressed many years back by the older
zoologists, and notably by Burmeister.

Although we have set ourselves this double task, it
is clearly impossible, in a small work like this, to go
into many details, especially in our comparison of the
Apodide with the many living Crustaccan forms. It
will, we think, be granted, that a successful grouping
of the Apodida with the Xiphosurida, the Trilobites,
and other ecarly forms as common derivatives from a
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bent Annelid, will establish our main argument be-
yond contradiction. We shall therefore devote our
chief attention to endeavouring to explain the mor-
phology of these ancient forms from this point of view,
making, as we believe, many points clear which have
never been properly understood.

As to the second part of our task, the deduction of
the modern Crustacea from the Apodida, and the
formation of a new system of classification, we shall
have to leave the working out of the details to others,
and content ourselves with a short collection of
notes, to suggest the possible ways in which the
modern Crustacea may be deduced from our bent
Annelid, either through Apus or through the Trilo-
bites.

APUS AND LIMULUS.

We begin with Limulus because, being still extant,
its anatomy is well known. It is to the works of
Anton Dohrn, Kingsley, Lankester, Milne-Edwards,
Packard, and others, that we are indebted for the
details of its organisation here brought forward.

The likeness between Limulus and Apus is so
oreat, not only in external form but in inner organisa-
tion, that almost all the older zoologists classed them
together in one genus. The temptation to draw com-
parisons between them is traceable in the writings of
all who have dealt with either of them. But, in spite
of this unmistakable likeness, all idea that the two
animals could possibly be related has in later times
been steadily repudiated. Indeed no general agree-
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ment has been arrived at as to the true zoological
position of Limulus. Many eminent zoologists, such
as Van Beneden, maintain that Limulus is not a
Crustacean at all;! and the able attempt of Lan-
kester and others to demonstrate that Limulus is
an Arachnid is familiar to all zoologists.

The difficulties in the way of connecting Limulus
and Apus seem to be the following. (1) The limbs
in the two animals are differently arranged on the
body, besides differing in number and form. This
point is rightly considered of great importance,
because it was chiefly the close study of the limbs,
and of their homologies in the different Crustacea,
which enabled zoologists to arrange the class into
the natural groups of our present classification. (2)
Whereas the Xiphosura bear markedly the character
of an archaic group, whose nearest allies are to be
sought for in the earliest geological strata, and which
in development pass through a so-called “Irilo-
bite” stage, Apus has, comparatively speaking, no
geological record, and is, so far as we can learn from
paleontology, rather a highly specialised tertiary
form. (3) The young of Limulus do not pass
through any stages which appear to correspond with
the stages of Apus. Packard’s attempt to discover
the Nauplius stage in the embryological development
of Limulus has met with no favour.

We here have, as far as we can find, the chief

! “Les Limules ne sont pas des Crustacés—ils n'ont ricn de commun
avec les Phyllopodes.” Journal de Zoologie, par P. Gervais, vol. i. p. 42.
Paris, 1872,

N
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reasons why zoologists have not allowed ‘themselves
to be influenced by the extraordinary morphological
likeness between the two animals, and why they
have maintained that this likeness is merely a
remarkable case of analogy.

On the other hand, the morphology of Apus has
been such a perpetual puzzle, that its likeness to
Limulus, even combined with its acknowledged re-
tention of Annelidan characteristics, gave no key to its
systematic position, just as its likeness to the Nauplius
failed to suggest that it is itself the proto-Nauplius.
When once, however, we recognise the essentially
Annelidan and therefore primitive character of Apus,
and thus regard it as an archaic form, z.e., as a sur-
vival from early geological periods, its likeness to
Limulus takes on at once a new meaning. The diffi-
culties above mentioned deserve to be re-examined ;
fortunately they are not insuperable. Before going
into a detailed comparison of Limulus, let us briefly
indicate the way these three difficulties may be met.

[. Inthe first place, the difficulty as to the difference
between the limbs of Limulus and Apus depends
entirely upon an exaggeration (a very natural ex-
aggeration) of the importance of limbs for the
purpose of classification ; we say, a very natural
exaggeration because, as above stated, it has been
by a close study of the homologies of the Crusta-
cean limbs that so much has been done to arrange
the Crustacea into natural groups. On the other
hand we ought not to lose sight of the fact that
of all organs of the body the appendages are the
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most plastic ; the slightest alteration in habit of
life, and every change in size and form of the
body, bring about some corresponding change in the
limbs. So that while, on the whole, stability of
type is wonderfully exemplified in the Crustacean
limbs, too much weight must not be laid upon it,
since the same class supplies us with equally won-
derful examples of extreme plasticity. Specialisation
for some particular habit of life leads often enough
to modification which altogether obliterates the type.
[t is not safe, then, to conclude, because the limbs
of a Crustacean do not now show the typical form,
that there is no way of connecting them with
typical limbs. We thus maintain that the assumed
failure of Limulus to show the typical Crustacean
or Phyllopodan limbs ought not for a moment to
weigh against the positive likeness between it and
Apus.

Further, while Apus has, as we have seen, retained
the more primitive form of limb, not far removed from
the Annelidan parapodium, the manner of life of
LLimulus has led to a specialisation of its limbs, but
pnot; it 15 important to. note, to such extreme
specialisation that no points of resemblance with
the limbs of Apus are retained. On the contrary,
the likeness, in some respects, is so great that one
might almost be tempted to leave the limbs out of
account in the question of relationship ; they speak
equally strongly both ways. When we come to
compare the animals in detail, Apus having supplied
us with the clue, it will not be difficult to deduce

N 2
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the limbs of Limulus from the parapodia of our
Annelid, and to explain the transformations which
have taken place.

The first difficulty as to the form and order of
the limbs is thus, we think, fairly satisfactorily met
for the present by the following four considera-
tions :(—

(1) That the possibility of homologising the limbs
with typical Crustacean limbs must not be too much
insisted upon, in the face of the well-known plas-
ticity of these organs.

(2) That the limbs of Limulus are in many points
as strikingly like the limbs of Apus as, in other
respects, they are unlike.

(3) That the modification of the Xiphosuran limb
out of the Phyllopodan or Annelidan is fairly easily
traccable to the manner of life of the animals.

(4) As to the number of the limbs—our whole
thecory makes the number of limbs or segments
developed of no real importance. The method of
the development of new segments is such that few
or many may be developed according to the needs
of the genus.

[I. Turning to the geological difficulties, we think
these of even less weight than those founded upon
the dissimilarity in the form, number, and order of
the appendages. The habit of life of Apus from
carliest times must have been such that it could be
very seldom preserved in a fossil state. It was
probably first shut off from the ocean in brackish
lagoons, and was gradually driven by the struggle for
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existence into small fresh-water pools, where alone
it was able to hold its own, shut off from compe-
tition with almost all the rest of the animal king-
dom. It is in this way, as already stated, that we
account for the preservation of its primitive charac-
teristics. Now, in such a record as this, what are
the probabilities of its leaving any fossil remains?
The marine carnivorous Annelids of pal®ozoic
times have left only their hard, chitinous teeth,
so that the Apodida of those times, with a skele-
ton not much harder than that of the Annelids,
would hardly be likely to be preserved. Their
comparative softness i1s thus one eclement to be
taken into account in discussing the probability
of their being preserved as fossils. But, further,
when once they had adopted their fresh-water life
in shallow pools, the chances of their preservation
would be smaller still. They would at this time
belong to the land fauna. There would thus be
very little chance of their remains being preserved.
In the first place the dead bodies would have
decayed before there was any chance of their being
covered by a deposit ; there is, as a rule, very little
suspended matter to fall in the isolated fresh-water
pools which we suppose the Apodida to inhabit.
And in the second place, land surfaces are, as is well
known, seldom if cver preserved. There is therefore
very little chance of any Apus being preserved
excepting under very exceptional circumstances.
IFurther, although there may be no true Apodida
recorded from Palaxozoic strata, yet there are abun-
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dant remains of Phyllopods, many of which show
such a striking resemblance to the Apodida® that we
arc justified in claiming them as nearly related forms.
This fact lends distinct support to our argument that
Apus is a very ancient form, in spite of the deficicncy
in its own geological record.

[II. The embryological difficulty is even of less
account than the two others. Packard, whose studies of
the embryology of Limulus entitle him to speak with
authority, states that it is evident that the metamor-
phoses are all undergone within the egg, in order
that the young may enter at once on the manner
of life of the adult. And we may repecat here
what has been affirmed in other connections, that
it is enough if the embryology of Limulus does not
directly and plainly contradict our theory ; we say
plainly, because we do not lay much weight on the
passing hints which an animal in its development
may give as to its ancestors, unless these hints are
supported by other evidence.

[f these are not completely satisfactory answers to
the difficulties which stand in the way of any close
relationship between Limulus and Apus, they at any
rate weaken those difficulties to such an extent that
they are of little value in comparison with the positive
evidence based upon the anatomical and morphological
likeness between the two animals, taken together with
all the evidence brought forward in the first Part to
show that Apus has retained most of the characteristics
of a primitive Crustacean, and, in fact, is as truly an
archaic form as Limulus itself.
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Having prepared the way, let us commence the
detailed comparison of the organs of Limulus and
Apus.

The first point on which we fix our attention in
order to test the relationship between the two animals
may not appear very important, but the longer it is
considered the more convincing,

argument founded upon it. It is as follows:
Our main argument is that Apus is a denz Annclid.

it seems to us, i1s the

F1G. 42.—Section of Limulns velundicanda to show the bend in the intestine with
the sinewy sternal plate in the angle to be compared with that of Apus Fig. 13,
p. 56. b, brain; &, heart ; /, openings of the hepatic ducts in the mid-gut ; s#,
the sternal plate. From Bronn's Klassen wnd Ordnungen des Thierreiches.

In this way we explained the bend in the intestinal
canal which is so characteristic of the Crustacea.
This bent intestine is very marked in Limulus (sec
Fig. 42), and suggests the same origin. This, how-
ever, was not enough. We argued that if we find in
the bend of the intestine of Limulus a sinewy mass
such as we find in Apus, referable there to the
clumping together of the abdominal musculature,
the coincidence can hardly be a merc case of
analogy. Such a sinewy mass zs found in Limulus, in
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essentially the same place as in Apus, and is known
as the sternal plate. If we have given the right
explanation of these two pcints, the bent intestine
and the sincwy mass in the bend in Apus, there can
hardly be any other explanation to be given of their
occurrence in Limulus. Given, then, the derivation of
Apus out of a dent Annelid, in the manner described
in the first part, it is hardly within the range of pro-
bability that Limulus, in which these two essential
marks of such a derivation occur, should have had a
different origin. These two points of resemblance,
occurring together, are, in our opinion, conclusive as
to the essential relationship of Limulus to Apus,
through their common origin from a bent Annelid.
This alone without further positive evidence was
sufficient to convince us that Apus and Limulus
were at least branches of the same stem. But, as
will be seen in the following pages, the whole
organisation of Limulus admits of direct com-
parison with that of Apus, the very differences
between them affording striking confirmation of
our thcory of their common origin from a bent
Annelid.

With this decisive evidence in favour of our theory
we naturally proceeded with considerable confidence
in attempting to homologise the limbs which have
hitherto presented the chief difficulty in connecting
Apus and Limulus. Before commencing a detailed
discussion of the limbs of Limulus, there are many
points of resemblance in external organisation which
should be mentioned. It will also be wuseful to
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ascertain here the general principles on which Limulus
has been modified.

On comparing the external form of Limulus with
that of Apus, we find that the head region, while
retaining essentially the same form, is yet far
larger in proportion to the size of the body in the
former than in the latter. The cyes are further
apart, and two ocelli take the place of the unpaired
“eye” or directive sensory body. The dorsal shield
does not stand out from the body as a fold like that
of Apus. Its frontal and lateral edges are produced
downwards and outwards, so that the anterior part of
the animal proper is raised from the ground, and,
under the shield, has room for the movement of its
limbs.! The dorsal shield, in fact, forms a sort of roof
under which the animal lives. It is as if the head
and anterior trunk segments of an Apus had been
pushed upwards and backwards under the shield,
being somewhat squeezed up in the process. The
whole life of Limulus is passed under cover, every
possible entrance being shut, or carefully guarded,
against enemies. _

The fusing of the head with the dorsal terga of a
certain number of trunk segments naturally deprives
these segments of any power of movement one upon
another. The abdomen is also quite rigid, although
in its embryonic state it shows distinct external traces

1 This is not shown in the section of Limuius rotundicanda, FFig. 42,
which, being a median longitudinal section, passes through the forehead,
The vaulted shape of the shell is best shown in transverse sections, .:J;'

the sections of a Trilobite Fig. 54, p.230.
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of segmentation. The length and rigidity of the
caudal spine, taken together with the rigidity of the
anterior portion of the body, would render the flexi-
bility of the middle part of little use. It is true that
there are Trilobites with rigid shields and pygidia
and yet with flexible segments in the middle region
of the body ; but the pygidium could, in these animals,
be used as a covering in the rolling up of the body.
In animals possessing a caudal spine there could
be no question of its being put to any such use ;
hence, probably, the rigidity of the middle or ab-
dominal region of the body.

There are, comparatively speaking, but a small
number of segments in the Xiphosuride, at least as
compared with Apus ; but this is a matter of com-
paratively small importance if we take into con-
sideration the method of development of the early
Annelidan-Crustaceans. The hind part of the body
might become fixed at almost any stage of develop-
ment, more or fewer segments coming into existence
according to the degree of specialisation of each
oroup. Apus developed, comparatively speaking, a
large number (50-60), Limulus a small number
(ca. 16).

The metamerism of Limulus is probably to be
reckoned as follows :

Cephalothorar—This is composed of five segments
of the bent Annelid forming the head, cach segment
retaining its appendages, and of two trunk segments
bearing two pairs of limbs, the posterior pair forming
the operculum ; in all seven segments.
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Abdomen and Caundal Spine—These probably re-
present nine ! segments, of which the first five carry
leaf-like gills, four (the last of which develops into the
caudal spine) remaining limbless ; these latter are to
be compared with the five or six limbless segments
of Apus. The caudal spine is a development of
the anal segment homologous with the tail plate of
Lepidurus. ze., of those Apodida in which the anal
segment is produced posteriorly into a flat plate.

According to its external organisation, therefore,
Limulus is an Apus-like animal, especially adapted
for living on mud under a shell. The shell is vaulted
and the body correspondingly compressed against its
roof, so as to allow the limbs, &c., to function. In
this way we think that the chief differences between
Apus and Limulus can be explained. It isimportant
to bear in mind this general principle on which
Limulus has been modified as a key to its special
organisation.

It is worth pointing out that Packard, quoting
from Dr. Gissler, describes the method of moulting
in Limulus and Apus as being ecssentially alike.
This, however, need be no more than a case of
analogy.

In the following detailed comparison we shall find
that in some points Apus is the more specialised, in
others Limulus, but there can be little doubt that, of
the two, Apus stands ncarer to the original Crusta-
cecan-Annelid,

! Packard gives this number for the abdomen of Limulus.
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THE LIMBS.

As already stated (p. 179) we find that the differ-
cnces between the limbs of Apus and of Limulus are

FiG. 43.—Ventral surface of Limnius moluccanus @ (after Van der Heeven), showing
the ventral parapodia of five pairs of limbs, viz., the second, third, fourth, fifth,
and sixth (first trunk limb), working between the prostomium and the under
lip; also the differentiation of the sixth, or first trunk limb, for locomotory
PUrposes.

as significant as are the likenesses.  First as to number,

we need only repeat what was said about the difference

in number of the segments ; instcad of a large number
of segments with a large number of limbs at different

stages of development, from the parapodium-like limb



srcT. XI1 RELATION OF APUS TO CRUSTACEA 18g

of the Phyllopoda to the Crustacean leg, we have in
Limulus a small number of segments with a small
number of limbs, showing essentially the same
differentiation as we find in the legs of Apus, but more
specialised in adaptation to its manner of life. We
have anteriorly the more typical Crustaccan limb,
posteriorly the more parapodial limb, the transition
between the two, however, being not gradual but
sudden.

In trying to homologise the limbs of the two animals,
we shall have to utilise the conclusions arrived at in
Eart L.

The first pair of limbs of Limulus occupies a place
corresponding to that of the first pair in Apus, viz,
at the sides of or close to the labrum, and is homo-
logous with the first pair of antenna. In general
form these limbs do not differ much in the two animals,
as may be seen by comparing Fig. 43 and Frontis-
piece. The chief difference is that in Limulus the
bends have developed hinges, owing to the greater
development of the exoskeleton, and there are chela
at the tips. We need hardly say that neither of
these points is of very great morphological worth.
For instance, within the Arachnoidea we find one
and the same limb, the pedipalp, in one group (the
Araneidw®), as a simple feeler ; in another (the Scorpio-
nidae), it develops powerful chele; and within the
agroup of the Spiders themselves the tips of the pedi-
palps in many males undergo even more wonderful
modifications for the purposes of copulation.

With regard to the second antenna, we were at first
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disposed to think that it had entirely disappeared.
In Apus it has not yet quite disappeared, but it is so
rudimentary that it appears to be in the act of disap-
pearing. It seemed to us that the condition of this
limb in Apus helped us in pointing out a missing limb
in Limulus. But maturer thought led to the homolo-
gising of the second pair of limbs with the second
antennz of Apus. In the first place the position
agrees very well (¢ Fig. 43 with Frontispiece).
This was not, however, the real reason for our change
of opinion, which was due to a comparison of the sixth
limb in Apus with the sixth limb in Limulus, and, to
anticipate somewhat, with the sixth limb in the Eury-
pteride and in the Trilobites. The sudden specialisa-
tion of this limb in all these animals must be admitted
to have some common significance. That given on
p. 44 secems the most probable, viz., that, taking five
segments to form the bent head, the sixth was the
first free segment, and its parapodium was thus free
to develop into a limb for locomotion or for some
other function. Thus, taking the sixth limb of
Limulus to represent the first trunk limb, the full
number (five) of head limbs were left to be homologised
with the typical head limbs of Apus and the other
Crustacea. The second antenna is therefore present,
exactly corresponding in position with the homologous
limb of Apus. It is, however, a well-developed and
highly functional limb. In the female it is chelate,
but in the male it develops a seizing hook. It is in-
teresting to note that the same pair of limbs in the
male of Branchipus, which is closely related to Apus,
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also develop powerful seizing hooks. The homology
of the second pair of limbs of Apus with the second
antenna of the Apodida is doubly interesting because
we here find the ventral parapodium retained as
masticatory ridge. The great number of masticatory
ridges in Limulus will be referred to again, and com-
parcd with the number of homologous ridges in Apus
and the fossil Crustacea.

The third pair of limbs of Limulus offers a -most
interesting comparison with the mandibles of Apus.
In the latter, the ventral parapodium alone is retained,
the dorsal having entirely disappeared. In Limulus,
both have been retained, the ventral parapodium as a
very pronounced masticatory ridge, the dorsal as a
long jointed chelate leg.

The fourth and fifth head limbs have nearly the samc
form as the third, and are homologous with the two
pairs of maxille of Apus. One interesting feature,
however, deserves special attention in connection
with our deduction of Apus and also of Limulus
from an Annelid. In Limulus, the ventral para-
podium, which stands out much more pronounced
as a ventral parapodium than it does in Apus, has
retained distinct traces of its sensory cirrus (see Fig.
44). In this respect Limulus is more primitive than
Apus. On the other hand in Limulus, the sensory
cirrus (or exopodite) disappears from the dorsal
parapodium of the head limbs; this is the exact
opposite of what we find in the typical Crustacean
limb, where the dorsal parapodium as endopodite and
its sensory cirrus as exopodite are alone preserved, the
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ventral parapodium being only occasionally retained
as a mere rudiment, This very striking difference
between Apus and Limulus is thus at the same time
a link, since it connects them both with our Crustacean
Annclid.

The sixth pair of limbs has already been homologised
with the first trunk limbs of Apus and the other Crus-

FiG. 44.—Basal part of one of the 2nd pairs of limbs of Limulns moluccanus (from
Bronn's Alassen und Orduungen des Thierreiches) to show the well-developed
ventral parapodium, retaining the remains of its xuhcry cirrus (¢); «, dorsal

parapodium ; @, ventral parapodium.

tacea. It differs characteristically from the head
appendages. Its ventral parapodium is well developed
as a masticatory ridge, and functions as a jaw, in front
of the under lip, with the masticators of the last four
head segments. Its dorsal parapodium, however, is
developed in a peculiar way. It is a powerful limb for
pushing the animal forward in its burrowing operations ;
its tip is provided with a group of sensory feelers
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comparable with the sensory endites on the ventral
edge of the trunk limbs of Apus; in the middle of
this group of sensory processes is a small pair of
chelee. This whole limb seems to combine loco-
motory with protective functions. Its tip lies close
to the lateral gap between the cephalo-thoracic and
abdominal shields, so that no enemy could enter with-
out being immediately perceived and thrust out. This
first trunk limb seems to have preserved its dorsal
sensory cirrus, also no doubt as a guard against the
entrance of enemies which could not casily be c¢jected
if once lodged on the dorsal edges of the head limbs,
7.e. between the limbs and the shield.

The last pair of limbs of the cephalo-thorax is highly
modified as a flat cover or operculum for the abdominal
feet. Itsform isessentially Phyllopodan. In Limulus,
the passage from the flat Phyllopodan limb to the
Crustacean leg is abrupt ; there are no transition forms
as in Apus. The first trunk limb is leg-like, the second
Phyllopodan. As the form of the latter is essentially
the same as that of the abdominal limbs, we reserve
our description of it till later.

Before leaving these cephalo-thoracic limbs we wish
once more to call attention to their arrangement,
which is well explained by the manner of life of
the animal. The animal, ze. its anterior end, secems
as if fixed up in the vault of a roof, the mouth
being in the centre and the limbs hanging down all
round. The most anterior and most posterior limbs
do not function as jaws, but the five limbs between
these two, 7ze. the last four head limbs and the first

0
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trunk limb, have powerful jaw pieces, which are
arranged in two rows, one on ecach side of the oral
aperture, the dorsal parapodia being developed into
an outer ring of chelate feet for seizing prey and
bringing it between the jaws.

It is clear that the efficiency of these long limbs,
already limited as to space for free movement, would
be materially lessened if on their dorsal edges they
had to carry gills, &c.; hence these appendages have
entirely disappeared, respiration becoming localised on
the abdominal limbs, which have been especially modi-
fied for the purpose. In the Trilobites the movement
of the limbs 1is also limited by a large shield running
the whole length of the body, but in their case both
the gills and the cirri are retained, the reason being
very simple, viz, that the ambulatory legs of the
Trilobites do not require to carry out the complicated
movements of the limbs arranged round the mouth of
Limulus, but are simply ambulatory legs.

Two processes from the ventral surface of the
body bring these limbs to a close. The mouth parts,
z.e. the masticatory ridges, work between the labrum
at the one end and these two processes at the
other. Although authors have recognised that these
processes function as an under lip, they hesitated to
assert that morphologically they were the true under
lip. We can, however, hardly doubt that they are to
be homologised with the under lip of Apus. An
examination of the special modifications of Limulus
explains the position of the organ ; the mouth has been
lengthened out longitudinally so that the labrum has
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been forced outwards and forwards, and the under lip
backwards, so as to admit of the working of the five
pairs of jaws between them. If it at first sight seems
unlikely that the paragnatha should move so far back
as to come behind the first pair of trunk feet, it must be
remembered that, when the mouth of the Crustacean-
Annelid first stretched out so as to admit of the working
of the five ventral parapodia as jaws, the parts werc
more flexible. It is also some confirmation of this
homology to find that the sternal plate, the sinewy
mass of the musculature originally in the angle of the
bent intestine and thus close above the under lip, is
also drawn back as far as this under lip, showing that
the whole region has been drawn out of its original
shape. The origin of the division of the under lip
has been already explained (p. 40).

In Limulus, as already said, we do not find, as in
Apus, a gradual change in the limbs from the more
Crustacean form anteriorly to the more Annelidan,
2.e. parapodial, posteriorly. The transition is sudden.
The limb corresponding with the second trunk limb
of Apus forms the flat operculum to cover the follow-
ing five pairs of Phyllopodan (ze. parapodia-like)
limbs.

The typical parts of these abdominal limbs can still
be more or less clearly recognised. The ventral para-
podia of each pair of limbs have fused in the middle
line, forming the basal plate ; the dorsal parapodium
is represented by a row of four joints approaching
the middle line (see Fig. 45). On the outside of
these come the large gill and somewhat smaller flabel-

0 2
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lum fused with one another and with the basal plate,
but still distinct. On the well-known principle of the
increase of the respiratory surface by the formation
of integumental folds, the dorsal (7.e. morphologically
posterior) surface of the gills has developed a row of
leaf-like folds.

It is of importance to note that it is only that part

F16. 45.—0ne of the abdominal limbs of Limanlus for comparison with a Phyllopodan
limb, o, ventral parapodia fused together; o, dorsal parapodia (endopodites) ;
A, flabellum or sensory cirrus (exopodite) ; g, gill, the posterior surface of which
carries leaf-like integumental folds.

of the limb of Limulus which morphologically cor-
responds with the gill of the parapodium (or of the
Phyllopodan leg) which is thus modified. One would
have been inclined to think that the increase of the
respiratory surface could have been better obtained
by using the whole surface of these leaf-like limbs,
We have here a most interesting case of the strict
localisation of function. The increase of respiratory
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surface required, in consequence of the suppression of
the gills on the anterior limbs, is obtained by a com-
plicated increase of the surface of the gills on the
other limbs, and of the gills only.

We have, then, compared the appendages of Limu-
lus with those of Apus, and shown how they throw
light upon one another, how they are both deducible,
some along one line of special differentiation, some
along another, from the parapodia of our original
Crustacean-Annelid. The type is clearly the same
in both, as is also the type of the whole organisation
of the two animals.

The Musculature—The musculature of Limulus is
very specialised, in accordance with the specialisation
of the outer body and the high development of
the exoskeleton. We will not here venture on the
task of endeavouring to trace the separate muscles
from their Annelidan origin. In all such attempts,
the limitation of the movements of the body must
be borne in mind. The fact that the body of Limulus
is no longer capable of any bend, except in the
sagittal plane, would alone bring about very profound
changes in the musculature, which originally moved
the Annelid freely in any plane.

[t must here suffice to refer to what was said above
(p. 184) about the sinewy mass found within the bend
of the intestine for the attachment of the muscles.
IFor the origin of this mass from the Annelidan ven-
tral muscle bands we refer to the derivation given in
Part I. of the similar mass found in the same place in
Apus. And further we can point to the entapophyses
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in Limulus as homologous with the points of attach-
ment of the dorso-ventral muscles in Apus, marked
2 in figures 66 and 67.

The Nervous System—The nervous system of
Limulus is especially important and interesting. In
many respects it is more primitive than that of
Apus, for example, in the position of the brain. On
the other hand, again, owing to the greater special-
isation of the whole body, it is in some respects
more specialised.

In describing our bent Annelid we naturally found
it necessary to assume that the brain was originally
in the prostomium or labrum. In Apus, owing to
the wandering of the eyes forwards and upwards, the
brain followed the eyes, splitting the cesophageal com-
missures into a sympathetic ring and a cerebro-ceso-
phageal ring. [ Limulus the brain lhas retained its
original Annelidan position. It need hardly be said
that this is a very striking confirmation of our deriva-
tion of Apus from a bent Annelid. We had quite lost
sight of this fact when we stated that in the original
Crustacean-Annelid (shown in Fig. 18, p. 69) the
brain was in the prostomium, and that in Apus it had
wandered from its place through secondary adapta-
tions. Thus the very difference in the position of the
brains of Apus and of Limulus affords a conclusive
proof of their real relationship as derived from the
same bent Annelid.

It is almost equally important for our argument to
note that, as Ray Lankester pointed out, the brains of
Apus and Limulus are alike in constitution, both
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being very nearly pure archicercbra. They consist
almost wholly of the ganglia for the eyes and ocelli in
Limulus, and of the eyes and unpaired sensory body
in Apus. In Limulus,according to Packard, the brain
is not complicated by the presence of the ganglia for
the antennz ; in Apus, however, according to Pelse-
neer, the ganglia for the first antenna have joined the
brain. In the great simplicity of the brain, these two
animals are, Lankester states, almost unique.

The eyes in Limulus, in wandering forwards and
outwards, were unable to take the brain with them,
but are simply connected with the brain by long,
and not very important, nerve fibres. These nerve
fibres have the same relative position on the brain as
the stalks of the optic ganglia of Apus. Between the
two optic nerves, a pair of neryes is found running
to the pair of ocelli which lie anteriorly near the
middle line. We have already referred to these
median ocelli of Limulus, as some support for our
argument that the median sensory body in Apus
arosc out of an anterior pair of eye-spots on the
prostomium of the original Crustacean-Annelid.
The position of the points of departure of the
nerves to these ocelli agrees exactly with that of
the nerves to the unpaired “eye” of Apus. In
Limulus there are other nerves leaving the brain from
between the optic nerves besides those to the ocelli.
In Apus we found that the sensory body is com-
posed of four retina, with four nerves running to the
brain. If we homologise the lateral retina: with the
ocelli, the nerves from the postero-dorsal and ventral
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retinae might correspond with a pair of the other
nerves just mentioned which leave the brain near
those of the ocelli. The different shape and grouping
of the sensory cells of the postero-dorsal and ventral
retinee from those of the lateral retine seem to
indicate that they must have been derived from some
other sensory crgarmns.

Owing to the backward prolongation of the mouth
and the cesophagus, and the arrangement of the
limbs round the former, the anterior nervous system
is very concentrated ; the nerves for the anterior
antenna and the five pairs of limbs branch out
radially from the thickened cesophageal commissures.
It is as if the cesophagus had forced its way back-
wards between the two longitudinal commissures of the
nerve cord, forcing apart the separate pairs of ganglia
of the first five pairs of limbs, the four transverse com-
missures of which arch over the slanting cesophagus.

Between the nerves to the fifth pair of limbs and
those to the operculum is a pair of nerves to the
chilaria or under lip. If the homology of the
chilaria with the under lip of Apus is correct, these
nerves have been carried back with the under lip,
in the drawing back of the mouth.

The ventral cord of Apus is more primitive than
that of Limulus, which, at its posterior end, is much
modified. This specialisation of the ventral cord of
Limulus is in correspondence with the great concen-
tration of its body as compared with that of Apus.
In Apus the posterior end was found in a rudi-
mentary and larval condition.
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The arterial envelope surrounding the nervous
system will be referred to later in the paragraph on
the circulatory system.

The Sensory Organs—We have already (Fig. 22,
p. 91) described and figured the eyes of Limulus in
order to explain the origin of the typical Arthropo-
dan eye of Apus from the Annelidan eye-spots. It
is of no small interest to remark that we had selected
the eye of Limulus as a guide towards explaining
the origin of the Crustacean eye at the very outset
of our investigation, when we were entirely occupied
in attempting to deduce Apus from an Annelid, and
long before it occurred to us that Limulus was
probably related to Apus. The establishment of
the relationship between the two thus lends con-
siderable support to the theory put forward in Part I.
as to the possible development of the Arthropodan
ecye out of an Annelidan hypodermal eye-spot by
the thickening of the cuticle. If this deduction is
correct, then the eye of Limulus is more primitive
than that of Apus. This indeed we might expect
from the manner of life of the two, the free-
swimming form naturally having the more perfect
visual organs, while Limulus, which burrows in mud
or sand and lives practically under a roof, has eyes
comparatively weakly developed

The wandering of the eyes from the ventral surface
on to the dorsal, which we found indicated by the
bend of the cerebro-cesophageal commissures in Apus,
is here shown in an equally interesting way by the
upward, forward, and outward bend of the long optic
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nerves. Their very length, when compared with the
usual distance between eyes and brain throughout the
animal kingdom, is a clear indication of displacement.

The anterior pair of Annelidan eyes, which in Apus
went to form the unpaired “ eye,” are represented in
Limulus by a pair of ocelli. The wandering of these
ocelli on to the dorsal surface can still be traced in
the course of the animal’s development. According
to Packard, the ocelli at their first appearance in the
embryo are cn the ventral side, and travel on to the
dorsal side before the young animal is hatched. The
true significance of this fact has already been dwelt
upon, and has been compared with a similar, though
not so pronounced, wandering of the eyes in the
Nauplius as shown in Figs. 36 and 37. The presence
of the ocelli on the ventral surface of any ancestor
of Limulus would be difficult to explain by any
other theory than that of our bent Anneclid. The
nerves to these ocelli branch from the brain from the
same place as do those to the unpaired “eye” in
Apus, z.e. from between the optic nerves.

Judging from the lateral retinae of the sensory body
of Apus, and also from the fact that the posterior
eyes are compound, we should have expected com-
pound eyes and not ocelli as the anterior pair in
Limulus. In certain Trilobites (e.g. Harpes), accord-
ing to Barrande, these ocelli are not single but com-
posed of groups.! It secemed to us that these might
perhaps form an interesting connecting link between

1 See Packard’s paper on the structure of the eye of Trilobites.
American Naturalist, July 1550,
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retinulated compound eyes and the single ocelli of
Limulus. We find, however, that the ocelli of
Limulus, according to Lankester’s and Bourne’s
ficures, are only ocelli in the sense that they have
but one large cuticular lens ; the retinal cells under
them being grouped in retinule. The presence of
retinulee essentially of the same shape as those
under the conical cuticular projections in the paired
cyes (see Fig. 22) suggests that this large cuticular
lens has arisen by the coalescence of a number of
such crystal cones; otherwise, according to our
view, it would be difficult to account for the reti-
nule, which we think first arise by the grouping of
the sensory visual cells round the tips of the conical
refractive processes. If this is the case, the ocellus
of Limulus is not due to an independent utilisation
of a special form of cuticular thickening, as we
think is the case in such an eye as that of the
Dytiscus larva, but, as stated, to a coalescence of
the separate crystal cones to form one large lens.
The original compound eyes with their separate
cones probably formad weak spots in the anterior
shield, and therefore gradually developed large single
lenses by the concrescence of the cones. One con-
sequence of the change is, according to our theory,
clear, and that is that the retinule, being no
longer grouped round crystal cones, are, as reti-
nule, comparatively uscless. We turned, therefore,
with great interest to Lankester and Bourne's
account of these retinule, and found what we
expected, that they are by no means so definite as
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those of the lateral eyes, their irregularity suggesting
their slow disorganisation.

The very differences then which we find between
these sensory organs in Limulus and Apus are in
reality more confirmatory of our theory than any
exact similarity could possibly be. Similarity could
only help to establish the relationship between the
two animals. As it is, we have a sufficiently strik-
ing likeness with just those differences which are
only to be explained by deducing both animals from
a common Annelidan ancestor, in the way described
in this book.

The alimentary canal has, as already described, the
important bend which we refer both in Limulus and
in Apus to the bending round of the whole Annelidan
body. The chitin-lined cesophageal portion is more
highly differentiated than in Apus ; its oral portion is
lengthened out posteriorly (or morphologically ante-
riorly), showing the same longitudinal folds of its
intima as we found in the cesophagus of Apus. Its
anterior portion 1s widened out to form the so-called
pro-ventriculus, the chitinous folds of which are so
pronounced and differentiated that they probably help
in the trituration of food. We here have the homo-
logue of the masticatory stomach of the higher Crus-
tacea. The posterior end of this projects like a
conical crater into the mid-gut, as it does to a much
slighter extent in Apus. The mid-gut runs almost to
the end of the body, receiving in its course, on ecach
side, two hepatic ducts from the much branched
“livers,” which fill up a large portion of the cephalo-
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thorax. In Apus we have a more primitive stage,
in that the livers are still clearly little more than
digesting diverticula of the mid-gut, at whose branched
cnds only are found the hepatic glands. In Limulus,
the glandular portion is far more pronounced, and the
diverticula themselves are diminished to bile ducts, as
is the case in the higher Crustacea.

The very difference between what we find here and
in Apus is instructive ; perhaps, from the fact of there
being two ducts on cach side, we can conclude that
there were originally two or more intestinal diverti-
cula in Apus. The general form of the liver of Apus
certainly looks as if it consisted of two or more diver-
ticula run together at the places where they open into
the mid-gut. Embryologically (according to Packard)
the livers of Limulus begin as simple biliary tubes,
the branchings following later. The development of
the liver as outgrowths of the mid-gut is well shown
in Claus’ figures of the Nauplius (Figs. 39, 41).

The rest of the alimentary canal offers nothing
special for remark ; like that of Apus it has a short
rectum, the chitinous intima of which is thrown into
longitudinal folds by the musculature. It is worth
noting that, whercas the anterior half of the mid-gut
1s very thin-walled, it gradually gets thicker and
more muscular as it approaches the rectum ; there is
no sharp division between the two. This is exactly
what we found in Apus.

The circulatory system of Limulus is very highly
specialised. We do not, as already stated in Part 1.,
lay much value upon it from a morphological point
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of view. This specialisation of the blood vascular
system in Limulus is a very good illustration of the
principles stated on p. 117. The compression of the
body of Limulus against the vault of its own shell
would lead to the development of special vessels to
supply those parts which, because of compression,
would not otherwise receive their proper share of
blood. Thus we may consider the circulatory vascular
system of Limulus either as a modification of that of
the original Crustacean-Annelid, or as secondarily
acquired. The latter view is more probably the
correct one. In the first place, the type of the system
is hardly that of an Annelid, and in the second place,
the arterial envelopes surrounding the nerves are
clearly secondary specialisations in adaptation to the
peculiar physiological needs of the animal.

The Annelidan character of the long dorsal vessel
with cight pairs of ostia needs no special notice ; it
speaks for itself in showing that at least in this respect
Limulus is not so far removed from the Annelids as
its highly specialised form would have led us at first
sight to imagine,

The genital organs in Limulus are considerably
more specialised than in Apus. The comparative
shortness and flatness of the body hinders the primi-
tive metameric arrangement which we find in the latter
animal. The eggs appear to develop towards the
lumen of the gland instead of outwards towards the
body cavity. This advance on Apusis what we should
expect from the compression of the whole body, and
the consequent diminution of the body cavity.
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The spermatozoa are filiform as in the carnivorous
Annelids, but this fact is of no great morphological
importance. The genital aperture is situated on the
posterior face of the operculum, ze. on the second
trunk limb; in Apus it is between the tenth and
eleventh trunk feet. There were originally nephridial
openings between the limbs of all the more developed
trunk segments ; hence this difference between Limulus
and Apus is of no importance.

Development—We have already pointed out that
the absence of the Nauplius stage in Limulus is no real
difficulty. We should only expect a Nauplius stage
in Limulus inasmuch as the Nauplius is the larva of
the original Crustacean-Annelid. The great speciali-
sation of Limulus, apparently so unlike its Annelidan
ancestor, readily explains its direct development
without passing through any such stage. Its meta-
morphoses are all passed through within the egg ;
we thus learn nothing of its early ancestors. Its
so-called “ Trilobite stage” receives, however, a new
interest from our theory, which includes the Trilobite
also among the descendants of the same bent Annelid.

We conclude, then, from the comparison between
Apus and Limulus that both animals have developed
from the same bent Crustacean-Annelid ; hence the
similarity in their organisation. Although their further
development has travelled along slightly different
lines, their striking differences are in most cases easily
explained by the one having retained more primitive
Annelidan characteristics than the other,
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Returning to the subject of the shield, while in
Apus the dorsal integument of the fifth segment
developed a large shell fold, we see no nced for
believing that in Limulus there was ever a dorsal
shield projecting backwards as a fold. When we
come to consider the Trilobites we shall find reason
to believe that the frontal ridge was in all these
animals older than the dorsal shield, and had a dif-
ferent origin, the dorsal shield itself being a later
development. In Limulus, as in many Trilobites, the
ridge round the front of the head is produced back-
wards on each side to form two horn-like processes.
But we reserve the further discussion of this most
interesting subject for the next section, where it will
be more in its place, as in the Trilobites almost every
possible variation of the same essential type of cepha-
lothoracic shield is found, for the defence of the
anterior bent, and therefore exposed, segments. We
shall then see some reasons for concluding that only
those primitive Crustacea which developed shields, z.e.
cither dorsal folds like the Apodida, or bivalve shells
like the Ostracoda, survived, Limulus being probably
the only exception to this rule. In many modern
Crustacea, however, these shields have again second-

arily disappeared.



SECTION XIII
THE “ERILOBYTES

IN this appeal to the ancient Crustacean forms to
ascertain whether they lend any support to our theory
of the origin of the class, we began with Limulus, not
because it is more nearly related either to Apus or to
our bent Annelid than are the Trilobites, but because
its anatomy is so well known that it admitted of closer
comparison, and further because its relation to the
Trilobites is fairly well established. It thus formed
a sort of link for the purposes of our comparison, to
connect the Apodide with the Trilobites and the
Eurypteridae. That Limulus and the Trilobites are
closely related is now generally acknowledged.

Having shown that Limulus is, like Apus, derivable
from a bent ‘Annelid, if we can only show that the
organisation of the Trilobites is also best explained
by attributing to it a similar origin, we shall be able
to group the Xiphosuride, the Trilobites, and the
Apodida for the first time in a natural system.

It is important to bear in mind that the Trilobites

B
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are the earliest known Crustacean forms. A special
interest therefore attaches to our endeavour to prove
that they were nearly related to the Apodidae. Start-
ing from a purely morphological and anatomical
standpoint, we endeavoured to show that Apus was a
modified Annelid, and, therefore, a primitive Crus-
tacean. Our finding that the Nauplius, or the earliest
known larval stage in Crustacea, is but a young Apus,
went far to show that our reasoning was correct. If
now we can further show that the earliest known
Crustaceans are easily connected with the Apodide
as related forms, it seems to us that our case is
established. Such concurrent testimony from deve-
lopmental history and from palaontology is almost
without parallel.

The relationship of the Apodida and the Trilobites
has already been assumed by the earlier zoologists.
Burmeister,! indeed, tried to reconstruct the Trilo-
bites on this assumption, and attributed to them the
typical Phyllopodan limbs, and described them as
swimming about in the palaozoic seas. Although
Burmeister’s reconstruction was not correct, yet his
assumption of a relationship between the two was
justified. The fact that the Apodide have rowing
limbs does not in any way oblige us to assume that
if the Trilobites were related to the Apodida they
must have had similar limbs. As a matter of fact we

| Cf. *“ Die Organization der Trilobiten aus ihren lebenden Verwand-
ten entwickelt,” and further the historical review given by Walcott in
his paper, *‘The Trilobite. Old and new evidence relating to its

organisation.”’
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now know that the Trilobites had ambulatory limbs
(see Fig. 51). The two sorts of limbs are, as we
shall see, but different modifications of the Anne-
lidan parapodium.

The Annelidan character of the outer form of the
Trilobites is not so much disguised as at first sight it
scems to be. But for its large head-shield it might
well have passed for a flattened Annelid. Anteriorly
we have the crescent-shaped head, followed by a
variable number of movable segments, and poste-
riorly a number of more or less rudimentary seg-
ments, often fused together to form a tail-plate.

Taking the three parts separately, and deducing
them from our primitive Crustacean-Annelid, we shall
find that much light is thrown upon many hitherto
obscure points in their organisation.

(I.) Z/e Head—The Trilobite head is composed of
the five anterior segments of our Annelid, bent round
so that the mouth opens ventrally and faces poste-
riorly, as described for Apus. The large labrum was
originally the prostomium of the Annelid. Fig. 46
is a longitudinal section through a Trilobite, which
we had not seen till the first part of this book was in
MS., and which afforded a most unexpected confir-
mation of our argument. Anteriorly and dorsally
the bending of the soft cylindrical body gives rise to
the glabella, as the characteristic swelling in the
median line of the Trilobite head is called. This is
the convex surface of the bent Annelidan body, and
is retained only in the Trilobites. In Apus it is
completely disguised by the growing together of the

P 2
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frontal ridge and the dorsal shield, but it is always
more or less visible in the Trilobites, which formed no
such dorsal fold. Round the glabella is developed the
remarkable crescent-shaped ridge which runs round
the front of the head, such as we found in Apus as a
prolongation of the lateral edges of the shield. In the
Trilobites, this ridge is often very pronounced, form-
ing a wide margin round the head, with horns some-
times stretching back far beyond the posterior end of
the body (see Figs. 47 and 57, p. 257). The origin
of this ridge is probably to be sought in the folds

F16. 46.—Longitudinal section through Ceraurus pleurexanthemus (after Walcott),
showing the intestinal canal and ventral membrane, and the bend in the head.
Cf. Figs. 1 and 2.

which would naturally arise ventrally and laterally in
the bend of the soft body ; the bend is so sudden that
we may well imagine the folds forming projecting
angles at cach side like the angles formed by the
bending of an india-rubber tube. This comparison
would be almost exact if we imagine the convex
curve of the tube so stretched as not seriously to
diminish the size of its lumen, as must have been the
case in the bent Annelid to prevent compression of
the viscera. That the sides of the angle of the bend
did thus project we conclude from the position of the
second antenna both in Apus and in Limulus, where
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they lie outside the longitudinal line which joins the
other limbs. The development of hard cuticular
points, and thence of thorns on such lateral projec-
tions, would be but a matter of time. Irom these
points also the gradual development of the ridge
round the front of the head can easily be imagined.
In some Trilobites it remains quite inconspicuous, but

Fi16. 47.—Dionide formosa (Barr), showing the glabella and the gradual rudimentary
character of the posterior segments.

in others, as alrcady stated, it projects as a great
shovel-shaped margin. We here find, then, the origin
of all forms of the Crustacean shell, which we have
deferred discussing till now ; we may summarise our
conclusions as follows :

Round these lateral projections, due to the bending
of the cylindrical body, all the shapes of the Trilobite
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head-shield play. We are inclined to think that the
formation of the ridge round the front was the primi-
tive variation, because of its great use as a belt-like
shield round the unprotected head of the browsing
animal, especially if it went hand in hand with the
thickening of the cuticle of the frontal surface,
The lateral processes and the frontal ridge thus
formed the primitive head-shield of this whole group
of Annelidan-Crustacea, and every form of shell-
covering may have been developed out of this
primitive shield. As a matter of fact we find almost
every possible variation of this ground form. The
cephalothoracic shield of Limulus is one form,
due to its fusing with the two anterior trunk seg-
ments. DBut by far the most important of all these
variations was the development of this head-shield
backwards over the trunk to form a cover such as
that of Apus. We have already described (p. 15)
the probable origin of this shell as a fold of the
tercum of the fifth segment developed to carry thorns
for the protection of the exposed dorsal surface, the
head being bent round ventrally. A Trilobite, Acid-
aspis Dufrenoyi (Fig. 48), shows us the neck-lobe
developed into the kind of thorn-carrying fold we
had imagined. Such a fold as that possessed by
Acidaspis, if a little wider and carrying more thorns,
could very easily develop backwards over the trunk
into a shell fold, such as that possessed by the Apo-
did®, the thorn-carrying function eventually giving
way to that of forming a cover for the dorsal surface.

But this is not the only form of shell which can be
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derived from the primitive head-shield above de-
scribed. The bivalve shells of the Ostracoda can
also be deduced from the same by the clapping
together of the two wings of the crescent-shaped
ridge against the sides of the body as illustrated

Fig. 57, p. 257. When this crescent is large, owing

Fi6. 48.—Acidaspis Dufrenoyi (Barr), Upper Silurian (after Barrande, from Zittel's
Handbuck). Showing the fold of the skin carrying two prongs projecting
backwards just behind the glabella, to demonstrate the probable origin of the

dorsal shield of Apus.

to the great development of the shovel-shaped ridge
round the front of the head, the lateral folding
of these wings round the rolled-up body would yield
a bivalve shell. Another obvious method of pro-
ducing the bivalve shell is by the folding down of the
edges of a dorsal shell such as that of Apus. These
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two origins are, however, clearly quite different; we
shall find later that they help us greatly in under-
standing the striking difference between the Ostracoda
and the other Crustacea possessing bivalve shells.

In the meanwhile the development of shells directly
from the primitive head-shicld seems to have taken
place in two directions.

(1) By the development of the posterior edge of a
neck-lobe, or dorsal fold of the fifth segment, at first
carrying the thorns, as shown in Fig. 48, and later
forming a covering for the back.

(2) By the growth and folding down of the wings
or horns of the crescent-shaped head-shicld against
the sides of the body.

To these two shell formations we shall however
return in discussing the probable origins of the
modern Crustacea. We shall also have again to refer
to the importance of the formation of such shields
protecting the whole body, and to the advantages
which they offered over all the other variations of the
head-shield.

We conclude then that the shield of Apus was not
the primitive formation ; the ground type was, we
think, the head-shield, every variety of which we find
in the Trilobites. Thus although, in Apus, we spoke
of the ridge round the head being the prolongation
of the lateral edges of the shield, strictly speaking the
ridge and the shield were two independent develop-
ments of the primitive Trilobitan head-shield, the
former starting forwards from the lateral projections
necessitated by the bending of the cylindrical body,
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the latter the posterior development of the neck-lobe
as shown in Fig. 48.

(IL.) Zhe Trunk Segments.—The greatest difficulty
in homologising these segments with Annclidan seg-
ments is that we find the crescent-shaped head
followed by segments repeating, in their pleura, the
form of the head, whereas at first sight we should
expect the head to be followed by a row of Annelidan
segments as in Apus, z.e. a continuation of the gla-
bella alone, as was no doubt originally the case. The
gradual acquisition on the part of the trunk segments
of their highly developed pleura repeating the charac-
teristics of the wings of the head is probably to be
explained as follows:—As soon as the typical Trilobite
head-shield became an important factor in the struggle
of each species for existence, it would tend to appear
earlier and earlier in the larva ; the Trilobite Nauplius
would then be little more than a generalised Trilobite
head with an anal segment. Between these two parts
the segments were gradually differentiated, so that
the characteristics of the head might very well make
themselves felt in the development of the segments,
and in this way spread gradually backwards to the
posterior end of the body. This, indeed, we find to
be the rule in many Trilobites ; the most specialised
segments are immediately behind the head, while
posteriorly they are more and more simple. In this
way then the segments of the Anneclidan trunk were
gradually provided with the pleura characteristic of
the Trilobites ; their pleura being segmental repe-
titions of the lateral projections of the head-shield,
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The variation in the number of trunk segments is
also a point of no small interest. While some authors
have tried to classify the Trilobites according to the
number of the trunk segments, Barrande has shown
that even within the same genus the number is quite
inconstant, the different species varying greatly in this
respect, in Olenus 9-15, Cyphaspis 10-17, &c. This
is exactly what we find in the Apodida, where the
number of segments varies greatly: from 60-65 in
A. cancriformis, to 40in L. glacialis. We have already
discussed the importance of this inconstant number of
the segments in our argument that the Apodidae stand
half way between the Crustacea, with their small con-
stant number of segments, and the Annelida with
their large inconstant number. But the argument has
not the same weight here as it had in our endeavour
to show that the Apodide were very primitive
Crustacea, because in the case of the Trilobites the
fact is already apparent from their geological
position ; still it is an important characteristic which
they have in common with the Apodide, and as
such is so much positive evidence in favour of our
argument that both are derived from the bent
Annelid.

