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PREFACE

■to Dissertation on the Morphology of the Arachnida submitted,

along with a Dissertation ofi "Darwinism & Design" to the
Provost and Fellows of King's College.

The follOY/ing Dissertation is submitted in precisely

the same form as last year. Certain new observations on

various points might have been added, but owing to pressure

of professorial work there has been no time to prepare a

fresh copy. These additional observations could not be

inserted in the present copy as it is the property of the

University of Edinburgh, having been accepted by that

Institution as a Dissertation for the degree of Doctor of

Science.

The observations on the anatomy of the EUrypterid® and

Pedipalpi and on the development of Euscorpius, Scorpio and

FhrynUs are original. Previous work on these subjects has

of course been studied and references are given to the

authorities for any jjoints not of my ovoi observation. The

suggestions as to the relation of the various groups to each

other are, I believe, quite new.

Malcolm Laurie.

St. Mungo's College^
Glasgow.

December 10th. 1894.
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STUDIES IN ARACHNID MORPHOLOGY.

--*-oOo

Introduction.

The subject of the following essay - the Morphology of the

Arachnids - is one for the proper treatment of which our know¬

ledge is as yet hardly sufficient. In a group like this, which

is not only of great antiquity, but in which the chief classes

now existing had already been differentiated in Palaeozoic times

any attempt to deal satisfactorily with the mutual relations

of the different forms requires a thorough knowledge both of the

fossil forms and of the anatomy and development of those at

present existing. How far we are at present from this thorough

knowledge may readily be seen. The oldest fossil Scorpion -

Palaeophonus from the Upper Silurian - is known from three speci

mens, one of which has never been properly described (+). The

earliest Pedipalpi and Phalangidae or Opiliones, from the Car¬

boniferous strata, are only known from a few badly preserved

specimens, while of the wholly extinct order of the Anthraco-

marti - also Carboniferous - only enough is known to afford

tantalising glimpses of forms which are probably of the great¬

est synthetic value.

If we turn to the recent forms, the state of affairs is

hardly better. The anatomy of the Pedipalpi and of Gdleodes

is practically unknown. That of the Pseuaoscorpions rests al¬

most on a single paper (§), and that of the Opiliones has not

(+) Thorfill and Lindstrom.K.Sven.Ventnesk Akad.Handlingar
Vol.21. Peach. Nature Vol.31

(§) Croneberg. iee./wh M«t.. nrvir.



been thoroughly done even for the common forms, the more primi¬

tive forms bwing entirely unknown. The embryology is hardly

better off than the anatomy. The development of the Opiliones

rests on one paper in Russian, while that of the Fseuaoscor-

pions has not been fully dealt with since the days when section

cutting, as now practised, was unknown. Of Galeodes two late

stages have been superficially described, while the development

of the j^edipalpi is absolutely untouched.

It is in the hope of filling some of these gaps in our

knowledge that the following work has been done. Unfortunately

the material available for the study of the recent forms has

been scanty and badly preserved, so that many points have neces¬

sarily been left untouched. In the last section only those

points have been dealt with on which the preceding work seemed

to throw some light. Some parts of this essay having been, al¬

ready published, a certain amount of repetition has been un¬

avoidable in the final discussion.

Before going further, I wish to enter a protest against

the indiscriminate way in which Arthropod appendages are named.

To take an example: an appendage is spoken of as "the third

leg". Now this may mean (1) the third appendage, (2) the third

postoral limb, i.e. appendage iv, (3) the third walking leg

which is in Scorpions, appendage v, and in forms like Fhrynus

in which appendage iii is modified for tactile purposes, it may

be either appendage v or appendage vi. If one follows the same

name through the Crustacea the result is even more bewildering.

The use also of terms such as antennae, mandibles, etc., is



objectionable as implying homologies with other groups which

are by no means certain, and it would be a great gain if writers

would simply talk of the appendages by their number.

Part £©ur of this essay, which deals with Scorpion em¬

bryology, I have had to bind ooparatot

■4^ ai3».

M,
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XXIV.—The Anatomy, and. Relations of the Eurypteridse. By Malcolm Laurie,
B.Sc., B.A., F.L.S. CoinmunlGated by B* H. Traquair, M.D., F.R.S., F.R.S.E.
(With Two Plates.)

('Read 20th February 1893.)

Though a great deal has been written on the Eurypteridse, and many points of their
anatomy elucidated in the brilliant memoirs of Huxley and Salter, Hall, Woodward,
Schmidt,* &c., nevertheless many points of morphological importance remain obscure.
This is perhaps to be attributed to the fact that nearly all the writers on this group have
treated them rather from the systematic than the morphological standpoint. In dealing
with remains so fragmentary and obscure as the majority of these fossils are, the value
of some theory as to their relations among recent forms is enormous, both as suggesting
points to be looked for and aiding in the interpretation of structures observed. The
greater part of the work on this group was done before the arachnid relationship of
Limulus was fully appreciated, and it is in the light of a possible relationship to this form,
and also to the lower orders of terrestrial Arachnida, that it seemed to me to be worth
while to revise the anatomy of the group. It has been necessary to include a certain
amount of what is already well known in the description of the different genera, and I
have taken special care to confirm, as far as possible, points which seemed to me: to rest
on insufficient grounds. :;r f tfoiiiJei t on

The result of my researches has been to confirm me in the idea that these forms, as
well as Limulus, must be included in the Arachnida, and also to suggest a new view of
the relation of the different orders of Arachnida to each other. The anatomy and de¬
velopment of the recent forms has been studied in this connection, but the detailed results
of that investigation are not included in this paper, as it seemed more fitting to publish
them elsewhere. -h ' . ■ ' < .,• •

The chief public collections of these fossils which I have examined are those in the
British Museum, the Geological Museum Jermyn Street, the Woodwardian Museum in
'Cambridge, and the Edinburgh Museum, including the recent valuable acquisition of Mr
Powrie's collection. I have also had the privilege of examining the large private col¬
lection of Dr Hunter of Braidwood. I am glad to have this opportunity of expressing
my thanks to all those with whom I have come in contact in the course of this work
for the invariable courtesy and assistance which I Have met with. : c fm

* Huxley andSalter, Mem. Geol. Surv., Mon. i.; Hall, Nat. Hist, of New York, vol. iii.; Woodward, Monograph
of Merostomata. Palxontograph. Soc., 1866-1878; Schmidt, Mem. Acad. Imp. .St Petersb., vol. xxxi.

vol. xxxvii. part ii. (no. 24). 4 h

i
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I. Slimonia.

It has seemed to me advisable to commence with this form, because I have been
owing to its greater robustness and large-size, to make out its anatomy in greater
than that of the other members' of this group. The principal locality for this ge
Lesmahagow, where it occurs at times in considerable abundance. A metastoma, fi
by Salter,* from the Ludlow rocks of Leintwardine, as part of Eurypterus punc
is much like that of Slimonia in form, and Henderson t refers some fragments froi
Pentland Hills to this genus, but in neither locality have good specimens been foun

Though the general anatomy is well enough known, a short recapitulation of the
facts may not be out of place here. Viewed from the dorsal aspect, the body is se
consist of a large carapace, followed by twelve free segments, and terminated by a pc
telson. The carapace is sub-rectangular in this form, with a curved anterior and sti
posterior margin, and bears two pairs of eyes. The lateral eyes, placed at the
corners of the carapace, are large, ovoid, and indistinctly facetted. The marginal po
is common to this genus, and Pterygotus; Eurypterus, Stylonurus, &c., having the 1
eyes on the dorsal surface of the carapace. The central eyes, or ocelli, which are very
and not facetted, are placed close together near the centre of the carapace. The an

margin of the carapace is bent over on to the under surface, and the same was pro
the case with the lateral margins.

The first seven free segments of the body are represented by more or less bam
tergites, united by a soft membrane with the corresponding sternites. The las
segments, however, have no distinct tergite, but are cylindrical sclerites, conside
longer and narrower than those of the anterior segments. The body terminates in a ti
which is moderately broad at the base, expands slightly about a quarter of the way (
and then Contracting rapidly, ends in a long pointed spine. This spine is triangui
section, and has far more the appearance of a weapon of offence.or defence than mere
ornamental termination to the body.

Turning now to the ventral surface (fig. 9), the anatomy becomes less simple
the region of the carapace we find a number of appendages and the sub-cordate ]
stoma. The metastoma appears to have been attached in the middle line, and to
extended in front and at the sides over the jaw-like bases of the posterior limbs, i
thus worked in a more or less closed chamber. This arrangement has a fund
parallel in Thelyphonus among recent arachnids, in which the chelicerm and the n
are shut in behind, and on the ventral side by the fused bases of the large second p
appendages. The metastoma is always more or dess heart-shaped, the anterior m

being deeply notched. The shape varies in different genera and species of Eurypt

* Mem. Geol Surv., Mon. i. pi. xi. fig. iv. t Tr. Ed. Geol. Soc., iii.
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but it. seems always present, and is one of the-most characteristic structures of the group.
The basal joints (coxse) of the last pair of legs—the " ectognaths " or " swimming feet,"—
which lie immediately under the margins of the metastoma, are retort-shaped, and armed
with teeth along what would be the broken-olf neck of the retort. They constitute the
most powerful members of the five pairs of biting organs with,which the animal was
furnished. To the postero-external angle of the coxa is-attached the leg, which consists,
as far as I could ascertain, of six joints, the first four of which are short, and articulate
somewhat obliquely with each other. The penultimate joint is long and rectangular, and
bears at its distal end the oval terminal joint, and also, towards the inner margin, a small
sub-triangular piece, which is probably a modified spine.

This appendage is always described as a swimming organ, but I am inclined to doubt
the correctness of this interpretation of its function. The Eurypteridse appear to me,
from their general build, more fitted for crawling than swimming; and I am inclined to
explain this appendage as having been used by the animal to get a firm hold on the
bottom, and probably also for digging out sand and covering itself, in much the same
way that Portunus uses its very similar pair of appendages.