(I11.) The Pygidium is a morc or less constant
characteristic of the Trilobites. It is the posterior
region of the body, composed of a varying number of
segments fused together, so that the whole region
forms a stiff plate, a sort of tail-shield answering to
the anterior head-shield. The morphology of this
pycidium has been as little understood as that of the
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posterior end of the body of Apus; our explanation
of the one also explains the other.

We find, in fact, almost the same as we find in Apus,
that the posterior segments remain in an undeveloped
or larval condition ; although the gradual tapering
away and diminution in length of the segments is not
visible in all species, yet where it is no longer visible
it must be assumed to have secondarily disappeared.
In some cases these rudimentary segments develop
sufficiently to hinge upon one another and to bend
in the sagittal plane, or perhaps the bending may
have been effected as in Apus by the development
of rings which do not correspond with true seg-
ments. In very many cases, however, the segments
are so rudimentary that they are unable to bend upon
one another, and hence together form the stiff plate
under discussion—the pygidium (see Iig. 50). We
thus deduce the pygidium not strictly from fused
segments but from segments too rudimentary to bend
upon one another.

It has been noticed as a somewhat remarkable fact
that the trunk segments appear after the pygidium,
the young larva consisting of the head and the pygi-
dium, and betyeen these two the thoracic segments
are gradually interposed. This is a most interesting
case of the shifting back on to the larva of important
characteristics. The pygidium, being probably useful
in the rolling up of the larva, is thus very carly deve-
loped, and is then analogous to the anal segment in
the Trochophora larva, although morphologically it
is composed of a number of rudimentary segments.
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We have, as has already been pointed out by many
authors, the parallel case of the Zoaa, in which the
abdomen which is useful to the larva for swimming is
developed before the posterior thoracic segments.

Fic. 45.—Asaphos _:rnEgistUS Hall (afmlr \‘l:’-":l-lm_ttL showing the well-developed
ventral parapodia, and the gradual simplification of the limbs from before back-
wards, as in Apus. Cf. Frontispiece ; #, pygidium.

The Limulus larva, in which the same thing occurs, is
on this account called by Packard a Zoza.

Having mentioned this habit of rolling up, we may
as well here point out that it also forms a link of
connection between the Trilobites and the Crustacean-
Annelid, it being easily explained as the perfection
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of a very natural action which we may safely assume
went hand in hand with the development of the
primitive head-shield already described. At the
approach of an enemy the forchead would be pressed
against the ground, the thorns, if there were any on
the posterior dorsal fold of the fifth segment, would be
somewhat erected by the bending under of the head
or humping of the back. In such simple movements
we have the first step towards rolling up.

This method of defence by rolling up is one of
considerable biological interest (see I'ig.54). In one way
it is a very perfect method of defence, but in another
it is very fatal. Its perfection is clear from the periods
of geological time through which the Trilobites lived ;
its fatality in the fact that it admits of no further
development. IHence the Trilobites, at least all which
failed to develop shells, have died out, as unable to
protect themselves from new and more powerful
enemies, or from old enemies when these latter had
once learned to overcome this method of defence.
The development of shell folds, which, except in the
casc of bivalve shells, are clearly inconsistent with the
habit of rolling up, render it unnecessary. They
make it possible to develop new and more plastic
methods of defence, to which we owe the preservation
and the rich and varied development of the whole
class of modern Crustacea.

The Trilobite Limbs—In spite of the great progress
which has been made in our knowledge of the limbs of
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the Trilobites, chiefly through the patient researches of
Walcott, they are still shrouded in a certain amount of
mystery. We believe that it will be found that our
derivation of the Trilobites from a bent Annelid will
throw considerable light upon the beautiful series of
sections made by Walcott, by giving a new clue to
the interpretation to be put upon them.

One difficulty, for instance, which has been found
in classifying the Trilobites with the Crustacea is the
absence of any trace of limbs (ze. of antenna) in front
of the mouth. This, however, from our point of view
is no real difficulty. In reality the antennx of Apus
are hardly in front of the mouth but in a line with
it, and both are more or less rudimentary, from being
caught in the angle of the bend. This same bend was
equally sharp in the Trilobites (see Iig. 46). Why
may not the antennz have been in this bend, and as
rudimentary as they are in Apus? We shall try to
answer this question in the following pages.

We have, in Walcott’s restoration (see Fig. 50),
posteriorly to the labrum, three small limbs with mas-
ticatory processes, followed by a large pair of loco-
motory limbs with especially large ventral parapodia
for mastication. For reasons given above (pp. 44, 190)
we homologise these large locomotory limbs with the
sixth pair of typical Crustacean limbs, ze. with the
Jirst pair of trunk limbs. The three pairs of limbs
anterior to these are therefore homologous with the
mandibles and the two pair of maxille of the typical
Crustacean head. In front of these and behind the
labrum, we have, in Walcott’s restoration (Fig. 50), a
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space in which we think the antennz should have
been drawn. That they were present we have little
doubt, probably somewhat reduced, as in Apus, and
pointing backwards. Our reasons for thinking that
there must have been two pairs of antenna as here de-

F1G. so.—Ventral surface of Calymene Senaria restored by Walcott (from Zittel).
Assuming that the large pair of locomotory limbs are the sixth or first trunk
limbs. The two pairs of antennz are missing—they should probably be drawn
in on each side of the prostomium projecting backwards, as in Apus.

scribed, are two, apart, that is, from the general reasons
founded upon our theory of their relationship to Apus
through common descent from a bent Annelid.

(1.) Figs. 51 and 52 are sections passing through
the prostomium (labrum or hypostoma) of two Trilo-
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bites. In the second of these they are cut through
along the line shown in Fig. 53. These transverse
sections through the head and labrum certainly seem
to indicate the presence of such antenna as we have
described, at least they seem to show that there were
appendages of some sort starting out sideways from
ecach side of the labrum, just as in Apus. ‘It is
perhaps possible to interpret all these fragments of
limbs shown in the sections, both those seen springing
from the sides of the labrum, and those scattered about
the scction, as parts of the limbs of the hind-body,

Fi1G. s1.—Sections through Ceraurus pleurexanthemus (afier Walcott) passing through
the prostomium, showing traces of limbs springing out from each side of the
same, which we assume to be homologous with the antenna of Apus; the
fragments of limbs at the sides may be those of trunk limbs brought near the
mouth by the rolling up of the animal.

which when the animal is rolled up are naturally
brought up to the mouth. This, however, does not
scem to be so probable as our supposition, founded
upon a comparison with Apus, that those actually
starting from the sides of the prostomium are traces
of true antenna, because :

(2.) We think that, if the place assigned by
Walcott to the three posterior head limbs is correct,
some form of antenne miust have been present, if not as
antenna then as mouth parts of some kind. Accord-
ing to our theory, one of the chief advantages of
the bending round of the anterior segments was the
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possibility of using the parapodia as instruments for
pushing food into the mouth ; and indeed, whether
our theory is correct or not, we doubt if any casc
will be found of a Crustacean mouth without limbs
as mouth parts closely bordering it. Walcott's restora-
tion, given in Fig. 50, is therefore so far incomplete.
The mouth, which is covered by the large labrum, 7zt
have had some kind of appendages bordering it on
cach side. When therefore we find clear traces of such

F1i. g2.—Sections of Calymene Senaria (after Walcott) passing through the prosto-
mium, showing traces of limbs springing out from each side of the same, which
we assume to be homologous Wil:ﬁ the antennze of Apus; the fragments of limbs
at the sides may be those of trunk limbs brought near the mouth by the rolling
up of the animal. The section passes along the line shown in the next
figure,

limbs in the sections (Figs. 51, 52), we think we are
justified in claiming them as such,

[t will no doubt be objected that these two reasons
are only sufficient to show that there were limbs as
mouth parts on each side of the mouth, near the
labrum, but not that they were the homologues of the
Crustacean antenna. This homology depends, it is
true, upon the truth of our main argument that the
Trilobites, like Apus, were originally bent Annclids,

i)
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and further, upon our homology of the large loco-
motory limbs with the first trunk limbs; to this
latter point we shall return. In the meantime
we assume that these two reasons, taken together
with our whole argument, are sufficient to establish
the fact that the Trilobites possessed two pairs of
antennae like the Apodide and the typical Crus-
tacea.

SURG
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>
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F16. 53.—Rolled-up specimen of Calymene Senaria (after Walcott) ; the line through
the head is the line of the sections in Fig. 52.

When now we come to ask how these antenna
were developed, we can only conjecture that in some
way or other they must have supplied the opening of
the cesophagus with jaws, or perhaps with simpler
instruments for pushing in food. It is improbable
that the first antenna should develop their ventral
parapodia as jaws, firstly because it is almost certain
that the original Annelid-Crustacean had already lost
all traces of the parapodia of the first segment, the
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first antenna being simply sensory cirri ; and secondly
because in no other group of carly Crustaceans do
the anterior antenna show any traces of ventral para-
podia as masticatory ridges. In Eurypterus, where
the method of life we attribute to the animal would
certainly have developed them into jaws had it been
possible, they almost entirely disappear. On the other
hand, we have examples of the second antenna
developing their ventral parapodia as masticatory
ridges, not only in Limulus but also in Eurypterus.

We are thus disposed to complete Walcott’s resto-
ration by adding a small pair of anterior antenna
on cach side of the labrum, and a pair of posterior
antenna, developing, probably as their most important
part, a pair of jaws strong enough, if not to crush and
destroy, at least to push food into the opening of the
cesophagus ; whether the sensory part was developed
or not is not so easy to decide.

It may be noticed that it was not so necessary for the
Trilobites to have large crushing jaws under the
labrum, as the masticatory ridges of the first trunk
limbs were, as in the Eurypterida, highly developed
to function as chief mandibles. The crushed food
would have to be forwarded towards the opening
of the esophagus, and then pushed in by special
appendages at the sides of the opening. This
point is almost as interesting from a biological as
from a morphological point of view. We have
already had two entirely different combinations of
head appendages as jaws. In Apus, the third and
fourth head limbs form the mandibles (or chief

)y 2
LS
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jaws) and maxille. In Limulus we have five pairs
of nearly equally important jaws, on the four last
head, and first trunk, limbs. In the Trilobites we
find the mandibles, or chief jaws, between the
first trunk limbs, and masticatory ridges for pushing
the food into the mouth, as in Limulus, on the four
posterior head limbs. In the Eurypteride we shall
find further combinations. We may perhaps find
in these different attempts to develop the best
arrangements of mouth parts almost as important a
factor in the development of the class of the Crustacea
as we think we have found in the development of the
shield. There can be no doubt that while it offered
some advantage to use the ventral parapodia of the
most powerful limbs as jaws, this must have been
attended by certain disadvantages. To this important
subject we shall return.

We repeat here what we said on p. 43, that we might
with some safety establish a rule that the closer the
forchecad was pressed against the ground the less likely
would the antenna be to function as antennze ; they
might cither degenerate as they have done in Apus,
and, according to Walcott’s restoration, in the Trilo-
bites, or they might function as seizing organs or mouth
parts, as in Limulus. We shall have occasion later to
see the converse of this rule, and shall find that the
raising of the head leads not only to the further
development and pointing forwards of the antennz
as sensory organs, but also to the travelling of the
antenne themselves towards the anterior end of the
body, an advantage for the animals which has ¢nabled
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them to hold their own to-day, whereas Limulus and
Apus are probably the only surviving Crustacea which
retain the original position of the Annelidan antenne.

As above pointed out, our interpretation of the head
limbs of the Trilobites rests largely upon our homo-
logising the large locomotory limbs with the sixth
pair of Annelidan parapodia, or with the first trunk
limbs of the Crustacea. Our adoption of this large
locomotory limb throughout all the primitive Crus-
taceca as the first trunk limb, for reasons given p. 44,
receives some support from Walcott's restoration,
where it lies behind the line which runs from side to
side, through the widest part of the head, which is
morphologically the line round which the body bent.
We have already seen, further, that Limulus—and we
shall see that the Eurypterida, with some exceptions—
not only possessed the two pairs of antenna, but also
the large locomotory limbs as the sixth pair, Ze
the first pair of trunk limbs,

[t should be mentioned that so far as these con-
clusions are based on the few sections published
in Mr. Walcott’s paper, his conclusions are undoubt-
edly of much greater value than ours, inasmuch as
they were based upon a much more extended study
of sections, and of the whole Trilobite problem. We
have, however, to set, as against this, our claim to have
found in Apus a key to the true understanding of
the morphology of all these primitive Crustacea.

The form of the trunk limbs in the Trilobites does
not at first sight admit of any close comparison with
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those of either Apus or Limulus, but by closer study,
and by referring them back to the original Annelidan
parapodia, their common origin becomes evident.
We find the limbs much specialised, the habits of
life of the animal leading to certain modifications.
In the first place, the creeping motion along the
ground required the development of legs. In the
second place, the habit of rolling up requires that
the limbs should take up as little room as possible,

FiG. s4.—Restored transversed section through Calymene Senaria (after Walcott),
showing the spiral gills, the exopodite (= the sensory cirrus of the dorsal para-
podium), the endopodite, or ambulatory foot (= the dorsal parapodium)}, and the
thich piece or coxal joint, the ventral projection of which corresponds with the
ventral parapodium, ¢f. Fig. 40.

first, to render the rolled-up attitude mechanically
possible, and second, in order that as much of the
respiratory medium as possible may be enclosed.
The special form of the limbs can thus be under-
stood. We find (Fig. 54) a large basal joint, the
inner ventral part of which is almost certainly to be
homologised with the ventral parapodium of the
Annelid. This again originally functioned as a
onathobase or accessory jaw for the holding and
forwarding of food to the mouth, ze. on a certain
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number of limbs not too far from the mouth. It
was, no doubt, as in Apus, much reduced in other
parts of the body, in order not to occupy much
space.

The ambulatory limb, if our homology is correct,
was the prolonged tip of the dorsal parapodium, and
thus homologous with the endopodite of other Crus-
tacea. The exopodite was the sensory cirrus; and
here, no doubt in correspondence with the needs of
the animal, it retained its position close to the gills,
and its filiform shape; it did not travel along the
prolonged dorsal branch of the parapodium, or
develop into a rowing flabellum as in Apus. The
modification of the gills into spirals, &c., is also very
casily explained on the grounds given above. The
animal required respiratory organs which afforded as
large a respiratory surface as possible while occupy-
ing the smallest possible space, such respiratory
organs being essential to the habit of rolling up.

Before dismissing the subject of the form of the
Trilobite limbs, we wish to return for a moment to
Burmeister’s assumption, that if the Trilobites were
related to Apus they must have possessed Phyllopo-
dan limbs. This, however, is by no means necessary.
What is generally known as the typical Phyllopodan
limb is but one of the ways in which the Annclidan
parapodium developed, the Trilobite ambulatory leg
being another and quite independent modification
the parapodial type being visible in both. The
modifications are due to adaptations to the different
manners of life adopted by the different groups.
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The development of the ventral parapodium into
mandibles and gnathobases is a common specialisa-
tion in all the groups, this being the most primitive
modification according to our deduction of the Crus-
tacea from a carnivorous Annelid, which caught prey
between its ventral parapodia and forwarded it on into
the mouth, bent round to receive it. The dorsal para-
podia, being chiefly used for locomotion, have how-
cver been differently developed according to the
different methods of locomotion adopted. In Apus
they are specialised as rowing plates (except a few
anteriorly for raking prey together), in the Trilobites
as ambulatory legs. The former modification requires
no description ; it results simply in a further develop-
ment of the flat leaf-shaped parapodia, the sensory
cirrus alone, perhaps, requiring to change its form
from a cirrus into the flat flabellum. The ambulatory
leg of the Trilobite may be supposed to have arisen
as follows. A strip running from the tip of the
parapodium, where it rested on the ground, to the
body, would tend to be strengthened, and would
eventually bear the weight of its share of the
body. On each side of this strip the leaf-like para-
podium would be useless, and would gradually dis-
appear, this disappearance being accelerated in the
Trilobites by other and special causes which we have
already described, such as the necessity of having limbs
which, in the rolled-up body, would occupy as little
space as possible, Thus we may safely assume that
the parapodia, if used for walking or crawling, would,
by a simple biological law, turn into ambulatory legs.
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The question as to whether the leaf-like feet per-
sisted at the hinder end of the body is an interesting
one. We have no certain data on the subject, but,
from our point of view, we do not think it at all
probable. We have seen that in Apus even the most
rudimentary limb repeats the Phyllopodan type. We
arc also inclined to believe that the more rudimentary
Trilobite limbs would naturally repeat the Trilobite
ambulatory type. The presence of flat leaf-shaped
limbs in the Eurypteridae and Limulus, accompanied
by highly specialised anterior limbs, may perhaps be
used as an argument in favour of their presence in
the Trilobites also. On the other hand the highly
developed gills on the trunk limbs of the Trilobites
rendered it unnccessary to concentrate respiration on
a few broad gills at the posterior end of the body as
in Eurypterus and Limulus, which in this respect
compare with some modern Isopoda.

The first trunk limb, according to Walcott’s
restoration, has both its locomotory dorsal branch
and its masticatory ventral branch specially strongly
developed (sec Fig. 50). It is, in some respects, very
natural that the masticatory ridge of a powerful
locomotory limb, if it possessed any function at all,
should gradually come to be the chief jaw, as we
shall see to have been the case also in the Eury-
pteridae ; the disadvantages of this arrangement will,
however, be pointed out later.

We have alrcady shown why the first trunk limb,
being the parapodium of the first free segment, not
taken up in the formation of the head, should be
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highly developed. The use of such a specialised
limb in the Trilobites, however, is difficult at first
sight to sce. In Apus we find it developed as a
sensory organ on the principle of the division of
labour. In the Trilobites it is clearly locomotory, and
as such seems rather out of place among the smaller
and less powerful crawling legs of the other trunk
segments. In discussing the manner of life of Eury-
pterus and Pterygotus, we shall find that they throw
some light on the probable use of this limb in the
Trilobites.

It is especially interesting to find the gradual
simplification of the limbs from front to back,
which is evident towards the posterior end of the
body (Fig. 49, ¢f. with the Frontispiece). There can
hardly be any doubt that the gradual dwindling of
thec limbs in the Trilobites admits of the same
explanation as a similar dwindling of the limbs in
Apus. Such a singular morphological occurrence,
in two animals so like in other respects also, can
hardly be a case of analogy.

The Fyes—Packard has shown that the hard part
of the eyes of Trilobites, which alone have been pre-
served in the fossils, are identical with those of Limu-
lus. As we have already seen in discussing the eyes
of Apus, we consider the eye of Limulus as a more
primitive stage in the development of the Crustacean
cye out of the Annelidan eye-spots. In this respect
Apus is more highly developed than both Limulus
and the Trilobites, as indeed we should expect from
its free-swimming life.
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1The Alimentary Canal has already been referred to.
It has the very pronounced bend on which we lay so
much importance (see Iig. 46). Although we think
our proof is not much weakened by our not finding
any traces of the sternal plate, still it would be
interesting if it were to be found, as it must without
doubt have been there, ze. if there is any truth of our
deduction of these animals from bent Annelids. The
habit of rolling up would lead to a strong development
of the ventral muscle bands, and consequently of this
sinewy mass for their attachment (¢/. p. 261).

We think, then, that we have here made it highly
probable that if our deduction of Apus from a bent
carnivorous Annelid holds, the Trilobites must have
had the same origin. This fact, that the most primi-
tive Crustacean known to the palaontologist should
show so many points in its organisation directly
deducible from the Annelids, 7. deducible after the
Apodide have supplied us with the key to their cor-
rect interpretation, is one of those confirmations of a
theory which we think amounts almost to a demon-
stration.

The Trilobites, then, are nothing but specialised
carnivorous Annelids, browsing under cover of the
dorsal integument, which, starting from the head-
shield, gradually spread out like a flattened jointed
roof, covering all the segments. Every imaginable
variation in the sculpture of the surface of this roof,
and in the thorns for its protection, are to be met
with in the Trilobites.
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This development of great multitudes of armoured
browsing carnivorous Annelids in the palaozoic seas,
supplies us with abundant matter for biological specu-
lation. It was perhaps in defence against these
powerful marauders that so many Celenterata per-
fected their nematocysts or stinging cells, that the
Corals built their stony ramparts, and that many of
the Mollusca developed their shells. It may indeed
have been the perfection of these defences which
led to the dying out (with the exception of Limulus)
of these early Crustacea, especially of the giant forms.
Whatever the cause, all except Limulus, the Ostra-
coda, and the Apodidae (looked upon as the
racial form of all other existing Crustacea) gradually
died out.

The first and the last of these still fortunately retain
the clearest traces of their origin, and, more or less
modified, the browsing habit of life.



SECTION XIV

THE EURYPTERIDE

THis last group of the Gigantostraca need not
detain us long. By the general consent of all the
zoologists who have recently studied these animals,
they are classed with the Xiphosuridae and the
Trilobites. The exact relationship, however, has not
hitherto been very clear; we now find it in their
common origin from our Crustacean-Annelid.

We have imagined our Crustaccan-Annelid develop-
ing first of all a kind of erescent-shaped protection for its
bent head, arising primarily from the lateral projections
duc to the bending of the cylindrical body. This
shield develops in almost every possible way. In the
Apodida it forms a dorsal fold to cover the rest of
the cylindrical and unprotected Annelidan body ; in
the Ostracoda it forms the bivalve shell in a way to
be described later, or it gives rise, as described on p.
217, to the flat jointed dorsal roof extending over
the whole body in the Trilobites and the Xiphosuridz,
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In the Eurypterida, however, even this primitive
head-shield seems wholly or almost wholly to have
disappeared, and the flattened Annelidan segments
relied almost entirely upon the stronger development
of the exoskeleton for protection. Like the Xiphes-
uridee, they developed comparatively few segments,
ending in a caudal spine or plate. In this limited
number of segments they show considerable special-
isation. The whole structure of the animal is clearly
adapted for a free-swimming life, the first trunk limbs
forming powerful oars.

The limbs develop as Crustacean limbs only on the
head and first trunk segment ; on the other trunk seg-
ments they remain leaf-shaped, ze. more like the
original Annelidan parapodia. The gill portions of
these limbs may have had their surfaces increased by
means of numerous integumental folds like the leaves
of a book, as in the Xiphosuridz.

We feel some confidence in the following homology
of the head limbs, because we have learned, from all
the groups hitherto discussed, that the large rowing
limb is probably the first trunk limb; we need not
here repeat the reasons already given for this conclu-
sion. All that lies in front of these large rowing
limbs therefore represents the head.

Before, however, attempting to examine the parts
in detail, we arc at once struck by the difference
between the heads of these animals and those of the
Apodida, Limulus and the Trilobites. The mouth
parts are in fact so specialised that it is not easy to
compare them with those of the above-named groups.
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The head limbs are different in the two groups,
Pterygotus and Eurypterus (see Ifigs. 55 and 350).
They are, however, only different modifications in

F16. 55.—Pterygotus Osiliensis, upper Silurian, after F. Schmidt (from Zittell), show-
ing five pairs of czphalic limbs, the enormously developed first pair of antennz, and
first trunk limbs in which the dorsal and ventral parapodia are greatly developed
as locomotory and masticatory limbs respectively. The second pair of cephalic
limbs sometimes disappear, asin Pterygotus Anglicus Agassiz.

adaptation to slight differences in the manner of
life. Judging from the forms of these remarkable
animals, we think the following method of explain-
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ing the modifications they show will not be far
wrong.

The carliest Crustacean-Annelids possessed large
labra or prostomia projecting backwards, still retained
in the Apodida and Trilobites. This labrum almost
necessitated a very deliberate manner of browsing.
The animal would creep along, and would have to run
some way over its food before it could get it into its
mouth, the whole process, it scems to us, necessitating a
number of small movements backwards and forwards.
Small living prey would very often escape, owing
to the fact that the animal’s mouth and jaws were
not ready in position for them when first perceived.
The labrum necessitates the animal passing forwards
over its prey, then darting backwards to follow it with
its jaws. We here see how useful the gnathobases of
Apus must be in catching and holding prey which
has been thus passed over. Indeed the whole arrange-
ment of the limbs of Apus with the sensory endites,
forms an excellent trap to catch prey over which the
labrum has passed. The legs and pleura of the
Trilobites, and the large vaulted shield of the Xiphos-
uridee may serve the same purpose, although in the
latter case the labrum is much modified. In this re-
spect, however, the Trilobites were not so well equipped
as are the Apodida ; hence perhaps the development of
the large locomotory limb, which enabled the animal
to dart backwards after prey thus run over, with great
rapidity. We here see the use of the two kinds of
limbs ficured in Walcott's restoration, ambulatory
crawling limbs for slow and deliberate forward move-
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ments, and one pair of springing limbs for short
sudden dartings backwards,

It is clear, then, that the possession of these large
labra was attended with certain disadvantages in
feeding. It is therefore not improbable that some
of these primitive Crustaceans should show various
modifications. Smaller upper lips being an advantage,
the labra might almost disappear, so that the opening
of the mouth would be ready for its prey as soon as
it came in a line with it! A natural concomitant
change in the under lips would also take place;
they would develop into the large metastomata found
in the Eurypterida, which clearly helped to prevent
prey slipping past the mouth as the animal darted
forwards. The more rapid the forward dart after
prey, the larger should the metastoma be ; otherwise
prey once shot over would be almost sure to escape
before the animal could turn round ; the animals
have no trap-like arrangement of trunk limbs in
which prey could be caught. We do not, it is true,
find from comparing Figs. 55 and 56 that the larger
rowing limb is accompanied by the larger lower lip,
still we think the above reasoning to be correct, and
that other factors, such as the higher development of
the sensory organs, compensate in this case for the

1 On p. 40 we discussed the origin of the division in the under lip of
Apus so that it should not form a barrier to the pushing of food forwards
into the mouth. We now see that the divided upper lip of some Trilobites
there referred to (and well illustrated Fig. 49, p. 220), was also probably
intended to shorten the way into the mouth, only in this case round the
labrum from in front. The three small pairs of posterior cephalic limbs
may have assisted in this latter process.

I



242 THE APODIDAE PART 11
comparative smallness of the metastoma. Thus then
the entrance to the mouth may have come to have
almost an anterior-ventral instecad of a posterior-
ventral aspect. This explains the enormous man-
dibles developed by the ventral parapodia of the
first trunk limb. In Pterygotus, Fig. 55, we have, in
fact, an arrangement almost exactly the opposite of
that found in the other primitive Crustaceans; the
under lip forms the analogue of the upper lip,
the masticatory ridges of the first trunk limbs are
analogous to the mandibles, while those of the four
posterior head limbs probably function as maxille,
their dorsal parapodia doubtless helping in the catch-
ing and holding of prey. And lastly, the first antenna
developed into large chelate feet. Itis almost as if we
had the typical mouth formula of a modern Crustacean
turned quite round.

These changes clearly went hand in hand with the
acquisition of more rapid motion in feeding. A spring-
ing or darting movement forward is most suitable
for an arrangement of mouth and jaws facing ante-
riorly, for the sudden seizure of the prey which
comes in the way. Further, it seemed to us that
the more rapid the movement the more delicate
should be the sensory organs for the rapid percep-
tion of what was food and what was not. A com-
parison of the rowing limbs of Eurypterus and
Pterygotus quite confirmed this supposition, and lent
unexpected support to this method of explaining
the morphology of these animals. Eurypterus (Fig.
56), which has all its anterior head limbs developed as
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highly sensitive antenna, has larger rowing limbs in
proportion to the size of the body than Pterygotus
(Fig. 55), which does not seem to be so well provided
with such organs. The latter animal moved more slowly
and caught its prey with its powerful pincers. The
former darted forward with great rapidity and caught
its prey at once between its numerous jaws.

We consider then the Xiphosurida as early Trilobites
specialised for slow deliberate browsing ; the Eury-
pteridee on the contrary for a rapid darting method of
capturing prey. That the Trilobites did employ the
springing movement which we have here assumed
purely on morphological and biological grounds, has
been lately confirmed by the discovery of a Trilobite
track, which, according to Ringueberg the discoverer,
could only have been produced by a series of
jumps.!

This description of the manner of life of these
animals (the Eurypterida) renders it not so necessary
to describe the limbs of the two animals ; still, as there
are points of great interest in their morphology, a
short account of them will not be out of place.

Taking Pterygotus first, we have the first antenna
developed into long chelate seizing feet, like the first
antenna of Limulus, but much more highly developed.
The analogy of the Scorpionida: will at once suggest
itself, where for the same purpose the palps have
developed in the same way. These chela of Ptery-
gotus were probably richly provided with sensory
hairs, since the limb on which they were developed

! Proc. American Association, 1886,

Kk 2
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was, as a sensory limb, richly innervated. The eyes
also seem to have been highly developed.

The following four limbs, which correspond with
the second antenna, mandibles, and first and second
maxillee of Apus and of the other Crustacea, resemble
the ordinary Trilobite limbs. Their dorsal branches
probably functioned as palps or tasters, as perhaps
was the case in the Trilobites, or perhaps as limbs
for holding prey brought by the chele in the right
position for the mandibles to crush, just as the fore
legs of a caterpillar hold the leaf in the best position
for the jaws to work upon it, only in this latter case,
of course, the jaws lie in front of the legs instead of
behind them.

The masticatory ridges of these four limbs probably
functioned as maxilla, but, as already mentioned, lying
anteriorly to the mandibles, not posteriorly as in all
modern Crustacea.

The first trunk limbs have already been mentioned
as large rowing limbs. It was in one sense natural
that the powerful limb should also develop a powerful
ventral parapodium functional as a jaw, but the union
of the two functions is not easily comprehensible, and
we are more than ever inclined to think that the two
may have been separately articulated with the body.

The limbs of Eurypterus differ markedly from those
of Pterygotus. In front of the large rowing limb, z..
the first trunk limb, we have only four limbs visible in
the figure, all of these appearing to be sensory, and
thus affording a striking contrast to the head limbs of
Pterygotus, none of which appear, at first sight, to be
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sensory. I‘rom our point of view, according to which
the large rowing limbs belong to the first trunk seg-
ment, we should have had to conclude that one pair of
limbs had disappeared. Such a supposition is however
not necessary, as F. Schmidt has found and described

FiG. 56.—FEurypterus Fischeri Eichw. : Upper Silurian, natural size, after F. Schmidt
(from Zittel's [Handbuch der Paleontologie). Between the first pair of feet,
Schmidt found a fine pair of feelers, corresponding with the Antennules of the
other Crustacea.

a pair of rudimentary antenna between the first pair,
so that Eurypterus possesses the typical number of
head appendages. It is a fact generally accepted that
the pair of large rowing limbs corresponds with that
of the sixth segment. There is, however, no general
agrecment as to whether these first six segments form
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a head or a cephalothorax.  Our homology of the large
limb with the first trunk limb, throughout all these
primitive Crustacea, shows that the six segments of
the Eurypteridae form a cephalothorax, and not only
a head. _

This degeneration of the anterior antennz in
Eurypterus is hardly what we should have expected
theoretically. The rapid forward movement for feed-
ing would seem to require highly developed antenna
pointing forwards. We attribute it to the fact that
the manner of life of the animal, as above described,
required that the sense of touch in a limb should be
immediately followed by an act of seizing, by means
of its masticatory ridges. The anterior antenna had,
however, entirely lost the power of developing their
parapodia even in the original Crustacean-Annelid,
and thus became of very secondary importance in the
life of Eurypterus.

As to the other limbs of the head, Eurypterus
resembles Limulus in having the masticatory ridges
on the last four head limbs and the first trunk limb well
developed,and working as jaws round the mouth,which
was apparently not the case in Pterygotus, where the
importance of the masticatory ridges of the first trunk
limb over those of the head limbs was very evident.
The exact morphology of the limbs themselves it is im-
possible to describe with certainty; it is not improbable
that those of the head, in Eurypterus, are the sensory
cirri alone of the original parapodia. We see no reason
why this should not be the case. Nature seems to
delight in every possible variation, and indeed in the
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limbs of the modern Crustacca we have almost cvery
possible combination of the parts of an Annelid para-
podium. We have, for example, the sensory cirrus
alone in the antenna, the gills alone in many Crustacca
(e.¢. Caprella), the dorsal parapodia alone in the
ambulatory limbs of the Decapoda, the ventral para-
podia alone in the mandibles, and all these parts
together in the typical Phyllopodan limb. Other
combinations, such as the dorsal parapodium with the
sensory cirrus, the dorsal parapodium with the gill,
will no doubt suggest themselves to the reader.

What was said above as to the first trunk limb of
Pterygotus applies equally well to the first trunk limb
of Eurypterus. We may further add that their
form as rowing limbs is just what is required to give
the animals the forward darting movements which we
have assumed to have led to the modifications of
their mouth parts. Whether they kept up a continual
rowing motion like the common free-living Copepoda,
or lurked at the sea bottom to dart out in pursuit of
prey which happened to come within reach, it is
difficult to say ; we incline to the latter as the more
probable habit of life.

Again, as alrecady described, the use of the large
limb in the Eurypteride throws some light on that
made by the Trilobites of their large first trunk
limb. It functioned as a kind of springing foot to
supplement the more deliberate method of crawling.
The animal kingdom supplies us with many ex-
amples of special arrangements for such a sudden
and more energetic method of locomotion, developed
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in animals whose ordinary progression is slow and
deliberate.

[n our general account of the probable manner of
life of these animals we have described the change
which we think took place in the upper and lower
lips, the former almost disappearing, while the latter
develops into a large fold projecting anteriorly, and
bearing exactly the same relation to the masticatory
ridges of the first trunk limbs as the labrum of Apus
does to the mandibles, only pointing exactly in the
opposite direction. The position of this metastoma
corresponds exactly with that of the under lips of
Limulus. This fact seems to suggest that this was
also the position of the under lips in the Trilobites.

The leaf-shaped abdominal limbs we have already
mentioned as undoubted links between these animals,
Limulus, and our bent Annelid.

We must now leave these highly interesting animals,
which in point of size reached the highest develop-
ment of all the Crustacean descendants of our car-
nivorous Annelids. The exact relationship of the
group to the Trilobites and the Xiphosurida, and to
one another, we cannot pretend to settle. It must be
left to those who have made the special morphology
of these fossil forms a life-long study. We must con-
fine ourselves here to the suggestion made above, that
the Xiphosurida: and Eurypterida are early Irilobites
modified for two different and opposite methods of
feeding. We shall be more than satisfied if we have
been able to contribute something to our knowledge
of the groups, by tracing their origin to the Annelids.
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In bﬁnging to a close these comparisons of the
fossil Crustacea with Apus and with our Crustacean-
Annelid, it may be interesting to sce, set out in a
table, the various ways in which the parapodia in the
first six Annelidan segments have been developed—a
representation of the attempts of Nature to find the
best combination of head and mouth parts.

The limbs used as jaws are in larger type, so that
the different masticatory arrangements may be seen
at a glance.

A study of this table shows us that all the animals
which retained the early primitive arrangement of
crushing the food between the ventral parapodia of
the first trunk limbs, which were the strongest in the
body, have, with the exception of Limulus, died out.
[t is not difficult to see that it is a great advantage to
have the mandibles as close to the opening of the
esophagus as possible, otherwise the greater part of
the juices of the crushed animal would be lost before
it could reach its destination within the cesophagus of
its devourer. The enormous metastoma or under lip
of the Eurypteridee may have been partly an attempt
to avoid this loss. It does not seem improbable,
- therefore, that the ultimate selection of the third pair
of ventral parapodia as mandibles may have assisted
in leading to the survival of the modern Crustacea.
On the other hand, the enormous growth of some of
these ancient forms (Pterygotus anglicus sometimes
being more than a metre in length) shows that they
did not apparently suffer from lack of nourishment on
account of the arrangement of their jaws. When,
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therefore, we ask why these animals died out, in spite
of their having acquired the habit of free swimming,
we can only suggest that the very perfection of their
specialisation may have been fatal to them ; the line
of their development ended in a cul-de-sac. They
were not plastic enough to adapt themselves to some
great change or other which took place in their sur-
roundings, such as the perfection of the protective
arrangements of their prey, and consequently died
out. The theory which deduces the Arachnida from
them through the scorpions seems to us to be
very improbable in the face of this extraordinary
specialisation. But to this important and interesting
discussion we shall return in a final section dealing
with the other division of the Arthropoda, viz. the
Tracheata.



SECTION XN

ON THE NEW CLASSIFICATION OF THE CRUSTACEA
NECESSITATED BY THE THEORY

OUR work is so far finished. We endeavoured first
of all to show that Apus was easily derivable from a
bent carnivorous Annelid. If this was really the case,
we at first concluded that Apus must be the primi-
tive Crustacean. In order to test this, we appealed
to such an archaic form as Limulus, which is still
extant, and to the palaozoic Trilobites and Eury-
pteridee. These have offered unexpected confirmation
of our theory, amounting, as we have said above, to
a demonstration. But at the same time we have had
to modify our conclusion that Apus was the primitive
Crustacean, these forms not being derivable from
Apus, but rather from the same bent Annelids.
This accounts, at the same time, for their remarkable
resemblances and for their many differences.

Besides the palaozoic Crustacea which we have
so far mentioned, viz. the Trilobites, Xiphosurida,
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LEurypteridae, and Phyllopoda, there occur numerous
remains of Ostracoda and Cirripedia. If we can
in any way connect these latter with the above
named, we shall have solved the difficulty expressed
by Barrande and felt by many, that the Crustacea first
appear in the geological record in several widely dif-
ferent groups, almost simultancously, and without any
transition forms either leading up to them or linking
them together. Our derivation of the former groups
from bent Annelids with no hard chitinous skeleton
which could have been preserved, explains the
sudden appearance of these groups. We have still
then to show that both the Ostracoda and the
Cirripedia are deducible from these forms. As, how-
ever, these two groups have modern representatives,
we shall treat them in order among the other living
forms.

We have then to ask the question, From which of
these primitive Crustacean forms did the modern
Crustacea arise? For some groups, fortunately,
the answer is clear ; as to others, however, we can
only guess.

The attempt which we here make to sketch out a
new classification of the Crustacea must be understood
to be quite provisional. In establishing the bent
Annelid as the origin of the Crustacea, we have done
nothing more than lay the foundation stone for the
construction of a complete and final classification of
the Crustacea, including, for the first time, the hitherto
cnigmatical pal@ozoic forms. It is, however, as
completely out of the sphere of this book as it is
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beyond the abilities of the writer to attempt to carry
this out in detail.

In arranging the Crustacean groups, we propose
to ignore the usual division into Entomostraca and
Malacostraca. The Entomostraca we take to mean
all those groups which do not clearly belong to the
natural group of the Malacostraca. We therefore
prefer to divide the class into Phyllopoda, Malacos-
traca, Copepoda, Cirripedia, and Ostracoda. From
what follows it will be seen that we divide these five
into three groups, the first consisting of the Phyllo-
poda and Malacostraca ; the second, of the Copepoda
and Cirripedia ; and the third of the Ostracoda. We
believe that the first group is derived from the
Apodida, the second from a larval Apus, and the
third, at least partly, from a Trilobite. This group-
ing, however, requires considerable investigation
before it can be definitely accepted. We leave it to
others who have made the different groups of the
Crustacea their special field of research to carry it
out in detail. We confine ourselves here to giving a
diagram representing the way we proposc to construct
a natural order of the Crustacea based upon our
theory. We can, unfortunately, offer but little in
the shape of proof of this new classification, and
must content ourselves with appending a few discon-
nected notes on the different groups, which tend to
support our views.

Taking the groups in the order in which they
occur in the diagram from left to right, we may at
once dispose of the Eurypterida and the Xiphosurida.
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IFFrom the Trilobites, however, we are inclined to
deduce at least a part of onc important group of
modern Crustacea, the Ostracoda. We think it

Limpeluy  Ostracoda Civripedia Copepoda  Apus Phyllopeda Malacosiraca

AT cglid
Sree-dvving

Nebalider

| Ceratiocaris

Hymenocaris

larza adull
Eurypteride Xiphosuride Trilobite A podida

The Crustacean Annelid

Proposed genealogy of the Crustacea. It will be seen from the text that though we
have here given only one root for the Ostracoda it is probable that they have
had at least a twofold origin.

probable that the Crustaceans in question may be
deduced both from Trilobites and Phyllopods. The
strong likeness between these early forms, especially in
their larval stages, now perpetuated in the Ostracoda,
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accounts for the general resemblance of the latter to
one another,

THE OSTRACODA.

These animals occur in company with the Trilobites
in the very oldest fossiliferous strata. Balfour sug-
gested that they may have had an origin independent
of that of the other Crustacea. As, however, we find
them possessing the bent intestine, clear traces of the
entosternite, the paired and the unpaired eye, we
must, according to our theory, deduce them from our
bent Annelid.

There are two ways in which the origin of the
bivalve shell may be explained: either (1) that
shown in Fig. 57, where it arises simply by the
folding together of the horns of the crescent-shaped
ridge round the front of the head, or (2) when it arises
through the folding down of the two halves of a -
dorsal shell such as that in Apus. These two
methods are quite distinct ; the former bends the
dorsal integument of the head-shield alone along the
middle line, the latter bends only the dorsal shield as
far as its junction with the body. There is, however, a
method of combining these two modifications if, after a
dorsal shield has been developed, both the head-shield
and the dorsal shield are bent.

We were at first inclined to attribute only the first
mcthod of origin to the bivalve shells of the Ostracoda,
and to deduce them from some such form as Harpes
ungula. It would be an obvious advantage to an animal
agiven to the habit of rolling up for defence, to be able to
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continue to feed and breathe, and yet remain rolled up
and sufficiently protected against its enemies. It is clear
that this end would hardly be attained in those cases
in which a large solid pygidium closed against the
head-shield. But on the other hand, it would be
quite possible by the longitudinal folding of the lateral
wings of the head-shield, as shown in Fig. 57 5.
We may well suppose that some Trilobites adopted
this method of protecting themselves, since, besides

FiG. s7.—Harpes ungula Sternb. A, dorsal view; 5, rolled up in profile (from
Bronn's Klassen und Ordnungen des Thicrreicks); B, to show the probable
origin of the Ostracoda, the head-shield with the enormously developed frontal
fold, shown here in profile, only requires to bend in the dorsal middle line to form
a bivalve shell.

the great advantages alrcady mentioned of allowing
the animal still to use its limbs and to move about
and feed while remaining almost perfectly enclosed,
it is also clear that the closing of such bivalve
shells, which would never be very wide open, would
be a much quicker and simpler process than the
rolling up of the whole body in the sagittal plane.

In assuming this origin for the bivalve shell of the
Ostracoda, and not that from the folding down of a

S
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dorsal shell of an Apus-like animal, we have been
mainly influenced by the following considerations,
':vhich must be admitted to be of some morphological
importance.

(1) The position of the head in the shell seems to
point decidedly to such an origin. If the shell had
been formed by the bending down of the sides of a
dorsal fold, the head would either project anteriorly
as in the Cladocera, or, if it came between the shells
at all, could only do so by itself bending round ven-

< ﬁf}ﬁ I
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F1G. 58.—Cypris fasciata (from Bronn's Kilassen und Ordnungen des Thierveichs)
to show the position of the head in the shell for comparison with the following
figures and with Fig. s7.

trally, as shown in different stages in Figs. 60, 61, and
62, or by the growing forward of the halves of the shell
so as to cover the head ; this latter method is, for many
reasons, not a very probable one. In the Ostracoda
we find the “face” deep back in the shell, pointing
forwards in a way difficult to explain on any other
hypothesis than that which we put forward. These
projecting parts of the shell are the lateral halves of the
shovel-shaped ridge which projected so far forwards
in the original Trilobite ancestor of the group. If we
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take the Trilobite figured in Fig. 574, and fold the
ridge round the head along the dorsal middle line, the
face (which lies under the glabella) would come to
have almost exactly the position which it has in the
Ostracoda. .

(2) The ridgeof thehead-shield is,like the ridge round
the head of Apus, simply a fold of the integument, and
contains a part of the general body cavity. Probably
as in Apus and Limulus, it contained the hepatic

F1G. sg.—Diagrammatic transverse section of an Ostracod, showing the body cavity
continued into the valves of the shell, into which also the hepatic diverticula
penetrate.  The closing ml:fscle*.-: are seen to radiate from a central sinewy mass,
the sternal plate. 7, intestine ; /, hepatic diverticula,

diverticula of the mid-gut. In a cross section through
an Ostracod the observer is at once struck by the fact
that the space between the lamina of the shell is con-
siderable, and that it is a continuation of the body
cavity. Not only do the hepatic diverticula penetrate
into it, but in some genera the genital glands also
(Fig. 59). While this is exactly what we should
expect from the bending of a head-shield with a
pronounced frontal ridge, we should hardly expect to
find it from a bending down of a dorsal fold.

5 2
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(3) We have further the fact, already mertioned,
that the Ostracoda are found among the Trilobites in
the Silurian strata, and may thus well have been a
modified Trilobite form.

It is, however, clear that these arguments do equally
well to establish a deduction of the Ostracoda from a
primitive Phyllopod with a developing dorsal shield.
We have only to assume that both the head- and
dorsal shields were bent along the dorsal middle line.
The extraordinary likeness between the shells of some
of the early Ostracoda (eg. Leperditia) to the shells
of such Phyllopods as Ceratiocaris Salteriana make a
Phyllopodan origin for at least some of the Ostracoda
very probable. We have further satisfied ourselves
by dissections, that at least in some Ostracoda the
licament uniting the twq halves of the shell runs back-
wards posteriorly beyond the point of junction of the
abdomen with the shell. We do not, however, give
up our first impression that some of the Ostracoda are
deducible from Trilobites. In addition to such a
significant form as that given in Fig. 575, we would
call attention to the fact that the shells of many early
Ostracoda are marked by lobes and grooves which
Barrande compared to the glabella and intervening
furrows, &c., of Trilobites. The presence also of the
“ocular” tubercle on each shell in some Ostracoda
may well signify what its name implies ; the ocular
tubercle of the original Trilobite showing just as well
on the folded, as on the flat, head-shield. The part
played by the habit of rolling up will again be referred
to.
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As to the gencral truth of our theory that the
Ostracoda arc little more than folded Crustacean
heads with large head-shields, and with or without
a rudimentary dorsal shield, there can, we think, be
little doubt. We found strong confirmation of the
theory in the form of the closing muscles. It seemed
to us that if our view were correct, the closing muscles
must be modified from those which radiated from the
sternal plate in the transverse plane, and that they
ought, therefore, to show this origin. This surmise
was fully supported by the facts. The sinewy part
of the muscle is found in the centre—the remains
of the sternal plate, from which the muscle fibres
radiate to the outer walls of the shells. If then
it is established that any of the Ostracoda are
descended from ‘Irilobites, we have in this double-
headed closing muscle very clear proof that the
Trilobites possessed the sternal plate which we have
elsewhere assumed for them.

As to the causes of the modification of some of
these primitive Trilobitic or Phyllopodan Crustacea
into Ostracoda, we may perhaps make the following
conjecture, borne out by the rudimentary condition
of the abdomen, and the small number of trunk
limbs. We have only to assume that in some of the
larvae of these primitive Crustaceans with head-shields,
the gradual thickening and stiffening of the chitinous
head-shield did not keep pace with the developing
muscles, whether the powerful mandibular muscles of
an carly Apus, or the muscles of the masticatory
and springing first trunk limb of a Trilobite. This
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uneven development is not much to ask, and if it
occurred as described, it could hardly fail to lead to a
bending of the head-shield along the dorsal middle
line, every time, for instance, a larva sought to put
in practice its inherited tendency of contracting its
muscles for the purpose of rolling up. The failure
to develop a head-shield stiff enough to counteract the
pulls of muscles lying in the transverse plane, may
have thus led to the conversion of the head-shield into
the bivalve shells, which have, in the long run, proved
a better defence than rolling up.

We thus explain the rudimentary state of the
abdomen and trunk. It was only in comparatively
young animals in which but few trunk segments
had been developed, that the bending was likely to
take place, and, when once acquired, it would be
clearly an advantage to keep the abdomen in a larval
stage, in order that it might be quite enclosed within
the halves of the head-shield.

We therefore suggest that the Ostracoda have had
more than one root, and may in fact be derived from
the larvae of any of the primitive Crustacea with
large head-shields, whether Trilobites or Phyllopods.
There seems to be some evidence for both thesc
origins.

COPEPODA.

The origin of this very rich group of Crustacea
is very obscure. The general opinion is that they
must be ranked as perhaps the lowest of all the class.
We have now to try to suggest a possible origin for
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the group in the light of what is known as to the
origin of the whole class from a bent Anneclid. We
find, then, no group of early Crustacea from which we
can actually deduce them. They are distinctly lower
in the scale of development than any of the carly
groups which we have already described, and proved
to be the most primitive. We are thus driven to the
conclusion that they must have originated from some
larval form. There is no difficulty in this sup-
position. Among the enormous number of free-
swimming and independently feeding Nauplii, it
would almost certainly be an advantage to some to
remain but little advanced beyond the Nauplius, the
more pronounced character of the adult bringing them
at once into danger. If we assume that they are
modified larve of early Apodide, the conditions, as
far as we know them, would be fairly well satisfied.
The Apodida were driven from the open sea by some
foe or foes, and would have been exterminated had
they not, in the manner described in the early part of
this book, taken refuge in shallows and lagoons, and
finally in freshwater puddles. We may well suppose,
therefore, that while one division of the Apodida
thus retreatéd inland and were able there to develop
into adults, another probably found safety in remain-
ing at the larval stage, their smallness, their trans-
parency, and the rapidity of their motion rendering
them comparatively safe. Whether the organisation
of the Copepoda can be explained on this hypothesis
we are not able to decide. The view that they are
really equivalent to larva finds some support in the
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fact that they fail, excepting in a few rare cases (eg.
Argulus), to develop the paired eyes. The unpaired
eye is always present, at least in the free-swimming
forms ; the paired eyes appear as rudiments, only tc
disappear again later. The characteristic caudal fork
of the Copepoda might well be a further development
of the fork which appears at the early larval stages of
Apus (see Fig. 41, p. 168). The characteristic ovisacs
may be a modification of the habit of Apus of carry-
ing its eggs about in a brood pouch, necessitated by
the fact that the more larval Copepoda do not develop
enough segments to reach the inherited place of exit
of the genital products, ze. between the tenth and
eleventh segments.

This theory also is quite in accord with the fact
that so many Copepoda are parasiticc. The same
danger which, loosely speaking, drove the adult Apo-
didae into the land, and the larval to remain at the
larval stage, would tend to differentiate the larvae
themselves, as the wind has differentiated the beetles
in the island of Madeira.! These insects are either
strong fliers or else have given up the habit of flying
altogether, the strong winds having swept away all
intermediate grades. The Copepoda are similarly
very markedly divided into two groups, the free and
powerful swimmers, and the parasites who have almost
or entirely given up the habit of free locomotion, except
in the earliest larval stages when seeking new hosts.