The three legs next in front of the ectognaths resemble each other very closely, and
need not be described separately. Fig. 1 may be taken as typical of them. Here we
have again the basal joint with teeth along its inner margin and a six-jointed appendage,
the joints of which bear spines attached to the anterior margin. The only hitherto unde-
scribed point is the presence of a small process, articulated ,at the posterior end of the
tooth-bearing edge (fig. 1, epc). Whether this structure, which corresponds to the
epicoxite of Limulus (fig. 12, epc) and Scorpio, existed on all the appendages I am unable
to say, as it is only visible in exceptionally well preserved detached appendages.
Anterior to these three pairs of crawling legs or " endognaths " comes a pair which appear
to be specially modified for a tactile function (fig. 2). This pair of appendages, first
described by Dr Woodward, and termed by him " antennae," are undoubtedly post-oral
in position, as the basal joint is armed with teeth. To the basal joint is attached an

elongate sub-triangular second joint, which is succeeded by four sub-cylindrical joints,
which gradually diminish in width. This makes the appendage consist of six joints in
all. Dr Woodward describes and figures it as consisting of eight joints, but I think he
has been misled by crumplings of the surface. In its normal position this appendage lies
directed backwards across the others (fig. 9), and is on this account not easily seen in
situ. It resembles very closely the corresponding pair of appendages in Phalangium, and
probably had the same tactile function. In other recent forms, e.g. Thelyphonus, a similar
function is performed by the third pair of appendages, and it is possible that these
appendages in Slimouia may prove to be also the third pair.

The most anterior pair of appendages, corresponding to the pincers of Pterygotus, has
hitherto not been described. It is preoral in position, and consists of a small pair of
chelicerse (PI. I fig. 3). This pair of appendages is indistinctly shown in a specimen in
the British Museum, and in one specimen in the collection of Dr Hunter of Braidwood
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a detached chelicera may be seen at some distance from the animal, but in neither ofthef
specimens is the structure sufficiently distinct to place their existence beyond doubt; ar
it was not until I procured a specimen which I could "develop," that 1 was able 1
demonstrate their existence and position to my oypi satisfaction. This specimen
procured from Mr J. Gregory, the well-known dealer in minerals and fossils,
probably came from Texxaxt's collection, but of this I cannot be sure, and I found afte:
wards that the other side of the same slab is in the Geological Museum, Jermyn Stree
The specimen shows the appendages from the dorsal aspect, the carapace having bee
shoved off and lying a little distance in front and upside down. The walking legs are nc
distinctly shown, being much crushed together, and the position of the tactile appendage,
lying as they do below the walking legs, can only just be made out. The position of th
coxae of the legs, however, is sufficiently distinct, and judicious excavation in front c
them, and a little to one side of the middle line, exposed one of the chelicerse (fig. 3
The first joint cannot be distinctly made out, but the second and third joints forming th
pincers are quite clear. The pincers are broad at the base, and the two halves are strongl
curved, so that they do not meet along their whole length, but only at the points, an
there are traces of what may have been teeth along the inner margin of the two ram

They would seem to have lain outside the coxse of the other appendages, as the excaYatio
reached a depth of nearly 4 mm. at their apex. The dimensions of the appendag
in my specimen are as follows

Length of second joint of chelicera, i . . . 22 mm.

Length of pincers, 1 1 . . . > . : . . 10 „

Breadth at base of pincers, . ;. , . . . 11 „

The discovery of this appendage makes the thoracic appendages agree in number wit
those of other Eurypterids, and also with those of Arachnids in general.

The edges of the carapace were bent round on to the ventral surface along the anteric
margin, and probably also at the sides. Fig. 4 shows a structure which is found assc
ciatedwith Slimonia, and probably represents the central part of the epistoma, a structur
which is best shown in Pterygotus (v. p. 515). It appears not to have been very strong
as it is somewhat deformed and wrinkled. Whether any ventral sclerites existed betwee
the bases of the legs is not known, but is rendered probable by the form of the coxse <
the legs, which would leave a certain space vacant between their attachments to the bod]
and would seem to need some fulcrum on which to turn, j ' :

When we come to the ventral surface of the free segments of the body, the mos

conspicuous point at first is that the number of segments appears less by one than whe
counted on the dorsal side. This is due to the absence of ventral sclerites on the firs

two segments, their place being taken by the large genital plate or operculum. Thi
operculum consists of a pair of plates and a median lobe (PI. I. fig. 5). These plate
are attached by their straight anterior margins so close behind the metastoma that the
were originally described as part of it. A triangular area is marked off from the mai
portion of each plate by a furrow which runs obliquely outwards and forwards from nei
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the base of the median lobe to the anterior margin of the operculum. The other two
sides of this triangular area are bounded respectively by the anterior margin and the
suture which runs down the middle line. These two triangular areas may represent the
paired sternite of the first abdominal segment, the remaining portions of the plates
representing the appendages. If this is a correct interpretation, the appendages must
have been very firmly attached to this sternite, as I do not remember to have ever seen
a fracture along this line. The outer and posterior margins of the plates are strengthened
by a thickened border. The median lobe is undoubtedly genital in function, and appears
in two distinct, forms. In the first of these (fig. 5) the- organ terminates at its free end in
three sharp points.. This form is considered by Dr Woodward to belong to the female,
as he has found it associated with the eggs (Parka decipiens). This association appears not
very conclusive, as the remains of these organisms are often crowded together very closely.
The other form of median lobe (PI. II. fig. 8) terminates in a more or less truncated cone
which is marked by two or three deep furrows, which appear- to me due to its having
been eversible. The difference in the number of furrows and in the form of the end
would in this case be due-to the different extent to which it was protruded in different
cases. Dr Woodward's interpretation of this structure, however, is different.* He thinks
that there are three similar plates, each with a, median lobe lying one on the top of
another, the end of each projecting a little beyond fhat of the one above it. His further
arguments for the existence of more than one genital operculum are based on the
presence on one slab of two opercula of the first type lying, close beside one another along
with what maybe a portion of a third. Further, some of the specimens show scale
markings on the surface of the plates, while others do not, and he suggests that these
markings were only present on the uppermost plate. My reasons for dissenting from his
views are as follows:—In the first place, the structure is almost certainly connected with
reproduction, and it does not seem to me probable that a reproductive organ would be
repeated two or three times in forms so highly organised as the Eurypterids. Secondly,
if there were three plates, as Dr Woodward suggests, two of them must have
been attached to the same segment, as only two segments are present in the portion
of the body covered by the operculum. Thirdly, it seems to me very unlikely that
the three plates and median lobes should fit so accurately as to show no sign of their
existence, except at the apex of the lobe, even in obliquely crushed specimens. If my
view that the genital operculum is single is correct, it follows that the presence of twp
specimens of it on the same slab is purely a coincidence. This is not so improbable as

might appear at first sight, for Slimonia seems to have been gregarious, one slab in
Dr Hunter's collection showing six or seven large specimens lying inextricably mixed
within a space of less than four feet square. The preservation of markings on the remains
of these animals seems to me to depend so much on the details of fossilization, and
perhaps also on the condition of the animal at death, that their presence on some
specimens, and absence on others, is not of much weight as an argument.

* Loc. cit., p. 116.
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If, then, as I have tried to show, the genital operculum was a single structure, the
second free segment has still to be accounted for. Fig. 5 shows a portion of a specimen
in the Woodwardian Museum, in which a structure closely resembling the branchial
leaflets figured by Dr Woodward (pi. xix. figs. 3 and 4) can be seen through the
genital operculum at one side. I have never found any trace of such a structure on
detached genital plates, and am therefore inclined to consider that it was attached to the
soft skin of the body. Fig. 6 is a specimen from Dr Hunter's collection, which, I believe,
represents this portion of the body. One branchial leaflet is seen on the left and portions
of four on the right side of the figure. The structure connecting the two sets had to me
the appearance of a membrane, somewhat wrinkled and stretched. I ought perhaps to
state, that Professor Young, to whose kindness I am indebted for permission to describe
and figure this interesting specimen, differs entirely from me in his interpretation of it,
and considers it to be the inner surface of a limb, with the marks of muscle attachments.
These branchial leaflets are unsymmetrically cordate in form, being deeply cleft at what
was apparently their point of attachment. The margin is strengthened by a cord¬
like thickening, and the surface covered by branching ridges, which radiate out from the
base of the cleft, and probably represent the course taken by the blood-vessels.

The succeeding segments have well-developed sternites extending across the whole
width of the body, the posterior margin of each being strengthened by a broad border
exactly like that of the genital operculum. In the majority of specimens there is no
trace of appendages on these segments, but one or two specimens have yielded evidence
enough to make the structure and arrangement of these appendages fairly clear. The
specimen in the Woodwardian Museum (PI. I. fig. 5), which has been cited above as show¬
ing branchial lamellae underlying the genital operculum, shows also the appendage of the
segment next behind the operculum, i.e.,'the third free segment. This is seen to consist
of a pair of plates resembling those of the genital operculum in general structure, but
differing from the genital operculum in the absence of a median lobe, and in the fact
that the plates overlap each other in the middle line. A branchial lamella can be seen

apparently underlying the plate on the left side of the figure. In a specimen in the
British Museum (PI. II. fig. 8) the plate-like appendages are not shown, but traces of branchial
lamellae are visible on the fourth and sixth free segments. Finally, a specimen in the
Jermyn Street Museum (PI. II. fig. 7) shows, lying alongside the fifth free segment, the
remains of a plate-like appendage which shows traces of a branchial lamella attached to it.
The appendage shown in this last specimen agrees with the one shown in fig. 5 in
having a broad, thickened border. From its size it would have extended about one-third
across the segment, and from its unsymmetrical shape must have been one of a pair.
From a careful comparison of these specimens, and from slight traces on many others, I
have come to the conclusion that the abdominal appendages of Slimonia consisted of a
series of plate-like structures (PI. II. fig. 9), probably four in number, which were attached
to the anterior margins of their respective segments, and each of which bore on the side
next the body at least one, and probably more, branchial lamellae. These plates decreased
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in width from those on the third segment, which overlap each other in the middle line,
to those on the sixth, each of which only occupied one-third of the breadth of the
segment, and which were probably placed at the outer sides. The evidence against there
having been similar appendages on the seventh free segment is purely negative, and,
therefore, with forms like this, not very conclusive. Comparison, however, with the
recent forms (Limulus and Scorpio) which seem to be nearly related to these fossils,
makes it, a priori, probable that only six of the free segments bore appendages. The
cylindrical form and reduced width of the last five segments renders it highly improbable
that they bore appendages.

In fig. 9 I have attempted a restoration of Slimonia from the ventral side, showing
the position and form of the various appendages.

Pterygotus.