The chief difficulty in the way of this derivation of the
Copepoda from an Apus larva is, perhaps, the form of

! Darwin, Origin of Species, p. 109.
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the limbs. In consequence, however, of our method of
deducing the limbs from the Annelidan parapodia we
do not ourselves experience this difficulty. The typical
Phyllopodan limb is, according to our view, composed
of the dorsal parapodium carrying on the dorsal side
the gill and the sensory cirrus, and on the ventral side
a row of sensory endites, with the remains of the
ventral parapodium as masticatory ridge. The parts
of these limbs which would be useless to the Copepod
would naturally degenerate, z.e. 1, the gills, because the
animal breathes through its integument ; 2, the sensory
endites, because the animal would no longer require
to use its limbs in the way Apus uses them to rake
together prey into the ventral middle-line ; and 3, con-
sequently also the masticatory ridge which in Apus
forwards food thus raked together towards the mouth.
On the degeneration of these parts we have left only
the dorsal parapodium with the sensory cirrus, ze. the
endo- and exopodite of the typical Copepod limb.

Grenacher’s account of the unpaired “eye” of
Calanella differs somewhat from that of Apus;
although there can be little doubt that the two are
homologous. In Calanella only three ‘“retinae” are
developed, each consisting of comparatively few
retinal cells. There is no trace of crystal cones
or rthabdomeres, and the pigment is in the centre
of the group. The nerves from the retinal cells
come from their inner ends, their sensory ends
pointing outwards. A comparative study of these
unpaired “ eyes” has long been a desideratum.

We thus suggest the deduction of the Copepoda
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from a larval stage of Apus, dating back to the time
when the Apodida could no longer develop fully in
the open sea, and only those larva which were acci-
dentally shut off and isolated in lagoons were able to
grow into adult animals.

CIRRIPEDIA.

These animals are now generally supposed to be
related to the Copepoda. What we have said of
the latter applies in great part to them also. We
can deduce them from no original adult Crustacean
form derivable from our bent Annelid. We are there-
fore driven to deduce them, as we have done the
Copepoda, from some larval form. We think it pos-
sible that the Cirripedia may have been one of the
extraordinary lines of development adopted by the
original Copepod, ze. larval Apus, which sought
safety in a stationary life. As larvae of Apus, it was
always possible for them to develop the shell-fold or
mantle if necessary, the later calcification of which,
perhaps as protection against the browsing Trilobites,
led to the beautiful shell arrangements characteristic

of the group.

We now come to groups the origin of which can be
established with less appeal to the imagination than
was necessary in the former groups. The manner in
which the other Phyllopoda have been derived from
the Apodida will afford some capable zoologist a
field for research which cannot fail to be rich in
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biological observations of extreme interest.! We limit
our own contribution to the subject to a few points
of some interest and importance,

THE CLADOCERA.

One specimen of Lepidurus glacialis in our collec-
tion was in the act of casting its skin. Shining
through the shell was a white mass, which turned
out to be a group of eggs, thrust in as far as
possible under the neck. It was clear that this
was not accidental ; the eggs were there in order
to develop under the shelter of the cast-off cuticle.
The eorigin of this arrangement may well have been
accidental. The Apodidae swim on their backs,
so that eggs from the brood pouch might very
casily fall into the large dorsal shell, and this
would be the more likely, the larger the shell in
proportion to the length of the body ; every diving
movement of the animal would tend to lodge the
eggs further up between the shell and the back. The
young hatched out of such eggs may casily be sup-
posed to have derived some advantage from their
position. We have two cases to consider, first, that
in which the eggs hatch out before the cuticle is cast,
and develop under the shell of the parent, and second,
that in which the eggs do not develop before the
shell is cast, the Nauplius swimming about for a time
under cover of the exuvia of the parent.

1 A suggestion as to one of the changes which explain the origin of
Branchipus out of Apus will be found on p. 100,
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[n the first case, if this arrangement proved of any
real advantage to the young, it would certainly bring
about such modification in the parent animal as would
lead to the formation of new species, differing from
those which did not so shelter their young. This
may seem a small point around which to mould a
new species, but not if we give to the reproductive
function its true value in the economy of life. Every
other function is in fact subordinate to it, and it is
therefore capable of modifying every part of the body
in order to ensure its own efficiency. Hence, given a
certain number of Apodidae which have inherited a
tendency to drop their eggs under the dorsal shell,
because in this way a greater number are able to
develop and survive in the struggle for existence, these
animals would, in course of time, be modified so as
to perfect this arrangement. The shield would grow
further down at the sides so as to press more closely
against the body, and the hinder part of the body
would come into closer contact with the hinder edge
of the shield, both alterations serving to prevent
the eggs or embryos from slipping out from under
their cover. It is also probable that processes of
the terga might grow up so as to close the
posterior opening (see Fig. 6o).

On the other hand, again, these very alterations,
which make the falling out of the eggs more difficult,
at the same time make the falling in of the eggs
more difficult ; hence the gradual movement of the
genital aperture up the sides under the shell so as to
ensure the egg finding its way into the cavity under
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the shell in which it is to develop. All the altera-
tions which we have here described are exactly what
we find in the related Cladocera, for instance in the
well-known Daphnia pulex or water flea (sce Fig.

60).

F16. 6o.—Daphnia (after Claus), showing the brood cavity (4¢) between the back of
the animal and the dorsal fold ; also the position of the head, projecting freely
from the folded valves of the shell fold. Cf. Figs. 61 and 62,

Again, as to the great difference in size between
the Cladocera and the Apodida, it is perhaps worth
suggesting (1) that it would originally be only very
young Apodidae, whose shells were specially large in



270 THE APODIDAE PART 11

= —— e

proportion to the length of the body, into whose shells
the eggs would be likely to fall as they swam on their
backs; the older the Apodida are, the longer the
body grows in proportion to the shell, and an egg
dropping out of the adult brood pouch would be
hardly likely to lodge under the shell, but would fall
straight to the bottom of the water,—(2) that the
arrangement is not calculated for the development of
many eggs at a time, such as one finds in the brood
pouches and ovaries of adults; it could only be
advantageously used by the young animals at the
first commencement of their reproductive activity,
when comparatively few eggs issue from the genital
apertures. In this way perhaps we may explain the
small size of the Cladocera, and also the relatively
enormous size of the shield.

The second case in which the skin is shed with the
unhatched eggs in it does not appear to require any
special modification. It may be a custom among
the Apodida to collect eggs under the loosening
cuticle ; this certainly seems to be the case from
the specimen of L. Spitzbergensis above mentioned.
[t did not bear any appearance of being accident.
About six large eggs were packed in so tightly that
they had to be picked out singly with a needle.

[t is, however, to be expected that the habit of
hatching eggs under the shield would naturally lead to
some special arrangement for times of ecdysis. Hence
the ephippiura of the Cladocera, in which a differen-
tiated part of the cuticle containing two eggs is occa-
sionally cast off as a modified form of ecdysis.
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THE ESTHERID.AX.

This is the only other group of the Phyllopoda
about which we have a few words to say. The forma-
tion of the bivalve shell of these animals has already
been noticed. The question 1s, How can a perfect
bivalve shell, enclosing the whole body, hgad and all,
be deduced from the folding down of the lateral

Fic. 6r.—Limnetis brachyurus, ¢ O. F. Miller (from Bronn's Aiassen wund
E?n:’u?mgrrr}, to show the position of the head as transition stage between the
Cladocera and the Estheridz (Fig. 62).

halves of a dorsal shicld? It fortunately happens
that we have a series of forms which make the point
quite clear.

In the Cladocera, we have the shell folded down
against the sides of the animal, leaving the head quite
distinctly marked off (Fig. 60). In Limnetis we find
the lateral folds of the shell extending more ante-
riorly so as partially to enclose the head, the change
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being chiefly due to the bending down of the head in
order to bring it within the shells (Fig. 61).

Limnadia and Estheria show the process com-
pleted, ze. the head bent down to such an extent as
to be entirely enclosed between the bivalve shells
(Fig. 62). The position of the head in these animals,
bent ventrally downwards, is in striking contrast to
that of the Ostracoda, which is situated far back
in the shell and looks forwards.

We must here leave this interesting subject in the

FiG. fiz.—Estheria Donacitormis Baird ¢, to show the completion of the process of
bending the head into the bivalve shell.

hope that some one may be induced to attempt to
build up a natural order of the Phyllopoda, and
endeavour when possible to show how, and under
what biological laws, the different forms have arisen
from Apus.

THE MALACOSTRACA.

We come lastly to the most highly developed
group of the modern Crustacea—the Malacostraca.
We need not say much about these. By deducing



SECT. Xv CLASSIFICATION OF CRUSTACEA 273

the Apodide from a bent Annelid, we have endeca-
voured to establish them as the racial form of the
majority of modern Crustacea. We at first thought
Apus might actually be the primitive Crustacecan,
but further investigation and comparison with such
forms as the Trilobites have shown us that these
also claim the same origin as Apus from a bent
Annelid. These other groups have for the most part
died out. Apus remains, having been isolated through
many geological periods in freshwater pools. While,
however, Apus itself was not able to hold its own in
the struggle for existence in the open sea, modifica-
tions of Apus succeeded in surviving, and in producing
the rich Crustacean fauna of modern seas. We have
already deduced some of the natural groups from
their Apus ancestors, and we have now the chief
group of all to trace back to Apus.

The Malacostraca have, by general consent, been
traced back to Packard’s Phyllocarida, the only living
representative of which is Nebalia, which, according to
Packard, combines Phyllopodan and Decapodan cha-
racteristics. It has been placed by Claus in a special
order—the Leptostraca—as a transition form between
the Entomostraca and Malacostraca.

Going back to the carlier members of this group,
we find in palxozoic times the remains of large
Crustacea, which appear to be true Nebalidee. The
most important of these are the two forms Hymeno-
caris and Ceratiocaris (Figs. 63 and 64). At the
first sight of these fossils we are at once reminded
of Apus,and this is exactly what our theory demands.

T
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No one can study the beautiful plates in Jones and
Woodward’s monograph of Palaxzozoic Phyllopods
without being convinced that the forms represented
were necarly related to the Apodida. This first
impression is fully borne out when we come to examine
the forms more closely. We find several striking
characteristics of the Apodida, which convince us that
we really have here to do with animals at least closely
related to and easily derivable from Apus.

Fic. 63.—Hymenocaris vermicauda Salter. Upper Cambrian. To be compared
with Apus (from Zittel),

Hymenocaris has a simple flat shield and a terminal
segment carrying a long caudal plate, and three
visible anal cirri. From the arrangement of these cirri
we may safely conclude that there was a fourth
hidden behind the caudal plate. It will be remem-
bered that we found it necessary to assume that the
original Crustacean-Annelid had four anal cirri, two
of which were preserved in Apus, while the two others
became rudimentary. This assumption certainly re-
ceives some support from the fossil under discussion.
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Anteriorly, we find that the shell has been cut off,
an arrangement which the next form, Ceratiocaris,
fully explains.

Ceratiocaris differs somewhat from IHymenocaris,
but shows even closer resemblance to the Apodida.
We have the caudal plate and two anal cirri, which
are clearly, as in Apus, the ventral pair. If the fossil
were well enough preserved, we might perhaps find,

FiG. 64.—Ceratiocaris papilio Salter. Upper Silurian. Showing the rostrum, the
first pair of antenna, and the mandibles (from Zittel).

as in Apus, the rudiments of the dorsal pair. Im-
pressions of the mandibles are clearly visible, and
bear the ‘closest possible resemblance to those of
Apus. Traces of branchial limbs have been found
on the abdominal segments of Ceratiocaris Stygia.
Anteriorly, however, we find the same piece of the
shield cut out as in Hymenocaris, with remains of a
rostrum and anterior antenna. The antenna bear a
close resemblance to those of Apus (sce Fig. 74, p. 34)
T 2
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although apparently larger in proportion to the size
of the body. The rostrum is, however, clearly a new
structure. How can we explain its origin, at the
anterior edge of an Apus-like head ?

According to our theory the anterior antenna once
pointed backwards, as do those of Apus. In
Ceratiocaris, however, we find them almost at the
anterior end of the head. It is not difficult to show
that this migration would almost necessitate the
formation of a rostrum.

One variation on the primitive Apus type would
certainly be a species using their antenna forwards as
organs of sense. Just as, in Apus, the eyes travelled
forwards, so, in process of time, the antenna might
tend to move forwards, but, by way of protection for
these, at first, delicate organs, we may suppose them
to have moved forwards in slight grooves on each
side of the median line. As they moved forwards
they may have become more and more developed,
not only as sensory organs, but as appendages, until
they projected freely from the front (as typical
Crustacean antenna). The rostrum is the remains
of the middle wall between the two grooves. It is
clear that such grooves could not exist on the under
surface of the head of an Apus without forming
a primitive rostrum. According to this view, the
rostrum was originally a wecessary accompaniment
of the migration of the antennz from the sides of
the labrum to the front of the head. The articulation
of this rostrum was a secondary acquirement not in
itself difficult to imagine.
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This view explains the morphological significance
of the rostrum, as the protective point for the more or
less delicate antennae, arising, not per se, but as the
further development of the tip of the middle piece
between the two depressions along which the antenna
travelled forwards.

From all that remains then of these primitive
Nebalidae we see a sufficient resemblance to the
Apodide to form a very striking confirmation of
our theory. We see in them true transition forms
between Apus and the higher Crustacea ; the fossils
showing very clearly one of the first steps in this
transformation, and one of the most needful for
success in the struggle for existence, ze. the gradual
migration of the antennm to a frontal position near
the eyes.

The many points of likeness between Apus and the
Macrura will already have struck every reader of the
first part of this book. The detailed deduction of
Astacus from Apus on the lines here laid down
would be a most interesting and profitable study.

Starting, then, from our theory that Apus, owing
to its likeness to an Annelid, must be one of the racial
forms of the whole group, we have been able, with
varying success, to show that all ancient Crustaceans
are clearly related to Apus, and that all the chief
groups of the modern Crustacea, with the probable
exception of some of the Ostracoda, can be more or
less clearly deduced from Apus. An attempt toderive
the modern forms from the Apodida in detail would






SECTION XVI
PERIPATUS AND THE TRACHEATA

BEFORE closing this essay, in which we have
endeavoured to prove that Apus is an almost ideal
transition form between the carnivorous Annelids
and one large division of the Arthropoda, viz. the
Crustacea, it is but fit that we should briefly refer to
Peripatus, which is acknowledged to be a transition
form between the Annelids and the other division of
the Arthropoda, viz. the Tracheata, in which we
include the Myriapoda, Hexapoda, and Arachnida.
It cannot but add to the interest of this book if we
dwell upon this point for a short time.

The accepted fact that both divisions of the Arthro-
poda are derived from Chatopods, the chief cause of the
transformation being the same in both, viz. : the use of
the parapodia as appendages for mastication and loco-
motion, accounts for the resemblances in the organ-
isations of the Crustacea and Tracheata which have
led to their being placed side by side as Arthropods.
There are, however, striking differences in their
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morphology which stand obstinately in the way of
attempts to establish a close relation between them.

Has not our derivation of Apus and the Crustacea
from a dent Annelid supplied us with the clue as to
the essential morphological difference between the
Crustacea and the Tracheata, leaving out of sight for
the moment the trachex and the Malpighian tubules
which are confined to the latter?

The Annelid which gave rise to the Tracheata
started, as did the Crustacean-Annelid, by using its
anterior parapodia as mouth parts, but, unlike the
latter, it did not bend round its anterior segments to
browse in the manner described in the opening sen-
tences of this essay, but remained straight. The fusion
of segments to form the head was, in the Tracheatan-
Annelid, axial, the mouth remaining at the anterior
end of the body.

In such an axial fusing there is nothing to fix the
number of segments to form a head common to all
the Tracheata, whereas in the Crustacea the bending
round of the five segments marked off this region of
the body as the head for all time.

The difference between the number of the cephalic
appendages of the Crustacea and the Tracheata is to
be referred to the fact that with the mouth at the
anterior end of the Annelidan body it was impossible
to bring so many pairs of parapodia into the region
of the mouth to function as mouth parts as in the
Crustacea, where its ventral position allows of the
arranging on each side of a large number of para-
podia as jaws.
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The common derivation of the two divisions of the
Arthropoda from Annelids modified to use the para-
podia as jaws, &c., in the one case round a mouth
at the anterior end of the body, and in the other
round a mouth bent under so as to face posteriorly,
makes it possible, we think, for the first time
clearly to homologise the head regions of the two
divisions.

The Annelidan prostomium became in both cases
the labrum. In both groups the Annelidan antenna
were retained as sensory organs, having disappeared
only in the Arachnida. The first pair of parapodia,
the antennal parapodia of the Annelids, became
differently modified on account of the different posi-
tion of the mouth. In the Crustacea the mouth was
carried round ventrally to between the parapodia of
the third and fourth segments, which thus, in the
typical Crustacean head, became the chief jaws, leav-
ing the antennal parapodia as a rule free to continue
to function as sensory organs. In the Tracheata, on
the other hand, the anterior position of the mouth
almost necessitated the formation of the chief jaws
out of the first pair of parapodia. In Peripatus these
alone function as jaws. In the Mpyriapoda and
Hexapoda they are the chief jaws, but are assisted by
the two following pairs as first and second maxilla.
In the Arachnida they form the powerful and vari-
ously modified chelicera which develop so largely as
to displace and lead to the degeneration of the pro-
stomium and antennz. These formidable jaws are
assisted by the second pair of parapodia as accessory
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jaws, supplied with long feelers, or as powerful chelate
limbs.

The second pair of parapodia, which in the typical
Crustacean head become the chief mandibles, form, in
Peripatus, the oral papille ; the slime glands opening
at their tips being perhaps homologous with the
acicular glands of the Annelidan parapodia. In the
Myriapoda and Hexapoda they become the anterior
maxillee ; and in the Arachnida they form the pedi-
palps or their homologues.

The third pair of parapodia, which in the Crustacea
form typically the first pair of maxille, in Peripatus
and the Arachnida function as the first pair of feet.
In the Myriapoda and Hexapoda they form the
posterior maxille.

Just as we saw that all the Crustacean groups, how-
ever aberrant, must have been ‘derived from the same
bent Annelid, so we would deduce all the groups of
the Tracheata from the same Tracheatan-Annelid.
We find the same variety in the arrangement and
form of jaws, limbs, &c., and the same variety in the
number of segments. In both cases some of the
groups can be shown to have been differentiated direct
from the original Annelid, while others are enly later
modifications of such groups. In the Crustacea we
think the Apodida, and the Trilobites, were original
differentiations ; in the Tracheata, the Arachnida, the
Protracheata, and the Myriapoda.

Turning now to the important morphological
characteristics common to all the Tracheata, viz.
the trachez and the Malpighian tubules, we shall
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not, we think, be far wrong in assuming that these
were developed as adaptations to a life on land, and
appeared in the original Tracheatan-Annelid, in its
gradual passage from a purely aquatic to a terrestrial
life. It seems to be a strict biological law that, when
aquatic animals migrate to the land, external respira-
tory surfaces such as gills, which are morphologically
folds of the skin, give place to internal respiratory
surfaces. This requires no special comment. It is
probably, however, an equally strict biological law
that free movement on land necessitates such a place
of exit for the waste products as will not interfere with
such movement. Insects clean themselves from no
love of cleanliness. The disadvantages of discharging
the waste products in the cephalic or thoracic region,
as in the Crustacea, arec avoided by mecans of the
Malpighian tubules which open into the hind-gut.
This is not the only advantage. Small land animals
have often to exercise the most rigid economy in their
supply of fluid. The discharge of the waste products
into the hind-gut permits the-reabsorption of their
purely fluid constituents, which would thus be re-
tained within the body. These two advantages are of
such importance that the gradual concentration of
excretion to the walls of the hind-gut (which we saw
in Apus to be highly glandular) until special excretory
ceca, the Malpighian tubules, were developed, pre-
sents no difhculty.

We have already referred to the able attempt of
several distinguished zoologists, Kingsley in America,
and Ray Lankester in England, to connect the Arach-
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nida with the Xiphosuridee and Eurypteridee—taking
the two latter out of the division of the Crustacea.

If there is any truth in our general argument as to
the derivation of the primitive Crustacea from a bent
Annelid, and of the Tracheata from an Annelid not
so bent, there is no need for any such alteration
in the formerly accepted classification. The resem-
blances in inner and outer organisation between
the Xiphosuridee and the Scorpionide, striking as
they undoubtedly are, we believe to be simply
due to the fact that they are both descended from
Annelids. The agreement in the number of segments
and cephalothoracic limbs is by far the most important
argument in favour of the new classification.

But now it seems to us that it is by no means im-
probable that two groups of animals descended from
many-segmented Annelids should possess the same
number of segments, especially when we find that
somewhere about the same number of segments seems
to have best suited many other groups belonging to
both divisions. The Malacostraca have twenty, the
free-swimming Copepoda about fifteen, the Hexapoda
sixteen, and many genera of the Myriapoda from
fifteen to thirty.

The resemblance between the limbs of Limulus and
Scorpio does not secem to us so great as it is often
assumed to be. The five pairs of jaws ranged round the
ventral mouth of Limulus, whether our theory of their
origin from Annelidan parapodia is true or not, form
a feature which has no counterpart in the limbs of
Scorpio. This is, to our mind, a most important



3

SECT. XV1 PERIPATUS AND THE TRACHEATA 283

point, for in most other respects all Arthropodan legs
strongly resemble one another, and the presence of
chelae on a certain number of anterior limbs is a com-
mon occurrence. Again, is there anything in Limulus,
or in any Crustacean, which resembles the two chiti-
nous hooked-claws at the ends of the legs of Scorpio,
which the latter possess in common with all other
Tracheata? Nor do we find in the Scorpionida any
special development of the sixth pair of limbs such as
we have shown to be characteristic not only of the
Apodid® but of the Trilobitae, the Xiphosuridee, and
the Eurypteride, and which is especially marked
in the last, although this is claimed as a transition
form between the Xiphosuridae and the Arachnida.

We do not, then, admit that very much weight can
be laid upon this agreement in number of segments
and in number and form of limbs. It certainly cannot
outweigh, for purposes of classification, the trachea
and the Malpighian vessels, the presence of which in
the Scorpionidae and other Arachnida classes them
unmistakably with the Tracheata.

Even if we admit the possibility of the concurrent
development of trachex and Malpighian tubules for a
second time, the improbability of such an occurrence
is so great that we should require much stronger
cvidence than any which has been adduced before we
could acceptit. Itis, further, very improbable that such
a highly specialised animal as a species of Eurypterus
should develop exactly the same respiratory and excre-
tory adaptations to a land life as the more generalised
Annelidan ancestor of the other Tracheata.
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The origin of the book-leaf trachex from the gills
of the Xiphosuridae, fascinating as it is, breaks down
when carried into dctail. It is easier to believe that
the lung-books are only a specially concentrated
arrangement of the tracheal tubes, no more extra-
ordinary than the other extreme, viz. the diffuse
arrangement found in the Hexapoda. We find
almost every form of tracheal arrangement between
these two extremes within the division of the
Tracheata, and further both tubular and book-leaf
trachee within the Arachnida. We think that the
evidence in favour of the new classification, to be
drawn from the form of the trachez, is not con-
vincing.

The most probable origin of the trachea appears
to us to be that which refers them back to dermal
glands. The original Tracheatan-Annelid on first
migrating on to the land probably respired through
the whole skin. The increase of surface afforded by
the ducts of the dermal® glands would very naturally
be taken advantage of. The walls of these ducts being
internal, their surfaces would be selected and special-
ised until they undertook the whole respiration. That
this was the origin of the trachea is rendered very pro-
bable by the fact that the openings of the tracheal tubes
in Peripatus are, in some species at least, scattered
irregularly over the whole body. This derivation of the
trachez from dermal glands receives some support also

1 If these include the coxal glands, it may throw light upon the

developmental relations between the book-leaf trachez of the Arachnida
and their rudimentary abdominal limbs.
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from the fact that it is accompanied by the development
of the Malpighian tubules, except in Peripatus, where
the nephridia are retained. The loss of the dermal
excretion nccessitates the further development of
other excretory surfaces. The advantages of the
Malpighian tubules, or glandular caca of the hind-gut,
over excretory organs in any other part of the body
have been already dwelt upon. This physiological
connection between trachem and Malpighian vesicles
which lessens the improbability of their concurrent
development #wice, cannot however be taken advantage
of in the special case under discussion, because the
trachea are not supposed to have been dermal glands
but imbedded external gills.

The carly differentiation of the Arachnida from the
original Tracheatan-Annelids accounts for the high
specialisation of their tracheal gills. The same may
be said of the Myriapoda, while Peripatus has remained
in this respect, as in so many others, almost entirely
undifferentiated.

In addition to these arguments we have to refer on
the one hand to those brought forward in this essay to
show that Limulus is a Crustacean, and on the other
hand to the discovery of rudimentary antennz in the
embryo of a spider,* which removes the only difficulty
in the way of homologising the limbs of the Arach-
nida with those of the Antennata.

[t seems to us that we find evidence of the early
specialisation of the Arachnida, not only in the loss
of the antennw, in the form of the limbs and trachea,

! Trochosa Singoriensis Laxm. See Zeol. Anseiger, May 11, 1891,
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and in their general organisation, but in the posses-
sion of a sternal plate or entosternite. The same
explanation given in this essay of this sternal plate
in Apus and Limulus must be applied here. It is due
to a massing together of the ventral longitudinal
muscle bands of a certain number of anterior scg-
ments, so that their muscular eclements disappear,
leaving the sinewy clements for the attachment of
transverse muscles. In the primitive Crustacea,
the longitudinal muscles of these segments were
rendered useless by the bending of the body. In the
Arachnida, however, they were rendered useless by
the axial fusing of the segments ; while the muscular
clements degenerated, the sinewy elements were
retained to form the entosternite. This seems to
show that the Arachnida were differentiated from
the Tracheatan-Annelid at a stage when the
Annclidan segments were still of the typical form,
i.e. before the ventral longitudinal muscle bands had
become specialised in adaptation to new modes of
life.

In conclusion, it may be interesting to see how
Peripatus compares with Apus as a transition form.
The Annelidan characteristics of Peripatus are
certainly more visible than are those of Apus, where
they are all more or less disguised or transformed.
On the other hand, Peripatus is a development by
itself, and can hardly be shown to have given rise to
any group of the Tracheata. It is zndirectly a most
remarkable transition form, having preserved so many
characteristics of the common racial Tracheatan-
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Annelid. We think that a little more may be
claimed for Apus,and that in its organisation it takes
a distinct place in the direct line of descent of many
of the modern Crustacea from the original Crustacean-

Annelid.






APPENDIX 1

O~ comparing the East Spitzbergen species found by
Professor Kiikenthal with the West Spitzbergen species
found by Professor Nathorst, we concluded that they are
identical, but that L. Spitzbergensis differs considerably
from L. glacialis in size and in the shape of the caudal
plate. We were at first disposed to consider it a new
species, especially on account of its possessing second
antenna which were said to be wanting in Lepidurus
glacialis. Closer examination, however, showed it to be a
small variety of L. glacialis, most probably derived from
the latter by being obliged to ripen at an earlier stage of
development, in adaptation to the shortness of the more
northerly summer.

That this view 1s correct seems probable from the fol-
lowing considerations :

(1) The possession of second antennz does not dis-
tinguish it from L. glacialis, for we have succeeded in
finding these appendages on the latter.

(2) The position of the sperm-forming centre (see § on
reproduction) is identical in the two.

(3) The genital tube is very much simpler, the diverticula
showing hardly any traces of branching, therein exhibiting
a more larval condition.

(4) The same may be said of the smaller size of the
caudal plate, which develops gradually, as Brauer has shown
in his paper on the development of L. productus.

U 2
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(5) The small size of the whole animal also agrees with
the supposition.

It is interesting to find that Packard’s measurements for
L. glacialis (from Cape Krustenstern ?) make it even smaller
than the Spitzbergen variety. TFrom this, however, it is
difficult to draw any certain conclusions, as his drawings
give a fully-developed tail-plate (see Monograph of the
North American Phyllopoda). It thus appears that L.
glacialis may be much stunted by unfavourable surroundings.

That the specimens from Spitzbergen were not young
specimens follows from the facts that they (several hundred)
were nearly all the same size, and that they were caught in
the end of August, a week or so before the close of the short
summer, while the freshwater pools were still unfrozen. Pro-
fessor Kiikenthal informs me that this season in the latitude
in which they were found lasts about ten weeks.

Packard’s measurements for a fully developed L. glacialis
make it doubtful whether we are to look upon this variety
as permanent. It 1s possible that in favourable summers
they may further develop (without any great increase of
size) into stunted L. glacialis. This question, however, can
only be certainly answered by cultivating specimens further
south, in an aquarium, to see whether they develop into
I. glacialis. In the meantime it will be useful to call the
animal L. glacialis var. Spitzbergensis, or, for shortness,
L. Spitzbergensis.



APPENDIX II
THE EYE-PIGMENT OF APUS

It was very difficult to decide whether the cells marked
2 in the diagram (Fig. 43) of the eye of Apus were really
cells, as there drawn, or only collections of very minute
pigment cells. [Grenacher, in his drawings of the single
eyes of Apus, leaves the matter rather indefinite. He
indicates rather than draws the pigment cells with nuclei.
His drawing leaves the impression that he took it for
granted that they were large pigment cells, without actually
ascertaining the facts.] We were at first inclined to take
the latter view, having found that under a very high power, !
the granules themselves were not easy to distinguish from
cells, Each one consists of a stainable nucleus surrounded
by a pigment crust, the whole being enclosed in a layer
of some hyaline substance. These ‘“cells” were of all
sizes (from 1-2 p), and were found in all stages of fission
(see Fig. 65). There are thus two ways of regarding
these pigment masses in the eye of Apus. Either the
whole 1s a kind of loose syncytium of minute pigment
cells, as we at first thought, or these pigment gran-
ules are formed inside a large cell around stainable
protoplasmic granules, as starch is formed round the
leucoplasts. This we now think to be the -case.

! Zeiss apochromatic 2 mm. homogeneous immersion, 1.40 n.a.,
eye-piece No, 12, giving 1500 diam,
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Although we cannot be certain that we have seen the
nuclei of the large pigment cells as shown in the dia-
gram (Fig. 23, p. 139), we concluded that there must be
such nuclei, and that the pigment masses were real cells
and not syncytia. We were chiefly led to this conclusion
by noticing the long regular lines of granules running down
the nerves towards the optic ganglion, as shown in the
diagram. It seemed to us that these rows of single
granules would not be so straight and even, unless enclosed
within a long pseudopodium-hike process of the pigment
cells. Were the granules semi-independent cells, their
arrangement could hardly be so straight and regular. We

F1G. 65.—Pigment granules (? cells) from the eye of Apus, X ca. 3000, showing a
stainable nucleus, surrounded by a thin crust of brown pigment, the whole
enclosed within a hyaline substance.

were further induced to take this view from finding that, in
some specimens, the pigment in the unpaired * eye ” was
composed of similar eye-pigment granules, also arranged in
long pseudopodium-like strands. In most of the specimens
examined, the pigment in the unpaired “eye” was similar
to that in the pigment cells of the rest of the body, Ze. it
was in the form of very minute olive green granules. The
occasional finding of eye-pigment in the unpaired “eye”
was especially interesting in reference to the origin we
attributed to that organ out of an anterior pair of
Annelidan eyes.

Around the paired eyes, the green pigment reaches up to
their very rim, and indeed stretches over the outer edges of
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the eye itself, but there it changes into the black brown
granules above described.

These “eye-pigment ” granules certainly appear to be
very primitive formations. The utilisation of excretory
matter as pigment 1s at once suggested, the incrustation of
brown stuff round the nucleus reminding one forcibly of
the incrustation of excretory matter round the blood cor-
puscles under the dorsal organ (see Appendix IV.). In the
pigment granules, however, it was quite regular, whereas
it was wuregularly massed around the blood . corpuscles.
These corpuscles, again, are very much larger than the
pigment-forming granules, and moreover fairly uniform in
size, whereas the latter are of all sizes.



APPENDIX III
CIRCULATION

As far as we know, since Zaddach’s time no detailed
account of the circulation of Apus has been given. Ger-
staecker adopts and incorporates Zaddach’s description in
Bronn's Klassen und Ordnungen, vol. v. Zaddach’s ob-
servations seem to have been made on living transparent
anmimals. All who have tried this method know how diffi-
cult it is to make out the details, however visible some of
the main streams may be. Thus Zaddach’s plan of the
circulation requires considerable amendment.

As already pointed out in the text, the system is a
lacunar system through which the blood is propelled by a
contractile dorsal vessel or heart. On the expansion of the
heart the blood is drawn out of the cardial sinus to be
propelled forwards through (1) the anterior aorta to supply
the head and liver, and (2) the two lateral vessels which
dip down under the shell gland to convey blood into the
shield.

The heart is composed of striated circular muscle fibres
crossing each other diagonally—the muscle-cells being
turned inwards, and forming a kind of syncitial lining
to the tube. The heart is suspended by an exquisite
arrangement of connective-tissue fibres, which, seen together
under a low power, take the form of triangular wings.
These connective tissue ala are not flat and membranous,
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but composed of a number of fibres attached to the walls
of the heart over a considerable area around the ostia.
They may either be contractile and serve to expand the
heart, or, more probably, elastic and restore the heart to its
expanded condition after each contraction.

The blood, after circulating through the head, runs
ventrally backwards through the intestinal sinus, towards

F16. 66.— Diagram to illustrate the plan of the circulation in the anterior part of the
body. The blood propelled by the heart (&) through the head, is returned
through the intestinal sinus (7s) from which in each segment it escapes ventrally
into the limbs. Its course is indicated diagrammatically by the arrows (/). From
the limbs it returns through the dermo-muscular sinus in each segment into the
cardial sinus (¢s). 7+, intestine; a¢, aorta cephalica; g, points of attachment of
the dorso-ventral muscle bands.

the posterior end of the body. Near each pair of limbs,
the membrane forming this sinus appears to be fenestrated,
the openings being regulated byspecial muscles (?). Through
these windows the blood streams down over the ventral
cord and into the limbs on each side; it runs along the
ventral face of the limbs, returning along the dorsal. On
its way back it is guided into the gills, and thence back
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into the body, where it flows up between the membrane of
the intestinal sinus and the body wall, bathing the muscula-
ture in its course. It is interesting to note that a special
separate stream flows from each limb into the cardial sinus,
there being membranous dissepiments, corresponding with

Fic.67.—Diagram of the circulation from above. %, heart, expanded by the fine
connective tissue ala (a); s, segmental septa forming the transverse walls of
the dermo-muscular sinuses (/s); ac, cepbalic aorta ; g, lateral artery to shell
and shell gland ; #, points of attachment of dorso-ventral muscle bands to dorsal

wall.

the segmental constrictions, stretched between the body wall
and the membrane of the intestinal sinus. The dissepi-
ments, which have already been described in the text, are
only formed in the first ten to eleven segments, zZe as
far as the heart extends. Thus while part of the blood,
flowing through the intestinal sinus, passes down through
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the openings above the ventral cord into the limbs, to
find its way back to the heart after passing through the
gills, the rest continues posteriorly, bathing the intestinal
canal (the hind-gut) to find its way, by some means which
is not yet clear, into the dermal sinus which, in the
posterior part of the body, is continued right round the
body, there being no dissepiments and no separate cardial
sinus. It then flows forwards till the first lateral dissepi-
ment confines it to the dorsal channel which contains the
heart and forms the cardial sinus. How the blood finds
its way from the intestinal to the dermal sinus in this
posterior part of the body we have not been able to ascer-
tain. A longitudinal dissepiment runs right along each
cercopod or anal cirrus, which shows that the blood flows
along one side and back by the other. We may also per-
haps assume that under the two rudimentary cirri openings
occur corresponding with the communication which once
existed at the tips of the cirri which they represent. These
are however probably not the only openings between the
two sinuses. We have not been able to make out the
relation of the circulation to the rudimentary limbs; sec-
tions of the rudimentary gills seem to show that they are
functional as such.

We have seen that special muscles probably regulate the
flow of the blood out of the intestinal sinus into the neural
sinus (if it can be so called), on its way to the limbs. There
can be no doubt that the dorso-ventral muscle-bands play a
part in propelling the blood through the sinus. The intes-
tinal musculature, except in the hind-gut, is too weakly
developed to assist much. But it is easy to see how, in
such a tubular sinus, the movements of the intestinal canal
running along its centre could materially help the circula-
tion of the fluid between them.

We had no means of following the course of the blood
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from the dorsal shield after bathing the shell glands. As
far, however, as anatomical researches enable us to judge,
we cannot confirm Zaddach’s statement that it returns to
the heart through special venz branchiales. We think that
when this point comes to be further investigated it will
probably be found that the blood, which enters the shield
laterally, circulates round through it, and returns to re-enter
the body anteriorly and dorsally ; not, however, to enter the
cardial sinus, but rather to descend on each side of the
cephalic aorta, bathing the mandibular muscles on its
way to join the main stream from the head into the
intestinal sinus.



HEPENDIX -1V
EXCRETION

The Shell Gland—The shell gland falls easily into
three typical sections (Fig. 30, p. 125); the terminal
saccule, the urinary canal, and the urinary duct with
the bladder. The terminal saccule is branched and
irregular, and lies in the blood stream between the
central coils of the urinary canal. As far as we could
judge from our material it seemed to be lined by large
flat granulated cells, resting upon a fine basal membrane.
It is difficult to say if the large vacuoles to be seen in many
of them are natural.

The urinary canal shows the structure depicted in Fig. 68,
which 1s characteristic of the antennal gland of the other
Crustacea. Grobben described the striped appearance as
being due to protoplasmic strands arranged vertically on the
basal membrane owing to the active streaming from without
into the lumen of the tube. Tangential sections of the mem-
brane, however, show it to be an independent spongy struc-
ture, like hardened foam (see Fig. 68, to the right), forming
a strong but very porous support to the large flat epithelial
cells. Grobben figures the nuclei as imbedded in this
striped membrane. In Apus, however, they lie with their
surrounding protoplasm on the membrane, here and there
heaped up, or even artificially torn away, in both cases
leaving the membrane intact, which would hardly have
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been the case if the striation were really due to strands of
protoplasm free in the cells. There is no trace in Apus of
a chitinous cuticle lining the canal.

The nuclei of the epithelium are very large and oval, the
longest diameter being 4o0-45p (in a specimen of A. cancri-
formis), z.e. slightly larger than the nuclei of the nutritive
cells of the eggs, a sign of their great physiological activity
in the economy of the animal.

The urinary canal shows a slight widening as it bends

F1G. 68.—Part of a section of the urinary canal (shell gland of Apus). &, basal
membrane on which rests the harder supporting framework, seen in tangential
section (at #5) to have a spongy structure; #, inner layer of protoplasm ; »,
nuclei with numerous clear round nucleol.

down towards the ventral side. We at first thought that
this might be the bladder, but there is no change in the
character of the epithelium. At the base of the second
maxilla, this wider portion leads through a very narrow
chitinous canal into the true bladder, which is a chitin-lined
sac in the shaft of the limb. The chitinous lining of the
bladder, which distinguishes it from the urinary canal, makes
it a suitable reservoir for excretory fluids.

The opening of the duct at the tip of the second maxilla
is shown in Zaddach’s drawing as a point which he, however,
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did not understand. Claus recognised it as an opening of
the shell gland. This, as already shown, we have been
able to confirm by following the gland through series of
sections.

1

AR T
i " I :r.]"

Jul
.'1”'.|I-iﬁ (i 1 'I:-e
I"!:.-Ill I -‘;{ .I,I. ALy T i 'rr#' .47 f J-‘fl_
e Wl . j "SH- /1
! |‘-’"$.-'&'£-ff’-§-“'r$"*':ii}} —— il ‘}1;'{;%1‘},'?1‘; I
i) :-:;;e,;i;-gfh[;ﬁﬁf i
[ r# r ':r_i-F";-!;hF
L

FiG. 63.—~Sketch of the region about the eyes of an adult specimen of L. productus,
showing the relative position and sizes of the dorsal organ, the paired eyes and
the pore (#) leading into the water-sacs. At the anterior end of the dorsal organ
15 seen the fine pore mentioned in the text.

The Dorsal or Neck-Gland.—One more gland in Apus,
: : , :
the neck- or dorsal gland, remains to be mentioned.
It shows as an oval spot behind the eyes, and is
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visible in all the Apodide. We originally thought that
this spot was the remains of a frontal cirrus which
travelled back with the eyes, but which, being a hindrance
to swimming and burrowing, had become quite rudimentary.
Gerstaecker suggests the homology of it with the frontal
cirrus (Stirnzapfen) of the Ostracoda. From lack of any
detailed study of its finer structure it has, in fact, been
very generally claimed as a sensory organ of some kind.
A close microscopic study of it, however, shows very clearly
that it is an excretory organ.

Fig. 70 shows the surface view, and Fig. 71 shows it 1n
longitudinal section —both are taken from adult specimens
of L. productus. Fig. 38, p. 160, shows it in the Nauplius of
Apus cancriformis. From this last figure we may perhaps get
a hint as to its real origin and significance, viz. that it was
the larval excretory organ.

First, however, as to its structure. A longitudinal section
shows us a number of fine connective-tissue strands stretched
between the thin cuticle of the organ and the connective
tissue belonging to the longitudinal muscle-bands, which
bend round over the mid-gut to be attached close to the
prostomium. These fibres lie in the full blood stream 1ssu-
ing from the aorta cephalica, and form a net-work to arrest
the blood corpuscles.! This net-work does not, however,
stretch right across, but, as the animal always swims on 1ts
back, it forms, as in the drawing, a ground-net to catch those
particles which sink, and roll along the bottom. Hence,
while the ordinary blood corpuscles shoot through the open
part as indicated by the arrow, those laden with excretory
matter are caught in the net spread across their path as they
roll heavily along. The whole action is purely mechanical ;

1 This interesting use of the connective-tissue fibres is well illustrated
in many parts of Apus, particularly around the large reserve or fat cells,
[t has already been noticed by Grobben in another connection.
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the corpuscles laden with waste stufl are too large to pass
the meshes ; they seem to stick on to the connective tissue
fibres and gradually find their way down to the hypodermis,
where they either break up or else, after discharging their
burdens, return into the blood stream. We are inclined to
think the latter to be the correct account, for the connective-

F16. o.—Diagram of a section of the neck gland or dorsal organ of Apus, drawn
upside down (7.¢. as the animal swims) so as the better to illustrate the catching
::-Fthu laden blood corpuscles in the connective tissue net. an, epithelium of
the mid-gut ; ¢, connective tissue belonging to the longitudinal musculature ; en
blood stream from the aorta cephalica ; 4, blood corpuscles laden with excretory
matter; ¢#, cuticle (the small arrow indicates the position of the pore shown in
the last figure). The glandular epithelium is shaded dark.

tissue strands were covered with excretory matter, and the
corpuscles near the hypodermis were not nearly so heavily
laden as those newly arrived. The hypodermis cells them,
selves were very different from those of the ordinary cuticle :
they were much larger, with larger nuclei, each nucleus
containing two or three nucleoli, whereas the ordinary hypo-
dermis cells have but one nucleolus. They also stain badly-
X
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having a muddy look, doubtless due to the excretory matter
absorbed. How this matter 1s discharged we cannot see.
The cuticle is extremely thin and perhaps allows of passage
through it.  If so, what is the use of the single fine pore at
one end, which by itself could apparently only relieve one or
two of the hypodermis cells? We have thus not been able
to ascertain the mechanism of discharge, but that the whole
organ is essentially glandular, no one who has studied it can
doubt.

We can say nothing certain as to the origin of this organ.
From its relatively enormous size in the Nauplius,! it
is clearly the principal larval excretory organ, and under-
takes the discharge of waste products before the shell gland
appears. It may perhaps be a sort of 1sland of Annelidan
hypodermal glandular cells left by the developing exo-
skeleton, taking the place of the head nephridia of the
Annelidan larva. That these latter should not be developed,
owing to the bending double of the front segments of the
Crustacean-Annehd, was to be expected. ~We may perhaps
therefore find in this neck organ a group of dermal glandular
cells, derived from the Annelidan dermal glands, and
serving for excretion until the typical Crustacean glands
are developed. Its singular position in the larva may
perhaps be considered as protective, since an excretory
gland might well serve as a protective organ on the exposed
dorso-frontal surface.

A comparative study of this organ, which also plays an
important part as an excretory organ in most Crustacean
embryos or larvee, is much to be desired. According to
Bullar, in some Isopodan embryos it forms as an invagina-

1 In the Nauplius, figured p. 160, it measures about 0.25 mm., whereas
that of the adult L. productus (Fig. 69) measures only 0.5 mm.
Brauer, curiously enough, shows no traces of it in the Nauplius of L,
productus (FFig. 35).
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tion of the ectoderm. As a starting point for such a com-
parative study we should like here to emphasise the fact
that, if our theory is correct, the primitive structure of the
organ is most probably to be found in the larva of Apus,
and that its form in the other Crustacea must have been
derived from that. We do not therefore see any reason
to modify our suggestion as to its origin because of the
fact that in the higher Crustacea it first appears as a more
complicated, and even sometimes as a paired, organ,

It is this organ which, in the Daphnide, functions as a
sucker for fixing the little animals to stationary objects. The
glandular nature of the organ might easily be supposed to
assist this action by supplying a slimy secretion.



A PE N DI
REPRODUCTION

A. HERMAPHRODITISM OF THE APODIDE, 1
(From Na‘ure, vol. xliii. p. 343.)

THE reproduction of Apus cancriformis has been a much
discussed subject. Although the animal has been well
known since the middle of last century, it was not till 1833
that a male was reported to have been found, and not till
1856 that the occasional presence of males in small numbers
was certainly established by Kozubowski. On the other
hand, the fact that several generations of *females” could
be produced without the presence of a male, was established
as long ago as 1755 by Schaeffer, who concluded that the
animals were hermaphrodite. Since that time authors have
been divided in opinion between hermaphroditism and
parthenogenesis (not to mention v. Siebold’s theory of
‘Thelytoky) ; the latter view has lately prevailed.?

1 The letter here reprinted was written before the author had
recognised the Annelidan character of Apus which led to the writing
of this book ; henee its point of view is not altogether the same as that
of the foregoing pages.

2 For the history of this subject see Bronn’s Alassen und Ordnungen
des Thierretchs, vol. v. On p. 810 the following words occur :—
‘“ Untersuchungen iiber die Gattungen Apus und Daphnia, welche
offenbar in dem bis zu voller Evidenz gefuhrten Nachweis der partheno-
aenetischen Fortpflanzung beider gipfeln.”  See also Lang’s Lekréuck
der Vergleichende Anatomie, p. 393.
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The animals, however, prove after all to be hermaphro-
dites. Since the last careful study of Apus cancriformis, as a
whole, by Zaddach in 1841 (the works of Ray Lankester
and others deal only with special points), new methods of
research have been introduced into our laboratories which
reveal details not easily discoverable by the older methods.
Zaddach’s figures of the ovaries and testes of Apus are thus
naturally somewhat deficient—as deficient, indeed, as the
best work we can do to-day will, we hope, be found to be
fifty years hence,

= = 5 -HE % # = # #

In my preliminary notice ( Jenaische Zeifschrift fiir
Naturwissenschaft, Band xxv., N.F. xvili.) announcing
the hermaphroditism of L. Spitzbergensis, knowing how
much the reproduction of the Apodide had been dis-
cussed, I ventured to assert that in all probability the
other species of the genus would also prove on closer
examination to be hermaphrodite. As above stated, I
found the sperm-forming centres in L. glacialis in identically
the same position as in the Spitzbergen variety. By
the kindness of Professor Maobius, the Director of the new
Berlin Museum, and of the Rev. Canon Norman, I have
also been able to examine Apus cancriformis and Lepidurus
productus. In both these the sperm-forming centres
were found scattered here and there among the rich
branchings of the segmental diverticula of the genital tube.
They occur either at the tips of such branches, where the
eggs ordinarily develop, or as slight lateral bulgings of the
same. In all cases the spermatogenesis is the same, the
epithelium breaking up into sperm-cells ; these escape into
the lumen of the tube, and are found in considerable
numbers near the genital aperture, where the epithelial
lining of the tube is hardly demonstrable, the walls of the
tube consisting of a fibrous membrane, in the folds of which
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the sperm-cells lurk. The eggs are then fertilised as they
stretch this membrane in passing out into the egg pouch.
The whole richly-branched reproductive organ, with the eggs
developing at the tips of the branches, and with here and
there a testis, strongly reminds one of a moncecious plant,
self-contained, and able to dispense with pollen from
without.

I reserve the drawings and the more detailed description
of the reproductive organs of the different species for a short
comparative study of the Apodidee which I hope soon to
have ready for the press.! By way of caution, however, 1
should here add that small yellowish sacs filled with minute
cells occur here and there among the developing eggs.
These must not be mistaken for the testes. They are the
loci of discharged eggs, and the minute cells are the epithe-
lium cells dislodged by the shrinking of the membrane of
the genital tube, which is stretched some 1oo-fold by the
ripening eggs.

The origin of this secondary hermaphroditism is not far
to seek ; it 1s clearly a protection against isolation, as in the
case of the Cirripedia and certain parasitic Isopoda. The
manner of life of all these animals is such that they are
always in danger of being cut off from their kind ; they would
thus die out unless able to reproduce either parthenogeneti-
cally or by means of self-fertilisation.

Some species of Cirripedia, as is well known, have dwarf
males, the last remains of the original separation of the
sexes., As already mentioned, small males of Apus cancri-
formis are sometimes found. ‘T'welve finds of A. cancriformis
and L. productus recorded by Gerstaecker, give 4,458
“ females 7 (Z.e. hermaphrodites) to 378 males ; while sixteen

I As stated in the Preface, this intended work gave way before the
more ambitious task of trying to prove Apus to be but a modified
carnivorous Annelid.
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finds, numbering 10,000 individuals, did not contain a single
male. I have found no record of a male L. glacialis, and
none of the twenty odd specimens of the Spitzbergen
variety I have as yet examined have been males. Tt is
probable that throughout the whole genus self-fertilisation
is taking the place of cross-fertilisation, but that some
species have gone further than others in dispensing with
males. Two species, for instance, L. couesii, Packard, and
L. macrurus, Lilljeborg, are reported to have more males
than “ females ” (?), but the finds in these cases seem hardly
large enough to allow us to judge ; it may have been purely
accidental that more males than * females ” were caught.

The males of the Apodida, with the doubtful exception
of L. productus, seem to be smaller than the hermaphrodites,
otherwise there is no very pronounced sexual dimorphism,
as there is among the Cirripedia. We are perhaps justified
in concluding from this that the hermaphroditism of the
Cirripedia is of much older date than that of the Apodidee.
No comparison 1s here, however, possible, since the two
have nothing further in common beyond the fact that they
are both hermaphrodite, and that this hermaphroditism is in
both cases an adaptation against extermination through too
wide dispersion of the individuals.