The resemblances in most respects among the Eurypterids are so great that it will only
be necessary, in the treating of the succeeding forms, to mention the points in which
they differ from the normal type.

The carapace in Pterygotus is semicircular, and the compound eyes are marginal, a
small pair of ocelli being also present near the middle of the carapace. The body is less
differentiated into two regions than in Slimonia or Eurypterus, the abdomen passing into
the tail with very little constriction.

The sclerites call for no special description* being simple and band-like, but the telson,
occurring, as it does, in various forms, demands a few words. The type most like that of
Slimonia, and probably the more primitive, is that found in Pt. anglicus and others.
In these the telson is somewhat spatulate, ending in a short spine. This form of telson is
usually strengthened by a longitudinal ridge down the middle line. The other extreme
in form is found in Pt. bilobus, &c., in which the telson is oval iri form, and deeply
cleft at the posterior end. Some curious forms have been described from the Waterlime
Group in America. Pt. globicaudatus * has a simple round telson, while Pt. quadrati-
caudatus has, as its name implies, a more or less square one, slightly cleft in the
middle of its almost straight posterior njaigin. Personally I do not feel quite sure that
these peculiar forms may not be due to fracture or folding, and. this espeeially with Pt.
globicaudatus. The forms with bilobed telson—which might'be- fairly separated from the
rest as a sub-genus, were it not that the frequent absence of thfe tail Would make such an
arrangement highly inconvenient—are entirely confined to the Upper Silurian, and
include almost all the forms from that horizon, the acute-tailed ones being, with the
exception of Pt. acuticaudatus\ and Pt. CummingsU,\ which may prove to be one
species, confined to the Old Red and Devonian,

* Pohlmann, Bull. Buff. Soc. Nat. Sci., vol. iv. + Pohlmann, loc. tit.
t Grote, Bull. Buff. Soc. Nat. Sci., vol. iii.
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When we come to the under surface, the first point to note is the much better develop¬
ment of the epistoma. This structure (PI. II. fig. 10) was figured and described by Huxley
and Salter,* but they were probably misled by the direction of the sculpture on it, and
thought that it lay with the straight margin towards the front—a mistake which was
corrected by Schmidt.! The scale markings on it having their convex side directed for¬
wards, contrary to the almost universal rule among Eurypterids, would seem to indicate
that we have here what is morphologically a portion of the carapace bent over. Schmidt
describes this structure as consisting of three pieces ; and in consideration of the beauti¬
fully preserved and abundant material he has had the opportunity of examining, one is
almost bound to accept his description as correct. On the other hand, though some of
the specimens I have seen have appeared to support his description, others have been
fractured along quite different lines.

The first pair of appendages, the chelicerse or claws, are well known in Pterygotus.
They have been described as consisting of a large number of joints ; but though there are
often markings resembling articulations on the proximal portion, yet these show such a
complete absence of similarity in different specimens that I believe them to be due to
crumplings of the undoubtedly somewhat thin cuticle. These appendages are constantly
found detached, and I think they were very likely retractile to a certain extent within
the carapace, as are the chelicerse of Thelyphonus among recent forms. If this was the
case, there would, of course, be no properly-developed articulation between them and the
epistoma, and they would easily become detached. I believe them to have consisted oi
three joints—a long, straight, proximal one, and the two distal ones, which form the
toothed pincers. These appendages, unlike those of Slimonia, were probably prehensile
rather than masticatory, and this function may account for the absence of spines on the
other limbs, which are purely ambulatory.

The next four pairs of appendages (PI. II. fig. 11) are far simpler and—in proportion tc
the size of the animal—smaller than in Slimonia, and the first pair seems not in any way
different from those following. The basal joint or coxa is, as usual, provided with a row
of teeth along its median edge, and these teeth are stronger than in Slimonia. At the
posterior angle of the tooth-bearing margin there is a well-developed epicoxite, which
may be compared with that of Limulus (PI. II. fig. 12). The rest of the appendage
consists of apparently six cylindrical joints, tapering towards the end, and destitute ol
anything in the way of spines.. . ... . . '

The last pair of feet or ectognaths do not differ in any important.respects from thosf
of Slimonia. An exception to the usual simple type of appendage in this genus occurs in
Pt. osiliensis,\ in which the joints of the limb are flattened and almost foliaceous, with a

single series of spines along one margin. The last pair of limbs in this form also
differ from the usual type,§ the terminal joint being smaller and less expanded. This

* Mem. Geol. Surv., Mod. i. pi. i. fig. i. f Mem. Acad. St Petersl., vol. xxxi. p. 71.
X Ibid., i. pi. vii. fig. 9. § Ibid., pi. iv. fig. 7.
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may very likely be a more primitive1 form than the ordinary one ; and if it be so, it
would point to tbe bilobate telson as the original type.

The metastoma has the same position and relations as in Slimonia, but is broader in
proportion to its length, agreeing in this respect with the broader form of the carapace.

The genital operculum has fundamentally the same structure as in Slimonia, but the
median lobe never shows such elaboration. It appears in two chief forms ; but as most
of the specimens in which it can be made out are too fragmentary to be specifically
determined, it is impossible to say whether thp difference is merely sexual or not. The
short form of the central lobe is shown in fig. 13, which probably belongs to Pt. bilobus.
It is very short and broad, and the plates are also broad, in proportion to their length.
The other type (fig. 14) is long and narrow, with a ridge down the middle and ending in
a triangular point. This form is found with Pt. bilobus, and in one case (fig. 14) is
associated with an unusually large second abdominal tergite, which suggests that it apper¬
tained to a female.

The series of branchial lamellae underlying the genital operculum has been figured by
Woodward,* and I have been unable to add anything of importance to his description.
Fig. 14 is part of the specimen which he figures, and shows these lamellae. Whether
there was a plate-like appendage behind the genital operculum, as in Slimonia, is not
quite certain. Pohlmann t figures what appears; to be one in Pt. Buffaloensis, and the
specimen, which shows the branchial lamellae (fig. 14), appears to have a. second plate
lying partly oyer the genital operculum (ix). The presence or absence of appendages
on the succeeding segments is even more obscure. Schmidt figures a whole, series in Pt.
osiliensis similar to those in Eurypterus Fischeri, but his figures do not seem to me quite
conclusive. He further denies the existence of abdominal sclerites ; a statement in which
I am unable to agree with him.

I have not been able to fit in the appendages figured by DrWoodward on p. 91, and
doubtfully referred by Salter to Pterygotus, They certainly appear to belong to some
member of the order, but do not resemble what is known of the abdominal appendages of
this or other forms. ' i

Euryptertts.

There is less to be added to what is already known of Eurypterus than was the case
in the two preceding genera, partly because the specimens are as a rule less well preserved,
but chiefly because its anatomy has been so well described by Schmidt.J My observa¬
tions, therefore, will necessarily take the form of a criticism of some of the points
described by Schmidt, though, as I have not had an opportunity of examining the
magnificent collection in the Reval Museum, I feel that considerable caution is necessary
in this.

The most conspicuous points in which Eurypterus differs from the two preceding
* Loc. cit., pi. xii. fig. 1, d. t Bull. Buff. Soc. Nat. Sci., vol. v. pi. iii. | Lcc. cit., p. 73.
vol. xxxvii. part ii. (no. 24). 4 i
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genera are, the position of the eyes, which are placed on the dorsal surface of the cara¬
pace, and the long spine-like telson. The appendages are much the same in general form
as those of Pterygotus, but have certain well marked points of difference. The last pair
have their proximal joints narrower and more cylindrical, while the last two joints are
proportionally more expanded in the majority of cases. Of the four pairs of walking
legs, the first three resemble one another closely, being simple, somewhat short sub-cylin¬
drical limbs, bearing spines on the last four joints. The fourth pair differ from the others
in being considerably longer and having no spines except at the end of the limb, which
terminates in three spines. This differentiation of the fourth walking leg (fifth appen¬
dage) seems characteristic of the genus, and constitutes a step towards such forms as
Stylonurus.

The first pair of appendages has in this genus, as in Slimonia, long remained obscure.
Hall* says, " In two instances I have seen some indication of a small appendage in this
position, but a further examination does not offer any confirmation of this view."
Schmidt! was the first to describe it as actually existing, and he makes it out as a pair of
jointed filiform appendages lying between the basis of the first pair of walking legs. He
has apparently only found them in one specimen, but judging from his figure
(pi. iii. fig. la) they seem clearly enough shown. Not having seen the specimen in
question, I am unable to offer any criticism on his interpretation of this structure, but if
he is correct in his description it differs very markedly from anything I have been able to
find in other specimens. The first example of what I believe to be the preoral appendages
was pointed out to me by Mr B. N. Peach, and is the specimen of Eurypterus scorpioides
figured in Dr Woodward's monograph (pi. xxx. fig. 9), and now in the Geological
Museum, Jermyn Street,—not, as stated in the explanation of the plate, in the British
Museum. In the figure, and more clearly in the original specimen, may be seen what
appear to me a pair of small chelate structures, lying with their apices close behind the
front margin of the metastoma. The one on the right-hand side of the middle line is
most distinct, and measures 17 mm. in length, the pincers occupying 10 mm. of this.
The only other specimen in which I have been fortunate enough to see these appendages
is the specimen of E. conicus which I have figured (pi. iii. fig. 14) in my paper on " Some
Eurypterids from the Pentlands."j In this specimen the bases of the five pairs of limbs
can be made out, and lying between the most anterior pair is a pair of conical depressions,
the apices of the cones being directed backward. These structures, which measure some
3 mm. in length, are not sufficiently well preserved for one to say definitely that they
are chelate, but their general form, taken together with the structures described above
in E. scorpioides, and the presence of chelate preoral appendages in both Pterygotus and
Slimonia, justify one, I think, in assuming that such was the case.
If my interpretation of these structures is correct, it would seem to be necessary to

separate E. Fischeri from E. scorpioides and E. conicus as at least a distinct genus.
* Loc. cit., p. 396, footnote.
J Trams. Roy. Soc. Edin., vol. xxxvi.

t Loc. cit., pi. iii. figs. 1 and 1, a.
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Such a change in classification, however, based upon structures so seldom preserved,
would, even if logically correct, be practically a great disadvantage, as it would be
impossible to say to which section any Eurypteri, other than the above three, should
be relegated. Altogether it seems more advisable to wait until one is compelled by
a large mass of evidence before making a change which would certainly be trouble¬
some, and may prove to be unnecessary.
The ventral surface Of the abdomen is described by Schmidt as being covered by five

pairs of plate-like appendages, each pair being united in the middle line. He further
states that there are no ventral hard parts except these plates, and the ends of the dorsal
sclerites, which are bent round on to the ventral surface. I have unfortunately not been
able to confirm his observations, and am inclined to doubt the absence of ventral sclerites,
as many comparatively well preserved specimens show no sign of a line down the centre
of the ventral plates. T do not, however, feel at all confident of the correctness of my
interpretation of these structures, as it is evident from his figures that Schmidt had very
much better material on which to make his observations than has fallen to my lot.

Stylonurhs.

I have been unable to make cut any new details of the structure of this form. The
form of the body is simple, and more like that of Pterygotus than Eurypterus, though
the dorsal position of the eyes ally it to the latter. The inturried portion on the under
side of, the carapace is remarkably broad, and, owing to the chronic absence of the limbs,
is not unfrequently well shown. The presence of well-marked epimera on the posterior
segments in some forms, reminds one of some of the Hemiaspidse, but the resemblance is
only a superficial one. The form of the two last pairs of legs, which are long and pointed
at the end, and are among the most characteristic structures of the genus, is possibly
derived from .Eurypterus through some form like Drepanopterus, though it is also
possible that Stylonurus is descended from an ancestral type in which the last pair of
legs were less modified than in Eurypterus. Of the other appendages comparatively
little is known. Woodward in his restoration of this form* figures five pairs of
appendages, the most anterior of which are antenniform. This pair has not, I believe, been
seen, and whether it was distinctly modified for a tactile function, as in Slimonia, or more
closely resembled the other walking limbs, as in Eurypterus, is a matter for conjecture.
A chelate appendage has recently been figured by Hall and Clarke t in St. Excelsior,
which they describe as follows (p. 222):—"Directly behind the base of the right
member of this pair lies a single joint terminating in a chela, the whole measuring
60 mm. in length. The other joints of this appendage do not appear on this specimen,
and it is impossible to determine positively whether this is, as it seems, the terminal
portion of a third gnathppod or is analogous to the chelate antennules of Limulus."

* Loc,-cit., p. 131. t Hall and Clarke, Geol. Surv. New York, Palacmtology, vol. vii.
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Considering the presence of preoral chelicerse in Slimonia, Pterygotus, and Eurypterus,
I have little hesitation in supporting the latter view and regarding this chela as a preoral
appendage.

I have been unable to ascertain anything new with regard to the other important
genera of Eurypterids:—Dolichopterus* Drepanopterus,\ and Glyptoscorpius.\ With
regard to the last of these, I can add nothing to Mr Peach's admirable description,
and am happy to find myself in agreement with him on almost every point. I think
it is quite certain that many carboniferous forms are true Eurypteri ; § but that
Glyptoscorpius is a good genus, and perfectly distinct from Eurypterus, admits of
no doubt. Mr Peach suggests that it had eyes like those of Eurypterus Scouleri; but
if this be so, it is against its having any very near relationship with Scorpio, since
the lateral eyes in Scorpio are marginal in position. The combs and appendages seem to
relate it closely to Scorpio, and therefore, according to my view, to separate it from the
Eurypterid se.

Relations oe the Eurypterids among themselves.

The geological record is manifestly so incomplete as regards these form,—all the
important genera appearing practically simultaneously in the Upper Silurian, while frag¬
ments of undetermined relationship occur as low down as the Moffat Shales—that no
deductions as to the phylogenetic relations of the various forms can be made from their
order of appearance. From a morphological standpoint, the family seems to fall into two
sections, determined chiefly by the position of the compound eyes. The first section, in
which the eyes are marginal, contains Pterygotus and Slimonia; the rest of the genera
falling into the other section, with the eyes on the dorsal surface of the carapace. This
position of the eyes, however, while useful as a classifactory character, is not decisive as to
morphological grade. If, as seems probable, the Eurypterids are to be derived from suck
forms as Olenellus, it would seem, at first sight, natural to take those forms which have
the eyes on the dorsal surface of the carapace as the more primitive, and to make
Eurypterus the starting-point for the whole series. It is quite possible, however, that
the free cheeks of the Trilobite correspond to the inturned portion of the carapace in
Eurypterids—the facial suture corresponding to the margin. In this case, the forms with
marginal eyes, such as Pterygotus, are the more primitive. A further argument in
favour of this point of view is that the lateral eyes in the Scorpionidse and Thely-
pilonidal are marginal in position, and these forms must be derived from some way down
the Eurypterid stem. Other considerations appear to me to give greater probability to
the view that Pterygotus is the more primitive form.

In the first place, the form of the body, with markedly differentiated tail segments,
* Hall, loc. tit., 414. t Laurie, loc. tit. t Peach, Trans. Boy. Soc. Edin., vol. xxx.
§ Such forms as E. mansfieldi, E. mazonensis, and E. stylus, from the carboniferous rocks of Pennsylvania (Hali,

Second Geol. Sun., Pennslyvania, vol. ppp), are undoubtedly true Eurypterids. E. Scahrosus (Woodward, Geol. Mag,
Dec. 3, vol. iv. p. 481) seems less certain, as the limbs are very different from the normal Eurypterid type.
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which is characteristic .of Eqrypterus, seems to. be .more advanced and further removed
from the Trilobite type' than forms like Pterygotus, in which the distinction between
body and tail segments is not distinctly marked. The only Silurian Eurypterus known
to me in which the distinction between body and tail is not well marked is the little
E. conicus; * and this form, which furthermore has the eyes remarkably near the margin
of the carapace, may very probably prove to be the young of some of the larger forms
from the same locality. On the other hand, it may be said that Stylonurus, which is
almost certainly derived from the Eurypterid stem through forms related to Dolickopterus,
or more likely Drepanopterus, has much the same generalised form of body as Pterygotus.
The limbs of Stylonurus, however, are highly specialised.

Another argument which has influenced me in %k>ur of Pterygotus, as representing
the form most nearly related to the primitive Eurypterid, is drawn from the appendages.
The first pair is, it is true, remarkably different from the common type in the family, as
shown in Slimonia and Eurypterus, and has probably been independently modified, while
the last pair have no claim to being primitive rover those of the same two genera. The
four pairs of appendages, however, which lie between these extremes seem to me to yield
a very strong argument in favour of my view, inasmuch as they are all alike, and all
simple in construction, without any elaborate development of spines. In Slimonia the
second pair of appendages are highly modified, apparently for a tactile function ; while in
Eurypterus, and still more in Stylonurus, the fifth pair differ markedly from the second,
third, and fourth pairs. A further point is the apparently much greater development of
the epicoxite—a structure common to the Eurypterids, Limulus and Scorpio, and there¬
fore probably primitive—in Pterygotus than in the other genera. A further argument
for placing Pterygotus below Slimonia and Eurypterus is the lesser degree of develop¬
ment of the median lobe of the genital operculum, though, perhaps, the details of
this structure are hardly sufficiently well known to admit of our attaching very much
morphological value to it.

Whether the bilobed telson, which characterises the majority of Silurian Pterygoti, is
to be regarded as more primitive than the pointed form or not, must remain for the pre¬
sent an open question. I think, however, that the balance of evidence is against so
regarding it, especially if one considers how characteristic of the earlier Trilobites a

pointed telson appears to be. Geological succession gives us no clue to this question,
eecause, while the bilobed forms are certainly the most numerous in the Silurian, never-
;heless we have, in America at all events, contemporaneous forms with pointed telsons.t
It might be argued that, while the advantage of having a weapon at the end of the tail
.s manifest, it is difficult to see what is to be gained by substituting a bilobed telson for
;he pointed form ; but we know far too little of the conditions under which these
creatures lived for such an argument to have much weight. The only advantage which
Dccurs to one as possibly appertaining to the bilobed form of telson is its greater
efficiency as a swimming organ.
* Trans. Boy. Soc. Edin., vol xxxvi. t Pohlmahn, Bull. Buff. Soc. Nat. Sci, vol. iv.; and Gbote, ibid., vol. iii.
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The genealogical tree which I would suggest for this group is, then, as follows:—

Slimonia. Eurypterus.

Slimohia has differentiated itself from Pterygotus chiefly by the greater developmei
of its genital organ and by the specialisation of the second pair of appendages for
tactile function. Along with this it has also acquired, or, more probably, retained, tl
short chelicerse, masticatory rather than prehensile in function, which are characteristic i

the other forms.

Eurypterus specialises in the position of the eyes, which is common to all the forn
above a, and further, in the form of the tail segments and telson and in the specialisation <

the fifth appendage, which, however, is comparatively slight.
Stylonurus develops from Eurypterus via forms probably most nearly represente

by Drepanopterus, by the greater specialisation of the fifth appendage, aud the reductic
of the sixth appendage from the typical digging foot to a purely crawling one. This ma
indicate more purely littoral habits, or a more active predatory existence, demandin
rapid locomotion rather than firm anchorage.

Relations of Eurypterida to other Groups.

In attempting to arrive at some conclusion as to the place in classification of th
Eurypterids, the Geological Record again gives us but little help. The contemporaneou
Arthropoda are for the most part, very obscure, and in many cases appear to belong t
well-defined types. Some of these, such as the Scorpions and Pedipalpi, have persistei
almost unchanged till the present day.; while those which have died out, such aS tb
Trilobites and Anthracomarti, afford little information of morphological value, owin|
chiefly to their imperfect state of preservation. I have not thought it necessary in tb
following speculations to recapitulate at length the arguments adduced for and against tb
relationship of Limulus to the Araehnida and Eurypterida, as these are well known art
easily accessible.*

* Lahkesteh j Packard ; Woodward, &e.
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Relation to Trilobita.

In our present state of comparative ignorance as to the details -of the different
appendages of Trilobites, any attempt at comparing them with Eurypterids must be more
or less superficial. The form of the body presents certain points of resemblance, inasmuch
as it consists of a carapace followed by a number of free segments, and ending in a telson.
The carapace probably corresponds to that of Eurypterus, &c., and shows in some forms
indications in the glabellar furrows of five segments,* or, if one counts the frontal lobe,
of six. The lateral eyes are situated on the dorsal surface ; and unless we consider the
margin of the carapace to be the facial suture, this is, as mentioned above, an argument
for considering Eurypterus as a more primitive form than Pterygotus. If the facial
suture be taken as representing the margin of the carapace, then the free cheeks probably
correspond with the inturned portion. The presence of central eyes must be held, as not
yet proven, though I think Woodward's! interpretation of the small openings in the
glabella as central eyes is probably correct.