B. On THE FORMATION OF THE LEGGs.

The regular formation of the eggs out of four cells, of
which three are nutritive and one the definitive egg-cell,
gives opportunity for many interesting observations. The
general method of growth is shown in Fig. 33, p. 144,
where we see the egg in different stages.

The originally round group of cells as a rule soon
becomes oval, in consequence of the more active growth
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of the three nutritive cells. Traces of this activity can be
seen in the different staining of the protoplasm. That
round the definitive egg nucleus remains a rose pink when
stained with carmine, while that round the other nuclei has
a coarse red colour, and a high magnifying power reveals
very clearly the meshes of the spongioplasm of this part
widened out, and dotted with small lumps of nuclein which
are evidently the lecithoblasts.

On examining the small disk-like grains of yolk with a
very high power, and repeatedly changing the focus, the
small stained lecithoblast in its centre is found not to be
a nucleus surrounded with yolk, but a thread passing
through the disk, which is thus like a flat bead threaded on
the filaments of the chromatin spongioplasm. It is not,
however, a smooth thread which passes through the yolk
disk, but it has irregularities consisting of sometimes one,
sometimes two of the minute lumps of nuclein, these being
apparently nothing but slight thickenings of the chromatin
fibres. The yolk disks are, therefore, not nutritive masses
floating freely in the protoplasm of the cells (like starch
grains ?), but they remain in organic connection with the
nucleus.

There are many further points of great interest which
we have not yet succeeded in following ; for instance, the
nature of the membrane dividing the cells, its relation to
the spongioplasm, its gradual disappearance so that the
spongioplasm of all the four cells becomes one continuous
whole. We especially wished to find out whether the
threads of spongioplasm of the different cells ran into
one another through the membrane or not. The former
seemed to us to be probable ; if not, we should have to
assume that, on the disappearance of the nuclei of the
nutritive cells, and of the dividing membranes, the threads
of their spongioplasm joined those of the definitive egg-
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cell, in order that the ripe egg should constitute an organic
whole with yolk disks threaded on its chromatin filaments.
Sedgwick’s observations on the development of the Cape
species of Peripatus ! make it probable that these dividing
membranes are but differentiations of the spongework itself,
The disappearance of the membranes would then be nothing
more than the rearrangement of their substance as a
spongework, which must necessarily connect the spongeworks
of the neighbouring cells,
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TiaN, ETruscan, GREEK, AND Roman,
Vol. II. Folio. 5/ 55 net.

DYER (Louis).—STUuDIES OF THE GoDs IN
GREECE AT CERTAIN SANCTUARIES RE-
CENTLY ExcavaTED. Ext. cr. Bvo. 85,64, net.

GARDNER (Percy)l—Samos AND SaMmian
Coins: An Essay. 8vo. 7s. 6.

GOW(]., Litt.D. ).—A Comranion To ScHooL
Crassics. Illustrated. 3rd Ed. Cr. 8vo. 6s.

HARRISON (Miss Jane) and VERRALL

Mrs.).—MvyTHOLOGY AND MONUMENTS OF
NCIENT ATHENS. [llustrated. Cr. 8vo. 16s.



ANTIQUITIES—ASTRONOMY.

ANTIQUITIES —costinued,

LANCIANI (Prof. R.).—AncieNT ROME IN
THE LIGHT OF RECENT INSCOVERIES, 4t0. 245,

MAHAFFY (Prof. J. P.)—A PRIMER OF
GREEK ANTIQUITIES. 1Bmo. 175,

—— Social LiFe 18 GrREECE FroM HoMER
10 MENANDER. 6th Edit. Cr, 8vo. gs.
RamMBLES AND STUDIES 1IN GREECE. Il-
lustrated. 3rd Edit. Cr. 8vo. 105 64.

(SNee also HisTORY, p. 11.)

NEWTON (Sir C. T.).—Essavys ON ART AND
AncHEoLocy. 8vo. 125 64

SHUCHHARDT (Carl).—Dr. SCHLIEMANN'S
Excavartions AT Trov, TiryNs, MYCENAE,
OrcHOMENOS, [THACA, IN THE LiGHT oF
RECENT KnvowLEDGE, Trans. by EUGENIE
SeLLERS. Preface by WaLTer LEar, Litt. D,
Illustrated. Bvo. 18s. net,

STREANGFORD. (See
TRAVELS.)

WALDSTEIN (C.).—CATALOGUE OF CAsTS
iw THE Museum oF CrLassicarL ArcHEo-
Loy, CameripGE. Crown 8vo. 15.6d.—
Large Paper Edition. Small 4to. ss.

WHITE (Gilbert). (See NaTuraL HisTorY.)

WILKINGS (Prof. A. 5..—A PrimeER oF Ro-
MAN ANTIQUITIES. 1Bmo. 1s,

ARCHEOLOGY. (See ANTIQUITIES.)

ARCHITECTURE.

FREEMAN (Prof. E. A.).—HisToRY OF THE
CaTHEDRAL CHURCH oF WELLS., Cr. Bvo,
35. 6d.

HistoricAL AND ARCHITECTURAL

SkeETCHES, CHIEFLY ITALiaw. Illustrated

by the Author. Cr. 8vo. 105 6d.

HULL (E.).—A TreaTisE ON ORNAMENTAL
AND BuiLping Stones oF GREAT BrITAIN
anp Forelcn CoUNTRIES. 8vo, 124,

MOORE (Prof. C. H.).—THE DEVELOFMENT
anD CHaracTErR ofF GoTHIC ARCHITEC-
Turg. Illustrated. Med. 8vo. 185

PENROSE (F. C.). (See ANTIQUITIES.)

STEVENSON (I{ J.).—House ARCHITEC-
TUrgE. With Illustrations. 2 wvols. Roy.
gvo. 18r. each.—Vol. 1. ARCHITECTURE;
Vol. I1. HousE PLANNING.

ART.
(See alse Music.)

ART AT HOME SERIES. Edited by
W. J. LorTiE, B.A. Cr. 8vo.
Tue BeprooM aND Bounoir. By Lady

BARKER. 2s. 6d.
NeepLEwokrK. By EL1ZABETH GLAISTER.
Illustrated. 2s. 64
Music in THE HoUSE.
4th edit. =2s. 6d.

Tue Liprary. By Anprew Lawc, with a
Chapter on English Illustrated Books, by
AvsTix DoBson. 34 6d.

Tue Dining-Room. By Mrs. LorTiE.
With Illustrations. 2nd Edit. 2s. 6d.

AMATEUR THEATRICALS. By WaALTER H.
Porrock and Lapy Porrock. Illustrated
by KATE GREENAWAY. 25 6d.

ATKINSON (J. B.)—An Art ToOUrR TO
NorTHERM CariTALS oF EUROPE. Bvo. 1258,

BURN (Robert). (See ANTIQUITIES.)

VOVAGES AND

By Joun HuLLal.

CARR (J. Comyns).—PareErs onN ArT. Cr.
8vo. Bs. 6d.

COLLIER (Hon. John).—A PRIMEE OF ART.
1Bmo. 1.

COOK {E. T.).—A PorurLar HaxNDEOOK TO
THE NaTionaL GALLERY. Including Notes
collected from the Works of Mr. Ruskin.

rd Edit. Cr. 8vo, hall morocco. 145.—
rge paper Edition, 250 copies. z vols. 8vo.

CRANE (Lucy).—LECTURES ON ART AND
THE FormaTiON oF TasTE, Cr. 8vo. 6s.

DELAMOTTE (Prof. P. H.).—A BEGINNER'S
DrawinGg-Book. Cr. Bvo. 35 6d.
ELLIS (Tristram).—SKETCHING FrOM Na-

TURE. Illustr. by H. Stacy Marks, R.A.,
and the Author. 2znd Edit. Cr. Bvo. 3s. 6d.

HAMERTON (P. G.).—THOUGHTS ABOUT
ArT. New Edit. Cr. 8vo. 8s. 64,

HOOPER (W. H.)and PHILLIPS(W.C ).—
A ManvarL oF Marks oN POTTERY AND
PorcELAaIN. 16mo. 45 6.

HUNT (W.).—TaLks asour ArT. With a
Letter from Sir J. E. MiLLais, Bart., R.A.
Cr. 8vo, 35. 64,

LECTURES ON ART. By ReGD. STUART
PooLg, Professor W. B. Ricumonn, E. ]
Povnter, R.A., J. T. MICKLETHWAITE,
and WiLLiam Mogrris. Cr. Bvo. 45 64

NEWTON (Sir C. T.).—{(See ANTIQUITIES.)
PALGRAVE (Prof. F. T.).—EsSavs oN ART.
Ext. fcp. Bvo. 6s.

PATER (W.).—Tue Renaissance : Studies
in Art and Poetry. 4th Edit. Cr. 8vo. 10s.64.

PENNELL (Joseph).—PEx DRAWING AND
PEN DraveHTsMEN., With]158 Illustrations.
4to. 3/ 135 6. net.

PROPERT (J. Lumsden)—A HisTory oF
MiniaTURE ART. Illustrated. Super roy.
4to.3/. 135. 6d.—Bound in vellum. 47 145. 6d.

TURNER'S LIBER STUDIORUM: A
DEescrirTioN AND A CaTAaLOGUE. By W. G.
RawLinson. Med. Bvo. 125 64.

TYRWHITT (Rev. R. St. John)—Our
SkeTcHING CLub. sth Edit. Cr. 8vo. 7¢. 64.

WYATT (Sir M. Digby)—FINE ArT: A
Sketch of its History, Theory, Practice, and
Application to Industry. 8vo. 5s.

ASTRONOMY.

AIRY (Sir G. B.).—PoruLAR ASTRONOMY.
Illustrated. 7th Edit. Fep. 8vo. 45 6d.
—— GraviTATION. An Elementary Explana-
tion of the Principal Perturbations in the
Solar System. 2znd Edit. Cr. 8vo. 75 64.

BLAKE (]J. F..—AsTroNoMmICAL MyTHS.
With Illustrations. Cr. 8vo. gs.

CHEYNE (C. H. H.).—An ELEMENTARY
TREATISE oN THE PLANETARY THEORY.
Cr. 8vo. 7s. 64,

CLARK (L.) and SADLER (H.).—THE STaAR
Guipe. Roy. 8vo. s5s

CROSSLEY (E.), GLEDHILL (J.), and
WILSON (J. M.).—A Hanpeook oF Dou-
ELE STAES. Bvo. 218

—— CORRECTIONS TO THE
DoubBLE STars. Bvo. IS

HANDBOOK OF
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FOREES (Prof. GWE%—THE TRANSIT OF
VeEnus. Illustrated. Cr. 8vo. 3s. 64.

GODFRAY (Hugh). —An ELEMENTARY
TreaTISE oN THE Lunar TuEOrY., 2nd
Edit. Cr. 8vo. ss. 64.

— A TREATISE ON ASTRONOMY, FOR THE
UsiE oF COLLEGES AND ScHooLs. 8vo, 125 6d.

LOCKYER (J. Norman, F.R.5.).—A PrimMER
ofF Astronomy., Illustrated. 18mo. 1s.
ELEMENTARY LEssons IN ASTRONOMY.
Illustr, New Edition. Fcp. 8vo. .
—— (QQUESTIONS ON THE SAME. By J. FORBES

RoperTson. Fep. 8vo. 15 64,
—— Tue CHEMISTRY OF THE SUN.
trated. Bvo. 145
—— TueE MeTEORITIC HYPOTHESIS OF THE
OriGin oF CosmicaL SvstTems. Illustrated.
8vo, 175 net.
— Tue EvorLuTion oF THE HEAVENS AND
THE EArTH. Illustrated. Cr. Bvo.
— Star-Gazinc PasT annp PresentT., Ex-
nded from Notes with the assistance of
. M. SeEaprokE. Roy. 8vo. 215

MILLER (R. Kalley).—TuE RomANCE OF
AsTrONOMY. 2nd Edit, Cr. 8vo. 4s. 64,

NEWCOMB (Prof. Simon).—PoruLar As-
TRONOMY. Engravingsand Maps. 8vo. 18s.

PENROSE (Francis).—On A MeTHOD OF
PrEDICTING, BY GRAPHICAL CONSTRUCTION,
OCCULTATIONS OF STARS BY THE Moon AND
SoLar ECLIPSES FOR ANY GIVEN PLACE.
4to. 125,

RADCLIFFE (Charles B.).—BEHIND THE
Tipes. 8vo. 4. 64.

ROSCOE—SCHUSTER. (See CHEMISTRY.)

ATLASES.
(See also GEOGRAPHY).
BARTHOLOMEW (J. G.).—ELEMENTARY
ScHooL ATLas. g4to. 15
—— PHvsicaL AND PoLITICAL SCHOOL ATLAS.
Bo maps. 4to. 85 64, ; half mor. 105 64,
—— LiBRARY REFERENCE ATLAS OF THE
WorLp. With Index to 100,000 places.
Folio. s52s. 64, net.—Also in 7 monthly parts
Part I. March, 1891, ss. net; Geographica
Index, 7s. 64, net.
LABBERTON (R. H..—Negw HisToRICAL
ATLAS AND GENERAL HisTORy. 4to. 138,

BIBLE. (See wnder THEOLOGY, P. 30.)

EIBLIOGRAPHY.

A BIBLIOGRAPHICAL CATALOGUE OF
MACMILLAN AND CO.'S PUBLICA-
TIONS, 1843—8g. Med. 8vo. 10s. net.

MAYOR (Prof. John E. B.).—A BIBLIOGRA-
PHICAL CLUE To LaTin LiTEraTURE. Cr.
Bvo, 1os. 64

RYLAND (F.).—CuroxoroGicAL QUTLINES
oF ExcLisu LiTeraTure. Cr. 8vo. s,

BIOGRAPHY.
(See also HisTORY.)
For other subjects of Brocraruy, see ENGLISH

Mex orf LeTTeErs, Excrisi Men or
AcTion, TWELVE ENGLISH STATESMEN.

AGASSIZ (Louis): His Lire A¥p CORRES-
PONDENCE. Edited by Evrizasern Cary
Ardeeyyr. mawnle e Ban =B

Ilus-

ALBEMARLE (Earl of).—Firry YEARS O1
My LiFk. 3rd Edit., revised. Cr.8vo. 75 6d

ALFRED THE GREAT. By Tuoma:
HucHes. Cr. Bvo. 6s.

AMIEL (Henri Fréderic).—THE {GURN.M
InTiMmE. Translated by Mrs. HusmpHm
Warp. 2znd Edit. Cr. 8vo. 6o

ANDREWS (Dr. Thomas). (See Puvsics.)

ARNAULD, ANGELIQUE. By France
MarTiN. Cr. Bvo. 45 6d.

ARTEVELDE. AMES AND PHILIF VAR
ARTEVELDE. By W. J. Asnrev. Cr. Bvo. 6s

BACON (Francis) : Ax AccounT oF Hi1s LiFi
AND Works. By E. A, AspnoTT. 8vo. 145

BARNES. LiFe orF WiLLiam Barnes, Pogs
AND PHiLoLoGisT. By his Daughter, Lucy
BaxTER (‘* Leader Scott™). Cr. 8vo. 7s. 6

BERLIOZ (Hector): AUTOBIOGRAFPHY OF
Trns. by R. & E.HoLmES. 2vols. Cr.Bvo. 215

BERNARD (5t.). Tue Lire anp TimEs o1
St. BERNARD, ArpoT OF CLAIRVAUX. By
J. C. Morison, M.A. Cr. 8vo. 6s.

BLACKBURNE. Lire oF THE RicuT Hon
Francis BLACKBURNE, late Lord Chancellm
of Ireland, by his Seon, Epwarb Brack
BURNE. With Portrait. 8vo. 1z,

BLAKE. Lire oF WiLLiam Brake., Witl
Selections from his Poems, etc. I1llustr. fron
Blake's own Works. By ALExanper GiL
CHRIST. 2 vols. Med. 8vo. 425

BOLEYN (Anne): A CHAPTER oF ENGLISE
HisTory, 1527—36. By Paur FriEDMANN
2 vols. Bvo. 28s.

BROOKE (Sir Jas.), THE Raja oF Sara
wak (Life of),. By GerTrupe L. Jacos
2 vols. Bvo. 2ss.

BURKE. By Jouw MorLeEv. Globe 8vo. ss
CALVIN. (See SeLEcT BioGraruy, p. 5.)

CARLYLE (Thomas). Edited by CHARLEs
E. NorTon. Cr. Bvo.

BEMINISCENCES. 2z vols. 125,

EArLY LETTERS, 1B14—26. 2 vols. 18s

LETTERS, 1826—136. 2 vols. 18s.

CORRESPONDENCE BETWEEN GOETHE
AND CARLYLE. gs.

CARSTARES (Wm.): A CHARACTER ANT
CAREER OF THE REvoLUTIONARY Eroch
(1649—1715). By R. H. STorv. B8vo. 125

CAVOUR. (See SELECT BioGrarny, p. 5.)

CHATTERTON: A STorRY OF THE YEAR
1770. By Prof. Davip Masson. Cr. 8vo. ss.

—— A BiograrHicaL Stupy, By Sir Danier
Wirson. Cr. 8vo. 6s. 64,

CLARK. MEMORIALS FROM JOURNALS AND
LeTTERS OF SAMUEL CrLark, M.A. Edited
by his Wife.  Cr., 8vo. 7s. 64.

CLOUGH (A. H.). (See LITERATURE, p. 19.)

COMBE. Lire or Georce Comee. By
CuArLEs GiBBON. 2 vols. Bvo. 325

CROMWELL. (SeeSeELeEcT BioGrArHY,p. 5.
DAMIEN (Father): A Jourxev From Casu.

MERE TO HIs HoME N Hawan., By Epwarr
Crirrorp. Portrait. Cr. Bvo. 25 64,

DANTE: AxDp oTHER Essays. By Dear
P T T T e M lale B r

||



BIOGRAPHY.,

BIOGRAPHY —coniinued.

DARWIN (Charles) : MEmoriaL NoTICES,
By T. H. Huxtev, G, J. Romanes, Sir
Ancra. GEikig, and W, THiseLTon DyER.
With Portrait. Cr. 8vo. 25 64,

DEAK (Francis): HUNGARIAN STATESMAN,
A Memoir. 8vo. 125 6.

DRUMMOND OF HAWTHORNDEN. By
Prof. D). Massoxn. Cr, 8vo. 108 64,

EADIE. Lire oF Joun Eapie, D.D. By
James Brown, DD, Cr. Bvo. 75 6d.

ELLIOTT. Lire oF H. V. ELLioTT, OF
BricaToN. By J. BATEMAN. Cr, 8vo, 6s.

EMERSON. Lireor Raren WaLpo EMER-
son. By J. L. Capor. zwvols. Cr. 8vo. 18s,

ENGLISH MEN OF ACTION. Cr. 8vo.
With Portraits. 2s. 6. each.
CrLiveé. By Colonel Sir CHARLES WILSON.
Cook (Cartain). By WALTER BESANT.
Dampier. By W. CLark RussgLL.
Drake. By j‘li.-‘LI.h.h' CORBETT.
Gorpox{GENERAL). By Col. 5ir W. BUTLER.
Hastings (WaARreN). By Sir A, LvarL.
Havevock (Si1r HEnry). By A. Forpes.
Henry V. By the Rev. A. ]J. CHURCH.
Lawgrence (Lokrp). By Sir RicH. TEMPLE.
LivivgsToNE. By THomas HuGHES.
Mowg. By JurLiaw CORBETT.
MoxTrosE. By Moweray MoRRIs.
Moore(S1E JoHR). ByCol. MAURICE.[[n grep.
Narigr (Sik CuarrLes). By Colonel Sir
Wa. BUTLER.

PeTERBOROUGH, By W. STEBBING.

Ropxevy., By Davip Hannay.

Sison pE* MowtrForT. By G. W. Pro-
THERO. [ prep.

Strarrorp., By H. D. TraiLL.

Warwick, THE Kincg-Maker. By C. W.

OMAN.
WeLLingTON. By GEORGE HOOPER.
ENGLISH MEN OF LETTERS. Edited
by Joun MorLey. Cr. Bvo. 25 64. each.
Cheap Edition, 15. 64. ; sewed, 15.
Appison. By W. |. CouRTHOPE.
Bacon. By Dean CHURCH.
BexTLEY. By Prof. JEBE.
Buxvan. By J. A. Froubpe.
Burke. By IJ'GHN: MoRLEY.
Burns. By Principal SHAIRP.
Byron. By Prof. NicHoL.
Cuaucer. By Prof. A. W. Wakgb,
CoLERIDGE. By H. D. TRAILL.
CowrgEr. By GOLDWIN SMITH.
DerFoE. By W. MiNToO.
De Quincev. By Prof. Masson.
Dickens. By A. W. Wagp.
DrvpeEN. By G. SAINTSBURY.
FIELDING. E}f AusTin Dogson.
Gigeon. By J. CorTER MoRison.
GoLpsMITH. By WiLLiam BLACK.
Gray. By EpmuwnD (GOSSE.
HawtHornge. By HeEnrv JAMES.
Hume. By T. H. HuxLEy.
{(DHNSDN+ By LESLIE STEPHEN.
EATS. By ngNE\' COLVIN,
Lame. By Rev. ALFRED AINGER.
Laxpor. By Sipney CoLviy.
Locke. By Prof. FowLER.
MacavLay. By J. CorTEr Morison.
Mirton. By Mark PaTTison.
Pore. By LESLIE STEPHEN.
Scort. By R. H. HuTtTON.

ENGLISH MEN OF LETTERS—contd.
SHELLEY. B?; J. A. SvmonDs,

SHERIDAN. By Mrs. OLipHANT.

SIDNEY. By J. A. SymonDs,

SouvtHEY. By Prof. DowpEn.

SPENSER. By Dean CHURCH.

STERNE. By H. D. TraiLL.

Swirr, By LesvLie STEPHEN.

THACKERAY. By AnTHONY TROLLOPE.

WorpsworTH. By F. W. H. Mvers.
ENGLISH STATESMEN, TWELVE

Cr. Bvo. 25 64. each.
WiLriam THE CongQuEror. By EpwaArp

A. FreEman, D.C.L., LL.D.
Henry II. By Mrs. J. R. GREEN.
Epwarp I. By F. Y. PowELL. [/ prep.
Hengy VII. By James GAIRDNER.
CarpivarL WorLsey., By Bp. CREIGHTON.
Evizasetn. By E. 5. BeEsLy.
OrLiver CroMwWELL. By F. HARRISON.
WiLLiam III. By H. I}- TRAILL.

WaLroLe. By Joun MorLEv.
CHAaTHAM. By Joun MogLEY.
Pirr. By Lorp RoseEBERY.

PeeL. By J. R. THURSFIELD.
EPICTETUS. (See SELECT BloOGRAPHY, p. 5.)

FAIRFAX. LiFe oF RoBerT FAIRFAX OF
Steeton, Vice-Admiral, Alderman, and
Member for York, a.p. 1666-1725. By CLE-
MENTS R. MarkHAM, C.B. 8vo. 125 64

FITEG]]IERALD (Edward). (Ses LITERATURE,
p. 20,

FORBES(Edward): MemoIr oF. By GEORGE
WiLson, M.P., and Sir ArcHiBaLD GEIKIE,
F.R.5., etc. Demy Bvo. 14s.

FRANCIS OF ASSISI. By Mrs. OLIPHANT.
Cr. Bvo. 6s.

FRASER. James Fraser, Seconp BisHop
oF MaNCHESTER: A DMemoir. By T.
HucHes. Cr. 8vo. 6.

GARIBALDI. (SeeSeLEcT BloOGRAPHY, . 5.)

GOETHE: LiFe or. By Prof. HEINRICH
DintzER. Translated by T. W. LvsTER.
z vols. Cr. Bvo. z1s

GOETHE AND CARLYLE. (5Sez CARLYLE.)

GORDON (General) : A SketcH. By Reci-
NaLp H. Barnes, Cr. 8vo. 15,

—— LeTTERS 0F GENERAL C. G. GorRDON
TOo HIS S1SsTER, M. A. Gornon. 4th Edit.
Cr. 8vo. 3as. 6d.

HANDEL: Lire or. By W. S. RocksTro.
Cr. Bva., 108 64,

HOBART. (See CoLLECTED WORKS, p. 21.)

HODGSON. Memoir oF ERev. Francis
Hobgson, B.D. By his Son, Rev. James T.
Hopcson, M.A. 2z vols. Cr. 8vo. 18s.

JEVONS (W. Stanley).—LETTERS AND JOUR-
NaL. Edited by His WiFe. 8vo. 145

KAVANAGH (Rt. Hon. A. McMurrough} : A
Brograrry. From papers chiefly unpub-
lished, compiled by his Cousin, SARAH L.
STEELE. \{;ith Portrait. 8vo. 145. net.

KINGSLEY : His LETTERS, AND MEMORIES
oF His Lire. Edited by His WiFg. 2 vols.
Cr. 8vo. 125.—Cheap Edition. 1 vol. 6s.

LAMB. Tue Lire oF CuarLEs Lams. By
Rev. ALFRED AINGER, M.A. Globe 8vo. ss.

LOUIS (5t.). (See SELECT BIOGRAPHY, P. 5.
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MACMILLAN (D.). Memoir oF DanNigL

MacmiLLan. By Tuomas Hucues, Q.C.
With Portrait. Cr. 8vo. 45 64.—Cheap
Edition. Cr. Bvo, sewed. 14

MALTHUS AND HIS WORK. By James
Bowar., B8vo. 125 6d.
MARCUS AURELIUS.
GRAPHY, p. 5.)
MATHEWS. Tue Lire orF CHARLES J.
MaTuews. Edited by CuarLes DICKENS.
With Portraits. 2 vols. 8vo. 255
MAURICE. Lire of FrepErick DENISON
Mavrice. By his Son, FrREpERICK MAURICE,
Two Portraits. 2 vols. 8vo. 3fis.—Popular
Edit. (4th Thousand). 2vols. Cr. 8vo. 16s.
MAXWELL. Proressor CLERK MAXWELL,
A LiFE or. By Prof. L. CampeeLL, ML.A,,
and W. GArNETT, M.A. Cr. 8vo. 7s. 64\
MAZZINI. (See SELECT Blocraruy, p. 5.)
MELBOURNE. Mgmoirs oF VISCOUNT
Merpourne. By W. M. Torrens. With
Portrait. 2nd Edit. 2 vols. B8vo. 32s.
MIALL. Lire oF Epwarp Miavr. By his
Son, ArRTHUR M1aLL. 8vo. 104 6d.
MILTON. Tue Lire orF Joun MiLTon.
By Prof. Davip Masson. Vol. L., 21s.;
Vol. I1I., 18s. ; Vols. 1V, and V., 325 ; Vol
V1., with Portrait, 215. (Ser also CLaSSICAL
WRITERS, p. 13.)

(See SELECT Bio-

NAPOLEON 1., HISTORY OF, By P.
LANFREY. 4 vols. Cr. 8vo. 3os.
NELSON. SoutHeEy's LiFe oF NELsox.

With Introduction and Notes by MicHaeL
MacminLan, B.A.  Globe 8vo. 35, 6ed.

NORTH (M. ).—RecoLLECTIONS OF A Harry
LiFE. Being the Autobiography of MAarIANNE
NorTH. Edited by Mrs. J. A. SymonDs.

OXFORD MOVEMENT, THE, 1833—ys.
By Dean CHURCH. B8vo. 125 64. net.

PATTESON. LiFE AND LETTERS OF JOHN
CoLErRIDGE ParTEson, D.D., MissioNARY
Bisnor. By C.M.VYonGeE. zvols. Cr.Bvo.
125. (See alre Books For THE Young.)

PATTISON (M.).—Memoirs. Cr. 8vo. Bs.64.
PITT. (See SELECT BrograrHY, p. 5.)

POLLOCK (Sir Frdk., 2nd Bart.).—PERsONAL
REMEMBRANCES. 2 vols. Cr. 8vo. 1f6s.

POOLE, THOS., AND HIS FRIENDS.
By Mrs. Sanprorp. 2 vols. Cr. 8vo. 155
PYM. (See SELECT BioGrarHy, p. 5.)
ROBINSON (Matthew): AUTOBIOGRAPHY OF,
Edited by J. E. B. Mavor. Fcp. Bvo, ss.
ROSSETTI (Dante Gabriel) : A REcorp AND
A STupy. By W. Snare. Cr. 8vo. 10s. 6d.
RUMFORD. (See CoLLEcTED WORKS, p. 22.)
SCHILLER, Lire or. By Prof. HEINRICH

Ditntzer. Translated by Percy E. Pin-
kKErTON. Cr. 8vo. 105 64.

SENECA. (See SELECT BloGRAPHY, p. 5.)

SHELBURNE. Lire oF WiLLiaM, EARL
oF SHELBURNE. By Lord Epmonp Frrz-

MAURICE. In 3vols.—Vol. 1. 8vo. 125.—
Vol. I1. 8vo. 120.—Vol. II1. 8vo. 16s.
SIBSON. (See MEDICINE.)
SMETHAM (Jas.).: LETTERS oF. Ed. by

SARAH SMETHAM and W,
Cr. 8vo. 7+ 64. net.

Davies. Portrait.

SPINOZA: A Stupny oF. By James Mar
rTinEAU. LL.D. 2znd Edit. Cr. Bvo. 6s.

TAIT. THE LIFE oF ArRcHIBALD CAMPBEL]
Tarr, ArcHBisHoP oF CaNTERBURY. B
the Bissor oF RocuestEr and Rev. V
Benuam, B.ID. 2 vols, Cr. Bvo. 104. net

—— CATHARINE aNp Crawrurn Tarr
WIFE AND SoN oF ARCHIBALD CAMPRELL
ARCHBISHOP OF CANTERBURY: A Memoir
Ed. by Rev. W. Bexnam, B.D. Cr.8vo 6s
—Popular Edit.; abridged. Cr.8vo. 2s. 64

THRING (Edward): A Memory or. B
J. H. Sgrine. Cr. Bvo. 6s.

VICTOR EMMANUEL I1., FIRST KINC
OF ITALY. By G. S. Gopkin. Cr, Bvo, bs

WARD. WirLiam GEORGE WARD AND THI
Oxrorp MovemeNT. By his Son, WiLFRrRD
Warp., With Portrait. 8vo. 145

WATSON. A Recorp oF ELLEx WaTsoN
By Axna Buckranp., Cr. 8vo. 6s

WHEWELL. Dgr. WirLLiam WHEWELL, lat
Master of Trinity College, Cambridge. As
Account of his Writings, with Selections fron
his Literary and Scientific Correspondence
By I. TopuunTER, M.A. 2 vols. Bvo. 251

WILLIAMS (Montagu).—LEAVES OF A LIFE
Cr. 8vo. 3s. 6d. ; sewed., 2s5. 6.

LaTerR LEAVES. Being further Reminis
cences. With Portrait. Cr. Bvo. 3s. 64,

WILSON. Memoir oF ProF. GEorGE WIL
son, M.D. By His Sister. With Portrait
and Edit. Cr. 8vo. 6s.

WORDSWORTH. DoveCorTAGE, WoORDS
worTH's HoMmE, 1Boo—8. Gl Bvo,swd. 15

Select Bingraghy.

FARRAR (Archdeacon) — SEEKERS AFTEI]

Goo. Tue Lives oF SENECA, EPICTETUS

AND Marcus AureLius. Cr. Bvo. 35 64l
FAWCETT (Mrs. H.). — Some Eminem:
WoMmeN oF our Times. Cr. 8vo 25 64

GUIZOT.—GrEAT CHRISTIANS OF FRANCE
5T. Louis anNp CaLvin., Cr. 8vo. 6s.

HARRISON (Frederic).—Tue New CALEN
pAR oF GREAT MeEx. Ext. cr. 8vo.

MARRIOTT (J. A. R.).—THE MAKERs OF
Mopern ITaLy: Mazzini, Cavour, GARD
BaLDI. Cr. Bvo. 15 6.

MARTINEAU (Harriet) — BlrocrarHICAT
SKETCHES, 1852—75. Cr. Bvo, 6s.

SMITH(Goldwin).—THREE ENGLISH STATES
MEN : CROMWELL, Pym, PiTT. Cr. 8vo. 35

WINKWORTH (Catharine). — CHRISTIAN
SIiNGERS oF GERMAnY. Cr. Bvo. 45 64,

YONGE (Charlotte M.).—THE PurirLs oF ST
Jouxn. lllustrated. Cr. 8vo. 6s.

—— P1oNEERS AND FounDERrs; or, Receni
Workers in the Mission Field., Cr 8vo. 8s

—— A Book oF WORTHIES, GATHERED FRON
THE OLD HISTORIES AND WRITTEN AKEW

18mo. 45 6d.
—— A Boox oF GOLDEN DEEDS. 18mo. 45.64

— Abridged Edifion. 18mo. 15, — Globi
Readings Edition. Globe 8vo. 2s.
BIOLOGY.

(See also Botany ; Naturarn History
Puvsioroay; ZooLocy,)
BALFOUR (F. M.). — ELASMOBRANCE

Fizsnes. With Plates. Bvo. 21s.
—— CompPARATIVE Emervovocy. 1llustrate
2 vols. Bve. Vel I. 18s. Vol 11. 215



BIOLOGY—BOTANY,

BIOLOGY —confrasued.

BALL (W, P.).—Are THE EFrecTs oF Use
AND D1suse INHERITEDT Cr, 8vo, 35 6d.

BASTIAN (H. Charlton).—THE BEGINNINGS
oF LiFE. 2z vols. Crown Bvo. =28s

EvoLuTioNn aNDp THE ORrRIGIN oF LIFE.
Cr. 8vo. 65 64,

BATESON (W.).—MATERIALS FOR THE
STUDY oF VARIATION 1N ANIMALS. Pare I,
DnsconTiNvovs VariaTion. Illustr. 8vo.

BIRKS (T. R.).— MopeErnx PHvsicarL Fa-
TALISM. AND THE DocTRINE oF EVvOLUTION.
Including an Examination of Mr. Herbert
Spencer's ** First Principles.” Cr. Bvo. 6s.

EIMER (G. H. T.).—Orcanic EvoLuTION
A5 THE RESULT OF THE INHERITANCE OF
AcQUIRED CHARACTERS ACCORDING TO THE
Laws oF Orcanic GrowTH, Translated by
J. T. CunninGgHAM, M.A. 8vo, 125 64,

FISKE (John).—OuTLIinEs oF Cosmic PHiLO-
SOPHY, BASED oN THE DocTRINE oF Evo-
LUTION., 2 vols. Bvo. 2z5s.

—— Man's Destiny VIEWED 1IN THE LiGHT
ofF HIs OriGIN. Cr. 8vo. 3+ 64,

FOSTER (Prof. Michael) and BALFOUR
(F.M.).—THE ELEMENTS OF EMBRYOLOGY.
Edited by Apam Sepcwick, M.A., and
Warter Heapre. Illustrated. 3rd Edit.,
revised and enlarged. Cr. 8vo. 10s. 64,

HUXLEY (T. H.) and MARTIN (H. N.).—

(See under ZooLoGy, p. 40.)

KLEIN (Dr. E).—Micro-ORGANISMS AND
Disease.  An Introduction into the Study
of Specific Micro-Organisms. With 121 En-
gravings. 3rd Edit. Cr. 8vo. 6s.

LANKESTEE (Prof. E. Ray)—CoMPARA-
TIVE LoNGEVITY IN MAN AxD THE LOowER
ANIMALS. Cr. Bvo. 4. 6d.

LUEBBOCK (Sir John, Bart.).— SCIENTIFIC
Lectures. Hlustrated. znd Edit, Bvo. 85, 6,

PARKER (T. Jeffery).—Lessons 1N ELE-
MENTARY Brorocgy. [llustr. Cr.8vo. 105.64

ROMANES (G. J.).—5cienTIFIC EYIDENCES
oF Orcaric EvorpTrion. Cr. Bvo. 23 64

WALLACE (Alfred R.).—DarwinNism: An
Exposition of the Theory of Natural Selec-
tion, with some of its Applications. Illus-
trated. 3rd Edit. Cr. Bvo.

—— CoxTrRIBUTIONS T0 THE THEORY OF
NAaTURAL SELECTION, AND TrRoOPICAL Na-
TURE : and other Essays. New Ed. Cr.8vo. 6.

—— THE GEOGRAPHICAL IMSTRIBUTION OF
Animars, Illustrated. =z vols, 8ve. g4z

—— Ispanp Lire. Illustr. Ext. Cr. 8vo, 6s.

BIRDS. (Se¢ ZooLoGy; ORMITHOLOGY.)

BOCK-KEEPING.
THORNTON((].).—FirsT LEssons iv Book-
KEEPING. New Edition. Cr. 8vo. zs5 64
— Kgv. Oblong 4to. 108 6.
—— PriMER oF Book-EEEPING. 1Bmo. 15
— Kev. Demy Bvo, =5 64.
— ExeErcises 18 BOOK-KEEPING. 18mo. 1.
BOTANY.

See also AGRICULTURE; GARDENING.)

ALLEN (Grant). —Ox THE COLOURS OF
Frowers. Illustrated. Cr. Bvo. 34 64l

BALFOUR (Prof. J. B.) and WARD (Prof.
H. M.). — A GeneraL Texrt-Boox or
BoTany. Bvc. [ preparation.

BETTANY(G. T.).—FirsT LEssons 1N Prac-
TICAL BoTAny. 18mo. 15

BOWER (Prof. F. 0.).—A Course or Prac-
TiCcAL InsTrRUcTION IN BoTawny. Cr. Bvo.
105, 6. —Abridged Edition. [[n preparation.

CHURCH (Prof. A, H.)and SCOTT (D. H.).
—ManvarL or VEGETABLE PHVSIOLOGY.
INustrated. Crown 8vo. [/n preparation.

GOODALE (Prof. G. L.).—PHYSIOLOGICAL
BoTanv.—i1. QuTLINES oF THE HISTOLOGY
0oF PHAENOGAMOUS PLANTS ; 2. VEGETABLE
PuyvsioLoGcyY. 8&vo. 1osf 6.

GRAY (Prof. Asa).—STrRucTURAL BoTAnY;
or, Organography on the Basis of Mor-
phology. Bvo. 10s. 6d.

—— THE ScIENTIFIC PAPERS oF Asa Grav.
Selected by C. S, SARGENT. 2vols. Bvo. z1s.

HANBURY (Daniel). — Science PaPERs,
CHIEFLY PHARMAcCOLOGICAL AND BoTawi-
CAL. Med. Bvo. 14s.

HARTIG (Dr. Robert).—TExT-Book oF THE
Diseases oF Tregs. Transl. by Prof. Wm.
SoMERVILLE, B.Sc. With Introduction by
Prof. H. MArRsHALL WARD. 8vo.

HOOKER (Sir Joseph D.).—THE STUDENT'S
FLora oF THE BriTisH I[sLanNDs. 3rd
Edit. Globe 8vo. 10s. 64,

—— A Primer oF Borany., 18mo. 1s.

LASLETT (Thomas).—Timeer aAND TIMBER
g‘xﬁgi_s, Native axp Foreign. Cr. 8vo.

LUBBOCK (Sir John, Bart.).—On BriTisH
Wirp FLOWERS CONSIDERED IN RELATION
To InsecTs. [llustrated. Cr.8vo. 45.6d.

—— Frowers, FrulTs, anp Leaves. With
Illustrations. Cr. Bvo. 4s. 64.

MULLER—THOMPSON.—TuHE FERTILI-
saTiON oF FLowers. By Prof. H. M{ILLER.
Transl. by D'Arcy W. 'I}:mm psonN. Preface
by CHarLES Darwin, F.R.5. 8vo. 214

OLIVER (Prof. Daniel).—Lessons 1N ELE-
MENTARY Botany. Illustr. Fep. 8vo. Jﬁlﬁd’

5=

—— FirsT Book oF Inpiaw BoTANY.
trated. Ext. fcp. Bvo. 6s. 64.

ORCHIDS: Being THE REFORT ON THE
OrcHID CONFERENCE HELD AT SouTH KEN-
SINGTON, 1885. Bvo. =25 net. :

PETTIGREW (J. Bell).—TuE PHvVsIOLOGY
oF THE CIRCULATION IN PLANTS, IN THR
LoweEr ANIMALS, AND IN Man. Bvo. 128,

SMITH (J.)—Economic PraxTs, DicTiON-
ARY oF PorurLar Names oF; Tueir His-
TORY, ProDUCTS, AND UsEs. 8vo. 14s.

SMITH (W. G.).—Dhiseases oF FIELD AND
GArpDEN CROPS, CHIEFLY SUCH AS ARE
cavseDn BY Funci. Illust. Fep. 8vo. 4. 64

STEWART (S. A.) and CORRY (T. H.).—
A Frora oF THE NoRTH-EAST oF IRELAKD.
Cr. 8vo, 55 6d.

WARD (Prof. H. M.).—TIMBER AND SOME OF
1ts Disgases. Illustrated. Cr. 8vo. s,

YONGE (C. M.).—Tue Herr oF THE FiELD.
New Edition, revised. Cr. 8vo. g5




CHEMISTRY—DICTIONARIES.

BREWING AND WINE.

PASTEUR — FAULKNER. — STUDIES ON
FermenTATION : THE DisEasEs oF BEER,
THEIR CAUSES, AND THE MEANS OF PRE-
VENTING THEM. By L. PasTeur. Trans-
lated by Frank FAULKNER. Bvo. 218

THUDICHUM (J. L. W.)and (DUPRE (A.).
—TREATISE ON THE ORIGIN, NATURE, AND
VarIETIES OF WINE., Med. 8vo. 255

CHEMISTRY.

(See also METALLURGY.)

BRODIE(Sir Benjamin).—IpeAL CHEMISTRY.
Cr. Bvo. a2s.

COHEN (J. B.). —Tue Owens COLLEGE
Course orF Pracricar Orcanic CHEMIS-
TrY. Fcp. Bvo. 25 64.

COOKE (Prof. J. P., jun.).—PRINCIFLES OF
CHEMIcAL Puivrosoruy., New Edition.
Bvo. 161

FLEISCHER (Emil).—A SvstEm or VoLu-
METRIC ANALYSIS. Transl. with Additions
by M. M. P. Muig, F.R.S.E. Cr.8vo. 75.6d,

FRANKLAND (Prof. P. F.). (Ses AcGRi-
CULTURE.)

GLADSTONE (J. H.) and TRIBE (A.).—
THE CHEMISTRY OF THE SEconpary BaTt-
TERIESOF PLANTE AND FAURE. Cr.8vo. 25.64.

HARTLEY (Prof. W. N.).—A Coursg or
UANTITATIVE ANALYSIS FOR STUDENTS.
lobe Bvo. s5s.

HEMPEL (Dr. W.h. —MeTHODS oF Gas
Awnarvsis. Translated by L. M. Denyis.
Cr. Bvo, [£2 the Press.

HOFMANN (Prof. A. W.).—THE LirE Work
OF LiEpiG IN EXPERIMENTAL AND PHILO-
sorHIC CHEMISTRY. Bvo. 55

JONES (Francis).—Tue Owens CoOLLEGE
uNior CouRrse oF PracTicaL CHEMISTRY.
llustrated. Fep. Bvo. 2s. 64,

—— QuEesTIONS ON CHEMISTRY. Fep.8vo. 35

LANDAUER (].). — BLowriPE ANALYSIS.
Translated by J. Tavior and W. E. Kav.

LOCKYER (J. Norman, F.R.S.) — THe
CHEMISTRY OF THE Sun, Illustr, 8vo. 145

LUPTON (5.). — CHEMICAL ARITHMETIC.
With 1200 Problems. Fcp. 8vo. 45 64.

MANSFIELD(C. B.).—A THEORY OF SALTS.
Cr. Bvo, 145

MELDOLA (Prof. R.).—THE CHEMISTRY OF
PooTocraruy. lllustrated. Cr. Bvo, 6.

MEYER (E. von).—History oF CHEMISTRY
FROM THE EARrLiEST TIMES To THE PRE-
sENT Dlav. Translated by G. McGowan,
Ph.D. 8vo. 145 net.

MIXTER (Prof. W. G.).—AN ELEMENTARY
Text-Book oF CHEMISTRY. Cr.Bvo. 75 64,

MUIR (M. M. P.).—PracTticar. CHEMISTRY
ok MEDICAL STUupENTS(First M. B, Course).
Fcp. 8vo. 15 6d.

MUIR (M. M. P.) and WILSON (D. M.).—
ELEMENTS OF THERMAL CHEMISTRY. 125.64.

OSTWALD (Prof.).—OUTLINES OF GENERAL
CHEMISTRY. Trans. Dr. J. WALKER. 105, net,

BRAMSAY (Prof. William).—EXPERIMENTAL

Proors oF CHEMIcaL THEoRY For BeEcin-
NERS. 18mo. 25 64,

REMSEN (Prof. Ira).—THE ELEMENTS 0l
CHEMISTRY. Fcp. 8vo. 25 64.

—— AN INTRODUCTION TO THE STUDY 0Ol
CuEMIsTRY (INorGANIC CHEMISTRY). Cr
Bvo. 65, 64,

—— A Text-Boox orf Inorganic CHEMIS
TRY. Bvo. 16s.

—— Compounps oF CarpoN ; or, An Intro
duction to the Study of Organic Chemistry
Cr. 8vo. 6s. 6d.

ROSCOE (Sir Henry E., F.R.5.).—A PrIME]
oF CHEMISTRY. ?Iylu:atmtml. 1Bmo. 15
—— LEssonNs IN ELEMENTARY CHEMISTRY

INORGANIC AND OrGANIC. Fep. Bvo. 4. 6a

ROSCOE ()Sir H. E.Yand SCHORLEMMEF
(Prof. C.).—A CoMpPLETE TREATISE ON IN
ORGANIC AND OrGaNIC CHEMISTRY, Illustr
8vo.—Vols, 1. and II. InorcANic CHEMIS
TRY: Yol. I. THE Nowx-MeTaLLic ELE
MENTS, 2nd Edit., 215. Vol. II. Parts 1
and II. METALS, 185, each.—Vol. II1. Or
GaNIC CHEMISTRY : THE CHEMISTRY OF THI
Hypro-CARBONS AND THEIR DERIVATIVES
Parts I. I1. and IV. 215, ; Parts IIl. and V
18s. each. Part VI.

ROSCOE (Sir H. E.) and SCHUSTER (A.)
—SrECcTRUM ANALVSIS. By Sir HExgry E
Roscoe. 4th Edit., revise "ti}.' the Autho
and A. ScuusTeEr, F.R.S. ith Coloure
Plates. 8vo. 215,

THORPE (Prof. T. E.) and TATE (W.).—
A Series oF CHEMIcAL PropLEms. Witl
Key. Fcp. Bvo. 25

THORPE (Prof. T. E.) and RUCKER (Prof
A. W.).—A TreaTisE oN CHEMICAL PHY
sics. Illustrated. Bvo. [{n preparation

WURTZ (Ad.).—A HisTory oF CHEMICA)
ThHeory. Transl. by H. WaTTs. Cr. Evo. 6s

CHRISTIAN CHURCH, History of the.

(See under THEOLOGY, p. 31.)

CHURCH OF ENGLAND, The.

(See under THEOLOGY, p. 32.)

COLLECTED WORKS.
(See under LITERATURE, p. 19.)

COMPARATIVE ANATOMY.

(See under ZooLoGy, p. 39.)

COOKERY.

(See under DomesTic Economy, p. B.)

DEVOTIONAL BOOKS.

(See under THEOLOGY, p. 32.)

DICTIONARIES AND GLOSSARIES.

AUTENRIETH (Dr. G)\—Ax HoMmegrn
Dictionary. Translated from the German
by R. P. Keep, Ph.D. Cr. 8vo. 6s.

BARTLETT (]J.).—FamiLiAr QUOTATIONS.

A SHAKESPEARE GLossary. Cr. 8vo
1235, G,

GROVE (Sir George).—A DicTioNARY o0
Music anp Musicians. (See Music.)

HOLE (Rev. C.).—A Brier BloGRAPHICA]
DicTionAry. 2znd Edit. 1Bmo. 45 6d.

MASSON (Gustave).—A ComreEnpiovs Dic
TIONARY OF THE FrEncH LANGUAGE
Cr. Bvo. 3. 6d.

PALGRAVE (R. H. L.).—A DicTioNARY ©
PoriTicar. Ecowomy. (See PovriTica
Economy.)




DOMESTIC ECONOMY—ENGINEERING.,

DICTIONARIES —continued.
WHITNEY (Prof. W. I).).—A CoMPENDIOUS
GErRMAN AND Encrisa Dictionary, Cr.
Evuéd 5s.—German-English Part separately.
55, G,
WRIGHT (W. Aldis).—THE BipLe Worb-
Boox. 2nd Edit. Cr, 8vo. 75, 64,
YONGE (Charlotte M.).—HisTory or CHRIS-
TiaN Names. Cr. 8vo. 75 64,

DOMESTIC ECONOMY.
Cookery—Nursing— Needlework.

Cookery.
BARKER (Lady).—FirsT LESSONS IN THE
PrincirLes oF CookinG. 3rd Ed. 18mo. 1s.
FREDERICK (Mrs.).—Hints To Housk-
WIVES on SEVERAL POINTS, PARTICULARLY
ON THE PREPARATION OF ECONOMICAL AND
TasterFurL Disues, Cr. 8vo. 1s.
MIDDLE-CLASS COOKERY BOOK, THE.
Compiled for the Manchester School of
Cookery. Fcp. 8vo. 14 64,
TEGETMEIER(W.B.).—HousenoLp Max-
AGEMENT AND CoOOKERY. 18mo. 14
WRIGHT (Miss Guthrie), — THE ScHooL
Cookery-Book., 18mo. 1s.

Nursing.

CRAVEN (Mrs. Dacre).—A Guing To Dis-
TrRICT MursEs. Cr. Bvo. 25 6d.

FOTHERGILL (Dr. J. M.).—FooD For THE
INVALID, THE CONVALESCENT, THE DYSPEP-
TIC, AND THE GouTy. Cr.8vo. 35 64d.

JEX-BLAKE (Dr. Sophia).—THE CARE oOF
InFanTs: A Manual for Mothers and
Murses. 18mo. 11,

RATHBONE (Wm..—Ture HIisTorRY AND
ProGgrESs oF DisTRICT NURSING, FROM ITS
CoOMMENCEMENT IN THE YEAR 1859 TO THE
PrESENT DATE. Cr. Bvo. 2:.6;:’?

RECOLLECTIONS OF A NURSE. By
E.D. Cr. 8vo. =zs.

STEPHEN (Caroline E.).—THE SERVICE OF
THE Poor. Cr. 8vo. 6s. 64,

Needlework.

GLAISTER (Elizabeth),—NeepLEwork. Cr.
Bvo. =2r. 64

GRAND'HOMME. — Curming OUT AND
DrEssMAKING. From the French of Mdlle.
E. Graxp'HOMM.:., 18mo. 15

DEAMA, The.

(See under LITERATURE, P. 14.)

ELECTRICITY.
(See wunder Puvsics, p. 26.)

EDUCATION.

ARNOLD (Matthew).—HIGHER SCHOOLS AND
UniversiTies 18 GErRMANY. Cr. 8vo. 6s.
—— RerorTs oN ELEMENTARY SCHOOLS,

1852-82. Ed. by Lord SAxpDFoRD. 8vo. 35.64.
BLAKISTON(]J. R.).—Tue TeacHEr: HinTS
oN ScHooL ManwacEMENT. Cr. 8vo. 2s. 6.
CALDERWOOD (Prof. H.).—On TEacH-
inG. 4th Edit. Ext. fcp. 8vo. 2s. 64,
COMBE (George).—Epucation : Its Prin-
CIFLES AND PRACTICE A5 DEVELOPED BEY
George Compe. Ed. by W. JoLLy. 8vo. 155,
CRAIK (Henry).—THE STATE IN 1T5 RELA-
Tiox To EpucaTion. Cr. 8vo. 35 64,

FEARON (D. R.)—SchooL INSPECTION
6th Edit. Cr. 8vo. =25 6d.

FITCH (J. G.).—Notes oN AMERICAN
SchHooLs anp Tramving CoLreces. Re-
printed by permission. Globe 8vo. 24, 6d.

GLADSTONE (J. H.).—SreELLING REFORM
FrRoM aN EpucaTionar Point oF VIEW.
ard Edit. Cr, 8vo. 1s5.6d4.

HERTEL (Dr.).—OverrrEssURe I8 Hich
SchooLs 18v DExmark., With Introduction
by Sir J. Cricitox-Browng. Cr. 8vo. 35.6d.

KINGSLEY (Charles).—HeaLTH anD EDpU-
CATION. OCr. Bvo. 6s.

LUBBOCK (Sir John, Bart.).—POLITICAL AND
EpucaTioNAL ADDRESSES. Bvo. Bs. 6d.

MAURICE (F. D.).—LEARNING AND WORK-
iMG. Cr. Bvo, . 6.

RECORD OF ‘FE:CHNIC&L AND SE-
CONDARY EDUCATION. No. 1. Cr.
Bvo. Sewed, 25 net.

THRING (Rev. Edward).—EDucATiON AND
ScHooL. 2nd Edit. Cr. 8vo. 6.

TODHUNTER (lsaac).—THE CoNFLICT OF
STUDIES, Bvo. 105. 6d.

ENGINEERING.

ALEXANDER((T. and THOMSON (A.W.)
—ELEMENTARY APPLIED MEcuanics. Part
II. TramsveERsE STRESS. Cr. Bvo. 108, 64,

CHALMERS (J. B.).—GrarHicAL DETER-
MINATION OF ForcEs IN ENGINEERING
StrucTURES. Ilustrated. B8vo. 244,

COTTERILL (Prof. J. H.).—ArrLIED ME-
cHANICS : An Elementary General Introduc-
tion to the Theory of Structures and Ma-
chines. 2znd Edit. 8vo. 18s.

COTTERILL (Prof. J. H.) and SLADE
(J. H.).—LEessoxns 1x ArPLIED MECHANICS.

cp. 8vo. 55, 6d.

EENNEDY (Prof. A. B, W.).—ThE MEe-
CHANICS oF MAcHINERY. Cr. Bvo. 124 6.

PEABODY (Prof. C. H.).—THERMODYNAMICS
OF THE STEAM ENGINE AND OTHER HEAT-
EnGiNEsS. Bvo. 215,

SHANN (G.).—Axn ELEMENTARY TREATISE
oN HEaT 1N RELATION To STEAM AND THE
STtEaM-EncINE. [llustrated. Cr. Bvo. 45 64,

WHITHAM (Prof. J. M.).—STEAM-ENGINE

Design. For the use of Mechanical En-
gineers, Students, and Draughtsmen. Illus-
trated. Bvo. =255,

WOODWARD (C. M.).—A HisToRY OF THE
51. Louis BringE. 4to.  zf. 25 net.

YOUNG (E. W.).—SimrLE PracTicar. MEe-
THODS OF CALCULATING STRAINS oN GIR-
DERS, ARCHES, AND TrussES. 8vo. 74, 64,

ENGLISH CITIZEN SERIES.
(See PoLiTiCs.)
ENGLISH MEN OF ACTION.
(See Brograruy.)
ENGLISH MEN OF LETTERS.
(See Brograruy.)

ENGLISH STATESMEN, Twelve.
(See BioGrAPHY.)

ENGRAVIEG. (See ArT.)
ESSAYS. (See under LITERATURE, p. 15.)

ETCHING. (See ArT.)
ETHICS, (Sce under PHILOSOPHY, P. 25.)



GARDENING—HISTORY. 9

FATHERS, The.

See under THEOLOGY, p. 32.)

FICTION, Prose.
(See wnder LITERATURE, p. 17.)

GARDENING.
(See also AGRICULTURE ; BoTAaNY.)
BLOMPFIELD (R.) and THOMAS (F. 1.).—
Tue FormaL Garpen 18 Encranp, 1llus-
trated. Ex cr. 8vo. 7s. 64. net,
BRIGHT (H. A.).—Tue Exncrisn FLOWER
GArDEN, Cr. Bvo. 3s. 6d.
—— A YEar IN A LancasHire GArDeEN. Cr.
8vo. 3s. 6d4.
HORDAY (E.).— ViLLA GARDENING. A
Handbook for Amateur and Practical Gar-
deners. KExt. cr. Bvo. 65,

HOPE (Frances J.).—NoT1es aAxp THouGHTS
oN GARDENS AnD WooprLanps., Cr. 8vo. 6s.

GEOGRAFHY.
(Nee alro ATLASES.)
BLANFORD (H. F.).—ELEMENTARY GEO-
GRAPHY OF InDia, Burma, aND CEVLON.
Globe 8vo. 2s5. 64.
CLARKE (C.B.).—A GeoGraPHICAL READER
AND CoMPANION TO THE ATLAS. Cr, Bvo. 2s.
—— A Crass-Bookx oF GeEoGrAaAPHY., With 18
Coloured Maps. Fep. 8vo. 35, ; swd., 25. 6d.
DAWSON (G. M.} and SUTHERLAND(A.)
—UGEOGRAPHY OF THE BRITISH COLONIES,
ELDERTON (W. A.}.—Mars anp Map
DRrAawING. Pott Bvo., 15
GEIKIE (Sir Archibald).—THE TEACHING OF
GeEocrAPHY. A Practical Handbook for the
use of Teachers. Globe Bvo. =25,
GEOGRAPHY oOF THE Brimisu IsLEs.
I1Bmo. 15,
GREEN(]. R.and A. 5.).—A SHorT GEOGRA-
rHYOF THE BriTiSH IsLanDs, Fep.8vo. 35.64,
GROVE (Sir George).—A Primer oF GEo-
GRarHY. Maps. 18mo. 1s.
KIEPERT (H.).—ManuvaL
GEoGRAPHY. Cr. Bvo. 55,
MILL (H. R).—ErLemenTarY CLass-Boox
oF GENERAL GEoGRAaPHY. Cr. 8vo. 3s. 6d.
SIME {Iiameﬁ).—{}um;nal-rw oF Eurore.
With lllustrations. Globe 8vo. 3s.
STRACHEY (Lieut.-Gen. R.).—LECTURES ON
GEoGRAPHY. Cr. 8vo. 4s. 64.
TOZER (H. F.).— A Praumer oF CLASSICAL
GEOGRAFHY., 18mo. 14,

GEOLOGY AND MINERALOGY.
BLANFORD (W. T.). — GeorLocy
Z00L0GY OF ABYSSINIA. Bvo. 215,

COAL: Irs History anp Its Uses. By

Profs. Green, MiaLL, THorre, RUCKER,
and MarsHALL. 8vo. 125 64,
DAWSON (Sir J. W.).—Tue GEeoLoGY oF

Nova Scorm, NEw BRUNSWICK, AND
Prince Epwarp Istanp; or, Acadian Geo-

OF ANCIENT

AND

logy. 4th Edit. 8vo. 21s.

GEIKIE (Sir Archibald).—A PriMER oF GEO-
LoGY. lllustrated. 18mo. 1s.

—— CrLass-Book oF Geovrocy. Illustrated.
Cr. 8vo. 4s. 64.

—— OurLines oF Fiewp Georocy. With
numerons Hluerratiang ] Buns = o

GEIKIE (Sir A.).—GEOLOGICAL SKETCHES
AT HoMmE anxp Aproan. With Illustrations.
Bvo. 108, 64,

—— Text-Book or Grorocy. Illustrated.
2nd Edit. 7th Thousand. Med. Bvo. =28s.

—— THE SCENERY OF ScoTLAND. Viewed in
connection with its Physical Geology. 2nd
Edit. Cr. 8vo. 125 6.

HULL (E.).—A TreEATISE ON ORNAMENTAL
AND BuiLping Stones oF GREAT DRITAIN
anp Foreloy CounTRIES. Bvo. 125

PENNINGTON (Roocke).—NOTES ON THE
Barrows AND Bong Caves oF DERBYSHIRE.
8vo. 6s,

RENDU—WILLS.—Tue THEORY OF THE
Graciers oF Savoy. By M. LE CHANOINE
RExDU. Trans. by A.WiLLs,Q.C. Bvo. 7s5.64.

ROSENBUSCH—IDDINGS.— Microscori-
cal PuwsiocrarHy oF THE Rock-MAKING
Mixerars. By Prof. H. Rosexpusch.
Transl. by J. P. Ippings. 1llustr, 8vo. 245

WILLIAMS (G. H.).—ELEMExNTs oF CRrY-
STALLOGRAPHY. Cr. 8vo. bs.

GLOSSARIES. (See DICTIONARIES.)
GRAMMAR. (See PuiLoLogy.)

HEALTH. (See HvGIENE.)
HEAT. (See under Puvsics, p. 27.)

HISTOLOGY. (See PuysioLoGy.)
HISTORY.

(See alse BloGrAPHY.)

ANNALS OF OUR TIME. A Diurnal of
Events, Social and Political, Home and
Foreign. By Joserx Irving. 8vo.—Vol. 1
%um: zoth, 1837, to Feb. 28th, 1871, 185 ;

ol. I1. Feb. 24th, 1871, to June 24th, 1887,
18s. Also Vol. II. in 3 parts: Part 1. Fe
24th, 1871, to March 1gth, 1874, 45. 6. ; Part
II. March z2oth, 1874, to July 22nd. 1878,
45.64. ; Part III. Hui}f 23rd, 1878, to June
24th, IEEi,)t}s. Vol. 111. Part 1. June 2sth,
1887, to Dec, zoth, 18go. By H. H. FyrE.
35. 6.

ARNOLD (T.).—TrE Seconp Punic WAR.
By Tuomas Arnorp, D.D. Ed. by W. T.
Arnorp, M.A. With § Maps. Cr. 8vo. ss.

ARNOLD (W. T..—A HisTory OF THE
EarLy Romax Emreire. Cr. Bvo. [/x prep.

BEESLY (Mrs.).—SToriEs From THE His-
ToRY OF RoME. Fep. Bvo. 25, 64,

BLACKIE (Prof. John Stuart).—WmnaTt Dogs
Historv TEacu?  Globe Bvo, 25 6d.

BRYCE (James, M.P.).—Tune HoLy Roman
Empire.  8th Edit. Cr. 8vo. 75 6d—
Library Edition. Bvo. 14s.

BUCKLEY (Arabella).—History orFr Exg-
LAND For BecinnERs. Globe Bvo. 3s.

BURKE (Edmund). (8¢ PoLitics.)

BURY (]J. B.).—A Historvy oF THE LATER
Roman EMPIRE FROM ARCADIUS TO IRENE,
A.D. 390—800. =z vols. Bvo. 325

CASSEL (Dr. D.).—MaxuvaL oF JewisH
HisTorv AND LiTERATURE. Translated by
Mrs. HEnry Lucas. Fep. 8vo.  2s. 64d.

COX (G. V.).—REecoLLEcTIONS oF OXFORD.
z2nd Edit. Cr. 8vo. 6s.

ENGLISH STATESMEN,

fCas Pomemma g %
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HISTORY —continued.

FISKE (John).—Tue Criticar PeEriop I
AmericAN HisTtory, 1783—8g. Ext. cr.
8vo. 104 64.

THE BEGINNINGS oF NEw ENGLAND;
or, The Puritan Theocracy in its Relations to
Civil and Religious Liberty. Cr. 8vo. 7s. 6d.

~—— THE AMERICAN REVOLUTION. 2 vols.
Cr. 8vo. 185

FRAM]JI (Dosabhai). — HisToRY OF THE
Parsis, incLupinGg THEIR MaNNERs, Cus-
ToMs, RELIGION, AND PresenT PosiTioN.
With Illustrations. zvols. Med. 8vo. 36s.

FREEMAN (Prof. E. A.).—HISToRY OF THE
Ca*gzznnm, CHURCH oF WELLs. Cr. 8vo.
35. 6.

-—— Ovp Encrisu Historv, With 3 Coloured
Maps. gth Edit., revised. Ext. fep. 8vo. 6s.

ISTORICAL Essavs. First Series, 4th

8vo. 105, 64,

— Second Series. 3rd Edit., with

Additional Essays. 8vo. 1os. 6.

—— —— Third Series. 8vo. 125,

Tue GrowTH oF THE ExcrisH ConsTI-
TUTION FROM THE EarviEsT TiMEs. sth
Edit. Cr. 8vo. &s.

=—— CoMPARATIVE PoriTics. Lectures at the
Royal Institution. To which is added ** The
Unity of History.” Bvo. 145,

-—— SupJEcT AND NEIGHBOUR LANDS oOF
VEnice. Illustrated. Cr. 8vo. 1cs. 6.
Excrisu Towns axnp Districts. A
Series of Addresses and Essays. 8vo. 14s.
Tue Orrice oF THE HisToricaL Pro-

FEssOR. Cr, Bvo, 25,

s—— [MSESTABLISHMENT AND DISENDOW-
MENT : WHAT arE THEY? Cr. Bvo. 25
~—— GREATER GREECE AND GREATER BrRI-
TAIN : GEORGE WASHINGTON THE Ex-
PANDER oF EncLanp., With an Appendix
on IMPERIAL FEDERATION. Cr.8vo. 35.6d.

-—— Tur MeTHODS oF HisTORICAL STUDY.
Eight Lectures at Oxford. 8vo. 105 64.

~=—— THE CHIEF PERrIODS 0F EUurRorPEAN His-
Torv, With Essay on *‘ Greek Cities under
Eoman Rule."” B8vo. 1os 64

-—— Four OxrForp LEcTurEs, 1887; FiFTY
YEars oF Evrorean History; TEUuTONIC
ConguesT 18 GAvL AND BriTAIN. Bvo, 55,

-—— Essays. [. Historical, 1I. Miscellaneous.

FRIEDMANN (Paul). (See BloGrRAPHY.)

“GIBBINS (H. de B.).—History or Com-
MERCE IN EvrorEe. Globe 8vo. 35 64,

GEEEN (John Richard).—A SuortT HisToRY
ofF THE EncrisH PeorLe. New Edit., re-
vised. 1s9th Thousand. Cr. 8vo. 85 6d.—
Alsoin Parts, with Analysis. 35.each.—Part I.
5_;}7-12155; I1. 1204—1553; 111. 1540—168g;
I 1660—1873. — lllustrated Edition, In

15. each net.—Part

Edit,

S

Parts. Super roy. 8vo.

I. Oct. 1891.
-—— History oF THE Excrisi Peorte. In
4 vols. Bvo. 1b6s. each.

THE MakinGg oF EncLAaND. 8vo. 168,

—— TheE ConguestT ofF ExcLaxp. With
Maps and Portrait, Bvo. 18s,
: ReEADINGS IN EncrisH History. In 3

Parts. TFep. Bvo. 1. 64, each,
GREENM (Alicer 5.).—THE Encrisu Toww

IN THE 15TH CENTURY. 2 vols, 8vo.

GUEST (Dr. E.).—Onricines CeLtica. Maps.
2 vols. Bvo. 32s.

GUEST (M. J.) —Lectures on THE HisTORY
oF EnGLanp. Cr. 8vo, 6y,

HISTORY PRIMERS. Edited by Joun
RicHarp GreEN., 18mo. 1s. each.

Evrore. By E. A, Freeman, M.A.
Greece. By C. A. FyrrE, MLA.
Rome. By Bishop CrREIGHTON.

France. By CuarvorTE M. YONGE.
HISTORICAL COURSE FOR SCHOOLS.
Ed. by Epw. A. FrEeman, D.C.L. iEmo.
GeENERAL SkeTCcH oF Evrorean HisTory.
By E. A. FREEMAN., Maps. 3+ 64,
History oF EncLanDp. By Epite THOMP-
soN., Coloured Maps. =zs. 6d.

History or ScorLanp. By MARGARET
MACARTHUR. 2s.

History oF I'TaLy. By the Rev. W. HuxT,
M.A. With Coloured Maps. 3s. 6d.

History oF GErRMANY. By James SIME,
M.A. 35

History oF AMERICA.
With Maps. 45 64.
History or Evrorean CoLowies. By

E. J. Pavxe, M.A. Maps. 4. 64.
History oF France. By CharvcoTTE M.
Yonce. Maps. 35 6d.

HOLE (Rev. C.).—GENEALOGICAL STEMMA
oF THE Kings oF EncLAND AND FRANCE,
On a Sheet. 15

INGEAM (T. Dunbar).—A HisTtory OF THE
LeGisLaTivE Uxiton oF GREAT BrITAIN
AND IRELAND. B8vo. 105 Od.

—— Two CHArTERS OF IrRisH HisTORY: 1.
The Irish Parliament of James Il.i 2, Thu
Alleged Violation of the Treaty of Limerick.
Bvo. Gs.

JEBE (Prof. R. C.).—Moperx GrEECE. Two
Lectures. Crown 8vo. ss

JENNINGS (A. C.).—CuronoLoGiCAL Ta-
BLES OF ANCIENT HisTory. 8vo. ss.

KEARY (Annie)—THE NaTioNs AROUND,
Cr. 8vo. 45 64.

EKEINGSLEY (Charles)—THE Romanw AND
THE TEUTON. Cr. Bvo. 3¢ 64,

—— Historical. LEcTUREs AND Essavs,
Cr. 8vo. 35 64.

LABBERTON (K. H.). (8¢ ATLASES.)

LEGGE (Alfred 0.).—THe GrROWTH OF THE

TemroraAl PowiEr oF THE Paracv. Cr,
8vo. Bs. 64,

LETHBRIDGE (Sir Roper).—A Suort Maxn-
vaL oF THE HisTory oF InD1a, Cr.Bvo. ss.
—— THE WorLD's HisToRY. Cr.8vo,swd. 1s.

—— Easvy IyTropucTION TO THE HISTORY
of Inpia. Cr. 8vo, sewed. 15 60\

—— Historyor Excranp. Cr.Bvo,swd. 15.64.
—— Easvy InTrRODUCTION TO THE HISTORY
AND GEOGRAPHY OF BENGAL. Cr.Bvo. 15.64.
LYTE(H. C. Maxwell).—A HisTorvor EToN
COLLEGE, 1440—1884. Illustrated. 8vo. 21s.

—- A History oF THE UNIVERSITY OF
Oxrorp, FROM THE EArRLIEST TIMES TO
THE YEAR 1530. 8vo, 1685

By J. A. DovLe.
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MAHAFFY (Prof. I[l P.). — SociaL Lire
in Greece, From HomeEr To MENANDER.
6th Edit. Cr, 8vo. gs.

—— Greex Lire AND THOUGHT, FROM THE
AGE oF ALEXANDER T0o THE Roman Cox-
QuEsT. Cr. Bvo. 125 6d.

—— Tue Greexk WorLp uNpDER Rowmaw
Swav, From PorLveivs Tto Prutarca, Cr.
Bva. 1os. 6d.

MARRIOTT (J. A. R.). (See SeELECT Blo-
GRAPHY, P. 5.)

MICHELET (M.).—A SumMmary oF MoDERN
History. Translated by M. C. M. Simp-
soN. Globe Bvo., 45, 6d.

MULLINGER(]J. B.).—CamBrIDGE CHARAC-
TERISTICS IN THE SEVENTEENTH CENTURY.
Cr. Bvo. y4s. 64,

NORGATE (Kate)—ENGLAND UNDER THE

ANGEVIN Kings. In 2 vols. Bvo. 3a2s.

QOLTPHANT (Mrs. M. 0. W.).—THe MaAKERS
oF FrLorence: DanTE, GloTTO, SAVONA-
ROLA, aAMD THEIR City. Illustr. Cr. Bvo.
108, 6. —Edition de Luxe. Bvo. 215 net

—— Ture Makers orF VeENICE : Doces, Con-
?UEHGRS, ParnTeERSs, AND MEN oF LETTERS,

llustrated. Cr. Bvo. 108, 6.

—— Rovar EpmwsurcH: Her Saists
Kings, PRorHETS, AND PoETS. Tllustrated
by G. Remp, R.S.A. Cr, 8vo, 105 64.

~——— JeErusALEM. lllustrated. Bwvo. 21s.

OTTE (E. C).—Scanpinavian HisTory.
With Maps. Globe 8vo. 6s.

PALGRAVE (Sir Francis). — HisTory OF
Normanpy AND oF EnGLaAnD. 4 wvols.
Bvo. 4l. 4s.

PARKMAN (Francis). — MoNTCALM AND
Wovrre. Library Edition. Illustrated with
Portraits and Maps. z vols. Bvo. 125 64, each.

—— THE CoLLEcTED Works oF Francis
ParkMman. Popular Edition. In 1o vols.
Cr. 8vo. 75. 64, each ; or complete, 3/.135.64.
—PironeErsoF France in THE NEw WoRrLD,
1 vol.; THE JeEsurTs in NORTH AMERICA,
L vol.; La SALLE AXD THE IMSCOVERY OF
THE GREAT WEST, 1 vol.; THE Orecon
TralL, zvol., T OLd Récivme in Canapa
UNpErR Louis XIV., 1 vol. ; Count Fran-
TENAC anND NEw France unper Louls
XIV., 1 vol.; MoxTcaLm AND WOLFE, 2
vols. ; Tue Consriracy oF PonTiAc, 2 vols.

POOLE (Reginald Lane).—A History orF
THE HuGuENoTs ofF THE DISPERSION AT

THE RECALL oF THE Epict oF NANTES.
Cr. Bvo., 6.

ROGERS (Prof. J. E. Thorold).—HisToRrICAL
Greanings, Cr. Bvo.—ist Series, 45, 6d.—
znd Series. 6s.

SAYCE (Prof. A. H.).—TueE AxcienT EM-
PIRES OF THE EasT. Cr. Bvo, 6s.

SEELEY (Prof. J. R.). —LECTURES AND
Essays. 8vo. ros. 64,

Tue Expansion oF ENGLAND.

Courses of Lectures. Cr. 8vo, 45. 64,

Our CoLoniar Exransion. Extracts

from the above. Cr. 8vo. 15,

SEWELL (E. M.) and YONGE (C. M.).—
EurorEAn HISTORY, NARRATED IN A
SERIES OF HISTORICAL SELECTIONS FROM

THE BEST AUTHORITIES. 2 vols, 3rd Edit.
Lr. Bvo. 6s. each.

Twao

SHUCKBURGH (E. S.).—A Scuoor His-
Torv oF RoMmEe. Cr. 8vo. [[npreparation.

STEPHEN (Sir J. Fitzjames, Bart.).—THE
Story oF NUNCOMAR AND THE IMPEACH-
MENT oF SirR Erijan Impev. 2 vols. Cr.
Bvo. 155

TAIT (C. W. A.).—AwnaLvsis oF ENGLISH
History, BASED oN GreEeEN's *° SworT His-
Tory OF THE EncLisH PeorLe.” Cr. 8vo,
45. 6.

TOUT (T. F.).—AnaLvsis oF Excrisu His-
TORY. 18mo. 1+,

TREVELYAN (Sir Geo. Otto).—CAWNFORE.
Cr. Bvo. 6.

WHEELER (J. Talboys).—PriMER OF IN-
piaN HisTory, ASIATIC AND EUROPEAN.
18mo. 18

—— CorLEGE History oF Inpia, AsiaTic
AND Evurorear., Cr. Bvo. 34.; swd. 25 6d.

—— A SHorT History oF Inpia. With Maps.
Cr. 8vo. 13f.

—— Inpi1a unpER BRITISH RULE. Bvo. 125.6d.

WOOD (RBev. E. G.).—THE REcAL Powgr
OF THE CHURCH. Bvo. 4s5. 64,

YONGE (Charlotte).—CamEeos FroMm ENGLISH
History. Ext.icp. 8vo. 55 each.—Vol. 1.
From RoLro To Epwarp I1.; Vol. 2. THE
Wars INn France; Vol. 3. THE WARs oF
THE Roses ; Vol. 4. REFormaTiON TiMES
Vol. 5. ENGLAND AND Sprain ; Vol. 6. ForTY
YEARS OF STEWART RULE (1603—43) ; Vol. 7.
T:ﬁHE REBELLION AND RESTORATION (1642—
1h78).

—— Tue Victoriay Havr-CEnTURY. Cr.
Bvo. 15 6d.; sewed, 15,

—— THE StorYy oF THE CHRISTIANS AND
Moors 18 SrainN. 18mo. 45 6.

HORTICULTURE. (Se¢c GARDENING.)

HYGIENE.

BERNERS(J.)—FirsT LEssons on HEALTH.
18mo. 1s.

BLYTH (A, Wynter).—A Maxuvat or PusLic
HeavLTH. Bvo. 17s. net.

BROWNE (J. H. Balfour).—WATER SurrLy.
Cr. 8vo. 25. 64.

CORFIELD (Dr. W. H.).—THE TREATMENT
AND UTILisATION OF SEwWAGE. 3rd Edit.
Revised by the Author, and by inu:s C.
Parxes, MDD, 8vo. 16s.

GOODFELLOW(].).—THEIMETETIC VALUR
ofF Brean, Cr, 8vo.

KINGSLEY (Charles),—SaxiTary anp So-
ciaL LEcTurges. Cr. 8vo, 34, 64
—— HEeALTH AND EpvcaTion. Cr. 8vo. 6s.

REYNOLDS (Prof. Osborne).—Sewer Gas,
anxp How To keer 1T out oF Houses., 3rd
Edit. Cr. 8vo. 1s5. 64,

RICHARDSON (Dr. B. W.).—HvGEIA: A
Crry oF HEALTH. Cr. 8vo. 1s.

—— THE FUuTURE oF SANITARY SCIENCE.
Cr. 8vo. 1s.

On Arcodor. Cr. Bvo, 14,

HYMNOLOGY.
(See wnder THEOLOGY, p. 33.)
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ILLUSTRATED BOOKS.
BALCH (Elizabeth), — GrLimrses oF OLp
EncrLisn Homes. Gl 4to. 145,
BLAKE. (See Brograruy.)
BOUGHTON (G. H.) and ABBEY (E. A.).
(See Vovaces anp TraveLs.)

CHRISTMAS CAROL (A). Printed in
Colours, with Illuminated Borders, 4to. z1s.

DAYS WITH SIR ROGER DE COVER-
LEY. From the Sgectator. Illustrated by
Hugn THomson. Fep. 4to.  6s.

DELL (E. C.).—PicTurEs FROM SHELLEY.
Engraved by J. D. Coorer. Folio. 21s. net.

ENGLISH ILLUSTRATED MAGAZINE,
THE. (See PErIODICALS.)

—— Proof Impressions of Engravings originally
published in The English [lilustrvated Maga-

zine. 1884. In Portfolio 4to. =z1s.
GASKELL (Mrs.).—Cranrorp. Illustrated
Huca Tuomson, Cr, 8vo. 6Gs.—Also

with uncut edges er label. 6s.
Fdition de L'E,rt. Pﬂgﬂx. net.

GOLDSMITH (Oliver). — Tue Vicar oF
WakgEriELD. New Edition, with 182 Illus-
trations by HucH THomson. Preface b
Avstin Dopson. Cr. Bvo, 6z.—Alse wit
Uncut Edges, paper label. 6s.

GREEN (John Richard). — ILLUSTRATED
Eprrion oF THE SHORT HISTORY OF THE
Encrisu PeorLe. In Parts. Super roy.
Bvo. 1s. each net. Part I. Oct. 1801.

GRIMM. (Ser Books For THE YOURNG.)

HALLWAERED (R. F.).—FLowgERrs oF Para-
pisE. Music, Verse, Desizn, [Hlustration. G5

IRVING (Washington).—OLDp CHRISTMAS.
From the Sketch Book. Illustr. by RanpoLru
CarpecorT. Giltedges. Cr.8vo. 6s.—Also
with uncut edges, paper label. 6s.

—— BracepringE Havn. Illustr. by Ran-
poLPH Cavpecort. Gilt edges. r. 8vo,
6s5.—Also with uncut edges, paper label, 6s.

OLp CHRISTMAS AND BRACEBRIDGE

HavL. Edition de Luxe. Roy.8Bvo. 211

KINGSLEY (Charles).—THE WaTER Basigs.
(See Books FOR THE YOUNG.)

Tue HEroEs. (See Books for the Young.)

—— Gravecus. (See NaTurar HisTory.)

—— SONG OF THE RIVER. 313, 6.

LANG {(Andrew).—THE Lierary. With a

Chapter on Modern Illustrated Books, by
AvusTin Doeson. Cr. Bvo.  3s. 64.

LYTE (H. C. Maxwell}., (5ee HisTory.)

MAHAFFY (Rev. Prof. J. P.) and ROGERS
(J. E.). (See Vovaces ann TRAVELS.)

MEREDITH (L. A.).—BusH FRIENDS IN
TasmMANIA. ative Flowers, Fruits, and
Insects, with Prose and Verse Descriptions.
Folio. s2s. 6d. net.

OLD SONGS. With Drawings by E. A.
Apsey and A, Parsons. 4to,mor. gilt. 315.64.

PROPERT (J. L.). (See ArT.)

STUART, RELICS OF THE ROYAL
HOUSE OF. Illustrated by 40 Plates in
Colours drawn from Relics of the Stuarts by
WirLiam Gise. With an Intreduction by
Joun SkerTon, C.B., LL.D., and Descrip-
tive Notes by W. St. Joun Hore. Folio,
half morocco, gilt edges. 7/ 75, net.

TENNYSON (Hon. Hallam).—Jack AND
THE Bean-StaLk. English Hexameters.
Illustrated by R. CaLpeEcoTT. Fep.4to. 35.64.

TRISTRAM (W. 0.).—CoacHinG IDavs AND
CoacHing Wavs., Illustrated by Heg-
BERT RairTon and HugH THoMson., Ext.
Cr. 4to. 318, 6d.

TURNER'S LIBER STUDIORUM: A
DEescripTION AND A CATALOGUE. By W. G.
RAwLINSON. Med. 8vo. 12s. 64.

WALTON and COTTON—LOWELIL.—THE.
ComrLETE AncLER. With Introduction by
Jas. RusseLL LoweLL. zvols. Ext. cr. Bvo.
525.6d4, net.—Large Paper Edition, Proofs.
on Japanese paper. 735 64. net.

LANGUAGE. (See PHiLoLoGY.)

LAW.
ANGLO-SAXON LAW : Essavs on.
8vo. 1Bs.
EERNARD (M.).—Four LECcTURES oN Sup-
JECTS CONNECTEDWITH DirLoMacy. Bvo. gs.

BIGELOW (M. M.).—History oF PrRocE-
DURE IN ENGLAND FROM THE NORMAN
CoNQUEST, 1066-1204. B8vo. 16s.

BOUTMY (E.). — Stupies 1 CoNSTITU-
TioNaL Law. Transl. by Mrs. Dicev. Pre-
face by Prof. A. V. Dicev. Cr. Bvo. fs.

—— THE Encrisw ComsTiTuTiON. Transl.
by Mrs. EapeEn. Introduction by Sir F.
Porrock, Bart. Cr. 8vo. 6s.

CHEERRY (R. R.). — LECTURES ON THE
GrowTH ofF CRIMINAL Law IN ANCIENT
COMMUNITIES. Bvo. 55 net.

DICEY (Prof. A. V.h.—LEcTURES INTRODUC-
TORY TO THE STUDY OF THE LAW OF THE
ConstiTUuTiON. 3rd Edit. 8vo. 125 64,

ENGLISH CITIZEN SERIES, THE.
(See PoriTiCS.)

HOLLAND (Prof. T. E.).—THE TreaTY RE-
LATIONS OF Russia AND TURKEY, FROM
1774 To 1853, Cr. 8vo. 25,

HOLMES (0. W., jun).—TuE Commomn
Law. B8vo. 1zs.

LIGHTWOOD (J. M.),—Tueg NATURE OF
Positive Law. Bvo. 125 6.

MAITLAND(F. W.).—PLEAs oF THE CROWN
FOR THE CouxTy oF GLOUCESTER, A.D. 1221..

Bvo. 75 64.

—— JusTice anD Porice. Cr. 8vo. 3s. 64,

MONAHAN (James H.).—Tue MeTHOD OF
Law. Cr. 8vo. 6s.

PATERSON (James).—COMMENTARIES ON
THE LIBERTY OF THE SUBJECT, AND THE
Laws oF ENGLAND RELATING TO THE SE-
CURITY OF THE PERsoN, 2vols. Cr, 8vo. 215

—— Tue LigerTy oF THE PRESs, SPEECH,
AND Pusric WorsHir. Cr. 8vo. 128,

PHILLIMORE (John G.).—PrivaTe Law
AMONG THE RoMans. Bvo. 6s.

POLLOCK (Sir F., Bart.).—Essavs i¥ JURris-
FRUDENCE AND ETHICS. Bvo. 10+ 64,

—— THE Laxp Laws, Cr. 8vo. 3564

RICHEY (Alex. G.).—THE IrisH Lanp Laws.
Cr. 8vo. 35 64,

SELBORNE (Earl of)—]JupiciaL Proce-
DURE 1IN THE Privy CounciL, Bvo. 15 net.

Med.
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STEPHEN (Sir J. Fitzjames, Bart.).—A Di-
GcEsT oF THE Law oF Evipence. Cr. 8vo. Gs.

—— A DigesT oF THE CriMINAL Law:
CRIMES AND PUNISHMENTS. 4th Ed. 8vo. 16s.

A DicesT oF THE Law oF CRIMINAL
ProcEDURE IN InpicTaBLE OFFENCES. Dy
Sir J. F., Bart.,, and HERBERT STEPHEN,
LL.M. 8vo. 1zs 64,

—— A History oF THE CriMmiNAL Law oF
EncLanp. 3vols. 8vo. 48s.

—— A GeneraL VIEw oF THE CRIMINAL
Law oF EncLanp, =znd Edit. 8vo. 145

STEPHEN (J. K.).—INTERNATIONAL LAw
AND InTERNATIONAL REeELaTIONS. Cr.
8vo. Gs.

WILLIAMS (S. E.)J.—Forexsic FACTS AND
FaLracies. Globe Bvo. 4. 64.

LETTERS. (Se¢r wnder LITERATURE, p. 19.)

LIFE-BOAT.

GILMORE (Rev. John).—STorM WARRIORS ;
or, Life-Boat Work on the Goodwin Sands.
Cr. 8vo. 35 64d.

LEWIS (Richard).—HisTory oF THE LIFE-
BoaT AND 1T8 Work. Cr. 8vo. ss.

LIGHT. (See under Puvsics, p. 27.)

LITERATURE.

History and Criticism of— Commentaries,
etc.—Poctry and the Drama—Poetical Col-
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—— SiLenus, Cr. 8vo. 6s.
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Young, p. 38.)

WARD(T. H.).—EncGLisH PoeTs. Selections,
with Critical Introductions by various Writers,
and a General Introduction bﬁr MAaTTHEW
ArnoLp, Edited by T. H. Warp, M.A.
4 vols. znd Edit. Cr. 8vo. 75.64d. each.—
Vaol, I. Cuavcer To Downg; I1. BEx Jox-
son To DrypEN ; IIl. AppDison To BLAKE ;
IV, WorpsworTH TO ROSSETTI.



PROSE FICTION, 17

WOODS (M. A.).—A First PoETrRY Book.
Fcp. Bvo. as. _

A Seconp PoeTry Book. z Parts. Fep.

Bvo. 21, 64, each.—Complete, 45. 6d.

A Tuirp PoeTrY Book. Fcp.8vo. 45. 6d.

WORDS FROM THE POETS. Witha Vig-
nette and Frontispiece. 12th Edit. 18mo. 1s.

Prose Fiction.

BIKELAS (D.).—Loukis Laras; or, The
Reminiscences of a Chiote Merchant durin
the Greek War of Independence. Translate
by J. GEnnapius. Cr. Bvo. 7+. 64,

BJORNSON (B.).—SvNNGvE SOLBAKKEN,
. Translated by JuLie SurTER. Cr. 8vo. 6s.

BOLDREWQOD (Rolf).— Uniform Edition.

Cr. Bvo. 3s. 6d. each.

RoppEry UnDER Arms: A Story of Life and
Adventure in the Bush and in the Goldfields
of Australia.

Tue MixeEr's RiGgHT.

THE SQUATTER's DREAM,.

A SYDNEY-SIDE SaxoN.

A CoLoxiaL REFORMER.

—— NEVERMORE. 3 vols. Cr.8vo. 315 64,

BURNETT (Frances Hodgson).-HaworTH's,
Globe Bvo, =24,

—— LouisiaMa, and THaT Lass o' LOWRIE's.
Iustrated. Cr.8vo. 3s. 64

CARMARTHEN (Marchioness of), — A
Lover oF THE BeEavTiFuvrn. Cr, 8vo. 65,

CONWAY (Hugh). — A TFamirLy AFPFAIR.
Cr. Bvo. 35 6d.

—— Living or Deap. Cr. 8vo. 35 64

CORBETT (Julian).—Tue FALL oF ASGARD:
A Tale of St. Olaf's Day. 2vols. Gl 8vo. 125

—— For Gop ANp GoLp. Cr. Bvo. 6s.

— KorHETUA THE THIRTEENTH. =2 vols.
Globe Bvo, 125,

CRAIK (Mrs.).— Uniform Edition. Cr. Bvo.
35. G, each.
Orive.
THE DciLvies. Also Globe Bvo, 2s.
AcaTHA's Huspanp, Also Globe 8vo, 25,
THE HEAD oF THE FAMILY.
Two Marriaces., Also Globe 8vo, zs.
THE LaureL BusH.
My MoTHER anp I,
Miss Tommy: A Medimval Romance.
King ArtHur: Not a Love Story.

CRAWFORD(F.Marion).—- Uniforme Edition.
Cr. 8vo. 35, 64, each.

Mp. Isaacs: A Tale of Modern India.
Dr. CLavDIus.

A Romanw SINGER.

ZOROASTER.

A Tave oF A LoveELy ParisH.
Marzio's CrRucIFIX.

PauvL PaTorF.

WiTH THE IMMORTALS.
GREIFENSTEIN.

Sant' [Lario.

A CigareTTE MARER's RoMANCE.

—— KHALED ! A Tale of Arabia. zvols. 12s.

—— THe WitcH oF Pracue. 3 vols. Cr.
Bvo. 318 G4,

CUNNINGHAM (Sir H. 5.).—Tue CEru-

LEANS ! A Vacation Idyll. Cr.8vo. 3s.64d.
—— THE Heriots. Cr. Bvo. 3s. 6d.
—— WHEAT aAxp Tares. Cr. Bvo. 35, 64,

DAGONET THE JESTER. Cr. 8vo. 4s.64.

DAHN (Felix).—FELICITAS.
M.A.C.E. Cr. 8vo, 4s.06d.

DAY (Rev. Lal Behari).—BeEnGAL PEASANT
Lire. Cr. Bvo. 6s.
— Fork TALES OF BENGAL. Cr.Bvo. 44.64d.

DEFOE (D.). (See GLope LiBrAry, p. 20:
GorLpEx TREASURY SERIES, p. 20,)

DEMOCRACY : Ax AMERICAN NoveL. Cr.
Bvo. 45 04,

DICKENS (Charles). — Tue PosTHUMOUS
Parers oF THE Pickwick Crur. With
Notes and Illustrations. Edit. by CHARLES
Dickensthe younger. 2vols. Ext.cr.Bvo. 21s.

DILLWYN (E. A.).—]JiuL. Cr. Bvo. 6s.

—— JiLL AND Jack. 2 vols. Globe 8vo. 12s.

DUNSMUIE (Amy).—Vipa: Study of a
Girl. 3rd Edit. r. Bvo. 6.

EBERS (Dr. George).—THE BURGOMASTER'S
WirE. Transl. by C. BeELL, Cr, 8vo, 45. 64
—— OnLy A Worp. Translated by CLara
BeLL. Cr. 8vo. 4s. 64, :

“ESTELLE RUSSELL" (The Author of ).—
Harmonia. 3 vols. Cr. Bvo. 313 b4

FALCONER (Lanoe).—CeciLiA DE NDEL.
Cr. Bvo. 35 64,

FLEMING (George).—A NiLe Nover. GL
fvo. =r.

— Mirace: A Novel. Globe 8vo. zs5.

—— THe Heap or Mepusa. Globe Bvo. 25,

Translated by

—— VEsTIGIA. Globe Bvo, 2s,
FRATERNITY: A Romance. =z vols. Cr.
Bvo. =215,

HFRIENDS IN COUNCIL" (The Author
of).—ReaLman. Cr. Bvo. 6s.

GRAHAM (John W.).—Nes£ra: A Tale of
Ancient Rome. Cr. 8vo. ;

HARBOUR BAR, THE. Cr, 8vo. 6s.
HARDY (Arthur Sherburne).—BuTr vET A

Woman : A Novel. Cr. Bvo. 45 64,
—— TuEWinpor DEsSTINY. avols. (3. Bvo. 125,

HARDY (Thomas).—THE WoOODLANDERS.
Cr. Bvo. 3¢. 6d.

—— Wessex TavLes | STrANGE, LIVELY, AND
Commonrrace. Cr. Bvo. 35 64.

ARTE (Bret).—Cressy. Cr. 8vo. 35 6d.
—— Tue HeriTaceE oF Deprow MarsH
and other Tales. Cr. 8vo. as. 64,
“HOGAN, M.P." (The Author of ).—Hocan,
M.P. Globe 8vo. 25

—— THue Hoxouvrarrte Miss FErrarp., Gl
Bvo. ar.

—— FrLiTTERS, TATTERS, AND THE CoOUN-
SELLOR, ETC. Globe 8vo. =2s.

—— Curisty Carew. Globe Bvo. 25,
— Ismav's CHILDREN. Globe Bvo, 2s.

2
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LITERATURE.
Prose Fiction—continued.

HOPPUS (Mary).—A GreEaT TrEASON: A

Story of the War of Independence. 2z vols.
Cr. 8vo. os.

HUGHES (Thomas).—Tom Brown's ScHooL
Davs. By Ax Orp Bov.—Golden Treasu
Edition. 4s5. 64.—Uniform Edition. 3s. 6d.
—People’s Edition. 2s.—People’s Sixpenny
Edition. Illustr, Med. 4to. 64.—Uniform
with Sixpenny Kingsley, Med. 8vo. 6d.

— Tom BrownN AT OxForp, Cr.8vo, 35.6d.

—— THE ScourinG oF THE WHITE HogrsE,
and THE AsHEN Faccor. Cr, 8vo. 35, 6.

IRVING (Washington). (See ILLUSTRATED
Books, p. 12.)

JACKSON (Helen).—Ramona. Gl 8vo. 2s.

JAMES (Henry).—THE EvrorEans: A Novel.
Cr. Bvo. 6s5.; 18mo, 25

Daisy MiLLER: and other Stories. Cr.
Bvo. 6¢. ; Globe Bvo, 25.

—— THE AmERICAN. Cr. Bvo. 6Gs.—18mo.
2 vols. 4s.

—— Roperick Hupsox.
Bvo, 25, ; 18mo, z vols. 45.

—— THE MapoNnA oF THE FuTUurg: and
other Tales. Cr. 8vo. 6y, ; Globe 8vo, 25,

— WasHINGTON SQUARE, THE PENSION
Beaureras. Globe 8vo. 2s.

—— Tue PorTraliT oF a Lapy. Cr. 8vo.
6. 18mo, 3 vols. 6s.

—— Stories Reviven. In
Cr. 8vo. 65 each.

—— THE Bostonians. Cr. 8vo. 6s.

—— Novers anp Taves. Pocket Edition.
18mo. 2. each volume.

CONFIDENCE. 1 vol.

Tue SiEGe oF Lowpon; MADAME DE
Mauves. 1 vol.

Axn InTERNATIONAL Erisope ;: THE PEN-
s10N BEAUREPAS ; THE PoinT oF VIEW,
t vol.

Daisy MiLLERr, a Study: Four MEET-
ivGs, LoncsTarr's MarriAGE ; BEN-
voLio. 1 vol.

Tue Mapoxxa ofF THE Future; A
BunpLE oF LETTERS; THE DIARY OF
a Mawx oF Firry ; EucENE PICKERING.
1 vol.

—— Tavres oF THrReE CiTiES. Cr.8vo. 4s.6d.

Cr. 8vo. 6s.; Gl

Two Series.

—— Tue Princess CTasaMassiMa. Cr. 8vo.
6s. ; Globe 8vo, 2s.
—— THE BREVERBERATOR. Cr. 8vo. 6s.

—— Tue AsrerN PAPERS; Louisa PALLANT;

The MopeErny WarninG. Cr. 8vo. 3s. 64
—— A Lonpon LiFe. Cr. 8vo. 3s.6d.
—— THE Tracic Musg. Cr. 8vo. 3564,
KEARY (Annie).—JaneTt's HoMme. Cr. 8vo.
35. 6d.
— CLEMENCcY FrankLyn. Globe 8vo. 2s.
— OLDBURY. Cr.Bvo. 35 64
A York AND A LancasTeEr Rose. Cr.
Bvo. 3s. 6d.
CasTLE Dary. Cr. 8vo. 35 6d.
— A DouveTing HEarT. Cr. 8vo, 3s.6d.

KINGSLEY (Charles).— Eversley Edition.
13 vols. Globe 8vo. 55 each.—WESTWARD
Ho! 2 wols,.—Two YEars Aco. 2 vols.—
HyraTia. zvols.—YEAST. 1vol.—ALTON
Lm:lh:E. 2 vols.—Herewarp THE WakE.
2 VOIS,

Complete Edition. Cr.8vo. 3s. 6d. each.
— WesTwarp Ho! With a Portrait. —
HyraTia,—YEasT.—ALTON Locke.—Two
YEARS AGO.—HEREWARD THE WAKE,

—— Stxpenny Edition. Med. Bvo. 6d.
each. — WeEsTwarp Ho! — HypaTia. —
YeastT.—ALTon Locke.—Two YEARS AGo.
— HEREWARD THE WAKE.

KIPLING (Rudyard).—Prain TALES FroM
THE HiLLs, Cr. 8vo. 6s.

—— THE LigHT THAT FaiLep. Cr. 8vo. 6s.

— LiFE's HANDICAP ! Being Stories of mine
own People. Cr. 8vo. 6s.

LAFARGUE (Philip).—ThE NEW JUDGMENT
oF Paris. z vols. Globe 8vo. 125,

LEE (Margaret).—FAITHFUL AND UNFAITH-
FUL. Cr. 8vo, 35 64,

LEVY (A.).—REeuveeEx Sacus. Cr.8vo. 35.64.

LITTLE PILGRIM IN THE UNSEEN, A.
z4th Thousand. Cr. 8vo. zs. 6d.

“LITTLE PILGRIM IN THE UNSEEN,
A" (Author of ,—THE Lanp oF DARKNESS.
Ch Evﬂ. BFs

LYTTON (Earl of ).—THE RinG oF AMasIs :
A Romance. Cr. 8vo. 3s. 6d.

McLENNAN (Malcolm).—MuckLE
and other Tales of Peasant Life in the
Cr. 8vo. 35 64.

MACQUOID (K. S.).—ParTty. Gl 8vo. 21

MADOC (Fayr).—THE STorY oF MELICENT.
Cr. 8vo. 45 6d.

MALET (Lucas).—Mgs. LoriMER : A Sketch
in Black and White. Cr. 8vo. 3s. 64.

IH{ALQE{Y (Sir Thos.). (See GLoBE LiBRARY,
pl- EQI

MINTO (W.).—THE MEgDIATION OF RALPH
HarpeELoT. 3 vols. Cr. Bve. 3i1s. 64,

MITFORD (A. B.).—TaLes oF OLp Jaraw.
With Illustrations. Cr. 8vo. 3s. 6d4.

MIZ MAZE (THE); or, THE WINKWORTH
PuzzLe. A Story in Letters by Nine
Authors. Cr. Bvo. 45, 6d.

MURRAY (D. Christie). — AUNT RACHEL.
Cr. vo. 3s. 6d.

—— ScuwarTz. Cr. 8vo. 35 6d.

—— THE WeEaArkER VEsSEL. Cr. 8vo. 35 64,

—— Joux VaLe's Guarpian, Cr.Bvo. 35 64,

MUREAY (D. Christie)and HERMAN (H.).
—HEe FeLL among THiEVES, Cr.8vo. 35.64.

NEW ANTIGONE, THE: A RoMANCE.
Cr. Bvo. 6=

NOEL ({Lady Augusta)—HITHERSEA MERE.
3 vols. Cr. 8vo. 31s. 6.

NORRIS (W. E.).—My Frienp Jim. Globe
8vo. 25

— CHris. Globe 8vo. =zs.

NORTON (Hon. Mrs.).—Qup Sik Dove-
Las. Cr. Bvo.

OCK 3
orth.



PROSE FICTION—COLLECTED WORKS. 19

OLIPHANT (Mrs. M. O. W.).—A Son or
THE S0IL. lobe Bva. azs.

—— THE CUrRATE 18 CHARGE. Globe Bvo. 2s.

— Young Musgrave., Globe Bvo., zs.

—— HE THAT WILL NOoT WHEN HE Mav.
Globe 8vo, =25

— Sir Tom. Globe 8vo. as.

—— HesTER. Cr. 8vo. 31,64,

—— 1 HE Wizarnp's Son. Globe 8vo. 21,

— THe CounThRY GENTLEMAN AND HIS
Famiry., Globe Bvo., a2s.

—— THE Seconr Sown, Globe 8vo. 21,

—— MNelcHBOURS oM THE GrrEEN. Cr. Bvo.

35, G,

—— Jovce. Cr. 8Bvo. 3s.64d.

—— A BeLeacuerep Cityv. Cr. Bvo. 3s. 64,
—— KirsTEEN. Cr. Bvo. 35, 64,

—— Thue BaiLway Man AxD HIS CHILDREN,

g vols. Cr. Bvo. 315 64.

PALMER (Lady Sophia).—Mgs. PENICOTT'S
Lonser : and other Stories, Cr. §vo. 25 6d.

PATER (Walter).—Marius THE EPICUREAN !
His SensaTions AnNDp IpEas, 3rd Edit. 2
vols. Bwvo. 12s.