The number of free segments in the lower Trilobites is usually greater than in
Eurypterids, but one sees within the group itself how easily the number of segments in
such comparatively unspecialised forms can be increased or diminished. The structure of
the segments is more important, and here there seems to be very little resemblance
between Trilobites and Eurypterids, as the latter show no trace of pleurse, unless indeed
the epimera of some species of Stylonurus may be regarded as much reduced pleurge.

What is known of the appendages affords little ground for comparison. The maxilla
and palp, described by Woodward in Asaphus platycephalus,\ are not unlike the first
postoral appendage of Eurypterids, If they correspond to this last, there ought to be a
preoral pair which are probably concealed beneath the hypostoma, which would corre¬
spond to the epistoma of Eurypterids. The traces of appendages in Asaphus platy-
cephalus § and Asaphus megistos || show little of importance for comparison. Far more
suggestive is Waloott's restoration of Calymene senaria 11 with the last larger pair of
thoracic appendages. His restoration of a transverse section of a body segment, however,
shows nothing comparable to what is found in Eurypterids.
It must be remembered, that what little is known as to the anatomy of the Trilobites

is almost entirely based on the more highly specialised forms. If we could get reliable
information as to the appendages of such forms as Olenellus or Paradoxides, there would
be some fair chance of comparing them successfully with Eurypterids.

Relation to Crustacea.

That the Eurypterids are usually classed with Crustacea, must be ascribed to their
aquatic habit and branchial respiration. It is difficult to free one's mind of the idea that

* Olenellus Callavei, Lapworth, Geol. Mag., III. viii,, pi. xv. t Geol. Mag., 1883,
J Quart. Jour. Geol. Soc., vol. xxvi., 1870. § Billings, Palceozoic Fossils of Canada.
||, Walcott, Bui. Mus. Gomp. Zool., Harvard, 1881. ' IT Ibid.
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an arthropod which breathes by gills must be a crustacean, but as Lankester *
Claits have pointed out in the case of Limulus, the morphological value of this fact
been greatly overestimated. The branchia of Eurypterids, like those of Limului,
constructed on a type'unknown ataong the Crustacea, and further, structures; suel
these, which ate the product of a physiological necessity, are not of much valu
indicating close relationship. Against the crustacean relationship must be put the segr
tation of the body and position of the genital aperture—which does not agree with
of any known crustacean—the absence of anything representing the first antennae,
chelate structure of the one pair of preoral appendages, and the fact that there is no t
of the typical crustacean biramous structure in the appendages. The presence of compo
eyes has been urged as a resemblance, but the eyes were most probably constructed
the same plan as those of Limulus, which have been shown! to be at all events 1
different in type from those of the Crustacea-. Further, the Crustacea have all—with
exception of a few Ostracods—-three pairs' of appendages specially modified as m(
organs, and modified in a more or less definite way as mandible and first and sec
maxillse. Even in a low form "like Apus, though all the thoracic appendages 'are to s<
extent masticatory in function, nevertheless the first three pairs are very different f
the rest. Of this specialising of "the first three pairs of postoral appendages, there i;
trace in the Eurypteridae; and, indeed, instead of the chief masticatory function b<
acquired by the first pair, it is always best developed in the last pair.

On the whole, then, there seems very little reason for considering the Eurypterid
related at all closely to the Crustacea. If their relationship to the Arachnida be admit
as I think it must, the Eurypterids may be considered as intermediate between Crusts
and Arachnida, in the sense that they are among the most primitive Arachnids,
therefore, nearer the junction point of the two stems ; but that they show any point
affinity to the Crustacea beyond the fact that they are arthropods must be considered a:
all events not proven. That the point of union of the two stems was a very much sim]
and less specialised form, is very clearly indicated, especially if we regard the naup
larva of Crustacea as possessing any phylogenetic value, nothing at all comparable t
having been found among other Arthropoda.

Limulus.

Whatever doubts there may be as to the relation of Eurypterids to other forms, th
is an almost universal consensus of opinion that they are closely related to Limulus. .

detailed comparison of the two forms has been so thoroughly worked out, that I m
not enter into it here. The only points of importance which I have been able to acid
the resemblance are the existence of preoral chelicerse and abdominal appendages. 1
latter differ in Slimonia at all events from those of Limulus, chiefly in not being unil

* Quar. Jour. Micr. Sci.j vol. xxi. t Lankester and Bourne, Quar. Jour. Micr. Sci., vol. xxiii.
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n the middle line. Another point of great morphological importance is the fact that
Limulus has a pair of plate-like appendages on the second abdominal segment. This
,vould seem to;indicate that Limulus branched off from the Eurypterid stem before the
genital operculum was so highly specialised as it is in the Eurypterids, and, consequently,
Defore the appendage of the second-abdominal segment had become reduced. This is also
linted at by the, absence in Limulus of anything comparable to the central lobe of the
genital operculum. Probably also the metastoma had not reached the high state of
levelopment it has in Eurypterids, and the last pair of legs was less highly specialised.

Limulus, then, represents' a more primitive type in almost every respect except the
usion of the abdominal segments, and is to be related to the Eurypterids not by direct
lescent, .but through a comparatively unspecialised ancestor. Whether this ancestor is
me of the Trilobites must remain a matter for speculation, but it seems within the bounds
if possibility. ' ' ' u- :i arti tin raoJbifn yyft. v «o

I tiikf iu.'O: .ECOEPIO..;:,.,.,,. .... bf .

The relationship of Scorpio to Limulus has long been maintained, and no one who has
studied the articles by Lankester, Claus, &c., on the subject will have much doubt that
t exists. The relationship of Scorpio to the Eurypterids, however, has never been so

rully dealt with. Lankester points out certain characters which they have in common,
such as the number of body segments, thoracic appendages, &c., and these seem to show
;hat the point of divergence of Limulus, Scorpio, and Eurypterids must have been before
she fusion of the body segments which we have in Limulus. On the other hand, the
second abdominal segment in Scorpio is well developed, and shows no signs of having
ieen suppressed by the genital operculum. This would seem to give us a clue to where¬
abouts the Scorpions came off from the Eurypterid stem, namely, before the great
levelopment of the genital operculum. The lung-books on the third to sixth abdominal
segments are probably derived, as I have pointed out elsewhere,* by the fusion of the
margins of the abdominal appendages to the ventral surface of the body, much in the way
suggested by Macleod. + My reasons for holding this view rather than that of Professor
Lankester,J who has suggested that lamelligerous appendages became invaginated are,
iriefiy, (1) that to produce the, structure shown in the lung-books of young Scorpions, the
ippendage prior to invagination would have had to have the branchial lamellae attached
so its anterior surface—a position in which they are not found either in Limulus or
Eurypterids ; and (2) that one can see how the transformation could take place, step by
step, as the animal became more terrestrial in its habits, instead of having to explain it
ly a sudden change in the embryonic development, as Professor Lankester's hypothesis
lemands.

, - '.
, j L L. / •

* Zoc/L Ana., No. 386, 1892. t Arch, de Biol., voL v. 'J Q. J. M. S., voli xxv.

VOL. XXXVII. PART II. (NO. 24). ":' 4K
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Other Arachnids.

It is usually taken for granted that once the ancestry of the Scorpion is settled,
ancestry of all the terrestrial Arachnids is fixed, but there seem to me to be good groi
for dissenting from this point of view.* As I hope shortly to publish a paper with
anatomical details of the recent forms, I will only give here a brief resume of some oi
points which seem to me to show a relationship with the Eurypterids.

In Thelyphonus (PI. II. fig. 15) and Phrynus we have arachnids as primitive in i
respects as Scorpio. The body consists of a carapace bearing six pairs of limbs o:
under side, and followed by twelve free segments. One chief difference, however, beO
this form and Scorpio is that Thelyphonus has, when examined on the ventral sur:
apparently only five abdominal segments, the ventral portion corresponding to the first
tergites being covered by a single plate, beneath which is the aperture of the geners
organs. Thelyphonus further differs from Scorpio in having only two pair of lung-bc
the more anterior of which lie beneath the large genital plate, while the second pah
beneath the second ventral sclerite, i.e., that belonging to the third segment. Now,
suppression of the sclerite of the second abdominal segment—its ventral surface b
covered by the genital plate—is exactly what we find in Eurypterids, and very diffe
from the condition of things in Scorpio. Further, if the two pairs of lung-books of Tf
phonus correspond to the anterior two pairs of Scorpio, then the first pair is shifted i
its proper position on the third segment, and lies right forward in the second,
interpretation of this—based upon as complete a study of the anatomy and developmei
these forms as the material at my command would permit of—is that in the first pai
lung-books of Thelyphonus we have the homologues of the pectines of Scorpions, an
the branchial lamellae, found beneath the genital operculum in Slimonia, &c., while
second pair of lung-books correspond to the first pair of Scorpio, the second sclerite be
like the first, an appendage, and not part of the body-wall. If this view be corre
would mean that the Pedipalpi arose after the great development of the genital j
which is characteristic of Eurypterids. The chief difficulties which this view invc
seem to me to be (1) the resemblance between the lateral eyes of Scorpio and Th
phonus, and (2) the fact that it requires lung-books to have been developed from
twice over. These difficulties I hope to meet in a future paper. It is unfortunate that
knowledge of the Anthracomarti is too fragmentary to enable any deductions to be sa
drawn as to their position.
If the above views are correct, it would tend to separate Glyptoscorpius from

Eurypteridae along with the Scorpions. I do not see any difficulties in the way of i
* Since the above was written, Mr R. I. Pocock has published a paper on the " Morphology of the Arach

(Ann. and Mag., vol. xi.), in which he advocates the division of the Arachnida into two sub-classes, one which he f
Ctenophora containing the Scorpiones, and the other—the Lipoctena—containing the rest of the class. This div
entirely agrees with my views, but it is unfortunate that he should have chosen Ctenophora as the name of a
class, as it is already accepted as the name for a class of the Coelenterata.
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since the scale markings, the presence of which has caused fragments ofGlyptoscorpius to
be referred to Eurypterus, are, as I have mentioned above, widely distributed among the
Arachnida.