ROSS (Percy).—A MiscuimiT Lassie. Cr.
Bvo. 4:.6}

RUSSELL (W. Clark).—Maroonep. Cr.
Bvo. 3s. 64.

ST. JOHNSTON (A.).— A SoutH SEea
Lover : A Romance. Cr. Bvo. 6s.

SHORTHOUSE (J. Henry).— Uniform Edi-
ton. Cr. 8vo. 35 64, each,
gﬂHH InGLESANT : A Romance.

Ik PErCivAaL : A Story of the Past and of
the Present.
THe LiTTLE ScHooLMAsSTER Mark: A
Spiritual Romance.
THE CounTess Eve,
A TeacHeEr oF THE VioLiy ¢ and other Tales,
—— BrancHE, Lapy FaLaise. Cr. Bvo. 65,

SLIP IN THE FENS, A. Globe 8vo. as.
TIM. Cr. 8vo. 6s.

TOURGENIEF.—VirGin Soi. Translated
by Asuton W, DiLke. Cr. 8vo. 6s.

VELEY (Margaret).—A GarpEN oF MEMoO-
RIES; Mgrs. Austin; LizziE's BARGAIN.
Three Stories, =z vols. Globe 8vo. 1215,

YOICES CRYING IN THE WILDER-
NESS: A NoveL. Cr. Bvo. 75 6d.

WARD (Mrs. T. Humphry).—Miss BRETHER-
ToN. Cr. Bvo. 35 64.

WORTHEY (Mrs.),—THE NEwW CONTINENT ;
A Novel. 2 vols.

Globe Bvo, 125,
YONGE (Charlotte M.).—Uniform Edition.
Cr. 8vo. 35 64. each.
ThHE HEik oF REDCLYFFE.
HEARTSEASE,

Hores anp FEARS.

Dvynevor TERRACE.

THE Daisy CHaIN,

THE Triar: More Links oF THE Dalsy
CHAIN.

PiLLars oF THE House., Vol. 1.

Pirrars oF THE House. Vel. 11.

THE YouNG STEPMOTHER.

CLEVER WomMaAN oF THE FAMILY,

Tue Turee BriDes.

My Young ALCIDES.

THE CAcED Lioxn.

YONGE (Charlotte M.).— Uniform Edition.

Cr. 8vo. 3s. 64, each.

THE Dove IN THE EAGLE's NEST.

ThHE CHAFLET oF PEARLS.

Lapy HesTERr, and Tug DAnvERS PAPERS.

Macwum Bonum,

Love anp LIFE.

Unknown To HisTory.

STrAY PEARLS,

THE ARMOURER'S PRENTICES.

THE Two SIDES 0F THE SHIELD.

MNuTtTIE's FATHER.

SceNES AND CHARACTERS.

CHanTrY House.

A Mopery TELEMACHUS,

Bve Worps.

BEECHCROFT AT ROCKSTONE.

More Byworps.

A REPUTED CHANGELING ; or, Three Seventh
Years Two Centuries Ago.

Tae LiTTLE DUkE, RIcCHARD THE FEARLESS.

THE LAnCES oF LYNWODOD,

THE PrINCE AND THE PAGE.

P's anp Q's: LitTLE Lucy's WoNDERFUL
GLOBE.

Tue Two PExniLEss PRINCESSES @ A Story
of the Time of James I. of Scotland.

—— THAT S5TicK. 2 vols. Cr. Bvo. 1ar

Collected Works; Essays; Lectures;
Letters; Miscellaneous Works.

AN AUTHOR'S LOYVE. Being the Unpub-
lished Letters of Prosrer MErimgr's
" Inconnue."” 2 vols. Ext. cr. Bvo, 128,

ARNOLD (Matthew).—Essavs ix CRITICISM.
6th Edit. Cr. 8vo. ¢

Essavs 1w CriTicisM.
Cr. Bvo. 7s. 64,

—— Discourses 18 AMERICA. Cr. 8vo. 45.64.

BACON. With Introduction and Notes, b
F.G. SeLey, M.A, Gl.8vo. 3s.; swd. 3:,6({*:
(See also GoLpeEN TREASURY SERIES, p. 20.)

BLACKIE (John Stuart).—Lavy SErRMONS.
Cr. Bvo. Gs.

BRIDGES (John A.).—IpvLLs oF A LosT
ViLLacge. Cr. 8vo. -3 64

BRIMLEY (George).—Essavs. Globe 8vo. s¢

BUNYAN (John).—The Picrim's ProGrESS
FROM THIS WORLD TO THAT WHICH 18 TO
CoME. 18mo. 25 64, net.

BUTCHEE (Prof. 5. H.)—5o0ME ASPECTS OF
THE GreEek Genwus. Cr. 8vo. 75 64, net.

CARLYLE (Thomas). (5S¢ BloGraruy,)

CHURCH (Dean).—MIiscELLANEOUS Wri-
TiNGS. Collected Edition. s vols. Globe
Bvo. ss. each.—Vol. I. MisceLLAaNEOUS
Essavs.—I1l. DanTE: AND oTHER Essavs,
—III. ST. AwseLM.—1V. SpeNSER.—V.

Second Series.

Bacox,
CLIFFORD {(Prof. W. K.). LEcTURES AND
Essavs. Edited by LESLIE STEPHEN and

sSir F. PorLock., Cr 8vo. 85 64,

CLOUGH (A. H.).—Prose REmains,. With
a Selection from his Letters, and a Memoir
by His Wire. Cr. 8vo. 74 64.

COLLINS (J. Churton).—THE StTuDY OF
ExcLisH LiTERATURE. Cr. Bvo. 4s. 64,
CRAIK (Mrs.). — ConceErving MEeEN: and

other Papers. Cr. 8vo. u4s. 64,

—— ApouT MoNEY: and other Things. Cr
8vo. 6s,

—— SErMONS OUT OF CHURCH. Cr.8vo. 35.64.
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LITERATURE.
Collected Works; Essays: Lectures;
Letters; DMiscellaneous Works—conid.

DE VERE (Aubrey).—Essavs CHIEFLY ON
Poerry. =z vols. Globe Bvo, 1235,

—— Essavs, ChierLy LiTERARY AND ETHI-

caL. Globe 8vo. 6.
DEYDEN, Essavs or. Edited by Prof.
C.D. Yonge. Fcp.8vo. 25 6d. (See also

GLOBE LIBRARY, p. 20.)

DUFF (Kt. Hon. 5ir M. E. Grant).—MiscgL-
raMies, PoviTicar anp LiTeErary. B8vo.
1o¥. 6.

EMEESON(RalphWaldo).—THE CoLLECTED

Works. 6 vols. Globe Bve. 55 each.—
I. MisceLrLanies. With an Introductory
Essay by Joux MorLEv.—II. Essavs.—

III. Poems.—IV, EncrLisH TraiTs; REe-
PRESENTATIVE MEn.—V.ConpucTor LIFE;
SOCIETY AND So0LITUDE.—VI. LETTERS;
SOCIAL AIMS, ETC.

FITZGERALD (Edward):
LiTerary EEmaing oF. Ed. by W. ALnis
WricHT, M.A, 3 vols. Cr. 8vo. 315 64,

GLOBE LIBRARY. Gl 8vo. 35 64l each:
Burns.—CoMpPLETE PoETicarL. Works AnND
LerreErs. Edited, with Life and Glossarial
Index, by ALEXANDER SMITH.

Cowrer.—FPoETiCAL WoORKS.
the Rev. W. BExnnam, B.D.
DeFoE.—THE ADVENTURES oF RoBINsSON
CrusoeE. With Introduction by HeEnry
KinGsLEY.
DrvpEx.—PoETICAL Works. A Revised
Textand Notes. By W.D. CurisTIE, M. A,
GoLpsMiTH. — MiscELLangEous  Works.
Edited by Prof. Masson.
Horace.—Works. Rendered into English
Prose by James LonspaALE and S. LEE.
Marory.—LE MorTE D'ArTHUR. Sir Thos,
Malory's Book of King Arthur and of his
Noble Knights of the Round Table. The
Edition of Caxton, revised for modern use.
By Sir E. STRACHEY, Bart.
Mirton.—PoeTicaL Works. Edited, with
Introductions, by Prof. Massox,
Pore.—PoeTical. Works, Edited, with
Memoir and Notes, by Prof. Warp.
Scorr.—PoeETICcCAL Works. With Essay
by Prof. PALGRAVE.
SHAakESPEARE.—CoMPLETE Works., Edit.
by W. G. CLark and W. ALDis WRIGHT.
India Pager Edition. Cr.8vo, cloth extra,
gilt edges. 105, 64, net.
SrensER.—CoMPLETE Works Edited by
R. Morris. Memoirby J.W. Haves, M. A,
VikGiL.—Works. Rendered into English
Prose by James LoxnspaLE and S, LEE.

GOLDEN TREASURY SERIES.—Uni-
formly printed in 18mo, with Vignette Titles
by Sir J. E. MiLLais, Sir NoeL Paron,
T, WooLnegr, W. HoLmany HuNnT, ARTHUR
HucuEs, ete, 45, 6d. each.—Also a re-issue
in fortnightly vols. 25.64. net, from June,18g1.

The GoLpeEn TREASURY OF THE BEST SoNGS
AND Lyricar PoEms IN THE ENGLISH
Lancuace. Selected and arranged, with
Notes, by Prof, F. T. PALGRAVE.—Large
Paper Edition. 8vo. ros. 64 net.

LETTERS AND

Edited by

GOLDEN TREASURY SERIES—contd.

THE CHILDREN'S GARLAND FrROM THE BEsST
PoeTs. Selected by CovenTrY PATMORE.

Bunvan.—THE PiLGriM's PROGRESS FROM
THIS WORLD TO THAT WHICH 15 To COME.

Bacon.—Essavs, and CoLours or Goob
AND EviL. With Notes and Glossarial
Index by W. ALpis WriGcHT, M.A.

Tue Book oF Praise. From the Best Eng-
lish Hymn Writers. Selected by Roun-
pELL, EARL OF SELBORNE.

SHELLEY.—PoeEms. Edited by Stoprorb
A. Brooke.—Large Paper Edit. 12s. 6d.

The Fairy Book: THE Best PoruLar
Fairy Stories. Selected by Mrs. Cralk,
Author of ** John Halifax, Gentleman."

WorpsworTH.—Poems. Chosen and Edited
by M. ArnoLp,—Large Paper Edition. gs.

PLATO.—THE Tr1AL anD DEATH oF SocRa

TES. Being the Euthyphron, Apology, Crito
and Phaedo of Plato. Trans.F. J. CHURCH.
Lame.—TALES FROM SHAKSPEARE. Edited

by Rev. ALFRED AINGER, M. A,

Tue Jest Book. The Choicest Anecdotes
and Sayings. Arranged by Mark LEMON.

THE BaLLap Book. A Selection of the
Choicest British Ballads. Edited by
WiLLIAM ALLINGHAM.

Tue Sunpay Book oF POETRY FOR THE
Younc. Selected by C. F. ALEXANDER,
Tue Soxc Book. ords and Tunes se-
lected and arranged by Joux HuLrLan.
ScotTisH SonG. Compiled by Mary CARr-

LYLE AITKEN.

La Lvire Francaise. Selected and arranged,
with Notes, by G. M asson,

DevurscHe Lyrik. The Golden Treasury
of the best German Lyrnical Poems. Se-
lected by Dr. BucHHEIM.

BaLrapeny uNp Romanzen. Being a Se.
lection of the best German Ballads and
Romances. Edited, with Introduction and
Notes, by Dr. BuCHHEIM.

A Book oF GoLpeEN THouGHTS. By HENRY
ATTWELL,

Appison.—Essavs. Chosen and Edited by
Joun RicHArD GREEN.

MATTHEW ARNOLD.—SELECTED POEMS,

Sik THomas Browne.—Rervicio MEepicr,
LeTTER TO A FrIEND, &C., AND CHRIST-
1a¥ Morars. Edited by W. A. GREEN-
HiLL, M.D,

Byron.—PoETRY. Chosen and arranged
by MaTTHEW ArNOLD.— Large Paper
Edition. gs.

CowrPER.—SELECTIONS FROM PoEMs. With
an Introduction by Mrs. OLIPHANT.

— LeTTERS. Edited, with Introduction, by
Rev. W. BENHAM.

DeFoE,—THE ADVENTURES OF RoOBINSON

Crusoe. Edited by J. W. CLark, M.A.
Hare.—Guesses at TruTH. By Two
Brothers.

Herrick.—CurvsoMELA. Edited by Prof.
F. T. PALGRAVE.

HugHes,—Tom Brown's ScrooL Davys.

KeaTs.—THE PoeTicar Works. Edited
by Prof. F. T. PALGRAVE.

Lanpor.—SeLEcTIONs. Ed. by 5. CoLvin.

LonGrFELLow.—PoEMs oF PLaces: Eng-
Laxp AND WaLes., Edited by H. W.
LoxGFELLOW, 2 vols.

— Barraps, Lyrics, AND SONNETS.

MoHAMMAD,—SPEECHES AND TABLE-TALK.
Translated by StanLEy Lang-PooLE.
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GOLDEN TREASURY SERIES—contd.

NEwcCASTLE.—THE CAVALIER AND HIS
Lapy. Selections from the Works of the
First Duke and Duchess of Newcastle.
With an Introductory Essay by E. {r:m-: INS.

Prato.—THE Rerusric. Translated by
J. L. Davies, M.A., and D. J. VAUGHAN.

— THE Puaeprus, Lvsis, aND ProTAGO-
RAS. Translated by J. WriGHT.

SHAKESPEARE.—S0NGS AND SonNNETS. Ed.
with Notes, by Prof. F. T. PALGRAVE.

TeEnnvson.—LvricaL Poems, Selected and
Annotated by Prof. F, T, PALGRAVE.—
Large Paper Edition. gs.

— In MeEmoriam. Large Paper Edit, ogs.

THEocRITUS.—BloxN, AND MoscHus. HKen-
dered into English Prose by ANDREW
Lanc.—Large Paper Edition. gs.

CHARLOTTE I'rE YonGE.—A Book oF Wog-
THIES, GATHERED FroM OLp HisTorIES
AND WERITTEN ANEW,

— A Book oF GoLrpeExn DEEDS oF ALL
TiMES AND ALL COUNTRIES,

— THE STory oF THE CHRISTIANS AND
Moors v Spain.

GOLDSMITH, Essavs or. Edited by C. D.
Yonce, M.A. Fcp. Bvo. 25.6d. (See also

Groee Lierary, p. 2o; ILLUSTRATED
Books, p. 12.)

GRAY (Thomas).—Works. Edited by Ebp-
MUND Gosse. In 4 vols. Globe 8vo, 205, —
Vol. I. Poems, JournaLs, aND Essays,—
II. LerTERrs.—IIl. LETTERS.—1V. NoOTES
ON ARISTOPHANES AND PLATO.

HAMERTON (P. G.).—THE INTELLECTUAL
Lire. Cr. 8vo. 105. 64,

—— Human INTERCOURSE. Cr. Bvo. 8s 64,

—— FrExcH anp Encrisa: A Comparison.
Cr. Bvo. 10s. 6d.

HARRISON (Frederic).—Tue CHoicE oF
Books. Gl 8vo. 6s.—Large Paper Ed. 15s.

HARWOOD (George).—From WiTHin., Cr.
Bvo. 6.

HELPS (Sir Arthur).—Essays WRITTEN IN
THE INTERVALS oF Busingss., With Intro-
duction and Notes, by F. J. Rowg, M.A.
and W. T. Wese, M.A. 1+s. 9d. ; swd. 15. 64.

HOBART (Lord).—Essavs aNp MiscELLA-
neous WriTings. With Biographical
Sketch. Edited by Lady HoparT. 2 vols.
B8vo. =25

HUTTON (R. H.).—EssaAvs oN SOME OF THE
Mopery Guipes oF ExcLisH THoUGHT 1w
MaTtTERS OF FarTi, Globe 8vo. 6s.

—— Essavs. zvols. Gl Bvo. 6s.each. Vol
I. Literary ; 1I. Theological.

HUXLEY (Prof. T. H.).—Lav SERMONS, AD-
DRESSES, AND REVIEWS, B8ve. s, 64,

CRITIQUES AND ADDRESSES. Bvo. 108, 64,

—— AMERICAN ADDRESSES, WITH A LECTURE
ON THE STUDY oF BloLoGy. Bwo. 6s. 64,

SciEncE aND CULTURE, AND OTHER
Essavs., Bvo. 1os. 64,

— InTroDUCTORY SCIENCE PRIMER. 18mo. 15.

—— Essavs on soME CONTROVERTED QUEs-

TIONS. 8vao.
JAMES (Henry).—FrencH PoeTs axp No-
veLIsTS, New Edition. Cr. 8vo. 4s. 64,

—— PorTRAITS OF PLaces. Cr. Bvo. 7s. 64,
—— ParTial PorTralTs, Cr. 8ve. 65,

KEATS.—Lerters. Edited by Sipney
CoLvin. Globe 8vo. 6s.

KINGSLEY (Charles).—ComrLETE EpIiTION
oF THE Works oF CHarLEs KINGSLEY.
Cr, 8vo. 3s5. 6. each.

Westwarp Ho! With a Portrait.
HyraTia.

YEAST.

Arton Locke.

Two YEARS AGo,

HErREWARD THE WAKE.

PoeEmMs.

Tue Heroes; or, Greck Fairy Tales for
my Children.

THE WaTeEr Bamies: A Fairy Tale for a
Land Baby.

Mapam How awp Lapy Wuy: or, First
Lesson in Earth-Lore for Children.

AT Last : A Christmas in the West Indies.

Prose IpyLLs.

PrLAvs AND PURITANS.

THE RoMaw anp THE TeuTton. With Pre-
face by Professor Max MULLER.

SANITARY AND SociaL LECTURES.

HisToricaL LEcTURES AND EssAvs,

ScienTiFICc LEcTURES AND Essavs,

LiTERARY AND GENERAL LECTURES.

Tue HermiTs.

Gravcus; or, The Wonders of the Sea-
Shore. With Coloured lllustrations.

VILLAGE AND TOWN ANDCOUNTRY SERMONS.

THe WaATER oF LIFE, AND OTHER SERMONS,

SErMONS ON NATIONAL SUBJECTS ! AND THEs
King oF THE EARTH.

SerMoNS FOR THE TIMES,

Goop News oF Gob.

THe GoOSPEL 0F THE PENTATEUCH: AND
DaviID,

DISCIPLINE, AND OTHER SERMONS.

WESTMINSTER SERMONS.

ALL SAINTS' DAY, AND OTHER SERMONS.

LAMB (Charles).—CoLLecTED Works., Ed.,
with Introduction and Notes, by the Rev.
ALrrep AINGER, M.A. Globe Bvo. ss. each
volume.—I. Essavs orF ErLia.—I1. PLavs,
Poems, anD MisceLLaNEOUSs Essays.—111.
Mps. LEICE&TER'E ScHooL; THE ADVEN-
TURES 0OF ULVSSES} AND OTHER Essavs.—
IV. TaLEs PROM SHAKESPEARE.—V.and V.
LeTTERS. Newly arranged, with additions.

—— TALES F{'tOMSHAIEESI'EhRE. 18mo, 45.64.
Globe Readings Edition. Globe Bvo. 21,
LANKESTER(Prof. E, Ray).—THE ADVANCE-
MENT OF ScieNci. Occasional Essays and

Addresses, 8vo. 105 64,

LIGHTFOOT (Bishop).—Essavs. 2 vols.
I. THEOLOGICAL. II. MisCELLANEOUS. 8vo.

LODGE (Prof. Oliver),—THE PioNeEERS oF
Science. Illustrated. Ext. cr. 8vo.

LOWELL(Jas. Russell).—ComprLETE WORKS.
10 vols. Cr. 8vo. €5, each.—Vols. 1.—I1V.
LiTErARY Essavs.—V. PoLiTical Eszsavs,
—VI. LITERARY AND POLITICAL ADDRESSES,
VII.—X. PoeTicar. Works,

—— PouriTicaL Essavs, Ext.cr. 8vo. 74 64d.

LUEBBOCK (Rt. Hon. Sir John, Bart.).—Sc1-

ENTIFIC LEcTurEs, Illustrated. 2nd Edit.
revised. Bvo. Bs. 64,

PoviTicaL AND EbpucaTionNaL Ap-
DRESSES. Bvo. Bs 6,

—— FirTy YEARS OF SciENcE: Address to
the British Association, 188:r. sth Edit.
Cr. Bvo. z5. 64,



22 LITERATURE—MEDICINE.

LITERATURE.

Collected Works ; Essays; Lectures;
Letters; Miscellaneons Works—contd.
LUBBOCK (Rt. Hon Sirl‘gﬂhn1 Bart.).—THE

PLEasurESs oF LIFE. ew Edition. 6oth

Thousand. Gl.Bvo. Partl. 15.6d4.: swd. 15.—

Library Edition. 3s.64.—Part 1. 15. 64.;

sewed, 15.—Library Edition. 3s5.6d.—Com-

plets in 1 vol. =zs5. 64,

MACMILLAN (Rev. Hugh).—Romax Mo-
sAaICS , or, Studies in Rome and its Neigh-
bourhood. Globe 8vo, 6s.

MAHAFFY (Prof. J. P.).—Tue PrINCIPLES
OF THE ART OF CONVERSATION. Cr.Bvo. 45.64.

MASSON (David).—WorpswoRrRTH, SHELLEY,
KeaTs: and other Essays. Cr, 8vo. ss.

MAURICE (F. D.).—THe FRIENDSHIP OF
Books : and other Lectures. Cr. Bvo. 43, 6d.

MORLEY (John).—Works. Collected Edit.
In 11 vols. Globe 8vo. 5s. each.—VOLTAIRE,
1 vol.—RoussEau. 2 vols.—DIDEROT AND
THE EnNcyLor£DISTS. 2 vols.—0On Com-
PROMISE, 1 vol.—MIisCELLANIES. 3 vols.—
Burke. 1 vol.—STuDIES IN LITERATURE.
1 vol.

MYERS(F.W. H.).—Essavs. zvols. Cr. 8vo.
45. 6. each.—I. Crassicar: 11. MobpernN.
FADAL (E. 5.). —Essavs AT HoME AND

EvLsewHERE, Cr. 8vo. 6s.
OLIPHANT(T.L.Kington).—THEDUKE AND

THE SCHOLAR : and other Essays. Bvo. 75.6d.
OWENS COLLEGE ESSAYS AND AD-

DRESSES. H%' Professors and Lecturers

of the College. Bvo. 14s.

PATER (W.).—THe ReEnaAlssance; Studies
in Art and Poetry. 4th Ed. Cr. 8vo. 10s.64.

—— Imacinary PorTrarTs. Cr. Bvo. 6s

—— ArpreciaTioNs. With an Essay on
“Style.” 2nd Edit. Cr. 8vo. 8s. 64.

— Marivs THE Ericurean. 2z vols. Cr.
Bvo. 12s.

PICTON(J.A).~-THEMvSTERY OF MATTER:
and other Essays. Cr. Bvo. 6s.

POLLOCK (Sir F., Bart,).—Oxrorp LEec-
TURES : and other Discourses. Bvo. gr.

POOLE (M. E).—Pictures oF COTTAGE
Lire 1% THE WEST oF EncLaxp. znd Ed.
Cr. Bvo. 35, 6.

POTTER (Louisa).—LANCASHIRE MEMORIES.
Cr. Bvo. 6s.

PRICKARD (A. O..—ARISTOTLE ON THE
ArT oF PoETRY. Cr. 8vo. 35 64,

RUMFORD.—CoMmrLETE Works oF CounT
Rumrorp. Memoir by G. ELLis. Por-
trait. s wvols. 8vo. 4/ 141 64,

SCIENCE LECTURES AT SOUTH KEN-
SINGTON. Illustr. 2 vols. Cr. Bvo. 65, each.

SMALLEY (George W.).—LonpoN LETTERS
AND SOME OTHERS. 2 vols. 8vo. 32s.

STEPHEN (Sir James Fitzjames, Bart.).—
Horar SappaTicag., Globe Bvo,

THRING (Edward).—TuoucuTs on LIFE
ScieMcE. 2znd Edit. Cr. 8vo. 75, 64,

WESTCOTT (Bishop). (See THEOLOGY, p. 36.)

WILSON (Dr. George).—REeLiGIo CHEMICL.
Cr. Bvo. B8s. &4,

THE Five GATEWAYS OF KNOWLEDGE

gth Edit, Ext, fcp. 8vo. 2. 64.

WHITTIER (John Greenleaf). Tue Com-
PLETE WoRks. 7 vols. Cr. 8vo. 6s. each,—
Vol. I. NARRATIVE AND LEGENDARY PoEMS.
—II. Poems or Natugre; PoEms Susjec-
TIVE AND REMINISCENT ; RELIGIOUS POEMS.
—III. ANTI-SLAvERY PoeEms; Soncs orF
Lasour AND REForM.—IV. PERSONAL
Poewms ; Occastonal Poems ; Tue TENT oN
THE BEACH ; with the Poems of ELIZABETH
H. WHITTIER, and an Appendix containing
Early and Uncollected Verses.—V. Mag-
GARET SMITH'S JournaL; TALES AND
SKETCHES.—YI, OLD PorTRAITS AND Mo-
DERN SKETCHES ; PERSONAL SKETCHES AND
TrivvTes ; HisToricaL Parers.—VII. THE
ConFLICT wiTH Svaveryv, PoLiTIcS, AND
REerForm ; THE INNER LiFg, CRITICISM.

LOGIC. (See wnder PHiLosoPHY, p. 26.)

MAGAZINES. (See PeErionicars).
MAGNETISM. (See snder Puvsics, p. 26.)

MATHEMATICS, History of.
BALL (W. W, R.).—A SHORT ACCOUNT OF
THE HisTory oF MaTHEMATICS. Cr. Bvo.

105, G,
MEDICINE.

(See alse DomesTic Economy ; NURSING §
HvyGIENE ; PHYsIOLOGY.)
ACLAND (SirH. W.).—TuE Armv MEDICAL
ScHooL : Address at Netley Hospital. 1=
ALLBUTT (Dr. T. Clifford).—Ox THE Use

OF THE OPHTHALMOSCOPE. B8vo. 155,
ANDERSON (Dr. McCall).—LECTURES ON
Cuinicar Mepicivg. Illustr. Svo. 105 64

BALLANCE(C.A.)and EDMUNDS(Dr. W.).

LicaTion 1n ConTinuiTy. Illustr. Roy.8vo.
30f. net.
BARWELL (Richard, F.R.C.S.). — ThHE

CavusEs AND TREATMENT oF LATERAL
CURVATURE OF THE SPINE. Cr.8vo. 5.
—— N ANEURISM, ESPECIALLY OF THE
THorax AND RooT oF THE NECK. 34. 6d.

BASTIAN (H. Charlton).—0On PaARaLYSIS
FrROM Bramn Disgase 1w 11s CoMmon
Forms. Cr. 8vo. 105 64

BICKERTON (T. H.).—On Corour BLIND-
wess. Cr. Bvo.

BRAIN : A Journar oF NEvroLoGy. Edited
for the Neurclogical Society of Lnndﬂn.&
A. DE WaTTEVILLE, Quarterly. 8vo. 3s.
(Part I. in Jan. 1878.) Vols. L. to XII. 8vo.
155. each, [Cloth covers for binding, 1s. each.]

BRUNTON (Ir. T. Lauder),—A TEXT-
Boox oF PHARMACOLOGY, THERAFEUTICS,
aND MaTeEria Mepica. 3rd Edit. Med.
Bvo. =z1s.—Or in 2 vols, =225 64

—— DisorDERS OF DIGESTION | THEIR CoN-
SEQUENCES AND TREATMENT. 8vo. 10s5. 6dl

—— PHarMacoLoGY AND THERAFPEUTICS; or,
Medicine Past and Present. Cr. 8vo.

—— TasLes oF MAaTERIA MEDICA ! A Com-
panion to the Materia Medica Museum.
Bvo. 55

—— CroonMiaN LecTures oN THE CoxNNEC-
TION BETWEEN CHEMICAL CONSTITUTION
AND PuvsioLocicaL Action. Being an In-
treduction to Modern Therapeutics. 8vo.

BUCKNILL (Dr.).—TuE CareE oF THE IN-
SANE. OCr. 8vo. 35 64
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CARTER (R. Brudenell, F.C.5..—A Prac-
Tical TREATISE oN DISEASES oF THE EVE.
Bvo., 16s.

— EvesiguT, Goop aNp Ban. Cr. Bvo. 6s.

—— MopeErN OPERATIONS FOR CATARACT.
8vo. Gs,

CHRISTIE (J.).—CuoLera EpiDEMICS IN
EasT ArPricA. Bvo. 158,

COWELL (George).—LecTurEs oN CATA-
RACT : ITs CausEs, VARIETIES, AND TREAT-
MENT. Cr. 8vo. 45 64.

FLUCKIGER (F. A.) and HANBURY (D.).
—PHAarMAcOGRAPHIA. A History of the
Principal Drugs of Vegetable Origin met
with in Great Britain ﬂﬂg India. 8vo. =z1s

FOTHERGILL (Dr. J. Milner).—THE Prac-
TiTIONER'S HanDROOK OF TREATMENT
or, The Principles of Therapeutics. 8vo. 16s.

—— THE AxTaconisM OF THERAPEUTIC
AGENTS, AND WHAT IT TEACHES. Cr. 8vo. 6s.

—— Foop ror THE InvaLID, THE CONVALES-

CENT, THE Dvsrerric, AND THE GouTy.
and Edit. Cr. Bvo. 3s. 6d.

FOX (Dr. Wilson). — On THE ARTIFICIAL
PropucTioN oF TupercLE 1IN THE LOowgRr
ANIMALS. With Plates. 4to. ss. 64,

—— On THE TREATMENT OF HYPERPYREXIA,
A% ILLUSTRATED IN ACUTE ARTICULAR
EHEUMATISM BY MEANS OF THE EXTERNAL
ArrLicaTionN oF CoLp. Bvo. 235 6.

GRIFFITHS (W. H.).—Lessons oN PrE-
SCRIPTIONS AND THE ART OF PRESCRIBING.
MNew Edition. 18mo. 3s. 64

HAMILTON (Prof. D. J.).—Ox~ THE PaTHO-
LoGY oF BrowncHIT!S, CATARRHAL PnEU-

MoNIA, TUBERCLE, AND ALLIED LESIONS OF
THE Humax Lunc. 8vo. 85 64.

—— A Texrt-Book oF PaTHOLOGY, SYSTE-
MATIC AND PracTican. Ilustrated. Vol
I. Bvo. =zss

HANEBURY (Daniel). — Sciexce PAPERS,
CHIEFLY PH.&RM&CD[.DGICAI, AND HOT&NI-
cAL. DMed. Bvo. 14s.

ELEIN (Dr. E.).—Micro-ORGANISMS AND
Disease. An Introduction into the Study
of Specific Micro-Organisms. Cr. Bvo. 6s.

—— THE BacTErRIA 1IN AsiaTiC CHOLERA.
Cr. Bvo. ss.

LEPROSY INVESTIGATION COMMIT-
TEE, JOURNAL OF THE. Edited by
P. 5. ApranaMm, M.A. Nos. 2z and 3.
25. bd. each net.

LINDSAY (Dr. % A). — THE CLIMATIC
TREATMENT oF ConsumpTioN. Cr.Bvo. ss.

MACKENZIE (Sir Morel).—Tue HyGIENE
oF THE VocaL Orcans. Cr. 8vo. 6s.

MACLAGAN (Dr. T.).—TuE GErm THEORY.
fvo. 108, 6d.

MACLEAN (Surgeon-General W. C.).—Dis-
Baszﬁrjf oF Trorical CLiMATES, Cr. Bvo,
108. 6.

MACNAMARA (C.).—A HisTory oF ASIATIC
CHoLERA. Cr. Bvo. 1os 64

MERCIER. (Dr. C.).—TuaE NERrRvoOUs SYSTEM
AND THE Mixp. Bvo. 125 64,

PIFFARD (H. G.).—AN ELEMENTARY TREA-
TISE ON DISEASES OF THE Skin. Bvo. 16s.

PRACTITIONER, THE: A MoxTHLY
{_;]I.I‘RN.&L oF THERAPEUTICS AND PupLIc

EAaLTH. Edited by T. LAupEr BRUNTON,

F.R.S., etc. ; DonarLp MacALISTER, M.A.,
M.D., and J. Mircuer. Bruce, M.D.
15.64. monthly. Vols. I.—XLVI. Half.
early vols. 105.64. each. [Cloth covers for
ﬁinding. 15, each.] g

REYNOLDS (J. R.).—A SvsTEm oF MEeDI-
cINE. Edited by J. RusseLL REVNOLBS,
M.D., In 5 vur"h Vols. I.—III. and V.
Bvo. 2ss. each.—Vol. IV. 215

RICHARDSON (Dr. B. W.).—DISEASES OF
Mopery Lire. Cr. Bvo.

—— Tue FieLp or Disease. A Book of
Preventive Medicine. Bvo. 25s.

SEATON (Dr Edward C.).—A Haxppook
oF VaccinaTion. Ext. fep. 8vo.  Bs. 6d.

SEILER (Dr. Carl).—Micro-PHOTOGRAPHS
v HistoLocy, NorMmaL aAxDp PATHOLOGI-
CAL. g4to. 315 6d.

SIBSON (Dr. Francis).—CoLLEcTED WORKS
Edited by W. M. Okn, M.D. Illustrated.
4 vols. 8vo. 3l as.

SPENDER(]J. Kent).—TuHerArPEUTIC MEANS
FOR THE RELIEF oF Pain. Bvo. B8s. 6d.

SURGERY (THE INTERNATIONAL
ENCYCLOPAEDIA OF). A Systematic
Treatise on the Theory and Practice of Sur-

ery by Authors of various Nations. Edited
wy JoHN AsuHURST, jun., M.D. 6 wvols
Roy. 8vo. 31s. 6d. encd.

THORNE (Dr. Thorne).—DirHTHERIA. Cr.
Bvo. B&s 64

WHITE (Dr. W. Hale)—A TexTt-Book orF
GENERAL THErRAPEUTICS. Cr. Bvo, Bs. 6d.

ZIEGLER (Ernst).—A TexT-Book orF Pa-
THOLOGICAL ANATOMY AND PATHOGENESIS.
Translated and Edited by Downarp Mac-
AvisTeEr, M.A., M.I). Illustrated. Bvo.—
Part . GENERAL PATHOLOGICAL ANATOMY,
125. 6d.—Part 1I. 3reECiAL PATHOLOGICAL
AnaTtomy. Sections [.—VIII. and IX.—
XII. Bwo. 125 64 each.

METALLURGY.
{(See alfse CHEMISTRY.)

HIORNS (Arthur H.).)—A TexT-Book or
EremMenTARY METALLURGY. GL Bvo., 4s.

— PRACTICAL METALLURGY AND ASSAVING.
Hlustrated. Globe Bvo. 6s.

—— Irow anD STEEL ManvrFacTure. Illus.
trated. Globe Bvo. 3. 6d.

—— Mixep MeTaLs or MeETALLIC ALLOVS.
Glaobe 8Bvo, 6s.

PHILLIPS (]. A.).—A TrEATISE on DrE
DerosiTs. Illustrated. DMed, Bvo. zzs.

METAPHYSICS.

(See under PriLosoruy, p. 25.)

MILITARY ART AND HISTORY.
ACLAND (Sir H. W.). (Se¢ MEDICINE.)

AITKEN (Sir W.).—THE GROWTH OF THE
Recrurrano Youns Sornigr. Cr.8vo. Bs5.64.
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MILITARY HISTORY —continued.

CUNYNGHAME (Gen. Sir A. T..—My
CoMMAND IN SouTH AFRICA, 1874—78.
Bvo. 12s. 64

HOZIER (Lieut.-Col. H. M.).—THE SEVEN
Weeks' War. 3rd Edit. Cr. 8vo. 6s.

—— THE Ixvasions oF ENGLAND., 2z wvols.
8vo. a28s.

MARTEL (Chas.).—MiLitary ItaLy. With

Map. 8vo. 125 64.
MAURICE (Lt.-Col.).—War. B8vo. ss. net,
— THE NaTioNAL DEFENCES. Cr. 8vo.

MERCUR (Prof. ]J.).—ELEMENTS OF THE
ArT oF WaAR., Bvo. 17s.

SCRATCHLEY — KINLOCH COOKE.—
AUSTRALIAN DEFENCES AND NEW GUINEA.
Compiled from the Papers of the late Major-
General Sir PETErR ScraTcHLEY, R.E., by
C. KinrocH CookE. Bvo. 14s.

THROUGH THE RANKS TO A COM-
MISSION. New Edition. Cr. 8vo. 25 64.

WILKINSON (5.). — Tue Brain oF AN
Army. A Popular Account of the German
General Staff. Cr. 8vo. 25 64

WINGATE (Major F. R.).—Manp11sm AxD
THE EGYPTIAN SUupAN. An Account of the
Rise and Progress of Mahdiism, and of Sub-
sequent Events in the Sudan to the Present
Time. With 17 Maps. Bvo. 305 net.

WOLSELEY (General Viscount).—ThHE SoL-
pDIER'S PockeT-Book rFor FIELD SERVICE.
sth Edit. 16mo, roan. ss.

— FieLp PockeT-Book FOR THE AUXILIARY
Forces, 16mo. 15 6d.

MINERALOGY. (S¢¢ GeEoLoGY.)

MISCELLANEOUS WORKS.
(See wnder LITERATURE, p. 19.)

MUSIC.

FAY (Amy)—Music-STupy v GErMaNny.
Preface by Sir GEo. GrRoVE.. Cr.8vo. 45.64.

GROVE (Sir George).—A DICTIONARY OF
Music anp Musicians, a.D. 1450—188g.
Edited by Sir George Grove, D.C.L. In

vols, 8vo, 215 each. With lllustrations in
iiusic Type and Woodcut.—Also published
in Parts. Parts L—XIV.,, XIX —XXII.
35. 64, each; XV. XV 75 ; XVIL XVIII.

5. ; XXIIL.—XXYV., Appendix. Edited b

« & FuLLEr MarTLano, M.A. os [Clm‘,g
cases for binding the volumes, 15 each.)

—— A CompLETE INDEX TO THE ApovE., By
Mrs. E. WopeEnouse, 8vo. 7+ 64,

HULLAH (John).—Music v THE Housk.
4th Edit, Cr, 8vo. 25, 64,

TAYLOR (Franklin).—A PrimER OF Planos
FORTE PLavinG., 18mo. 15

TAYLOR (Sedley).—Souwp anp Music. znd
Edit. Ext. cr. 8vo. 8y 64,

A SYSTEM OF SIGHT-SINGING FROM THE

EstapLisHEp Musicar NoTaTion. B8vo.

§5. DEt.

NATURAL HISTORY.
ATKINSON (J. C.). (See ANTIQUITIES.)
BAKER (Sir Samuel W.). (Se SrorT.)
BLANFORD (W. T.).—GEeoLoGY AND

LO0OLOGY OF ABYSsSINIA. Svo. 218

FOWLER (W. W.).—TaALEs oF THE BIrDS.
Illustrated. Cr. 8vo. 3s. 6d.

— A YEAR WITH THE BIRDS.
Cr. 8vo, 35 64

KINGSLEY (Charles).—Mapam How AnND
Lany Wuy: or, First Lessons in Earth-Lore
for Children. Cr. 8vo. 35 6.

—— Gravcus; or, The Wonders of the Sea-
Shore. With Coloured Illustrations. Cr.
8vo. 38 6d.—Fresentation Edition. Cr.
8vo, extra cloth. 7s. 64.

WALLACE (Alfred Russel).—ThHE MaLav
ArcuipELaco: The Land of the Orang
Utang and the Bird of Paradise. Maps and
Illastrations. Ext. cr. Bvo. 6s. (Ser also
BioLocv.)

WATERTON (Charles).— WANDERINGS IN
S0oUTH AMERICA, THE NorTH-WEST OF
THE UNITED STATES; AND THE ANTILLES.
Edited by Rev. J. G. Woon. Illustrated.
Cr. 8vo. 6s.—People's Edition. 4to. 64,

WHITE (Gilbert), —NaTurarL HisTorY AND
ANTIQUITIES OF SELEORNE. Ed. by Frank
Brckranp., With a Chapter on Antiquities
by the EArL oF SELBORNE. Cr.Bvo. 6s.

NATURAL PHILOSOPHY. (S5ee Puvsics.)

NAVAL SCIENCE.

ROBINSON (Rev. J. L.).—MaRrIxE SURVEY-
ivG, Ax ELEMENTARY TREATISE ON. For
Younger Naval Officers. Illust. Cr.8vo. 75.64.

SHORTLAND (Admiral).—NauTicaL Sug-

VEYING. 8vo. 211,

THOMSON (Sir Wm.).— PoruLar LEc-
TURES AND AbpDrREssEs.—Yol. 111, Mavi-

Illustrated.

GATION. Cr. 8vo. 75 6d.
NOVELS. (See Prose FicTiow, p. 17.)
NURSING.

(See under Domestic Economy, p. 8.)
OPTICS (or LIGHT). (See Puvsics, p. 27.)
PAINTING. (See ArT.)

PERIODICALS.

AMERICAN JOURNAL OF PHILOLOGY,
THE. (Seze PHiLoOLOGY.)

BRAIN. (See MEDICINE.)

ECONOMIC JOURNAL, THE. (Ses Po-
LiTicaL Economy.)

ECONOMICS, THE QUARTERLY JOUR-
NAL OF. (SezPoriTicarL Economy.)

ENGLISH ILLUSTRATED MAGAZINE,
THE. — Profusely Illustrated. Published
Monthly. No. I. October, 1883, 64—
Vol. L. 1884. 75.64.—Vols. I[.-VIII. Super
royal 8vo, extra cloth, coloured edges. 8s.
each. [Cloth Covers for binding Volumes,
1s. each.]
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NATURE: A WEEKLY ILLUSTRATED JOUR-
NalL OF SciENCE., Pubhished every Thurﬂ:zilf}'.
Price 64. Monthly Parts, 25 and zs5. 64. ;
Current Half-yearly vols., 155 each, Vols.
I.—XLI1II. [Cases for binding vols. 1s. 6d.
each.]

HELLENIC STUDIES, THE JOURNAL
OF. Pub, Half-Yearly from 1880. 8vo. 30s.;
or each Part, 155. Vol. XII, Partl, 155 net.

The Journal will be sold ut a reduced price
to Libraries wishing to subscribe, but official
application must in each case be made to the

uncil. Information on this point, and upon
the conditions of Membership,may be obtained
on application to the Hon. Sec., Mr. George
Macmillan,2g, Bedford Street,Covent Garden.

MACMILLAN'S MAGAZINE. Published
Monthly., 15.—Vols. 1.-LXIV. g.r. 6id, each.
[Cloth covers for binding, 1s. each.]

PHILOLOGY, THE JOURNAL OF. (See
PuiLoLocy.)

PRACTITIONER, THE. (Ses MEDICINE.)

RECORD OF TECHNICAL AND SE-
CONDARY EDUCATION. (Se¢ Ebpu-
CATION.

PHILOLOGY.

AMERICAN _]U'U RNALOFPHILOLOGY,
THE. Edited by Prof. Basi. L. GILDER-
SLEEVE. 45. 64, each No. (quarterly).

AMERICAN PHILOLOGICAL ASSOCIA-
TION, TRANSACTIONS OF. Vols. I.—
XX. 85 64. per vol. net, except Yols. XV.
and XX., which are ros. 64, net.

CORNELL UNIVERSITY STUDIES IN
CLASSICAL PHILOLOGY. Edited by
L. Fracg, W. G. HaLg, and B. . WHEELER.
I. Tue C U M-ConstrucTiONs ! their His-
tory and Functions. Part I, Critical, 1s. 84.
net.  Part Il. Constructivel By W. G,
HaLe. 35 44. net.—]1. ANALOGY AND THE
SCOPE OF 1TS APPLICATION IN LANGUAGE.
By B. . WHEELER. 1534, net.

GILES (P.).—A Suort ManuaL orF PuiLo-
LOGY FOR CLassicaL STupeNTs. Cr. 8vo.
JOURNAL OF SACRED AND CLASSI-

CALFPHILOLOGY. 4vols, 8vo. 12564, each.

JOURNAL OF PHILOLOGY. New Series.
Edited by W. A, WricH'T, M.A., 1. By-
waTeEr, M.A., and H. Jacksown, M.A.
4%, 64, each No. (half-yearly).

KELLNER (Dr. L.).— HistoricarL Qut-
LINES OF EnGLISH SyNTAX, Ex. fcp. 8vo. 6.

MORRIS (Rev. Richard, LL.D.).—Primer
oF ExncrLisH GramMmmagr. 18mo. 14

—— ELEMENTARY LEssons 1N HisToRicaL
ExcGLisH GRAMMAR. 18mo. 25 6d.

—— Hisroricar OurLines orF ExGLisH Ac-
cipENCE. Extra fcp. 8vo.  6s.

MORRIS (R.) and BOWEN (H. C.).—Enc-
L1sH Grammar ExeErcises., 1Bmo. 145,

OLIPHANT (T. L. Kington). — Tug OLp
AND MippLE Encrisu.  Globe Bvo. gs.

—— Tue New Exncrisn. zvols. Cr.8vo. 21s.

PEILE (John). — A PriMER oF PHiLoLocy.
18mo. 15,

PELLISSIER (E.).—Frencu RooTs axp
THEIR FamiLies. Globe Bvo. 6s.

TAYLOR (Isaac).—Worps anp PLACES.
gth Edit. Maps. Globe Bvo. 6s.
—— ETruscan RESEARCHES. Bvo. 145,

—— GreeEks anxp Gotus: A Study of the
Runes. 8vo. gs.

WETHERELL (J.)—Exercises oN Mog-
ris's PriMEr oF EwncrLisH GRAMMAR.
18mo. 18,

YONGE (C. M.).—History oF CHRISTIAN
Names. New Edit., revised. Cr. Bvo. 75 6d.

PHILOSOPHY.
Ethics and Metaphysics—Logic—Psychology.

Ethics and Metaphysics.

BALFOUR (Right Hon, A. J.).—A DEFENCE
oF PHiLosornic DousTt. 8vo. 128,

BIRKS(Thomas Rawson).—FirsT PRINCIPLES
oF MoraL SciENCE. Cr. 8vo. 85, 64

—— Mopery UTtiLiTARIANISM ; or, The Sys.
tems of Paley, Bentham, and Mill Examined
and Compared. Cr. 8vo. 6s. 64d.

— MopEry PHYSICAL FATALISM, AND THE
DoctriNE oF EvoLution. Including an
Examination of Mr. Herbert Spencer's
""First Principles.” Cr. Bvo. 6s.

CALDERWOOD {Prof. H.).—A Haxppoog
oF MoraL PuiLosorny. Cr. 8vo. 6

FISKE (John).—QurLings oF Cosmic PHiLo-
S0PHY; BASED ON THE DocTriNE oF EvoLu-
TiON. 2vols. Bvo. 2z25s

FOWLER (Rev. Thomas). — PROGRESSIVE
MoraLiTy: An Essayin Ethics. Cr, Bvo. 5s.

HARPER (Father Thomas)—Tue MeTaA-
PHYSICS OF THE ScHooL. In gvols.—Vols. I,
and Il. Bvo. 18s. each.—Vol. 111. Part 1. 12s5.

EANT.—KaxT's CriTicAL PHILOSOPHY FOR
EncLisn ReEapers. By J. P. MAHAFFY,
D.1D., and r[ H. Bernarp, B.D. 2 vols.
Cr. Bvo.—Vol. I. Tue KriTix or Pure
ReEason EXPLAINED AND DEFENDED. 75.6d4.
—Vol. II. THE ProLEGomMENA. Translated,
with Notes and Appendices, 6s.

KANT—MAX MULLER. — CrITIQUE OF
Pure REasox sy Immanver KanTt., Trans-
lated by F. Max MULLer. With Intro-
duction by Lupwic Noirg. 2 vols. S8vo.
165, each (sold separately).—Vol. 1. His-
TORICAL INTRODUCTION, by LUuDwic NoIrg,
etc.—Vol. 11. CriTiQuE oF Pure REAason.

MAURICE (F. D.)—MograL AxD META-
PHYSICAL PHiLosorHY. 2 vols. B8vo. 16s,

McCOSH (Rev. Dr. James).—TheE METHOD
oF THE DiviNe GoveErnMenT, PHVSICAL
AND MoraL. Bvo, 108, 64,

—— THE SUPERNATURAL 1N RELATION TO
THE NATURAL. Cr.8vo, 7s. 6d.

—— THE InTUITIONS OF THE MIND.
1os. 6d.

—— An ExaminaTion oF Mr. J. S, Mip's
PHiLosorHY. 8vo. 105 6.

—— CHRISTIANITY AND PosrTivissm. Lee-
tures on Natwural Theology and Apologetics.
Cr. Bvo. 7s.064.

THe ScorTisn PuiLosoruy rrom HuT-
cHESON To Hamivton, Blograruicar, Ex-
POSITORY, CRITICAL. }Ra}r. Bvo. 16s,

—— REALISTIC PHILOSOPHY DEFENDED IN A
PHiLosorHIC SERIES. 2 vols.—Vol. 1. Ex.
rosiTory. Vol. II. HistoricaL axp CriTi-
caL. Cr. Bvo., 145

8vo.
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PHILOSOFPHY.
Ethics and Metaphysics—continued.

McCOSH (Rev. Dr. J.).—FirsT axp Funp-
AMENTAL TruTHs. Being a Treatise on
Metaphysics. 8vo. gs.

—— THE PrREVAILING TYFrES oF PHILOSOPHY :
CaN THEY LOGICALLY REACH REALITY?
Bvo. 34 64.

MASSON (Prof. David)l.—REecenT BrITISH
Puivosoruy. -3rd Edit. Cr. 8vo. 6s.

SIDG}VICK (Prof. Henry).—THE METHODS
ofF ETnics, 4th Edit., revised. Bvo. 145,
—— A SUPPLEMENT TO THE SECoND EpITION.

Containing all the important Additions and

Alterations in the Fourth Edition. 8vo. 6s.
— (OwuTLiNges oF THE History oF ETHICS

FOrR EncLisH READERS. Cr. 8vo. 3s. 64.

THORNTON (W. T.). — OLp-FasHI1ONED
ETHics anp Common-SExsE METAPHYSICS.
E"I’D- 108, ﬁdﬂ

Logie.

BOOLE (Gcarﬂa}. — THE MATHEMATICAL
AnaLvsis oF Locic.  8vo. sewed. 55

CARROLL (Lewis).—Tne Game oF Locic.
Cr. 8vo. 3¢ net.

JEVONS(W. Stanley).—A PrimEr oF Logic.
1fmo. 1s.

—— ELEMENTARY LEessons 18 Locic, De-
DUCTIVE AND INDUCTIVE. 1Bmo. 35 64.
—— Stumes 18 DeEpyctive Locic.  znd

Edit. Cr. 8vo. 6s.

THE PrincIrLES OF SCIENCE ¢ A Treatise
on Logic and Scientiic Method. Cr. Bvo.
125 Gdd.

—— Pure Locic: and other Minor Works.
Edited by BE. Apamson, M.A., and Hag-
RIET A. |EVONS. Bvo. 1o, 6d.

KEYNES (J. N.).—STupIiEs axp EXERCISES
1N Formar Logic. znd Edit. Cr. 8vo. 10s. 64,

McCOSH (Rev. Dr).—THE Laws oF Dis-
cursIVE THougHT. A Text-Book of Formal
Logic. Cr. 8vo. 55

RAY (Prof. P. K..—A Text-Book or DE-
pucTIVE Locic. 4th Edit. Globe 8vo. 45. 64,

VENN {Rev.éohn}.—'fHE Locic oF CHANCE.
znd Edit. r. Bvo. 1os. 64

—— SvmpoLic Logic. Cr. Bvo. 108 6d.

—— Tue PriNcIFLES OF EMmpPIRICAL orR IN-
oucTIvE Locic. B8vo. 185,

Paychology.

BALDWIN (Prof. J. M..—HANDBOOK OF
PsvenoLogy: Sensesand Intellect. Bvo. 125.64.

—— FEELING AND WiILL. Bvo. 1zr5 64

CALDEREWOOD (Prof. H.). — TuE RELA-
TioNs OF MinD aAnD Brain. 8vo. 124

CLIFFORD (W. K.).—SeEING AND THINK-
iNG. Cr. 8vo. 35 64,

HOFFDING (Prof. H.).—OuTLINES OF Psv-
cHoLoGy. Translated by M. E. Lowxbpes.
Cr. Bvo.

JAMES (Prof. William).—THE PRINCIPLES OF
BsvcHorocy. z vols. Demy 8vo. 2ss. net.

JARDINE (Rev. Robert)—THE ELEMENTS
ofF THE PsvcHorogy oF CocwiTion. 3rd
Edit, Cr. 8vo. 65 &4,

McCOSH (Rev, Dr.).—Psvciorogy. Cr. 8vo.
I. Tue CocnmiTivE Powgrs. 6s, 64.—I1.
Tae MoTive POWERS. s, 6.

—— Tue EmoTiONS. 8vo. g

MAUDSLEY (Dr. Henry).—THE PHYSIOLOGY
oF Minp. Cr. Bvo, 105 64,

—— THE PaTHoLocy oF Mixp., Bvo.  1Bs.

—— Bopvy axp Minp. Cr, Bvo, 65 64,

MURPHY (J. J.).—Hasit anp INTELLI-
GENCE. 2nd Edit. Illustrated. Bvo. 16s.

PHOTOGRAPHY.

MELDOLA (Prof. R.).—THE CHEMISTRY OF
PuotocrarHy. Cr. Bvo. 6s,

PHYSICS OR NATURAL PHILOSOPHY.

General—Electricity aud Magnetism—
Heat, Light, and Sound.

General.

ANDREWS (Dr. Thomas): THE SCIENTIFIC
Parers oF THE LATE. With a Memoir by
Profs. TaitT and Crum Brown. Bvo. 18s.

EVERETT (Prof. J. D.).—THE C. G. S. Svs-
TEM OF UniTs, wiTh TABLES oF PHYSICAL
ConsTanTs,. New Edit, Globe Bvo. ss.

FESSENDEN (C.).—Puvsics rFor PusLic
ScHooLs. Globe 8vo.

FISHER (Rev. Osmond).—PHYSICS OF THE
EarTH's CRusT. 2nd Edit. 8vo. 125

GUILLEMIN (Amédée) —Tne Forces or
Nature. A Popular Introduction to the
Study of Physical Phenomena. 455 Wood-
cuts. Roy. Bvo. =215,

THE ArrLicaTions oF Paysicar Forces.

With Plates and Illustrations. Roy. Bvo. z1s.

KEMPE (A. B.).—How To DRAW A STRAIGHT
Line. Cr. Bvo. 1s. 64,

LOEWY (B.).—QuesTioNs AND EXAMPLES
in ExpERIMENTAL PHYSICS, SounDp, LiGHT,
HeaT, ELECTRICITY, AND DMAGNETISM.
Fcp. Bvo. 2.

— A GrapvaTen Course oF NATURAL
Science. Partl. Gl 8vo. z2s.—Part1l. 25.64.

MOLLOY (Rev. G.).—GLEANINGS IN ScCI-
ENCE: A Series of Popular Lectures on
Scientific Subjects. 8vo. 74 64.

STEWART (Prof. Balfour). — A PrRIMER OF
Puysics. Illustrated. 18mo. 15

Lessons v ELEMENTARY Prysics. Illus-

trated. Fcp. Bvo. 45 64,

Questions. By T. H. Core. 18mo. 2.

STEWART (Prof. Baliour) and GEE (W. W.
Haldane).—LEessons iy ELEMENTARY Prac-
TicaL Puysics. Illustrated. —GENERAL PHY-
sical Processes. Cr. Bvo. s,

TAIT (Prof. P. G.).—LECTURES ON SOME
RECENT ApvanceEs 1IN PHYSICAL SCIENCE.
3rd Edit. Cr. 8ve. os

THOMSON (Sir Wm.).—PorvuLar LECTURES
AND AppresseEs.—Veol. [. CowsTiTUTION
oF Matrer. Cr. 8vo. 7s. 6d.

Electricity and Magnetism.

CUMMING (Linn=zush—AN INTRODUCTION
70 ELECTRICITY. OCr. Bvo. Bs &4

DAY (R. E.).—ELecTrIC LIGHT ARITHMETIC.
18mo. 25

GERAY (Prof. Andrew).—TuE THEORY AND
PracTicE oF ApsoLUTE MEASUREMENTS
i¥ ELecTRICITY AND MAGNETISM. 2 vols.
Cr. 8vo. Vol. . 125 64

—— ApsoLUTE MEASUREMENTS IN ELECTRI-
citTy AND MagneETISM, Fep. 8vo. s 6d.

e
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GUILLEMIN (A.).—EcecTrICITY AND MAG-

weTisM. A Popular Treatise. Translated
and Edited b rof. SrLvanus P. THowme-
son. Super Rov. Bvo. 314 64,

LODGE (Prof. Oliver).—Monpgern VIEWS OF
EvecrriciTy. Cr. Bvo. 6s. 64.
MENDENHALL (T. C.).—A CENTURY OF
EvLecTriciTY. Cr. 8vo. 45 64.
STEWART (Prof. Balfour) and GEE (W. W.
Haldane).—LEssons 18y ELEMENTARY PRAC-
TicAL Puysics. Cr. Bvo. Illustrated.—ELEC-
TRICITY AND MAGNETISM. 75 6d,
—— Practicar Puysics For ScHooLs. Gl
8vo.—ELEcTRICITY AND MAGNETISM. 25.6d.
THOMPSON (Prof. Silvanus P.). — ELE-
MENTARY LEssons IN ELECTRICITY AKD
MagneTisSM,. Illustrated. Fep. Bvo. 4s. 6d.
THOMSON (Sir Wm.).—Parers on ELEC-
TROSTATICS AND MaAGNETISM. Bvo, 18s.
TURNER (H. H.).—ExaumrLeEs on HEeaT
AND ELEcTrRICITY. Cr. Bvo. =25 6d.

Heat, Light, and Sound.
AIRY (Sir G. B.).—On Sounp axp ATMmO-
sPHERIC VIBRATIONS. Cr. 8vo. gs.
CARNOT--THURSTON.--REFLECTIONS ON
THE MoTive Power oF HEAT, AND ON
MacHINES FITTED To DEVELOP THAT
Power. From the French of N. L. S. Cagr-
NoT. Edited by R. H. TaursTon, LL.D.
Cr. 8vo. 7s. 6d.
CLAUSIUS(R..—THE MECHANICAL THEORY
oF HeaT. Translated by W, R. Browne.,
Cr. Bvo. 105 Bd.

FERERERS (Rev. N. M.).—SrHERICAL HAR-

MONICS AND SUH_TEI:TH CONNECTED WITH

THEM. Cr. 8vo, 75 64.

JOHNSON (Amy).—Sunsuinge.  Illustrated.
Cr. 8vo,

JONES (Prof. D. E.).—HeaT, LiGHT, AND
Sounp, Globe Bvo. 25, 64,

MA:YER (Prof. A. M.).—Souxp. A Series of
Simple Experiments. Illustr. Cr.8vo. 35.64.

MAYER (Prof. A. M.)and EARNARD(C.)—
LicaT. A Series of Simple Experiments.
Illustrated. Cr. 8vo. 2s5. 6d.

PARKINSON (5.).—A TreaTisE ox OpTICS,
4th Edit., revised. Cr. Bvo. 105 64.

PEABODY (Prof. C. H.).—THERMODYNAMICS
OF THE STEAM ENGINE AND oTHER HEAT-
EnGINES. 8vo. z1s.

PERRY (Prof. ].).—SteEam: An Elementary
Treatise. 1Bmo, 45 6.

PEESTON (T.).—Tue THeory oF LIGHT.
Illustrated. 8vo. 15s. net.

— THE THEORY OF iﬂlm'r. Bva.

BRAYLEIGH (Lord).—ThHEORY OF SounD.
8vo. Vol. I. 125 64 —Vol, 11. 125, 64

SHANN (G.).—An ELEMENTARY TREATISE
oM HEAT i¥ RELATION To STEAM AND THE
Steam-Encing. Illustr, Cr. Bvo, 45 64d.

SPOTTISWOODE (W.).—FoLARISATION OF
Ligur. Illustrated. Cr. 8vo. 3s. 6d.

STEWART (Prof. Balfour) and GEE (W. W.
Haldane).—LEessons iv ELEMENTARY PrAcC-
TicalL Puvsics. Cr. Bvo.  Illustrated.—
OrTics, HEAT, aAnD Sounn.

PracTticar Paysics For ScHoons, Gl

8vo.—HEaT, LiGHT, AND SoUND.

STOKES (Sir George G.).—On~ LiguT. The

Burnett Lectures. Cr. 8vo. 75 6d.

STONE(W. H).—ELEMENTARY LESsoNS ON
Sounp. Illustrated. Fcp. 8vo. 345 6d.

TAIT (Prof. P. G.).—HeaT. With Illustra-
tions. Cr. Bvo, 65

TAYLOR (Sedley).—Sounp axp Music. znd
Edit. Ext. cr. 8vo. Br 6d. |

TURNER (H. H.). (8¢ ELecTRICITY.)

WRIGHT (Lewis).—Licur. A Course of
Experimental Optics. Illust. Cr.Bvo. 75 6d.

PHYSIOGRAPHY and METEOROLOGY.

ARATUS.—THE Ski1ES AND WEATHER FORE-
cAsTs OF AraTus. Translated by E. PosTE,
M.A. Cr. Bvo. 35 6d

BLANFORD (H. F.).—ThE RUDIMENTS OF
Puvsical. GeoGrarHY For THE Use oF
Inpian Scuoors., Ilustr. Cr. Bvo. 25 64,

— A Practical GUIDE TO THE CLIMATES
AND WEATHER oF InpDia, CEVLON AND
BurmaH, aAND THE STORMS OF INDIAN
SeEas. Bvo. 125 64

FERREL (Prof. W.).—A PoruLAr TREATISE
ON THE WinDs. Bvo. 18s.

FISHER (Rev. Osmond).—Puvsics oF THE
Earth's CrusT. 2nd Edit. 8vo. 125

GALTON (Francis).—METEOROGRAPHICA ; Or,
Methods of Mapping the Weather. 4to. gs.

GEIKIE (Sir Archibald).—A PriMER OF PHY-
sicalL GEogrAPHY. Illustrated. 18mo. 1s.
— ErevExTARY LEssons 1% PHysICAL
GeoGrarHy. lllustrated. Fcp. 8vo. 45 64

—— (QUESTIONS ON THE SAME. 15. 6d.

HUXLEY (Prof. T. Hﬁ:’}."—*PH\"SIMRhFH?.

Illustrated. Cr. Bvo.

LOCEYER(]. Norman). —OuTLINES OF PHY-
SIOGHAPHY ! THE MoVEMENTS OF THE
EarTH. Illustrated. Cr. 8vo,swd. 1r 64,

MELDOLA (Prof. By and WHITE (Wm.).—
RErORT OoN THE IEAST ANGLIAN EARTH-
QUAKE OF APRIL 228D, 1B84. Bvo. 35 6d.

PHYSIOLOGY.

FEARNLEY(W..—A Manvar oF ELEMEN-
TARY PrAacTICAL HisTOLOGY. Cr. 8vo. 75 64,

FOSTER (Prof. Michael).—A Text-Book orF
Puvsiorocy. lllustrated. sth Edit. 8vo.—
Part I. Book 1. Broop: THE TISSUES OF
MovEMENT, THE YascULAr MECHARISM.
105, 6. —Part 11. Book 11. Tue Tissues or
CHEMICAL ACTION, WITH THELR RESPECTIVE
Mecuanisms : NuTriTION. 108 6. —Part
I1I. Book III. THE CenTraL NErRVOUSs
SvsTEM. 75 6d.—Part 1V, Book III. Thr
SENsES, AND soME SPeEcialL MuscuLag
MEecuanisms.—Boor IV, THE TissuEs axn
MecuaNisMs oF REPRODUCTION. 108 64

—— A PriMER OF PHvsiOLOGY. 18mo. 15
FOSTER (Prof. b.) and LANGLEY (J. N.).

—A CoursE oF ELEMENTARY PrACTICAL
PuvsioLocy axp HistoLogy. Cr. Bvo. 7s. 64,

GAMGEE (Arthur)l.—A Text-Boox oF THE
PHYSIOLOGICAL CHEMISTRY OF THE ANIMAL
Bopy. Vol. 1. 8vo. 18s. Veol. IL.
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PHYSBIOLOGY —continned.
HUMPHRY (Prof. Sir G. M.).—Tue Humax
Foor AND THE Human Hanp. Illustrated.
Fcp. Bvo. 45.64.
HUXLEY (Prof. Thos. H.).—Lessons In
ELEMENTARY PHYS10L0GY. Fep. Bvo. 4s. 64.
—— QuEesTIONs. By T. ALcock. 18mo. 15.64.
MIVART (St. George).—Lgssons 18 ELE-
MENTARY ANATOMY. Fcp. Bvo. 6s 64
PETTIGREW (]J. Bell).—Thg PuvsioLocy
OF THE CIRCULATION 1IN PLANTS IN THE
LowER ANIMALS AND IN Man. Bvo. 125
SEILER (Dr. Carl).—Micro-PHOTOGRAPHS
1N HisTory, NorMAL AND PATHOLOGICAL.
4to. 318 64,

POETRY. (See under LITERATURE, p. 14.)

POLITICAL ECONOMY.
BASTABLE (Prof. C. F.).—PusLic FiNancE.
BOHM-BAWERK (Prof.).—CarrTaL AND In-

TEREST. Trans. by W.5MART. 8vo. 1as.net.
—— Tue PosiTive THEORY oF CariTAL. By
the same Translator. 12s. net,

BOISSEVAIN (G. M.).—THe MONETARY

QuEesTioN. 8vo, sewed. 35 net,
BONAR (James).—MALTHUS AND HIS WORK.
Bvo. 1258 64,

CAIRNES (J. E).—Some Leapine Princ-
PLEs oF PoLiTicar Ecowmomy nEwLy Ex-
POUNDED. 8vo. 145.

—— THE CiaracTER AND Locicar. MeETHOD
oF PouiTical Ecovomy. Cr. 8vo. 65,

CLARKE (C. B.) — SPECULATIONS FROM
PoriTicarn Economy. Cr. 8vo. 35.6d.

CO-OPERATION IN THE UNITED
STATES : History or. Edited by H. B.
Apams. Bvo. *15s.

DICTIONARY OF POLITICAL ECON-

OMY, A. By various Writers. Edited b
R. H. IncLis PALGRAVE. 3564, net. (Partl,
July, 18g1.)

ECONOMIC JOURNAL, THE.— Tz
JournaL oF THE BriTish Economic Asso-
ciaTion, Edit. by Prof. F. Y. EDGEWORTH.
Published Quarterly. B8vo. s+ (Part L
April, 18g1.)

ECONOMICS: ThE QQUARTERLY JOURNAL
oF. Vol. 1I. Parts I1. I1I. IV. 25 64. each.
—Vol. 111, 4 parts. 2s. 64, each.—Vol. 1V,
4 parts. 25 6d4. each.

FAWCETT (Henry).—MaxvaL orF PoriTi-
calL Economy. 7th Edit. Cr. 8vo. 125,

— AN EXPLANATORY [MGEST OF THE ABOVE.

By C. A. WaTers., Cr. 8vo. 2s.64.
—— FrEg TrapeE anp ProTeEcTION. 6th
Edit. Cr. 8vo. 3¢ 64,

FAWCETT (Mrs. H.).—PoriTicar Econ-
OMY FOR HEGIHH’EHE, WITH QUESTIGNE.
7th Edit. 18mo. 25 64.

FIRST LESS50NS IN BUSINESS MAT-

TERS. By A Banker's DavGHTER. 2nd
Edit. 18mo. 1s.
GILMAN (N. P.). —PRroFIT-SHARING BE-

TWEEN EMPLOYER anp EmpLovee. Cr.
Bvo. 75 6d.
GOSCHEN (R.t. Hon. George J.).—REFPORTS
AND SPEECHES oN LocaL TaxaTion. 8vo. 55,
GUIDE TO THE UNPROTECTED:; Ix
EvERY-DAY MATTERS RELATING TO Pro-
FERTY aND Income. Ext. fcp. 8vo. 35, 64,

GUNTON (George).—WEALTH AND Pro-
GREsS. Cr. 8vo. 6s.

HORTON (Hon. S. Dana).—THE SILVER
Pounp anp ExcLann’s MoneTAry PoLiCY
SINCE THE RESTORATION. B8vo. 145,

HOWELL (George). —THE CONFLICTS OF
Caritar aNp Lapour. Cr, Bvo. 75 64

JEVONS (W, Stanley).—A Primer oF PoLITI-
cal EcoMomy. 18mo. 15

—— THe Theory oF Poriticar EcoNoMmy.
3rd Ed- EVDr 105, ﬁffr

—— InvESTIGATIONS IN CURRENCY AND FI-
Wanmce. Edit. by H. 5. FoxwgLL. Bvo. 215

KEYNES (J. N.).—THE Score axp METHOD
oF PorrticaL Economy. Cr. 8vo, 75 net.

MACDONELL (John).—Tue Laxp Ques-
TION. Bvo. 105, 6

MARSHALL (Prof. Alfred).—PRINCIPLES OF
Economics. zvols. 8ve. Vel I, 12564 net.

MARSHALL (Prof. A. and Mary P.).—THE
Ecoxomics oF InpusTry. Ext.fcp.8vo. 25.6d.

MARTIN (Frederick). —Tue HisTory oF
LrLovyp's, anp oF MaARINE INSURANCE IN
GREAT BriTAIN. Bvo. 145

PRICE (L. L. F. R.).—INDUSTRIAL PEACE:
ITS ApvanTaceEs, MeETHoDs, Axp IIFFI-
cuLTIES., Med. Bvo. #6s.

SIDGWICK (Prof. Henry).—THE PrinCIPLES
ofF PoLiTical Economy. znd Edit. 8vo. 165,

SMART (W..—AN INTRODUCTION TO THE
THeory oF VaLve. Cr. 8vo. 35 net.

WALKER (Francis A.).—FirsT LESsoNS IM

PoriTicaL Economy. Cr. 8vo. =5
— A PErier Text-Book or PoLiTICAL
Ecoxomy. Cr. Bvo. 65 64,

Bvo. 125, bd.
Ext. cr. 2vo.

—— PoriTicaL Economy.

—— THE WacEs QUESTION.
8s. 6. net.

—— Money. New Edit. Ext.cr.Bvo. Bs.64 . net.

— Moxey 15 175 RELATION TO TRADE AND
IspusTRY. Cr. 3vo. 7s 64,

—— Lanp anp 171s RenT. Fep. Bvo. 34 6L

WALLACE (A. R.).—Bap Times : An Essay.
Cr. 8vo. 25 6d.

WICKSTEED (Ph. H.),.—THE ALPHABET OF

Economic Science.—I. ELEMENTS OF THE
THEORY OF VALUE or WorTH. Gl 8vo. 25.64.

POLITICS.

(See alse HisToORY.)

ADAMS (Sir F. 0.) and CUNNINGHAM
{C.}—THE Swiss CONFEDERATION. Bvo, 144.

BAKER (Sir Samusl W.).—TuHeE Ecverian
QuEsTION. Bvo, sewed, 25

BATH (Marquis of). —OBSERVATIONS oM
BuLGarian ArrFairs. Cr. 8vo. 35 64,

BRIGHT (John).—SrEECHES oN QUESTIONS
or PusLic Poricv. Edit. by J. E. THoroLD
Rocers. With Portrait. 2 vols. 8vo. 255
—~FPopular Edition. Ext. fcp. 8vo. 35 6d.

— PusLIc Appresses. Edited by J. E. T.
RoGERs. Bvo. 148

BRYCE (Jas., M.P.).—THE AMERICAN Com-
MONWEALTH, 2vols. Ext. cr. Bvo. 255

BURKE (Edmund).—LeTTERS, TRACTS, AND
SrEECHES oN Irisn ArFrFairs. Edited by
MaTtTrHEW ArnoLD,with Preface, Cr.Bvo. 6s.

—— REefFLECTIONS ON THE FrEncH REVOLU-
TioN. Ed. by F. G. SELsy. Globe 8vo. ss.
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C&IR;‘JJES (J. E.).—PoLiTicaL Essavs. Bvo.

108, 6.

—— THE SLaveE Power. Bvo. 105 6d.
QuEs-

COBDEN ;Richard —SPEECHES ON
Tioms oF PusLic Poricy. Ed. by J. BriGuT
and J. E. ThoroLp RoGers., Gl 8vo. 35. 64,

DICEY (Prof. A. V.).—LETTERS oK UNIONIST
DeLusions. Cr, 8vo.  zs. 6d.

DILKE (Rt. Hon. Sir Charles W.).—GREATER
BriTAaiN. A Record of Travel in English-
Speaking Countriesduring 1866-67. (America,
Australia, India.) g¢th Edit. Cr. 8vo. 6s.

PropLeEMS oF GREATER BriTain., Maps.

3rd Edit. Ext. cr. 8vo. 121 6d.

DONISTHORPE (Wordsworth). — Inpivi-
puALisM @ A System of Politics. Bvo. 14s.

DUFF(Rt. Hon. Sir M. E.Grant).—MISCELLA-
Nies, PoLiTicALAND LITERARY. Bvo. 10864,
ENGLISH CITIZEN, THE.—His Rights
and Responsibilities. Ed. by HEnrv Craix,
C.B. Cr. 8vo, 35 6d. each.
THE PuUNISHMENT AND PREVENTION OF
Crime. By Col. Sir Epmunp pu CaNE.
Locat GovernMENT. By M. D, CHALMERS.
CoLonies anD DerEnpERCIES : Part [, In-
pia. By J. 5. Corrox, M.A.—II. THe
CoLonies. By E. J. Pavne.
THE STaTE 18 1Ts RELaTion To Epvca-
TioN, By HeExry Craig, C.B.
By Hon.

THE STATE AND THE CHURCH.
ArTHUr ErrioTrT, M.P.

THE STATE 18 1TS RELATION TO TRADE.
By Sir T. H. Farrer, Bart.

Tue Poor Law, By the Rev, T. W, FowLE.

THE STATE 18 RELaTION To Larour. By
W. STANLEY JEVONS.

{US‘TICE AND Porice, By F, W, MairTLAND.

'HE NaTionaL Derences. By Colonel

Mavrice, R.A. [f# the FPress.
Tue Lanp Laws. By Sir F. PoLvLock,
Bart. 2znd dit.

CENTRAL GovErNMENT. By H, D, TRaILL.

Tue ELECTORATE AND THE LEGISLATURE.
By SreEncER WALPOLE.

Foreign RELaTIiONs. By 5. WALPOLE.

THe National BupcieT; THE NATIONAL
Desr; Taxes anp Rates. By A. ]J.
WiLson,

FAWCETT (Henry). —SrEECHES ON SOME
CurrenT PoLiTicAL (QUESTIONS, Bvo. 108,64,

—— Freg TrapDE anNDp ProTEcTION. 6th
Edit. Cr. Bvo. 37 6d.

FAWCETT (Henry and Mrs. H.)—Essavs
AnD LecTurEs oN PoLiTICAL AND SocCIaL
SusjeECTS. Bvo. 108 Gd.

FISKE (John)—AmEeriCcAN PoLiTICAL IDEAS
VIEWED FROM THE STAND-POINT OoF UwNi-
vERSAL HisTory. Cr. 8vo. 45

Civit. GoveErNMENT 1N THE UNITED
STATES CONSIDEREDWITH SOME REFERENCE
To 1T5 OriGIN. Cr, Bvo, 6s. 62,

FREEMAN (Prof. E. A).—DISESTABLISH-
MENT AND IMSENDOWMENT. WHAT ARE
Tuey? 4th Edit. Cr. 8vo. 14,

—— ComraraTivE PoLrtics and ThHe Usity
or Historv. Bvo. 14s.

—— The GrowTH oF THE ExcLisH COoNSTI-
TuTioN. s5th Edit. Cr. 8vo. ss.

HARWOOD (George). —DISESTABLISHMENT ;
or, a Defence of the Principle of a National
Church. 8vo. 125,

—— Tue Coming DeEmocracy. Cr. Bvo. 6s.

HILL (Florence D.).—CHILDREN OF THE
StAaTE. Ed. by Fanny Fowke. Cr. 8vo. 6s.

HILL (Nectavia).—0Our Common LAND, AND
oTHER Essavs., Ext. fep. Bvo. 35 bt

HOLLAND (Prof. T. E.).—THE TrEATY RE-
LaTioNs ofF Russia Anp TURKEY, FROM
1774 TO 1853. Cr. Bvo. 2s.

JENKS (Prof. Edward).—THE GOVERNMENT
or VicToriA (AUSTRALIA). 8vo. 148,

LOWELL (J. R.). (See CorLLEcTED WORKS.)

LUBBOCK (Sir].). (See CoLLECTED WORKS.)

MACDONELL (John)—THe Lanp Ques-
TIoN. Bvo. ros 6d.

PALGRAVE (Reginald F. D.).—THeE House
ofF Commons: [llustrations of its History
and Practice. Cr. 8vo. 2s. 64

PALGRAVE (W. Gifford) —Essavs on
EasTERN QuEsTIONS. Bvo. 7105 6d.

POLLOCK (Sir F., Bart.).—InTrRODUCTION

To THE HisToRYy OF THE SCIENCE OF
PoriTics. Cr. Bvo. a5 64,

" PRACTICAL POLITICS. Published under

the auspices of the National Liberal Federa-
tion. 8vo. 6s.

ROGERS (Prof. J. E. T.).—CoBDEN AND
PoLiTicAL OrINION. Bvo. 10+, 64,

ROUTLEDGE (Jas.).—PorurLar Procress
IN ENGLAND Bvo. 164,

RUSSELL (Sir Charles).—NEw ViEws on
IRELAND. Cr. Bvo, 24 6d.

—— THe Parnerr. Commission : Tue OreEx-
ING SPEECH FOR THE DEFENCE. 8vo. 104. 64,
—Popular Edition. Sewed. 2s.

SELBORNE (Earl of). (See under THEO-
LOGY, P. 32.)

SIDGWICK (Prof. Henry).—THE ELEMENTS
orF PoLiTics. 8vo. 148 net.

SMITH (Goldwin).—CanaDA AND THE CANA-
DIAN QuEsTION. Bvo. 8 net.

STATESMAN'S YEAR-BOQOK, THE. (Ses
STATISTICS.)

STATHAM (R.). —BrLaAcks,
BriTise. Cr. Bvo. 6s.

THORNTON (W. T.).--A PLEA FOrR PEASANT
PrOPRIETORS. New Edit. Cr. Bvo. 7s. 64,

—— Ixpian PuBLic Works, aND COGNATE
Inpian Torics. Cr. 8vo. Bs, 64,

TREENCH (Capt. F.).—The Russo-Inpiaw
Question. Cr. Bvo. 75 6d.

WALLACE (Sir Donald M.).—EcvyeT AND
THE EGYPTIAN QUESTION. Bvo. 14s.

FEYCHOLOGY.

(See under PHILOSOPHY, p. 206.)

SCULPTURE. (Ses ArT.)

SO0CIAL ECONOMY.
FAWCETT (H. and Mrs, H.). (See PoLiTiCS.)

HILL (Octavia)—Homes oF TeE LonNpDon
Poor. Cr. 8vo, sewed. 15,

HUXLEY (Prof. T. H.).—SoctaL Disgases
AND Worse REMEDIES: Letters to the
“Times" on Mr, Booth's Schemes, Cr. 8vo.
sewed., s net,

JEVONS(W. Stanley).—MEeTHODS OF SoCIAL
REerForM,. Bvo. 108 6d.

STANLEY (Hon. Maude). — CLuBS FoR
Working Girns. Cr, 8vo, 6

BoERs, AND
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SOUND. (Ses under Puysics, p. 27.)

SPORT.

BAKER (Sir Samuel W.).—WiLp BrasTs
AND THEIR Wavs: REMINISCENCES OF
Evurore, Asia, AFRICA, AMERICA, FROM
1845—88, Illustrated. Ext. cr. 8vo. 125. 6d.

CHASSERESSE(D.).—S5rorTING SKETCHES,
Ilustrated. Cr, 8vo. 35 64,

EDWARDS-MOSS (Sir J. E,, Bart). —A
SEASON IN SUTHEELAND. Cr. 8vo. 14 64

STATISTICS.

STATESMAN'S YEAR-BOOK, THE. Sta-
tistical and Historical Annual of the States
of the World for the Year 18q1. Revised after
Official Returns. Ed. by J. Scort KELTIE.
Cr. 8vo. 105, 64,

SURGERY. (Ses MeDICINE.)

SWIMMING.

LEAHY (Sergeant).—THE ART OF SWIMMING
i8N THE ETon STvLE. Cr. 8vo. as.

THEOLOGY.

The Bible—History of the Christian Church—
The Church of FKnupland —Devotional Books
—The Fathers—H ymnology—Sermons, Lec-
tures, Addresses, and Theological Essays.

The Bible.
History of the Bible—

Tug Ewcrisi BisLe; An External and
Critical History of the various English
Translations of Scripture. By Prof. Joun
EADIE. 2 vols, 8vo, 28s

TueE BipLe 18 THE CHUrcH. By Right Rev.
Bp. WEsTCOTT. 1oth edit. 18mo. 45 64

Biblical History—

BieLe Lessons. By Rev. E. A, AppoiT.
Cr. 8vo. 45 64.

STtoriES FROM THE BipLE. By Rev. A, .
Cuurcu, Illust. Cr.8vo. 2 parts. 3564 each.

BisLE READINGS SELECTED FROM THE PEN-
TATEUCH anD THE Book ofF JosHua.
By Rev. J. A. Cross. Gl 8vo, =25 64,

Tue CHILDREN'S TrEASURY oOF BibLE
Stories. By Mrs. H. Gaskoin. 18mo.
1. each.—Part I. Old Testament: II.
MNew Testament; 111, The Apostles.

A Crass-Book oF OLp TeEsTamENT His-
TORY. By Rev. Dr. MACLEAR. 18ino. 45.64.

A Crass-Book or NEw TeEstamenT His-
ToRY. By the same. 18mo. 55 64,

A SuiLring Book ofF OLbp TESTAMENT
History. By the same. 1Bmo. 1s.

A SHiLLinGg Book oF NEw TESTAMENT
History. By the same. 18mo. 14

The Old Testament—

ScrRIPTURE READINGS FOR SCHOOLS AND
FamiLies. By C. M. Yonge. Globe 8vo.
15, 6. each : also with comments, 3s. 64.
each. — GENESIS To DEUTERONOMY. —
{)n::uuﬁ To SoLoMoN.—KINGS AND THE

rOPHETS.—THE GOSPELTIMES.—AFPOS-
ToLic TimEs.

Tue PATRIARCHS AND LAWGIVERS OF THE
OLp TestameEnT. By F. D. Mavrice.
7th Edit. Cr. Bvo. 4s. 6d.

Tue PropHETs aND Kings or THE OLD
TesTAMENT. By the same. Cr. Bvo. 6s.

InTroODUCTION TOo THE HISTORY OF THE
Canon ofF THE OuLp TestamesTt. By
Prof. H. E. BEvLe. Cr. 8vo.

The Pentateuch—

An Historico-CriTicAL INQUIRY INTO THE
OriGin anp ComrosiTiON oF THE HEXxA-
TeucH (PENTATEUCH aND Book oF
El’ﬂsnun By Prof. A. Kuesen. Trans.

y P. H. WicksTeEeEDp, M.A. 8vo. 145

The Psalwmis—
THE Psarms CHRONOLOGICALLY ARRANGED.

By Four FriExps. Cr. 8vo. ss net.
GGLQEN TrEASURY PsSALTER. Student's
Edition of the above. 18mo. 35 64,

THE Psarms. With Introduction and Notes.
By A, C, Jenmings, M.A,, and W. H.
Lowe, M.A. 2 vols. Cr. Bvo. 104. 64, each.

INTRODUCTION TO THE STUDY AND UsE oF
THE Psarms. By Rev. J. F. Tururp.
znd Edit. 2z vols. 8vo. z1s.

Isaiakh—

Isaran xL.—rxvi. With the Shorter Pro-
phecies allied to it. Edited by MATTHEW
ARNOLD. Cr. Bvo. =g

Isaran oF JErusaLEm. In the Authorised
English Version, with Introduction and
Notes. By the same. Cr. 8vo. 45 64l

A BipLE-READING FOR SCHOOLS. The Great
Prophecy of Israel's Restoration (Isaiazh
xL.—lxvi.). Arranged and Edited for Young
Learners. By the same. 18mo. 15

CoMMENTARY oN THE Book oF IsalaH:
Critical, Historical, and Prophetical ; in-
cluding a Revised English Translation.
By T.ER. Birks. 2nd Edit. 8vo. 125 6d.

THE Book ofF lsalaH CHRONOLOGICALLY
Arrancep, By T. K. CHevne. Cr.
Bvo. 75 64,

Zechariah—

Tre HEgrEw STUDENT 5 COMMENTARY ON
ZecHARIAH, Hebrewand LXX, By W. H.
Lowe, M.A. Bvo. 1us. 6dl

The New Testanmeni—

TuE New TeEsTameExT. Essay on the Right
Estimation of M5S5. Evidence in the Text
of the Wew Testament. By T. R. Birks.
Cr. §vo. 35 6d. s

TueE Messaces oF THE Books. Discourses
and MNotes on the Books of the New Testa-
ment. By Archd. Farrar. B8vo. 145

THE CLassicalL. ELEMENT 18 THE NEW
TesTameENT. Considered as a Proof of its
Genuineness, with an Appendix on the
Oldest Authorities used in the Formation
of the Canon. By C.H.HooLE. 8vo. 1os. 6d.

On A FresH ReEvision oF THE ExGLISH
Mew TesTAMENT. With an Appendix on
the last Petition of the Lord's Prayer. By
Bishop LiguTrooT. Cr. Bvo. g5 64,

Tue UniTy oF THE NEw TEsTAMENT. By
F.D. Maurice. =2 vols. Cr. Bvo. 125,

A Companion To THE GrREEK TESTAMENT
AND THE ExcrLisi VErsion. By PuiLip
ScHarr, D.D. Cr 8vo. 125

A GeEneErRaL SurveEy oF THE HISTORY OF
THE Canon oF THE NeEw TESTAMENT
puriNG THE FirsT Four CENTURIES. By
Bishop WesTcorT. Cr. 8vo. 104 64.

Tue NEw TESTAMEST 158 THE ORIGINAL

GreErk. The Text revised IJ% Bishop
WestcorT, D.D., and Prof. F. J. A.
HorTt, D.ID. 2 vols, Cr. Bvo. 1os. 6d.

each.—Vol. I. Text.—Vol. 11. Introduc-
tion and Appendix.

ScHooL EDITION OF THE ABOVE. 13mo,
45. 6. : 18mo, roan, ss. 64. ; morocco, gilt
edges, Gs. 64,
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The Gospels—

THe Common TRADITION OF THE SYNOPTIC
Gosrers. In the Text of the Revised
Version. By Rev. E. A. AppoTT and
W. G. RusuBrookg. Cr. 8vo. 3+ 64,

SynorTicon : An Exposition of the Common
Matter of the Synoptic Gospels. By W. G.
RusHprookE. Printed in Colours. In Six
Parts, and Appendix. gto.—Part 1. 3s. 6d.
—Parts I1. and I11. 7s.—Parts IV. V. and
VI., with Indices, 105 6d.—Appendices,
105, 6. —Complete in 1 vol. 355

INTRODUCTION TO THE STUDY OF THE Four
Gosrers, ByBp.WesTcotT.Cr.8vo. 105.6d.

The ComposiTiON OF THE Four GOSPELS.
By Rev. AkTHUR WRIGHT. Cr. Bvo. 55

Gospel of St. Matthew—

Tue Greexk TeExT, with Introduction and
Notes by Rev. A. SLoman. Fep.8vo. 25.64.
CHoice NoTes ox ST. MaTTHEW, Drawn
from Old and New Sources. Cr. Bvo. 4s. 64,
(St. Matthew and St. Mark in z vol. g5

Gospel of St. Mark—

ScuooL ReEaDINGS 1N THE GREEK TESTA-
MENT. Being the Outlines of the Life of
our Lord as given by 5t. Mark, with addi-
tions from the Text of the other Evange-
lists. Edited, with Notes and Vocabulary,
by Rev, A. CaLveErT, M.A. Fep. Bvo. 2564,

CHoicé NoTes oN ST. Mark., Drawn from
Old and New Sources. Cr. 8vo. 45 64.
(St. Matthew and St. Mark in 1 vol. gs.)

Gospel of St. Luke—

Greek TexT, with Introduction and Notes
by Rev. J. Boxp, M.A. Fcp. 8vo. 25.64.

CuHoice NoTes on 51. Luke. Drawn from
Old and New Sources. Cr. Bvo. 44 6d.

THE GosrEL oF THE Kincpom oF HEAVEN.
A Course of Lectures on the Gospel of St.
Luke. By F. D. Maurice. Cr. 8vo. 6s.

Gospel of 5S¢, John—
Tue GosrEL oF ST, Jouwm. By F. D,
Mavrice. 8th Ed. Cr. 8vo. 6s.
Cxoice NoTes ox St. Joun. Drawn from
0ld and New Sources. Cr. Bvo. 45 64,

The Acts of the Apostles—
Greex TeExT, with Notes by T. E. Pack,
M.A. Fcp. 8vo. 3+ 6d.
THe CHurcH ofF THE FirsT Davs: THE
CHURCH oF JErUSALEM, THE CHURCH OF
THE GENTILES, THE CHURCH OF THE

WorLp, Lectures on the Acts of the
Apostles. By Very Rev. C. J. Vaughan.
Cr. 8vo. 1o:s. 64,

The Epistles of St. Paul—

THE ErisTLE TO THE Romans. The
Greek Text, with English Notes. By the
Very Rev. C. J. VaucHan. qth Edit.
Cr. 8vo. gs. 6d.

THE ErISTLES To THE CoriNTHIANS. Greek
Text, with Commentary. By Rev. W.
Kav. Bvo. gs.

The ErisTLE To THE GALATIANS, A
Revised Text, with Introduction, Notes,
and Dissertations. By Bishop LicuTrooT.
toth Edit. 8vo. 125

THE ErisTLE To THE PHILIPPIANS. A
Revised Text, with Introduction, Notes,
and Dissertations. By the same. 8vo. 124,

The Epistles of 5. Pawi—

THE ErisTLE To THE PHiLippians. With
Translation, Paraphrase, and Notes for
English Readers. By the Very Rev. C. J.
Vauvsguan, Cr. 8vo. 55

Tue ErisTLES To THE COLOSSIANS AND
To PHIiLEMon., A Revised Text, with In-
troductions, etc. By Bishop LicHTFooOT.
gth Edit. Bvo. 1215

THE ErisTLES TO THE EFHESIANS, THE
CoLossiang, AND PuHiLEmon. With In-
troduction and Notes. By Rev. J. LL
Davies. and Edit. 8vo. 7s. 64,

Tue First ErisTLE TO THE THESSALO-
NIANS. By Very Rev. C. J. VauGHaN.
Bvo, sewed. 15 6.

Tue ErISTLES TO THE THESSALONIANS.
Commentary on the Greek Text. By Prof.
Joun EApiE. 8vo. 125

The Epistle off 8¢, James—

The Greek TexT, with Introduction and
Notes. By Rev. Josern Mavor. Evo.

The Epistles of X1, John—
THe ErisTLES OF ST, émm. By F. D.
Mavrice. 4th Edit. Cr. 8vo. és.
— The Greek Text, with Notes, by Bishop.
WesTcoTT. 2nd Edit. 8vo. 125 64

The Epistle to the Hebrews—

Greex anp Ewxcrisa, Edited by Rev.
Freperic RENpaLL, Cr. Bvo. 6s.

Excrist TexT, with Commentary. By the
same. Cr. 8vo. 75 64d.

Tue Greek TexTt, with Notes, by Very
Rev. C. J. VavcHan. Cr. Bvo, 75 64
Tue Greek TexT, with Notes and Essays,,

by Bishop WEsTcoTT. Bvo. 144

Revelation—
LECTURES ON THE ArocaLvese. By F. D..
Mavricé. znd Edit. Cr. 8vo. 6s.
Tue REVELATION OF ST. JoHN. By Rev..
Prof. W. MiLLican. Cr. 8vo, 75 6d.

LecTures oN THE REVELATION oF ST,

Jonx. By Very Rev. C. J. VauGHaN.
sth Edit. Cr. 8vo. 10s. 64.

Tue BisLe Worp-Book. By W. Avpis.
WRriGHT. 2nd Edit. Cr. Bvo. 75 6d.

History of the Christian Church,

CHURCH (Dean). —Tue Oxrorp Move-
MENT, 1833—45. Bvo. 125 64. net.

CUNNINGHAM(Rev. John).—THE GROWTH

OF THE CHURCH IN 1TS ORGANISATION AND.
INSTITUTIONS. Bvo. gs.

CUNNINGHAM (Rev. William) — THE

CHurcHES uF AsiA @ A Methodical Sketch
of the Second Century. Cr. Bvo. 6s.

DALE (A. W. W..—THE Svnop oF ELviga,

AND CHrisTIAN LIFE 1N THE FourTH CEN-
TURY. Cr. Bvo. 1os. 64

HARDWICK (Archdeacon).—A History oF
THE CHrisTIAN CHURCH: MibppLE AcE.
Edited by Bp. Stuses. Cr, 8voe. 108 64,

—— A History oF THE CHRIsTIAN CHURCH
DURING THE REForMATION. gth Edit., re-
vised by Bishop Stusss. Cr. 8vo. 105, 6d,
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- THEOLOGY.
History of the Christian Church—consd.
HORT (Dr. F. J. A.).—Two DISSERTATIONS.
I. On MONOTENHZE ©EOZ 18 SCRIPTURE
AND TrapiTion. II. On THE “ CoNSTAN-
TINOPOLITAN " CREED AND 0THER EASTERN

CrEEDS oF THE FouwrTH CENTURY. Evo.
75, G,

KILLEN (W. D.).—EccrLesiasticaL His-
TORY OF IRELAND, FROM THE EARLIEST
IDIATE To THE PreEsent TIME. 2 vols
Bvo. a2ss.

SIMPSON (Rev. W.).—AN EPITOME OF THE
History oF THE CHRISTIAN CHURCH. 7th
Edit. Fcp. 8vo. 3r. 6.

VAUGHAN (Very Rev. C. ].).—THE CHURCH
oF THE First Davs: The CHURCH oF
JeErusaLEM, THE CHurcH OF THE GEN-
TiLEs, THE CHuUrcH oF THE WorLp. Cr.
Bvo. 108, Ao,

WARD (W.).—WiLLiam GEORGE WARD AND
THE OxForD MovEMENT., Bvo. 145,

The Church of England.
Catechism of—
Crass-Book oF THE CATECHISM OF
THE CHURCH oF ExcLarD. By Rev. Canon
MacrLEar. 18mo. 15, 64
A FirstT Crass-Boox oF THE CATECHISM

oF THE CHURCH oF EnGLanD, By the
same. 15mo. ;

THe OrpeEr oF ConNFIRMATION. With
Prayers and Devotions. By the same.
gzmo. 6.

“Collects—

CoLLEcTS oF THE CHURCH oF ENGLAND.
With a Coloured Floral Design to each
Collect. Cr. 8vo. 125,

Disestablishment—

DisESTABLISHMENT AND DISENDOWMENT.
WHaT ARE THEY? By Prof. E. A. FreE-
MAN. 4th Edit. Cr. 8vo. 15

DisESTABLISHMENT ; or, A Defence of the
Principle of a Mational Church. By Geo.
Harwoop., Bvo. 124

A DEFENCE OF THE CHURCH OF ENGLAKD
AGAINST DISESTARLISHMENT. By Roun-
DELL, EARL OF SELBORNE. Cr. 8vo. zs. 64.

AnciEnT FAcTs AnND FICTIONS CONCERNING
CuurcHEs AND TiTHES. By the same.
Cr. 8vo. 7s. 6.

Dissent in ifs Relation fo—

DissExrT 18 175 RELATION To THE CHURCH
oF Exncrann. By Rev. G. H. CurTEIs.
Bampton Lectures for 1871. Cr. 8vo. 75.64.

Holy Comnrunion—

ThHE CoMMUNION SERVICE FROM THE Book
oF Common PRAYER., With Select Read-
ings from the Writings of the Rev. F. D,
Maurice. Edited by Bishop CoLEnso.
6th Edit. 16mo. 25 6d. L

‘Berore THE TABLE ¢ An Inguiry, Historical
and Theological, into the Meaning of the
Consecration Rubric in the Communion
Service of the Church of England. By
Very Rev. J. 5. Howson. 8vo. 7s. 6d.

FirsT ComMmunion. With Prayers and De-
votions for the newly Confirmed. By Rev.
Canon MACLEAR. 32mo. 6d.

A ManvaL oF INsTRUCTION FOR CONFIR-
maTioN AND First Communion. With
Prayers and Devotions, By the same.

32mMo. 24

Litu

Ax InTrRODUCTION TO THE CrREEDS. By
Rev. Canon MAcCLEAR. 18mo. 34, 6d.

AN INTRODUCTION To THE THIRTY-NINE
ARTICLES. By same. 1Bmo. [fx fhe Press.

A History oF THE Book oF Common
Praver. By Rev F. ProcTEr. 18th
Edit. Cr. 8vo. 10s. 6

An ELEMENTAY INTRODUCTION TO THE
Book or Common Praver. By Rev. F.
ProcTER and Rev. Canon MAcCLEAR.
18mo. 25 6.

TweLvE Discourses oN SUBJECTS col-
NECTED WITH THE LiTUurGY anp Wog-
SHIP OF THE CHURCH oF ExcLanND, By
Very Rev. C. J. VavgHan., Fcp. 8vo. 6.

A CompaniloN TO THE LECTIONARY. GIB:
Rev. W. BEnHam, B.D. Cr. 8vo. 45

JupcMmENT v THE CaAsSE oF READ AND
OTHERS 2. THE Loro Bisuor oF LiNcoLn.
Nov. 21, 18g0. By his Grace the ARrcH-
BISHOP OF CANTERBURY. Bvo. 15 64, net.

Devotional Books.

EASTLAKE (Lady). —FeLLowsHir: LET-
TERS ADDRESSED TO MY SISTER-MOURNERS.
Cr. Bvo. 25 64,

IMITATIO CHRISTI. Libri IV. Printed
in Borders after Holbein, Diirer, and other
old Masters, containing Dances of Death
Acts of Mercy, Emblems, ete. Cr.8vo. -_m&a"

KINGSLEY (Charles).—Owrr oF THE DEEP:
WoRDS FOR THE SoRROWFUL. From the
Writings of CHarLEs KincsLey. Ext. fep.
Buvo, 135 64

DaiLy THouGHTS.
Writings of CHARLES KINGSLEY.
Wire. Cr. 8vo. 6s.

—— From DeaTH To LiFe. Fragments of
Teachking to a Village Cungreg;tian. Edit.
by His Wire. Fep. Bvo. 25 64.

MACLEAR (Rev. Canon).——A MANUAL OF
INSTI{UCT[GH FOR C{INFIR.‘-'[PLTIIJN AND
First CommunioN, WITH PRAYERS AND
DEvoTIONS. 32mo. 25

— Tue Hour orF Sorkrow : or, The Office
for the Burial of the Dead. 3zmo. 25

MAURICE (F. D.).—Lessons or Hore.
Readings from the Worksof F. D. MaurICE.
Selected by Rev. J. Lr. Davies, M.A., Cr.
Bvo. s

RAYSOFSUNLIGHT FOR DARK DAYS.
With a Preface by Very Rev. C. J. VaAuGHAN,
D.D. New Edition. 18mo. 3s. 6d.

SERVICE (Rev. J.).—PraveErs For PusLiC
WorsHip. Cr. 8vo. 45. 6d.

THE WORSHIP OF GOD, AND FEL-
LOWSHIP AMONG MEN. By Prof.
Maurice and others. Fcp. 8vo. 34 6d.

WELBY-GREGORY (Hon. Lady).—LiNks
anD CLugs. znd Edit. Cr. 8vo. 6s.

WESTCOTT (Rt. Rev. Bishop).—THOUGHTS
ox REVELATION AND LiFe. Selections from
the Writings of Bishop WesTcorT. Edited
by Rev. S. PuiLrirs. Cr. 8vo. 6s.

WILBRAHAM (Francis M.).—InN THE SERE
AND YELLow LEAaF: THovcHTS AXD RE-
COLLECTIONS FOR OLD AND Younc. Globe

Bvo. 34 64

Selected from the
By His
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The Fathers.

DONALDSON (Prof. James)—THE Aros-
ToLic FaTHers. A Critical Account of Irhl:lr
Genuine Writings, and of their Doctrines.
2nd Edit. Cr. Bvo. 7s. 64.

Works of the Greek and Latin Fathe? : ;

TrE AvostoLic Fatiers. Revised Texts,
with Introductions, Notes, Dissertations,
and Translations. By Bishop LiGHTFOOT.
—Part 1. ST. CLEMENT OF ROME. 2 vols.
8vo. 325,—Part I1. ST, IGNATIUS TO ST.
Porvcarp. 3vols. znd Edit. Bvo. 48s.

THE Arostoric FaATHeErs, Abridged Edii.
With Short Introductions, Greek Text, and
English Translation. By same. Bvo. 16s

THe ErisTLE oF ST, BARNABAS. Its Date
and Authorship. With Greek Text, Latin
Version, Translation and Commentary. 2}"
Rev. W, CunwvingHaM. Cr. 8vo. 74 64,

Hymnology.