I have summarised the main ideas in the following table. A is the intermediate form
between Limulus and Eurypterus suggested above. I derive the Scorpions from some
little way up the Limulus stem, on account of some peculiarities in the anatomy of their
soft parts, which, tend to separate them from the other Arachnids, and ally them to
Limulus. At (a) on the Eurypterus stem, the genital operculum was already well
developed.

Araneidae.

Av
Trilobita?

If the views set forth above prove to be correct#- some changes will be necessary in the
classification and terminology of the groups involved. Arachnida, if the name is to have
any scientific meaning, must either be limited so as to exclude the Scorpions, or the
Eurypteridse and Xiphosura must be admitted within its bounds. The latter is manifestly
the better course to take; and the Xiphosura, Scorpionina, Eurypteridse, and Thelyphonina
will form sub-orders of about equal value. Whether the other groups of Arachnids—
Pseudo-Scorpions, Phalangidse, &c.—are also to be placed as sub-orders of equal value to
the four mentioned above is a question rather outside the sphere of this paper, and which I
hope to discuss later. The term Pcecilopoda, used first by M'Coy,* and used by Walcott
to include the Trilobites, Xiphosura, and Eurypteridse, must, if it be retained, be used for
the Arachnida plus the Trilobita.

"Merostomata" has such a classic position, as including the Eurypteridse and Xiphosura,
* Ann. and Mag., ser. 2, vol. iv., 1849.
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that it would be impossible to abolish it, though it expresses a stage in the evolution of
the group rather than a relationship of those forms in contradistinction to the rest of the
Arachnida. Walcott's* proposal to use Merostomata for the Eurypterina alone, excluding
Limulus,. seems to be carrying change of meaning rather far, as the name was invented
by Dana for Limulus. , . •. ., . ...

In a tabular form the arrangement would be—.: < f

. Class Pseeilopoda. ^ • ... ... •> ip: . .

Sub-class A, Trilobita. j '

Sub-class B, Arachnida.
Order i. Xiphosura.

ii. Scorpionina.
iii. Eurypteridse.
iv. Pedipalpi.
v. Aranese, &c. '

EXPLANATION OF PLATES.

Plate I.

Fig; 1. Walking leg of Slimonia, showing general form and epicoxite (epc) on basal joint.
Fig. 2. Second appendage of Slimonia, " Antenna " of Dr Woodward.
Fig. 3. First appendage (chelicera) lying in front of mouth, x J.
Fig. 4. Epistoma of Slimonia.
Fig. 5. Yentral view of first few abdominal segts. of Slimonia, showing genital operculum (vii); branchial

lamellae of second segment (viii); and plate-like appendages, with underlying branchial lamellae, of third seg¬
ment (ix). x J. From a specimen in the Woodwardian Museum.

Fig. 6. Series of branchial lamellae, probably belonging to the second abdominal segment. From a speci¬
men in the collection of Dr Hunter of Braidwood, x

Fig. 7. Plate-like appendage with branchial lamellae of one of the posterior abdominal segments, probably
the fifth.. From a specimen in the Jermyn Street Museum.
0«.id s 1 ;- - -' , j. - ■ . ■ - . 1 ' ■ ■ ■ > ' ■ ' "

Plate II.
ssi'io juiounoca cat cbmoxQ pi. ac-cs m-jfisxf: sa aeARs pgmasi&Musnoa vrr$

Fig. 8. Yentral body-wall of abdomen seen from inside, and showing branchial lamellae oh segments xi.
and xii; x J. From a specimen in the British Museum. - ~ ;

Fig. 9. Restoration of Slimonia from the ventral surface.
Fig. 10. Pterygotus. Epistoma, from a specimen in the Woodwardian Museum.
Fig. 11. One of the walking legs of Pterygotus. epc, epicoxite.
Fig. 12. A leg of Limulus showing the epicoxite.
Fig. 13. Genital plate (form a) of Pterygotus.
Fig. 14. Pterygotus bilobusy showing genital plate (form (3). A second plate-like structure (?ix), some

branchial lamellae, &c. From a specimen in the Jermyn Street Museum.
Fig. 15. Thelyphonus. Yentral surface, for comparison with fig. 9. Ge.a., genital aperture. LB 1 and

LB 2, first and second lung-books of left side. ' ' ' -
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THE ANATOMY OF THELYPHONUS.

oOc——

(IVith Plate III.)

The internal anatomy of the Pedipalpi has - so far as my

knowledge of the literature goes - never been described in any

great detail (+) and though the following notes do not pretend

to touch on more than a few points it seemed worth while to re¬

cord them, if only by way of calling attention to the need for

further investigation. That my material was limited in quanti¬

ty and badly preserved is the only excuse I can offer for the

incompleteness of my observations, any attempts to trace the

distribution of the nerves or the details of the reproductive

system having been in vain. Sections through the whole animal

were tried with some small specimens, but, apart from the dif¬

ficulty of cutting an animal so abundantly provided with chitin

the inside was found to have lost all minute structure and it

was almost impossible to discriminate between the various or¬

gans .

The hard parts are pretty well-known thanks to the works

of systematic zoologists, but it will perhaps not be out of

place to give a brief description of the chief points, especial¬

ly as there are one or two new details to be noted. The scle-

(+) The only figures I know of are those of Blanchard
in L'organisation du Rdgne animal.



rites of the dorsal surface may be dismissed in a few words

as consisting of the carapace, behind which come nine band-like

sclerites and ending in the three narrow cylindrical sclerites

of the tail. The second to eighth sclerites shew depressions

which indicate the points of attachment of the dorseventral

museles. On the ventral surface the carapace is bent over in

front for a short distance (fig.13). This infolded part is

marked by a strong median longitudinal ridge which helps to

separate the bases of the chelicerae.

The chelieerae (fig.13) are two jointed, the distal joint

being claw shaped. It is strongly articulated to the first

joint at the upper edge and folds down across its end - the

point reaching to the lower edge. The proximal joint is rough¬

ly rectangular, as seen from the side, the length being about

twice the breadth. In section the shape is an elongated oval,

the long axis being dorsoventral in direction. The surface of

this joint is smooth except toward the distal end where it is

furnished, on the inner side, with a thick crop of hairs. The

chelicerae are not articulated to the rest of the skeleton,

but attached by thin membrane to the thick membrane which forms

the front of the cephalo-thorax in such a way as to be capable

of being retratted for more than half their length (fig.l).

The second pair of appendages are very powerful and con¬

sist of six joints. In the middle line the first joints are

fused together for aboiit two-thirds of their length, thus com¬

pletely shutting in the mouth behind. Being thus fused, the

first joint can no longer function as a jaw, as it does in the

Scorpions, and the biting function is consequently taken on
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by the second joint. Anterior to the point where the fusion

ceases the inner surface of the first joint has an organ cor¬

responding to what has been termed the pseudotrach^ea in Scor¬

pions and Phalangidae (+), and which Gaubert (§) has shewn to

exist in Phrynus. This organ consists in Thelyphonus (fig. 13

p.s.t.) of a trapezoidal area of thin skin closely covered with

hairs, except along the ventral margin. The hairs are stout,

with a well marked central cavity and covered with minute se¬

condary hairs which give them a feathery appearance. Along the

ventral margin is a ridge bearing stronger hairs which, however,

have not the feathery structure. At the anterior end is a

small chitinous plate covered with short spines and bearing one

or two long bristles which are attached in the middle of cir¬

cular thin areas, while just in front of this plate is a tre¬

mendous bunch of simple bristles.

In the membraneous area, bounded below and at the sides

by the basal joints of the second pair of appendages and at

the top by the carapace, lies the opening of the mouth (fig.

13 m). This is at the end of a short cylindrical tube and is

set round with hairs. The tube is strengthened below by a

small ehitinous plate with serrate anterior margin (fig.13 m t s)

and above by the stronger and more important e;pistoma or came-

rostorne. This epistorna passes back through the membraneous

body wall and projects into the interior of the thorax as three

spines which reach as far back as the brain. These spines

(+) Macleod. Bull.de L'Acad. Belg. Vol.viii.
(§) Gaubert Ann.d.Sci.Nat. S.7, Vol.13.
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serve for the attachment of muscles connected with the stomo-

aoeum.

The rest of the ventral surface of the thorax is covered

by two sternal pieces and the basal joints of the three walk¬

ing legs, which are fused to the body. The third appendage

which is long and slender and tactile in function, is attached

close under the carapace to a membranous area lying between

the second and fourth appendages. The posterior sternal piece

is a truncated triangle in form, the posterior margin being

bent up dorsally. Just beyond the end of this bent up portion

is a separate transverse piece of chitin, to which the dorso-

ventral muscle from the second dorsal sclerit® is attached.

The majority of the ventral abdominal sclerites want no

special description, being almost precisely similar to the dor¬

sal ones. This, however, is not the case with the first and

second. The first sclerite, which we may term the genital

plate, covers the ventral surface of the first two segments.

The genital duct opens behind it and under it at each side lies

the first pair of lung books. Round the posterior margin the

chitin is bent in for a short distance in the middle line, but

considerably more towards the sides. There are no dorsoventral

muscles inserted in this plate, those of the second tergite

being,as mentioned above, inserted in front of it.

The second ventral sclerite (fig.14) corresponds to the

third tergite, but owing to the great development of the geni¬

tal plate it lies somewhat behind its proper position.. The

third ventral selerite is narrower than the rest for the same
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reason. The second scleriteAresembles the first in covering
a pair of lung books which are situated at the sides and also

in having the posterior margin bent in. This bent in portion

is very narrow, except at two points, one on each side of the

middle line where it runs forward into triangular pDocesses.

To the middle of the front edge of this sclerite is attached a

chitinous plate, which.runs forward forming the dorsal wall of

the genital vestibule. The dorsovemtral muscles from the third

tergite are attached on each side of this process.

There is little doubt that the genital plate corresponds

to the genital plate of the Scorpion, and is an appendage; and

I am inclined to consider the second sclerite as also an appen¬

dage. If, as I have tried to shew, in the Scorpion ( + ) and as

Macleod (§) maintains in Spiders, the lung books are derived

from the adhesion of abdominal appendages to the ventral sur¬

face, there must have been an appendage here in the course of

development and at a comparatively late stage in the develop¬

ment of Phrynus tthis plate has quite a different appearance

from the succeeding segments. The inturned posterior margin

also and the absence of a dorsoventral muscle inserted in the

plate itself are suggestive, though I would not attach too much

weight to the muscle 'as the points of insertion of such struc¬

tures readily change. If this plate is to be regarded as an

appendage, the anterior chitinous process to which the dorso¬

ventral muscle is attached, naturally suggests itself as the

corresponding sternite. This point also I would not lay much

stress on until the development of this region is better known.

(+) Zool.Anz. 1892.

"j- V".
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Internal Anatomy.

The greater part of the cavity of the abdomen is oc¬

cupied by the enormctas digestive gland - the so-called liver -

which forms a solid mass concealing at first sight everything

except the heart and a few muscles.

The heart (fig.l) is about the same size from end to end

of the abdomen, disappearing at the posterior end beneath a

conical mass of muscle connected with the three caudal segments,

and anteriorly passing into the thorax about half way up which

it passes in among the folds of the stomach. Injection being

impossible, no attempt was made to trace the further course of

either end of the heart. A meshwork of small vessels consist¬

ing of a pair of longitudinal vessels at each side with a trans¬

verse vessel in each somite lies on the surface of the digest¬

ive gland and is probably part of the blood system.

Underneath the heart lies the gut, which merits a somewhat

full, description. It eotuiiences at the mouth with a }.ong stomo-

doeum, which is lined by a thin chitinous cuticle. ' The an¬

terior part of this stomodoeum has muscles passing dorsally and

laterally from it to be attached to three chitinous processes,

which run back from the epistoma (camerostome) nearly as far

as the brain. There is no appearance of a dilatation into a

sucking stomach such as is found in the Scorpion. A transverse

section of the stomodoeum (fig.2a) shews a folding down of the

dorsal side like the typhlosole of a worm. The sides of this

down folding are straight and covered with cuticle of the same

thickness as that lining the walls of the stomodoeum, while the

free ventral edge of the fold is irregular in form and covered

by much thinner cuticle. The only function I can suggest for
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this fold is that it acts in some way as a valve to assist in

sucking.

Just behind the brain the stomodoeum opens into the mesen-

teron (fig. 1 ana 2). The first (thoracic) portion of this is

expanded into wide lateral diverticula which extend over the

brain in front and the coxal gland at the sides. Each diverticu¬

lum is divided into five lobes the cavity of most of which seems

to be a simple space. The front diverticulum however .(and per¬

haps portions of the others,J is cut up by a meshwork of tissue,

(fig.la) the object of which is, I imagine, to afford a greater

surface. The histology of this region I have not been able to

study but it is evident that the thoracic diverticula are very

different in structure from the abdominal diverticula or "liver"

In addition to these lateral diverticula there are two median

ones from the ventral surface (fig 2.m.d.g.). These pass

through the entosternite one going through the large oval

anterior aperture in it and the other through the smaller pos¬

terior aperture (fig 4). Ventral to the entosternite these

diverticula run forwards between it and the thoracic ganglion as

simple tubes.

The middle portion of the rnesenteron opens into the large

diverticula of the digestive gland or"liver". There appear to

be four pairs of these diverticula the last being very much the

largest and opening from the gut about the fourth free segment.

Behind the fourth segment the gut runs as a narrow tube as far

as the seventh segment and then expands into the large hour¬

glass, shaped stercoral pocket (fig.b). The peculiar shape of

this stercoral pocket is due to its being compressed by the

dorsoventral muscles of the eighth free segment. The posterior



part is a great deal larger than the anterior and fills the

greater part of' the ninth free segment. The epithelium lining,

the stercoral pocket (fig.15) consists of flat cells containing

numerous granules which stain darkly with ho-emat'oxylin, along

the outer edge. They are very similar to the cells lining the

rest of the int^s^ti^T'The Malpighian tubes arise near the
posterior end of the stercoral pocket and run forward along the

sides of its ventral surface. They are somewhat coiled and

closely attached to the pocket by connective tissue. In section

they are found to possess an indistinct lumen surrounded by

large cells with distinct, oval, granular nuclei. Occasionally

darkly staining granules appear in the protoplasm but for the

most part it is structureless. The coils of the Malpighian

tubes are surrounded and held together by fibrous looking con¬

nective tissue.

The proctodoeum is a short straight tube running back

through segments 10-12 to open below the telson. A slight

thickening marks its junction with the mesenteron close behind

the stercoral pocket. The epithelium lining it is thrown into

folds and consists of long cells with apparently a cuticle over

their outer surface (fig.17). The distinction between these

cells and those lining the stercoral pocket is quite evident

and the transition from one form to the other somewhat abrupt.

In describing the stercoral pocket as part of the mesen¬

teron I have been influenced by the character of the epithelium

lining it and passing forward into the intestine without any

break, while differing so markedly from that lining the procto¬

doeum and also by the point of origin of the Malpighian tubes.

The condition of things in the embryos of Phrynus which are



described below admits of little doubt as to the origin of the

stercoral pocket from the mesenteron. Since that description

was finished I have found the Malpighian tubes in these embryos.

They appear at first sight to open into the front of the ster¬

coral pocket but careful examination shews that they run back

in contact with its walls to open into it near the posterior

end. The bearing of this on what has been described in the

development of Spiders will be discussed later.

The Entosternite which is so characteristic of Arachnids

deserves a few words of description in this form (fig.4). It

lies between the gut and the thoracic ganglion and is best

described as an elongated plate drawn oust into a number of pro¬

cesses. The front margin of it lies immediately behind the

cerebral ganglion and a pair of processes run forward one on

each side. A large oval foramen perforates the plate near its

front end through which the anterior median diverticulum of the

gut passes. Near the level of the posterior end of this foramen

a second pair of processes passes outward and dorsalward. A

little behind the large oval foramen lies a small subcircular

one through which the posterior median diverticulum of the gut

passes and a third pair of processes is given off at abo\xt the

level of the front of this circular foramen. Behind this second

foramen the entosternite is a solid plate. At first it narrows

somewhat but soon expands again and runs out into the fourth and

last pair of processes. This entosternite is more complicated

than is usual in Arachnids and this is probably to be correlated

with the greater development of the thorax and its appendages.

The processes into which it is drawn out serve for the attach¬

ment of muscles. The first pair of processes has muscles from



it to the large second pair of appendages while the other three

serve for the muscles of the three walking legs the thin third

pair of appendages being without any special process.

The nervous system is almost entirely concentrated in the

thorax. The cerebral ganglia are small oval structures placed

far back in the thorax (fig.4) and giving rise to two pairs of

optic nerves. The far back position of these structures is due

to the large chelicerae which when drawn in occupy almost the

whole of the region in front of the brain. The three processes

from the epistomarof which ipention has been made, also reach as

far as the brain. The thDracic ganglion (fig.5) is subtriangu-

lar in form and gives rise to the nerves for the greater part

of the body. The origin of the nerves to the first two appen¬

dages could not be clearly made out as the front part of the

ganglion is somewhat entangled in chitinous processes which

come in from the floor of the thorax. The nerves to appendages

iii to vi however are quite distinct and the posterior end of

the ganglion finally gives off a paired nerve cord alongside of

which run a number of fine nerves the course and distribution

of which I failed to trace. The nerve cord runs straight back

without any ganglia till it reaches the 9th free segment in

which there is a small oval ganglion lying on the top of the

right stink sac. (fig.6). A nerve passes out laterally from

each side of this ganglion and a pair pass also posteriorly into

the tail.

The reproductive organs have been recently described (+)

but as the paper only gives two schematic figures it is not of

much assistance in dissecting out these parts. Both the speci-

( + ) Biol.Centrbl. 9.
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mens which I have dissected were males and their reproductive

organs were disposed as follows. The testes are a pair of

straight tubes which lie side by side near the middle line,

reaching as far back as the eighth free segment. In the third

and fourth free segments they become narrowed into short vasa

deferentia which open into the enormous seminal vesicles situat¬

ed one on each side of the first segment (fig.8). These semin¬

al vesicles open in the middle into what may be termed the geni¬

tal vestibule, which runs straight back to open to the exterior

at the posterior edge of the genital plate. The dorsal wall

of the posterior part of this genital vestibule is formed by

the median anterior process of the third segment. Each of the

seminal vesicles contains two hard brown structures in the form

of curved grooved rods. One pair of these rods is united in a

plate-like expansion in the middle line. The other pair seem

to be independent of each other. No muscles could be found in

connection with these structures^ and their function - except
in so far as they serve to keep the seminal vesicles dilated--

is not evident. The walls of the genital vestibule are strength¬

ened by two curved chitinous bars (fig. 18 cl) which seem in¬

dependent of the genital plate though coming into close con¬

tact with its inturned margin at their posterior ends. A small

ring of chitin (fig. 18 c 2) also lies in the dorsal wall of

the vestibule in front of the median anterior process of the

third segment.

Underneath the testes, underneath even the nerve cord,

lies, in the middle line, the right sac of the stink gland (fig.

6). It is in contact on the ventral side v/ith the body wall,
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sari. reaches forward as far as the fourth segment and the width

is about half that of the space between the dorsoventral ipus-

cles. Traced backwards it narrows considerably in the tail

segments and passing to the right of the rectum opens close to

the middle line behind the anus. The wails of this sac are

thin and translucent, and are thickened by a number of longi¬

tudinal white strands which are due to the internal wall of the

sac being folded into complex longitudinal ridges (fig.6 a).

These ridges suggest that the walls of the sac secrete the

odorous fluid, but the free surface is covered by a well-marked

cuticle which is very impervious to staining fluids, and one

would suppose equally so to secretions. The left sac of the

stink gland lies outside the left dorsovcntral muscles and the

narrow posterior end passes to the left of the rectum to open

close to the aperture of the right one. It does not reach so

far forward as the right one, but ends in the middle of the

fifth segment. The structure and appearance are precisely

similar to what has already been described. This asymmetrical

arrangement of what one m$.st regard as a morphologically sym¬

metrical structure, is interesting on account of its rarity.

The Arthropoda are essentially bilaterally symmetrical animals

and yet here we have a bulky organ disposed in a completely

unsymmetrical way and that without appreciably affecting any

of the other organs in the same region of the body. The ex¬

treme ventral position of these sacs is also worth noticing, as

it is but seldom that any structure of importance comes to lie -be¬

tween the nerve cord and the ventral surface.