BROOKE (S. A.).—CurisTian Hymns., GL
8vo. 25 net.—CHrISTIAN HvMus AND SER-
vicé Book orF Beprorp CHAPEL, BLooMS-
pury. Gl Bvo. 35 net.—SERVICE Book.
Gl. Bvo. 15 net,

PALGRAVE (Pref. F. T.) — OricinaL
Hvmns. 3rd Edit. 18mo. 15 64.

SELBORNE (Roundell, Earl of).—THE Book
oF PrAIsE. 1Bmo. 2s 6d. net.

—— A Hvuwar. Chiefly from * The Book of
Praise.”—A. Royal 3zmo, limp. 64.—B.
18mo, larger type. 1s.—C. Fine paper. 1s5.64.
—With Music, Selected, Harmonised, and
Composed by Joun HuLLAH. 1Bmo. 35.64.

WOODS (Miss M. A.).—HvymNs For ScHoOL
WorsHIP, 1Bmo. 15 64,

Sermons, Lectures, Addresses, and
Theological Essayas.

ABBOT (F. E.}.—ScignTiFic THEism. Cr.
Bvo., 7s. 6d.

—— Tue WavouT or AcyosTICISM ; or, The
Philosophy of Free Religion. Cr. 8vo. 4r. 64,

ABBOTT (Rev. E. A.).—CAMBRIDGE SER-
MONS. Bvo. bs.

—— OxrFoORD SERMONS. Bvo, 7. 6d.

——— PurLomyTHUs. A discussion of Cardinal
Newman's Essay on Ecclesiastical Miracles.
Cr. 8vo. 3+ 64,

—— NEwMaNIANISM. Cr. 8vo. 15 net.
AINGER (Canon).—Sermons PREACHED N
THE TEMPLE CHURCH. Ext. fcp. 8vo. 6s.
ALEXANDER (W., Bishop of Derry and

Raphoe)—THE LEADING IDEAS OF THE
GosrEL. New Edit. Cr. 8vo.

BAINES (Rev. Edward).—Sermons. Witha
Freface and Memoir by Bishop Barrv,
Cr. Bvo. 6s.

BARRY (Bishop)l.—FirsT WorDs 1N AusTRA-
LiA : Sermons. Cr. 8vo. ss.

BATHER (Archdeacon).—Ox Some Minis-
TERIAL DuTies, CATECHISING, PREACHING,
Etc. Edited, with a Preface, by Very Rev,
C. J. Vaveuan, D.D. Fcp. 8vo. 45 64.

BETHUNE-BAKER (]J. F.%-V—THE INFLU-
ENCE OF CHRISTIANITY ON WAR. 8vo. 55,

—— THESTERNNESS OF CHRIST'S TEACHING,
AND 1T5 RELATION To THE LAw oF Fog-
GIVENESS. Cr. Bvo. 21 6d.

BINNIE (Rev. W.).—Sermons. Cr. Bvo. 6s.

BIRKS (Thomas Rawson).—THE DIFFICUL-
ries of BELIEF 1IN CONMNECTION WITH THE
CrEATION AND THE FaLL, KEDEMPTION,
anp JupoMmeNnT. 2znd Edit. Cr. 8vo. ss.

—— JusTiFicaTioN axp ImpuTED RIGHT-
EoUsnESS. A Review. Cr.Bvo. 6s.

—— SUPERNATURAL REVELATION; or, First
Principles of Moral Theology. 8vo. &s.

BROOKE(S. A.).—SuorT SErMons. Cr. 8vo.

BROOKS (Bishop Phillips).—ThHE CANDLE OF
THE Lorp : and other Sermons. Cr. 8vo, 64,

—— SErMONS PreEACHED 1IN ExGLISH
CHURCHES, Cr. Bvo. 6Gs.
— TweNTY SERMONS. Cr. Bvo. 65

—— ToLErANCE. Cr. 8vo. 21 6d.
—— THE LiGHT oF THE WoRLD, Cr.Bvo. 35.64.

BRUNTON (T. Lauder).—THE BieLE AND
SciENCE. [Illustrated. Cr. Bvo. 105 64.

BUTLER (Archer).—SeErmons, DocTrINAL
AND PracTicaLl. 1ith Edit. 8vo. 8s.

—— SEcoND SERIES OF SERMOKS. Bvo. 74

—— LeTTERS ON Romanism. Bvo. 1as 64,

BUTLER (Rev. Geo.).—SErmMoNS PREACHED
I8 CHELTENHAM CoLL. CHAPEL. Bvo. 7. 6d.

CALDERWOOD (Rev. Prof.).—THE RELA=
TIONS OF SCIENCE AND RELIGION. Cr.8vo. 55
—— TuE ParanLEsorour Lorp. Cr.Bvo, 62

CAMPBELL (Dr. John M'Leod).—THE Nas
TURE OF THE ATONEMENT. Cr. 8vo. 6.

—— ReEMiNISCENCES AND REFLECTIONS,
Edited by his Son, DonaLp CAMPBELL,
M.A. Cr. 8vo. 71 64d.

THouGHTs oN REVELATION, Cr.8vo. ss.

— REHI'{}NHIHILITY FOR THE GIF']' 0OF
ETeErnaL Lire. Compiled from Sermons
preached 182g—31. Cr. 8vo. 55

CANTERBURY (Edward White, Archhishop
of . —Bov-LiFE : 1Ts TRIAL, ITS STRENGTH,
1758 FuLngss. Sundays in Wellington Cols

[T

lege, 1855—73. Cr. 8vo. :

—— THE SeEveEn Girrs. Primary Visitation
Address. Cr. 8vo. 6o

—— CHrisT aND His Times. Second Visi-

tation Address. Cr. 8vo. €5,
—— A PasToral. LETTER To THE DiocEsE
oF CANTERBURY, 1800, Bvo, sewed. 1.

CARPENTER. (W. Boyd, Bishop of Ripon).—
TrurH 1N TaLe. Addresses, chiefly to
Children. Cr. Bvo. 45 6d.

—— THE PERMANENT ELEMENTS oF RE-
LiGioN. 2znd Edit. Cr. 8vo.

CAZENOVE (]J. Gibson)—CoONCERNING THE
BEING AND ATTRIBUTES OF GOD. 8vo. 55

CHURCH (Dean)—Humax LiFE AND 1TS
ConoDiTioNs, Cr. Bvo.

—— THE GiFTs oF CiviLisaTIoN : and other
Sermons and Letters. Cr. 8vo. 75. 6d.

—— InscIrIKE oF THE CHRISTIAN CHAR-
ACTER; and other Sermons. Cr. 8vo. 45. 6.

—— ADVENT SERMONS,1885. Cr. Bvo. 45 64,

— VILLAGE SERMONS. én Evo.

CLERGYMAN'S SELF-EXAMINATION
CONCERNING THE APOSTLES
CREED. Ext. fcp. Bvo. 1s. 6d.

CONGREVE (Rev. John). —Hica Hores
AND PLEADINGS FOR A REASONABLE FarTH,
NosLEr THoUGHTS, AND LARGER CHARITY.
Cr. Bvo. s

3
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THEOLOGY.
S8ermons, Lectures, Addresses, and
Theological Essays—confinued,
COOKE (Josiah P., jun.),—RELIGION AND

CuemisTry, Cr. 8vo. 7s. 6d.

COTTON (Bishop).—SERMONS PREACHED TO
EnGLisH CoNGREGATIONS 1N INDI1A. Cr.
Bvo. 7s. 64,

CUNNINGHAM (Rev. W.). — CHRISTIAN
CIVILISATION, WITH SPECIAL REFERENCE
To INDIA. Cr. Bvo. s5s.

CURTEIS (Rev. G. H.3.—THE ScCIENTIFIC
OpsTacLES TOo CHrisTIAN BELIEF. The
Boyle Lectures, 1884. Cr. 8vo. 6s.

DAVIES (Rev. J. Llewelyn).—THE GosrEL
anD Mopern LiFe. Ext. fcp. 8vo. 6s.

—— Soclal (QUESTIONS FROM THE PoINT OF
View or CHrIsTIAN THEOLOGY. Cr.8vo. 65,

—— WARNINGS AGAINST SUPERSTITION. Ext.
fcp. Bvo, 25, 64,

— TuECHRIsTIAN CALLING. Ext.fp.8vo. 6s.

—— [DRDER AND GROWTH AS INVOLVED IN
THE SPIRITUAL CoNsTITUTION OF HUMAN
SocieTy, Cr, Bvo, 3s. 6d.

— Bartism, CONFIEMATION, AND THE
Lorp's SurrEr. Addresses., 18mo, 15

DIGGLE (Rev. J. W.).—GODLINESS AND
Manvingss. Cr. 8vo. bs.

DRUMMOND (Prof. Jas.).—IxTrRODUCTION
To THE STuDY oF THEOLOGY. Cr. Bvo. ss.

ECCE HOMO: A SurvEY oF THE LIFE AND
Work oF JeEsus CurisT, Globe Bvo, 6s.

ELLERTON (Rev. John)h.—Tue HoLiEsT
Manuoon, anp 1rs Lessons rFor Busy
Lives. Cr. 8vo. 6s.

FAITH AND CONDUCT : An Essav on
VERIFIABLE RELIGION. Cr, Bvo, 7s. 6d.

FARRAR (Ven. Archdeacon).—Works, {fui.
Jorm [Edition. Cr. Bvo. 315 6d. each.
Monthly from December, 18g1.

SEEKERS AFTER GoD.

EtTeErvaL Hore.
Sermons.

TueE Farr oF Man : and other Sermons.

Tue Witsess or History To CHRIST,
Hulsean Lectures, 1870.

THE Si1LENCE aND VoIcEs oF Gop: Ser-
mons.

In THE Davs oF Ty YouTH. Marlborough
College Sermons.

SamvTLy Workers., Five Lenten Lectures.

ErtrHATHA ; or, The Amelioration of the
World.

MERCY AND JUDGMENT.

SERMONS AND ADDRESSES DELIVERED IN

AMERICA.

— THe History oF INTERFRETATION.
Bampton Lectures, 1885, 8vo. 16s.

FISKE (John).—Mawn's DEsTINY VIEWED IN
THE LiGHT oF H1s OrRIGIN. Cr. 8vo. 35 64,

FOREBES (Rev. Granville).—TugE VoicE oF
Gop 18 THE PsaLms. Cr. 8vo. 65 64,

FOWLE (Rev. T. W.).—A NeEw ANaLocY
BETWEEN REVEALED RELIGION AND THE
COUKSE AND ConsTiTUTION OF NATURE.
Cr. Bvo. G5

FRASER (Bishop).—SErMONS.
Joun W.

Westminster Abbey

Edited by
IGGLE, z vols. Cr. Bvo. 65 each,

HAMILTON (John)—0Ox TruTH AxD ERROE.
Cr. Bvo. ss.

ArTtHUR's SEAT; or, The Church of the
Banned. Cr. 8vo. 6s.

— ApOVE AND AROUND: Thoughts on God
and Man. 12mo. 2s 64

HARDWICK (Archdeacon).—CHRIST AND
OTHER MasTERrs. 6th Edit. Cr. 8vo. 1os.64.

HARE (Julius Charles).—THe Mission oF
THE CoMFORTER. New Edition. Edited
by Dean PrumeTrE. Cr. Bvn, 75 64l

—— THE VicTory oF Farta., Edited EIY
Dean PrumpTre. With Notices by Prof.
MavricEand Dean STanLEY. Cr. Bvo. 6564

HARPER (Father Thomas).—THE META-
PHYSICS OF THE ScuooL. Vels. L. and 11,
Bvo. 18f each.—Vol. [11. Part I. 1as.

HARRIS (Rev. G. C.).—Sermons. With a
Memoir by C. M. YonGe. Ext. fcp. Bvo. 6s.

HUTTON (R. H.). (SeeCoLLECTED WORKS,

P. 21.)

ILLINGWORTH (Rev. é R.).—SErRMONS
PREACHED IN A CoLLEGE CHAPEL. Cr.Bvo. 55.

JACOB (Rev. J. A.).—BuILDING IN SILENCE:
and other Sermons. Ext. fcp. 8vo. 6s.

JAMES (Fev. Herbert) — THE CoUNTRY
CLERGYMAN AND HI15 WorK. OCr. 8vo. 64

JEANS(Rev. G. E.).—HaA1LEYBURY CHAPEL :
and other Sermons. Fep. 8vo. 3s. 64.

JELLETT (Rev. Dr.).—THE ELDER Son:
and other Sermons. Cr. 8vo. 6s.
—— TuEe EFricacy oF Praver. Cr. 8vo. ss.

KELLOGG (Rev. 5. H..—THE LiGHT oF
Asia aND THE LigHT oF THE WorLp. Cr.
Bvo. 7+ 64

KINGSLEY (Charles).
Waorks, p. 21.)

KIRKPATRICK (Prof).—Tue Diving Li-
BRARY OF THE QLD TEstaMmeExT. Cr. 8vo.
35. net.

KEYNASTON (Rev. Herbert, D.D.).—CuEL-
TENHAM CoLLEGE SERmMoNs. Cr. 8vo. 6s.

LEGGE(A. 0.).—THE GrowTH oF THE TEM-
roraLl Power oF THE Paracy. Cr.8vo. 8s.64.

LIGHTFOOT (Bishop)l.—LEADERS IN THE
NorTHERN CHURCH : Sermons. Cr. 8vo. 6s.

—— (ORDINATION ADDRESSES anD CoUNSELS
10 CLERGY. Cr. 8vo. bs.

(See CoOLLECTED

— CAMBRIDGE SERMONS. Cr. Bvo. 6s. ;
—— SERMONS PREACHED 1M ST. Paul's
CATHEDRAL. Cr, Bvo. 6Gs.

— SErMmoNsoN SPECIAL OCCASIONS. Bvo. 6.

—— A CHARGE DELIVERED TO THE CLERGY
oF THE D1ocgseE oF DurHAM, 1886. Bvo. zs

—— Essavs on THE WORK ENTITLED ' Su-
PERNATURAL RELIGION.” Bvo. 10s. 6d.

— O a FreEsn Bevision ofF THE ENGLISH
NeEw TesTameENT. Cr. 8vo. 74 64.

MACLAREN (Rev. A.).—SERMONS PREACHED
AT MaxcHesTER. 11th Ed. Fep. 8vo. 45 64,

—— Seconp Serigs. 7th Ed. Fep. Bvo ¢s. 64,

—— THikp SEries. 6thEd. Fep. 8vo. 45.6d.

— WEeek-Davy EvErning ADDRESSES. 4th
Edit. Fcp. Bvo. zs. 64.

—— Tue SecreT oF Power: and other Ser-
mons. Fcp. 8vo. 44 64l
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MACMILLAN (Rev. Hu d)—HmLE TEAcCH-
INGS IN NATURE. :5th%§ it. Globe 8vo. 6s.

Tue True VinNg; or, The Analogies of
our Lord's Allegory. 5th Edit. Gl 8vo. B6s.

—— Tue MivisTry oF NaTturge. &th Edit
Globe 8vo. 6s.

—— THE SapsaTH ofF THE FieELps. 6th
Edit. Globe 8vo. 6s.

—— THe Marriace tx Cana. Globe Bvo. 64,

—— Two WorLps ARE Ours. Gl Bvo. s

—— THE OLIvE LEAF. Globe 8vo. 6s.

ThE GaTeE Beavtirur @ and other Bible

Teachings for the Young. Cr. Bvo. 35 6d.

MAHAFFY (Prof. J. P.).—THE Decav or
MoperN PrEacHING. Cr. 8vo. 35 6d.

MATURIN (Rev. W.).—Tug BLESSEDNESS
oF THE DEAD 1nv CurisT. Cr. Bvo. 7s. 6d

MAURICE (Frederick Denison)—ThHE Kixng-
pow oF CHRIST. 3rd Ed. zvols. Cr. 8vo. 1zs.
—— ExrosiTorRY SERMONS ON THE PRAVER-
Book, AND THE Lorp’s PRAVER. Cr.8vo. 6s.
SErMoNs PREACHED 1IN CouNTrY

CHurcHEs, z2nd Edit. Cr. 8ve. 6s.

Tne Conscience ! Lectures on Casuistry.

ard Edit. Cr. 8vo, 41 64,

Mavocues on Fasminy Worsuie. Cr.

Bvo. 4s. 6d.

THE DocTRINE oF SAcrIFICE DEDUCED
FROM THE ScriPTURES. 2nd Edit. Cr.8vo. 6.

—— ThE ERELiGions oF THE WorLp. 6th
Edit. Cr. Bvo. 4s. 64,

—— OxrHESABBATH Dav: THE CHARACTER
OF THE WARRIOR ; AND ON THE INTERPRE-
TaTION oF HisTory. Fep. 8vo, 25 6d.

—— LEArNING AND WorkING, Cr.8vo. 45.64.

Tue Lorp's PRaveEr, THE CREED, AND
THE COMMANDMENTS. 18mo. 1.

—— TuEoLOGICAL Essays., Cr. 8vo. fs.

—— SERMONS PREACHED I8 LincoLx's Inn
CHAPEL. 6 vols. Cr. 8vo. 34 64. each.
Monthly, from Oct. 18g1.

MILLIGAN (Rev. Prof. W.).—TrE Resur-
RECTION OF OUR Logrp. 2nd Edit. Cr.8vo. s5s.

MOORHOUSE (]., Bishop of Manchester).—
Jacop : Three Sermons. Ext. fep. 8vo. 35.6d.
—— Tue TeacHinc oF CurisT: its Condi-
_ tions, Secret, and Results. Cr. 8vo. 35 net.
MYLNE (L. G., Bishop of Bombay). —
SERMONS PREACHED IN ST. THOMAS'S
CATHEDRAL, Bomeay. Cr, Bva. 6,

NATURAL RELIGION. By the Author of
“Ecce Homo." 3rd Edit. Globe 8vo. 6s.

PATTISON (Mark).—Sermons. Cr. Bvo. 65,
PAUL OF TARSUS. 8vo. 1o 6d.

PHILOCHRISTUS: Memoirs oF A Dis-
ctpLE oF THE Lorp. 3rd. Edit. 8vo. 12s.

PLUMPTRE (Dean).—MoveEMENTS 1IN RE-
Ligious THouGgHT. Fep. Bvo. 3s. Ad.

POTTER (R.).—The ReErLaTion oF ETHICS
To RELIGION. Cr, Bvo. 25 64

REASONABLE FAITH: A SuorT Essav
By * Three Friends.,” Cr. 8vo. 1s

REICHEL (C. P., H:shup of Meath).—Tue
Lorp's PRAVER. Cr.' Bvo. 75, 64,

—— CATHEDRAL AND UnIVERSITY SERMONS,
Cr. 8vo. 6s.

RENDALL (Rev. F.).—Tue THeoLoGT OF
THE HEBrREW CHrisTiANS, Cr, 8vo. ss.

REYNOLDS (H. R.). —NoTEes oF THE CHR1S-
TiaN LiFg. Cr. 8vo, 75 6d.

ROBINSON (Prebendary H. G.J—Max 1N
THE IMaAGE oF Gopn: and other Sermons.
Cr. 8vo. 7+ 6d.

RUSSELL(Dean).—THE LIGHT THAT LiGHT-
ETH EVERY MAN ; Sermons, With an Intro-
duction by Dean PLumerrg, D. D, Cr.8vo. 6s.

SALMON (Rev. George, D.D.).—Nox-Migr-
AcuLous CHrISTIANITY © and other Sermuns,
end Edit. Cr. Bvo. 6s.

—_— GNOSTICISM  AND AGNOSTICISM :
other Sermons. Cr. 8vo. 74 64.

SCOTCH SERMONS, 188c. By Principal
Cairp and others, 3rd Edit. 8vo. 10s. 6d.

SERVICE (Rev. J.).—Sermons. Cr. 8vo. 6.

SHIRLEY (W. N.).—ErLijan : Four Univer-
sity Sermons. Fcp. Bvo. zs. 64d.

SMITH (Rev. Travers).—Man's KNowWLEUGE
oF Man axp oF Gon., Cr. Bvo, 6s.

SMITH (W. Saumarez),—THE BLooD oF THE
NeEw CovENANT ! An Essay. Cr.Bvo. 25 6d.

STANLEY (Dean).--TuENaTionaL THANKS-
Giving, Sermons Preached in Westminster
Abbey. 2nd Edit. Cr. 8vo. 25 64,

—— ADDRESSES AND SERMONS delivered in
America, 1878. Cr. 8vo. 65

—— THE ATHANASIAN CREED. Cr. Bvo. 2s.
STEWART (Prof. Ball‘nu{]} and TAIT (Prof.
P. G.).—Tue Unseen UniveErsg, or Puy-

SICAL SPECULATIONS ON A FUTURE STATE.
15th Edit. Cr. 8vo. 6.

—— ParapoxicaL PaiLosorny: A Sequel to
the above. Cr. 8vo. 75 64,

STUBES (Rev. C. W.).—For CHRIST a~D
CrTty. Sermons and Addresses. Cr. Bvo. s,

TAIT (Archbp.).—TuE PrEsexT ConpDrTiON
oF THE CHuUrcH ofF ExcLanp. Prinury
Visitation Charge. 3rd Edit. 8vo. 31 6dl

—— DuTies oF THE CHURCH OF ENGLAND.
Second Visitation Addresses. Bvo. 45 6

—— ThE CHurcH oF THE Future. Quad-
rennial Visitation Charges. Cr. Bvo. 31 64,

TAYLOR I-:aac).-—-THE RESTORATION OF
BeLier. Cr. 8vo. Bs.

TEMPLE (Frederick, Ihch::rp of London)—
SErMonNS PREACHED IN THE CHAPEL oOF
Rucey ScHooL. Ext. fcp. Bvo. 4. 64,

—— SeconD SEriEs. Ext. fcp. 8vo. 6s.

—— THirD SERIES. 4th Edit. Ext.fep. 8ve. 6.

and

—— THe Rerations Berweeyw Revcion
AND SciEnCE. Bampton Lectures, 1884,
gth and Cheaper Edition. Cr. 8vo. 6s,

TRENCH (Archbishop). — TuE HuLseaw
LECTURES FOR 1845—6. Bvo. gs. 6d.

TULLOCH (Principal).—THE CHRIST OF THE
GosPELS AND THE Curist oF Monery
CriTicisM. Ext, fep. Bvo. 43 6.

VAUGHAN (C. ]J., Dean of Landaff).—MEg-

MORIALS OF HHARrROwW SUNDAYS. Bvo. 10564
— ErirHANY,LENT,AND EASTER. 8vo. 105,64,
—— Heroesor FairTH. znd Edit. Cr. 8vo. Gs.

—— Worps FroM THE Gosrers, 3zrd Lidit.
Fep. Bvo. 45 64,
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THEOLOGY.
Sermons, Lectures, Addresses, and
Theological Essays—continued.

VAUGHAN (Dr. C. J.).—Lirg's WORK AND
Gou's InscirLiNg,  Ext. fep. Bvo. 25 64.
— Tue WwuoLesome Worps of  JEsus

Curist. 2nd Edit. Fep. 8vo. 34 64.

—— FoEesorF FarTH. 2nd Edit. Fep.8vo. 35.64.

— CHERIST SATISFYING THE INSTINCTS OF
HumarniTy. 2nd Edit. Ext. fop. 8vo. 3s.64.

CounseLs For Younc STuDENTS. Fep.
Bvo. 25 Ad.

—— THE Two GreatT TeEmpTaTIONS. 2nd
Edit. Fcp. 8vo. 35 64.

— ADDRESSES FOR YOUNG CLERGYMEN.
Ext. fcp. Bvo, 44 64

— “My Son, Giveé ME THiNne HEArT."
Ext. fcp. 8vo. ss.

— REsT AWHILE. Addresses to Toilers in
the Ministry. Ext. fcp. Bvo. ss.

— TEmPLE SERMOnNs. Cr. 8vo. 108 64

— AUTHORISED OR REVISED? Sermons on
some of the Texts in which the Revised Ver-
sion differs from the Authorised. Cr. 8vo.
75, 6d.

—— LEessons oF THE Cross AND Passion
Wokrps FroM THE Cross; THE REIGN oF
Sin: TheE Lokp's Praver. Four Courses
of Lent Lectures. Cr. 8vo. 105, .

—— UniversiTy SErRMons, NEw anp Oup.
Cr. 8vo. 108 64,

— NoTesroR LECTURES 0N CONFIRMATION.
r4th Edit. Fep. 8vo. 1s. 64.

VAUGHAN (Rev. D. J).—THE PrESENT
TriaL oF FarTu, Cr. Bvo. gs.

VAUGHAN (Rev. E. T.)—SoumeE REAsSONS OF
ouvr CurisTian Hore. Hulsean Lectures
for 1875. Cr. 8vo. 6s. 64

YVAUGHAN (Eev. Fobert)—SToNES FROM
THE QUARRY. Sermons. Cr. 8vo. ss.

VENN (Re?.lqruhn).—ﬂn soME CHARACTER-
1sTIcS oF BELIEF, SCIENTIFIC, AND RE-
Licious. Hulsean Lectures, 186g. 8vo. 604,

WARINGTON (G.).—Tne WEEk oF CREA-
Tion. Cr. Bvo. 4. 64d.

WELILDON (Rev. J. E. C.).—THE SPIRITUAL
Lirk : and other Sermons. Cr, Bvo, 6s.

WESTCOTT (Rt. Rev. B. F., Bishop of Dur-
ham)—0On THE REELIGIoUs OFFICE OF THE
UNIVERSITIES. Sermdns. Cr. 8vo. s 6d.

—_— 1FTs FOR MinisTRY. Addresses to Can-
didates for Ordination. Cr. 8vo. 15 64,

—— THE VicTory oF THE Cross. Sermons
Preached in 1888, Cr. Bvo. 35 64.

FromM STRENGTH To STRENGTH. Three

Sermons(In Memoriam J. B.D.). Cr.8vo. as.

_

—— THE BEEvELATION OF THE RisEM Lorp.
4th Edit. Cr. 8vo. 6=
—— Tue Historic FaiTH. Cr. 8ve. 6s.

—— THe GosreL oF THE RESURRECTION.

6th Edit. Cr. 8veo. 6s.
Tue REvELATION OF THE FATHER. Cr.
Bvo. 6Af.

CurisTus ConsummaTor. Cr. 8vo.  6s.
— — SoME THOUGHTS FROM THE URDINAL.

Cr. Bvo. 15 64,
SociaL AspecTs oF CurisTiANITY. Cr.
Bvo. Gs.

—— Essavs 4 THE History or RELIGIOUS
THougHT 18 THE WEsST. Globe 8vo. 6s.
WICKHAM (Rev. E. C).—WELLINGTON

CoLLEGE SErMONS. Cr. 8vo. 6s.

WILKINS (Prof. A. 5.),—THE LiGHT OF THE
WorLp: AnEssay. znd Ed. Cr.8vo. 35.6d4

WILSON (]J. M., Archdeacon of Manchester)..
—SERMoNS PREACHED 18 CLIFTON COLLEGE
CHarEL. Second Series, 1888—go. Cr..
Bvo. G5

—— Essavs AND ApDRESSES. Cr. Bvo. 4564,

— SoME ConTRIBUTIONS TO THE RELIGIOUS.
THovGcHT oF ouk TiME. Cr. 8vo. 6s.

WOOD (Rev. E. G.).—THe Recar Power
oF THE CHURCH, Bwvo. 4s.06d,

TRANSLATIONS.

From the Greek—From the Ttalian—From the
Latin—Inte Latin and Greek Verse.

From the Greek.

AESCHYLUS.—TrE SuprLices. With Trans-
lation, by T. G, TuckER, Litt.D. Bvo. ros.64d.

—— THE SEveEnN acainsT Thepes. With
Translation, by A. W. VErraLL, Litt. D.
Bvo. 7s. 6d.

Eumenipes. With Verse Translation,

by BErnarD Draxe, M.A. 8vo. ss.

ARATUS. (Ses PHYSIOGRAPHY.)

ARISTOPHANES,—THE Birps. Trans. into-
English Verse, by B. H. KExnEDY. 8vo. 6s.

ARISTOTLE ON FALLACIES; or, THE
SoruisTict ELENcHL. With Translation, by
E. PostE, M.A. 8&vo. Bs 64,

ARISTOTLE.—Tue First Book oF THE
METAPHYSICS OF ARISTOTLE. By a Cam-
bridge Graduate. 8vo. ss.

— THE Pouitics. By J. E. C. WELLDON,
M.A. 104 64

—— THE RuHETORIC, Bysame, Cr.8vo. 75.64.

—— On Tue CoNsSTITUTION OF ATHENS.
By E. PostE. Cr. 8vo. 35 64,

BION. (See THEOCRITUS.)

HERODOTUS.—Tue Historv. By G. C.

MacavrLay, M.A. 2 wvols. Cr. Bvo. 18s.

HOMER.—Tue OnDvssEY DONE INTO ENg—
LisH Prosg, by 8. H. BurcHer, M.A., and
A, Lang, M.A. Cr. 8vo. 6s.

—— THuEe Opvssey. Books .—XI11. Transl.
into English Verse by EArL oF CARNARVON.
Cr. 8vo. 7+ 6d.

—— THE IL1aADp DONE 1nTO EncLisSH PROSE,.
by Anprew Lang, WaLTeEr LEarF, and

rMEST MvERs. Cr. 8vo. 125 64,

MELEAGER.—Firry Poems. Translated
into English Verse by WaLTEr HEADLAM.
Fep. 4to. 75 6.

MOSCHUS. (See THEOCRITUS)

PINDAR.—THe ExtanTt OpEs. By ERNEST
MvErs. Cr.8vo. 55

PLATO.—Timxvus. With Translation, by
E. D ArcuHeEr-Hixp, M.A. 8vo. 16s
(See also GoLpEN TREASURY SERIES, p. 20.)

POLYBIUS.—Tue Histories. By E. S
SuuckeurGH. Cr. Bvo. 24s.

SOPHOCLES.—(Eprpus THE KinG. Trans-
lated into English Verse by E. D. A. Mors-
HEAD, ML.A. Fcp. 8vo. 3s. 6d.

THEOCRITUS, BION, axp MOSCHUS.
By A. Lang, M.A. 18mo. 4s. 6d.—Large
Paper Edition. Bvo. gs.
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XENOPHON.—Tre ComrLETE WoORKS.
By H. G. Dakvnus, M.A. Cr. 8vo.—Vol. 1.
THE Axapasis aNp Boows I. awp 11, or
THE HELLENICA. 108 6d.

[Fol. Il ir the Press.

From the Italian.
DANTE.—TuE Purcatory. With Transl,
and Notes, by A. J. BurLEr. Cr. 8vo. 125.6d.
—— THE PArADisE. By the same. 2nd Edit.
Cr. 8va. 125 64,
—— THE InFErnO. By the same. Cr. &vo.

—— De MonarcHiA. By F. J. CHurch.
Bvo. 4s. 64

—— Tue Divinge Comepy. By C. E. Nor-
ToN. 1. HELL. Cr 8vo. 6s.

From the Latin.

CICERO.—THE Lire axp LLETTERS OF MAR-
cus Turrius Cicero. By the Rev. G. E.
Jeans, M.A. 2nd Edit. Cr. 8vo. ros. 6d.

~—— THE AcapeEmics. By J.S.RE1D. 8vo. ss.6d.

HORACE : Tue Worksor. By J. LoNsDALE,
M.A., and S. Leg, M.A. Gl 8vo. 35 64
—— Tue Opes v a4 METRICAL PARAPHRASE,

ByR.M.HovenDENn,B.A. Ext.fcp.8vo. 45.64.
—— LirFE AnD CHARACTER: AN EFITOME oF

HIS SATIRES aND ErsTieEs. By R. M.

Hovexnpex, B.A. Ext fcp. 8vo. 45, 6d.

— Worn ror Worp rroMm Horace: The
Odes Literally Versified. By W, T. Tuorx-
TOoN, C.B. Cr. 8vo. 7s 64,

JUVENAL.—THIRTEEN SATIRES. By ALEX.
Leeper, LL.D. Cr. 8vo. 3s. 64,

LIVY.—Boogs XX1.—XXV. THE SeEcoND
Punic War. By A, J. CHurcl, MLA., and
W. J. Bropries, M.A. Cr. Bvo. 75 64.

MARCUS AURELIUS ANTONINUS.—
Book IV. orF THE MeEDITATIONS. With
Translation and Commentary, by H. Cross-
LEY, M.A. 8vo, 64s.

SALLUST.—Tue Conspriracy oF CATILINE
AND THE JUGURTHINE War., By A, W,
PoLLarD. Cr. 8vo. 65, —CATILINE. 35,

TACITUS, Tue Works or. By A. J.
CHurcH, M.A., and W. ]J. Broorios, M.A.

Thue History. 4th Edit. Cr. 8vo. 6s.
THE AGRICOLA AND GERMANIA. With the
Dialogue on Oratory. Cr. 8vo. 45 64
THE Anwavs. sth Edit. Cr. 8vo. 7s. 64,
VIRGIL: Tue Worksor. By J. LoNsDaLE,
M.A., and 5. Leg, M.A. Globe 8vo. 35 6.

THe Exemn. By J. W. Mackan, M.A.
Cr. 8vo. 7s. 64

Into Latin and Greelk Verze.

CHURCH (Rev. A. J.).—LaATin VERsION OF
SeLecTiONs FrRoM TeEnnvson. By Prof
Cowmcron, Prof SkeLey, Dr. l-{'zss:-:v.
T. E. KepBEL, &c. Edited by A. J. CHuken,
M.A. Ext fcp. 8vo. 6s.

GEDDES (Prof. W. D.).—FrLoscuLt GrEc:
BoreaLEs., Cr. Bvo. 6s,

KYNASTON (Herbert D.I).).—EXEMPLARIA
CHELTONIENSIA. Ext. fcp, fvo. 55

VOYAGES AND TRAVELS.

(See alse HisTorY; SPORT.)

APPLETON (T. G.).—A NiLE JOURNAL.
Illustrated by Evcene Benson. Cr, Bvo. 6s.

“BACCHANTE." Tue Cruise or H.M.S.
** BACCHANTE," 1879—1882. Compiled from
the Private Journals, Letters and Note-books
of Privce ArBeErT VicTor and PrINCE
GeorGE oF WaLEs. By the Rev. Canon
Davton. 2z vols. Med. Bvo. s5zs5. 64,

BAKER (Sir Samuel W.).—IsmaiLia. A
Narrative of the Expedition to Central
Africa for the Suppression of the Slave Trade,
organised by IsmaiL, Khedive of Egypt.
Cr. Bvo. 6s.

THeE NILE TRIBUTARIES OF ABVSSINIA,
AND THE SworD HUNTERS OF THE HAMEAN
Araps. Cr..3vo. 6s

—— THE ALBERT N'vanza GREaT Basiy oF
THE NiLE anp ExrroraTioN oF THE NILE
Sources. Cr. Bvo. 6s.

—— Cyrrus aslsawiTin 187g. Bvo. 125, 64.

BAERKER (Lady).—A YEAr's HOUSEKEEPING
% SoutH AFrica. Illustr. Cr. Bvo. 3+ 64,

—— Stamion Lire 18 New Zeavawp. Cr
Bvo. 3s. G4

—— LeTTERS TO GUY. Cr. 8vo. 3.

BOUGHTON (G. H.) and ABBEY (E. A.).—
SkETCHING FampLEs 1w HoLrann., With
Illustrations. Fep. sto. 21s.

BRYCE ({(James, M.P.). — TrANSCAUCASIA
AND ARARAT. 3rd Edit. Cr. Bvo. gs.

CAMERON (V. L.)—0Our Furure HiGHwav
TO INDIA. 2 vols. Cr. Bvo. 21s.

CAMPBELL (J. F.).—My CikcuLar NOTES.
Cr. Bvo. 65

CARLES(W.R.).—LiFE1~ CorEA. 8vo.125.64.

CAUCASUS: Notes oN THE. By Wax-
DERER."” Bvo. gs.

CRAIK (Mrs.).—Ax Uwnkwoww CoUNTRY.
Ilustr. by F. NoeL PaToxn. Roy. Bvo. 7s.64.

—— AN UNSENTIMENTAL JOURNEY THROUGH
CornwavrL. Illustrated. 4to. 125 64,

DILKE (Sir Charles). (See PoLrTics.)

DUFF (Right Hon. Sir M. E. Grant).—NoTES
oF AN INDiAN JOuRNEY. Bvo, 108 6d.

FORBES (Archibaldh—SouvExirs oF somE
ConTiNenTs. Cr. 8vo. 6s.

—— BarTLes, Bivouacs, axp Barracks.
Ct. Bvo. 94, 64,

FULLERTON (W. M.).—Ix Cairo.
8vo. 3s. 6d.

GONE TO TEXAS: LerTters rrom Our
Bovs. Ed. by Thos. HuGHES, Cr.Bvo. 45.64.

GORDON (Lady Duff). — LasT LeETTERS
FROM EGYPT, TOWHICH ARE ADDED LETTERS
FROM THE.CAPE. 2znd Edit, Cr. 8vo. gs.

GREEN (W. 5.).—AmoNG THE SELKIRE
GrLAciERrS. Cr. 8ve. 74. 64.

HOOKER (Sir Joseph I).) and BALL (].).—

Jourkar oF & Tour 18 MARDCCO AND THE
GrEAT ATLAS. 8vo. 211,

HUBNER (Baron von).—A RamiLe Rouwp
THE WorLp. Cr. 8vo.

HUGHES (Thos.),—Rucey, TENngsseE. Cr.
Bva. 45 64,

KINGSLEY (Charles).—AT Last : A Christ-
mas in the West Indies. Cr. 8vo. 35 64.

Iecp.
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VOYAGES AND TRAVELS—continued.
KINGSLEY (Henry). — TaLEs ofF Oup
TrAvEL. Cr. Bvo, 35.6d
KIPLING (J. L..—Btast awp Man 1w
Inpia. Ilustrated. Bvo. 218
MACMILLAN (Rev. Hugh).—HoLIDAYS oN
HicH Lawps; or, Rambles and Incidents in
Search of Alpine Plants. Globe 8vo. 6.

MAHAFFY (Prof. J. P.)—RamBLES AND
STuDIES IN GrEECE. Illust. Cr. Bvo. 105.64.
MAHAFFY (Prof. J. P.) and ROGERS
. E.}.—SKkETCcHES FROM A TOUR THROUGH
OLLAND AND GERMANY. Illustrated by
J. E. RoGgers. Ext. cr. Bvo. 1os. 6d.
MUEREAY (E. C. Grenvilleh,—Rounp apouT
France. Cr. Bvo. 7s.

NORDENSKIOLD. — VovAGE o©OF THE
“VeGa" rRounD AsiA anp Euroee. By
Baron A. E. Vo~ NorpenskioLp. Trans. by
Avex. LEsLIE. 4oo Illustrations, Maps, etc.
2 vols. Bvo. g55.—Fopular Edif. Cr. 8vo. 6s.

THE ArcTIic Vovaces oF ApoLrH Eric
NorpENSKIOLD, 1858—70. By ALEXANDER
LEsSLIE. Bvo. 165

OLIPHANT (Mrs.). (See HisTorY.)

QLIVER (Capt. 5. P.).—MabDacascar: An
HisToORICAL AND DESCRIFTIVE ACCOUNT OF
THE ISLAND AND ITS FORMER DEPENDEN-
CIEs. 2 vols. DMed. 8vo. 525 64,

PALGRAVE (W. Gifford)—A NARRATIVE
oF A YEAR'S JoURNEY THROUGH CENTRAL
AND EasTErN Araspia, 1862-63. Cr. 8vo. 6s.

—— DuTcH Guiana. 8vo. gs.

—— Uwrvsses; or, Scenes and Studies in
many Lands. 8vo. 125 6d.

PERSIA, EASTERN. An ACCOUNT OF THE
éﬂURHE\'S oF THE PERsSIAN BounDARY

OMMISSION, 1870-71-72. 2vols. Bvo. 42r

ST. JOHNSTON (A.).—CAMPING AMONG
CannipaLs., Cr. Bvo. 44 6d.

SANDYS (J. E.).—An EasTEr VACATION IN
GreEEcE. Cr. Bvo. 3¢ 64

STRANGFORD (Viscountess). — EGyrTian

SEPULCHRES AND SYRIAN SHRINES. New
Edition. Cr. 8vo. 75 64d.

TAVERNIER (Baron): TraverLs ¥ INDIA
ofF Jean BarrisTE TaverniEr. Transl.
by V. Barr, LL.ID. =2wvols. Bwo, 421

TRISTRAM. (See ILLusTrRATED BoOKs.)
TURNER (Rev. G.). (See ANTHROPOLOGY.)
WALLACE(A. R.). (See NaTturar HisTory.)

WATERTON (Charles).—WANDERINGS INM
SoUTH AMERICA, THE NORTH-WEsT oF
THE UUNITED STATES, AND THE ANTILLES.
Edited by Rev. J. G. Woop. Illustr. Cr.
Bvo. Ge.—Prople's Edition. 4to. 64,

WATSON (R. Spence).—A VisiT To Wazan
THE SACRED CITY OF MoRoCCO. 8v0, 105,64

YOUNG, Books for the.
(See also BisLicaL HisTory, p. 30.)
ASOP—CALDECOTT.—Some or ALsoe's
FapLes, with Modern Instances, shown in
Designs by RanpoLrd CALDECOTT. 4to. ss.
ARIOSTO.—PALADIN AND SARACEN. Stories
from Ariosto. By H. C. HoLLrwav-CaL-
turopr. Illustrated. Cr. Bvo. 65
ATKINSON (Rev. J. C.).—THE LasT oF
THE GianT KiLLERs. Globe Bvo. 35, 64,

AWDERY (Frances).—THE Story oF A FEL-
Low SoLpiEr. (A Life of Bishop Patteson
for the Young.) Globe Bvo., 2s. 64.

BAKER (Sir Samuel White).—True TaLes
For My Granpsons. Illustrated by W. J.
Hennessy., Cr. Bvo. 35 64

—— CAST UP BY THE SEA: ok, THE ADVEN-
TURES OF NED GrAY. Illustrated by Huarp.
Cr. Bvo. 6r

BUMELEBEE BOGO'S BUDGET. By a
RETIRED JupGE. Illustrated by ALice
HaveErs. Cr. Bvo. 25 64

CARROLL (Lewis).—ALICE'S ADVENTURES
in WonpErLAND. With 42 Illustrations by
TENNIEL. Cr. 8vo. 6s net.

People's Edition. With all the original
Illustrations. Cr. Bvo. =2s. 6d4. net.

A GeErMAN TrRANSLATION OF THE SAME,
Cr. 8vo. 65 net.

A FrEncH TRANSLATION OF THE SAME
Cr. 8vo. 6s. net.

AN ITaLiaN TRANSLATION OF THE SAME.

Cr. Bvo. 6s. net.

Avice's ApvENTURES TNDER-GROUND.
Being a Fascimile of the Original MS. Book,
afterwards developed into ** Alice’s Adven-
tures in Wonderland.” With 27 Illustrations
by the Author. Cr. 8vo. 45. net.

—— THrRoOUGH THE LooKING-GLASS AND
WuaT ALice Founp TueEre. With 30
Illustrations by TEnwieL. Cr. 8vo. 6s. net.
People's FEdifion. With all the original

Illustrations. Cr. 8vo. 25 64, net.
People’s Edition of ** Alice’s Adventures in

Wonderland,"” and ** Through the Looking-

Glass.” 1 vol. Cr. Bvo. 45 64, net.

—— RHuYME? anD REAson? With 65 Illus-
trations by ArTHUrR B. FrosT, and g by
Hexry HoLipay. Cr. 8vo. 6s net.

—— A TancLEp TarLe. With 6 Illustrations
by ArTHur B. FrosT. Cr. 8vo. 4. 64. net.

—— SyLvie anp Bruno. With 46 Illustra-
tions by Harry Furniss. Cr. 8vo. 75.64. net.

—— TueNursery “AvLice.” TwentyColoured
Enlargements from TexwieL’s Illustrations
to ‘“‘Alice's Adventures in Wonderland,"
wich Text adapted to Nursery Readers.
410. 45, net.

People's Edifier. 4to. z:. net.

HE HUNTING OF THE SNARK, AN AGONY

in EiguT Firs. With g Illustrations by

Henry Horipay. Cr. Bvo. 45 64, net.

CLIFFORD (Mrs.W.K.).—ANYHOW STORIES.
With Illustrations by DoroTHY TENNANT.
Cr. 8vo. 1s. 64, ; paper covers, 15

CORBETT (Julian)—For Gop anp GoLp.
Cr. 8vo. 6s.

CRAIK (Mrs.).—AvLice LEarMonT ! A FAIrRY
Tare. Illustrated. Globe Bvo. 45 64,

—— Tue ApvENTURES OF A BRowniE. Illus-
trated by Mrs. ArLinguam. Gl 8vo. 4. 6d.

—— THE LiTTLE Lame PRINCE AND HIS
TravELLING CLoak. Illustrated by J. McL.
RavLsTon., Cr. Bvo. 4+ 6d.

—— Our YEAR: A CHILD's Book v Prose

AND VErsE. Illustrated. Gl. Bvo. 25 64l
— LitTTLE SunsHINE's Horipay. Globe
Bvo. 25

—— Tug Famry Book : Tue Best PoruLAR
Fairy SToriEs. 1Bmo. 4E.:6f£

—— CHiLpren's PoETry. Ex. fcp.8vo. 45 64l

—— SonGs oF ouk YouTH. Small gto. 65
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DE MORGAN (Mary).—THE NECKLACE OF
Princess FIORIMONDE, AND OTHER STORIES.
Ilustrated by WarLTer Crane. Ext fep.
Bvo. 3. 64.—La Paper Ed., with Illus-
trations on India Paper. 1co copies printed.

FOWLER (W. W.). (See NaTurarL HisTory.)

GREENWOOD (Je E.).—Tue Moon
MAIDEN: ANDOTHER STORIES. Cr.8vo, 35.6d.

GRIMM'S FAIRY TALES. Translated by
Lucy Craxg, and Illustrated by WALTER
Crane. Cr. 8vo. 6s.

EKEARY (A. and E..—Tue HEeroes orF
Asgarn. Tales from Scandinavian My-
thology. Globe 8vo. 25 64,

KEARY (E.).—THE Macic VALLEY.
by “E.V.B." Globe 8vo. 4s. 6d.

KINGSLEY (Charles))—Tue Heroes; or,
Greek Fairy Tales for my Children. Cr, 8vo.

. 6d.—Presentation Ed,, gilt edges. 7s.64.
AapaM How anp Lapy Wuy: or, First
Lessons in Earth-Lore. Cr. Bvo. 35 64.
TueE WATER-Bapigs: A Fairy Tale for a

[lustr.

Land Baby. Cr. 8vo. 35, 6d.—New
Edition. Illustr. by LinLEY SAMBOURNE.
Fcp. 4to. 125 64,

MACLAREN (Arch.).—THE Fairy FamiLy.
A Series of Ballads and Metrical Tales,
Cr. Bvo. ss.

MACMILLAN (Hugh). (See p. 35.)

MADAME TABBY'S ESTABLISHMENT.
By Kari Illust. by L. Wain. Cr.8vo. 4s5.64d.

MAGUIRE (J. F.).—Younc Prince Magr-
GoLp. Illustrated. Globe Bvo. 4s. 6.

MARTIN (Frances).—Tue Poer's Hour.
Poetry selected for Children. 1Bmo. 2s. 64,
—— SPRING-TIMEWITHTHEPOETS. 18mo. 35.64.

MAZINI (Linda)—Ix THE GOLDEN SHELL
With Illustrations. Globe Bvo. 4s. 64

MOLESWORTH (Mrs.).—Works. Illust. by
WaLTER CRANE. Globe Bvo. 25 64 each.
“CarroTs,” JusTt A LiTTLE Bov.

A Curistmas CHILD.
CHrisTMAS-TREE LaND.
Tue Cuckoo CLock.

Four Winps Farm.
GrRANDMOTHER DEAR.
Herr Basy.

LirTrLe Miss PeGcGY.

Tue Rectory CHILDREN,
Rosv,

TuE TaresTRY RooMm.
TeELL ME A STORY.

Twao LitTie Wairs.
*“Us" : An Old-Fashioned Story.
CHILDREN OF THE CASTLE.

A Curistmas Posv. Illustrated by
WaLTER CRANE. Cr. Bvo. 45 64,

—— SUMMER SToORIES. Cr. 8vo. 45 64

—— Four Guost Stories. Cr. 8vo. 6s.

—— NurseE HEaTHERDALE'S STORY. Illust,
by LEsLIE BrookE. Cr. Bvo. 45 6d.

“MRS. JERNINGHAM'S JOURNAL"
(Author of ).—THE Runaway. Gl.Bvo. 2564

QOLIPHANT (Mrs.). — Acnes HoreToun's
ScHooLs AND HovLipavs. [lust. GL Bvo. 25,64,

PALGRAVE (Francis Turner).—Tue Five
Davs' ENTERTAINMENTS AT WENTWORTH
GrangeE. Small 4to. 6s.

—— THE CHILDREN'S TnEa:sun? oF LyricaL
PogTry. 1Bmo. 25.64.—Orin zparts, 15. each.

PATMORE (C.).—Tue CHILDREN'S GARe
LAND FrROM THE BEST PoeTs. Globe Bva,
25. 5 1Bmo, 25 64, net.

ROSSETTI (Christina). —SrEAKING LiKE-
NESssES. [llust. by A. HuGnes. Cr.8vo. 4s5.6d,

REUTH AND HER FRIENDS: A Story
ror Gires. [llustrated. Globe 8vo. zs. 64l

ST. JOHNSTON (A.). — CAMPING AMONG
Cannipars. Cr. 8vo. 45, 6d

—— CHARLIE AsSGArRDE: THE STORY OF A
Friexpsuipr. Illustrated by Huge THom-
soM. Cr. 8vo. =g,

“ST. OLAVE'S" (Author of).
Glabe 8vo.
Waern | was a LiTTie GirL. zs 64
NinveE Years OLp. 25, 64,
Wuen Para Comes HoMmE. 45 64
Pansie's FLour Bin. 4s. 6d.

STEWART (Aubrey).—THE TaLE oF Trov.
Dione into English. Globe 8vo. 34 64,

TENNYSON (Hon. Hallam).—Jack awp
THE BeEan-StaLk. English Hexameters,
Ilust. by R. CaLpecoTT. Fep. 4to. 35 6d.

"WANDERING WILLIE" (Author of).—
CoNRAD THE SQuIRREL. Globe Bvo. =zs 64,

WARD (Mrs. T. Humphry).—MiLLy anD
Ourry. With Illustrations by Mrs. ALma
Tapema. Globe Bvo. 21 6d.

WEBSTER (Augusta). —DAFFODIL AND THE
Croixaxicans. Cr. Bvo. 65,
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