Twisting about on both sides of the central or right stink
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sac, but more especially on the right side where there is more

room is a convoluted mass of fine tubules. The convolutions

are so complicated and the tubules so fragile that I have not

been able to ascertain how many tubules are present or whether

they branch or anastomose. This last is probably not the case

as I could scarcely have failed to get some trace of branching

if it were present. I have traced two of these tubules appa¬

rently opening into the distal - i.e. anterior - end of the

left stink sac and have little doubt that others open similar¬

ly into the right one. I take these tubules to be the purely

secretive part of the stink gland, and imagine that they dis¬

charge their secretion into the sacs from which it is ejected

in considerable quantities when necessary.

The coxal gland (figs. 2 and 3 ox) lies in the thorax on

either side of the entosternite, the processes of which pass

dorsal to it. It is an elongated body with a wavy outline and

the convolutions of the tube of which it is composed may be

seen on the surface. At the front end it gives off a duct

which runs alongside the foremost process of the entosternite

and then curving outwards passes into the base of the third

appendage. I have been quite unable to find any aperture on

the external surface in this region, but there is a consider¬

able membranous area in which such an aperture might easily be

overlooked. At the same time it is quite possible that the

duct may be closed in the adult as in Scorpions, or only open

at special seasons as in Mygale.

The lung books are situated, as has been already stated,

towards the sides, beneath the first and second aHdominal scle-



tit-es. The lamellae lie for the most part horizontally though

curving up a little towards the outside. Each lamella has a

comparatively short posterior edge where it abuts on the air

space (-firglTS) . The two sides run forward, diverging from each

other, the outer side being the longer; and the anterior edge

runs obliquely forward and outward. Thin ehitinous cuticle

covers both sides of each lamella between the two layers of

which is the blood space. Occasional cellular columns pass

across the blood space from one cuticle to the other. The cu¬

ticle on the dorsal side of each lamella is covered towards

the free margin (fig.9) by a number of vertical chitinous rods

the summits of which are united to form an arcade structure.

Further away from the free margin, these rods become smaller

(fig.10) and seem to be firmly attached to the ventral surface

of the overlying lamella. Whether the ordinary small rods are

actually continuous with the chitin of the overlying lamella

I cannot be sure, but certain thicker rods which occur here and

there certainly are continuous. There is in this region no ap¬

pearance of an arcade structure. The free edge of each la¬

mella is enormously thickened (fig.9) the thickened rim tend¬

ing to run into sharp points on the dorsal surface and along

the edge, while it is smoother and more solid on the ventral

surface. The arcade structure gradually dies out towards the

edge though it persists for some distance along the thickened

portion.

The posterior side of the air chamber is bounded by a mem¬

branous wall which is strengthened by a network of curved chi¬

tinous bars (fig 11). These bars are every here and there

drawn up into blunt processes and small knobs of chitin make
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their appearance on the membrane within the meshes.. At the

sides of the air chamber where the ends of the free edges of

the lamellae are attached to it, the wall is enormously thicken-

ed(fig.l2) and drawn out into irregular conical processes. The

surface of this part of the wall is further closely covered

with stiff hairs.

The structure of these lamellae differs from that describ¬

ed by Berteaux (+) for spiders, chiefly in the greatly thicken¬

ed free margin. In other respects the similarity is very close

Caudal Organ. On the dorsal surface of the last segment

lies a pair of oval white spots Jihich have been called the aper¬

tures of the stink glands (fig. 1 c.o.). Sections through this

portion of the integument however shew that there is no aper¬

ture at this point. The chitinous cuticle is much thinner than

elsewhere (fig.7) and the underlying layer of cells shews an

entirely different form. Over the rest of the body the hypo-

dermis consists of somewhat flattened cells with circular nu¬

clei, but in the region of this caudal organ the cells are co¬

lumnar with large oval nuclei. In one dissection I thought I

could trace a nerve to these cells, but I could not be certain.

The appearance of these columnar cells suggests a sense organ

rather than a gland, and indeed we ahafir-the stink gland
-A- A

to be an entirely different structure. What sense this organ

serves is, however, not so clear. It is almost certainly not

an organ of sight, as there is no pigment in or around the

cells and the overlying cuticle shews no modification for any

optical purpose. It is probably then, either auditory, olfac-

(+) La Cellule Vol.V.
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tory or for the sense of temperature, as are the lyriform or¬

gans of Spiders according to Gaubert ( + ) but which must be left

undivided until the minute structure can be investigated on

properly preserved material. My feeling at present is in fa¬

vour of considering it an auditory organ, but I do not feel

prepared to advance any sufficient reasons in favour of that

view.

( + ) Ann Sci.Nat. Ser.7. Vol. 13.

DESCRIPTION OF FIGURES ILLUSTRATING THE

ANATOMY OF THELYPHONUS (Plate III)

eOo

Fig.l. Thelyphonus opened from the dorsal surface, The su¬
perficial muscles of the thorax have been removed.

i - vi Appendages, co.caudal organ; d.c.m. dorsa}.
tail muscle; d.v.m.s. dorsoventral muscle of eighth
free segment; g.thoracic expansion of gut; ht heart;
o.c. central eyes.

Fig.la Portion of trabecular tissue from anterior lobe of gut.

Fig.2. Transverse section of thorax of small Thelyphonus.
cox. coxal gland; ent.entostermite; g.& g'. diverti¬
cula of gut; m.d.g. Anterior median diverticulum of
gut;,n.g. thoracic nerve ganglion; st.stomodoeum.

Fig.2a. Trans-gerse section through stomodoeum in front of
Fig.2.

Fig,3. Stercoral pocket and proctodoeum.

Fig.4. Thorax after removal of the gut, fi.e. cerebral gang¬
lia; cox. coxal gland; cox.d. duct of coxal gland;
ent. entosternite.



Fig.5.

Fig.6.

Fig.6a.

Fig.7.

Fig.8.

Fig.9.

Fig.10.

Fig.11.

Fig.12.

Fig.13.

Fig.14.

Fig.15.

Fig.16.

Fig.17.

Cerebral and thoracic ganglia. iii-vi nerves to ap¬
pendages; oen optic nerves; oes. oesophagus.

Posterior portion of abdomen after removal of gut and
digestive gland, ng.nerve ganglion; r.rectum; l.s.s.
and r.s.s. left and right sacs of stink gland; s.g.
coiled tubes of stink gland.

Section through part of wall of stink sac.

Section through caudal organ, cu.cuticle; hy.hypo-
dormis; sc.sense cells.

Anterior segments of abdomen. The anterior process
of the second sclerite has been removed so as to open
the genital vestibule. c' and c" chitinous supports
of the genital vestibule; ge.v. genital vestibule;
lb.l and lb 2. first and second lung books; se.v. di¬
latation of vas deferens; x hard structure in se.v.

Section of the free edges of two lamellae of the
lung book.

Section through lamellae of lung book near their base.

Fart of the wall of the air space towards the centre.

Section of wall of airspace towards the side.

Sideview of mouth and surrounding parts. The left
1st and 2nd. appendages Jjiave been removed and the
thorax laid open. i and ii right first and second
appendages; car. carapace; eps. epistome; m.mouth;
p.s.t. sense organ on base of appendage ii.

Ventral sclerites of' 2nd and 3rd free segments viewed
from inside.

Section of wall of stercoral pocket.

Section of one of the Malpighian tubes.

Section of epithelium of proctodoeum.
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SOME EMBRYOS OF PHRYKUS.

0O0

While examining: the Pedipalpi in the British Museum col¬

lection, Mr Pocock directed my attention to a few specimens of

Fhrynus which had embryos attached to them. Inasmuch as prac¬

tically nothing is knovm of the development of these forms (+)

it seemed well worth while to examine what embryos there were

though the number of specimens and state of preservation were

evidently not such as to make anything approaching a satis¬

factory account possible. Through the kindness of Br Gunthor

I have been a£le to cut sections through four stages and have
made out a few points which are, I think, not devoid of interest

Unfortunately, two of the four stages wore too badly preservou

to shew anything, so ipy results are based on two somewhat late

stages.

The development of Phrynus takes place not as usually

stated within the mother, but the embryos are carried in a sac

formed of dark brown transparent gelatinous looking material

attached to the ventral surface of the mother (flg.l). The

abdomen is concave on the ventral .. surface where this sac is

present, and the dorsoventral measurement is so much reduced

that it seems a question how the organs necessary for exist¬

ence can be contained in it. By what means the sac is formed

(+) Bruce. Johns Hopkins University Circulars Vol.vi
1886, describes only a few points and that without fi¬
gures.
V. #/d-0 . Zoel. / V0! Z, a.



and attached I have not been able to find out. It coincides

in shape with the abdomen of which it covers all except the

first two segments. The anterior part of it and the sides

are thin, but the greater part of the ventral surface is

covered by a roughly quadrilateral thicker portion, the margin

of which is thicker than the rest. At the posterior end - at

least in Phrynus reniformis in a specimen of which the sac was

best preserved - this thickened portion runs out into two short

acute triangular processes. This method of carrying the young

agrees with what is known of the habits of Thelyphonua.

As mentioned above the only embryos which I have been able

to cut sections of are in a comparatively advanced stage of

development. One specimen of Phrynus reniformis, however, in

the British Museum was apparently at an early stage (fig.%).

In surface view it consisted, as nearly as one could ascertain,

of a large cephalic lobe followed by seven or more paired white

blocks, extending round about £ of the spherical egg. It was

evident that only the thicker parts of the embryo were visible,

and I take it that the paired blocks are the mesobiatic somites

of the embryo, while the cephalic lobe is due to the thickening

to form the brain. In the absence of sections, ffiowever, any

attempt to determine what is tawi what is not worth much.

The older embryos have already the limbs well developed,

and the boay has undergone reversion similar to what occurs

in Spiders (figs. 2 and 4). Just above and a little in front

of the base of the fourth pair of limbs is seen a sac-like ex¬

pansion, the surface of which, as also that of the body and

legs in the immediate neighbourhood, is covered with a dark



layer, apparently formed by the coagulation of some liquid ex¬

cretion. In section the sac is seen to be hollow but it was

not possible to trace the cavity into connection with that of

any other organ. The cuticle covering the sac is peculiar in

that it is covered with blunt, conical, hollow processes which

I believe are perforated. The cells forming the wall of the

sac having drawn away from it owing to preservation, it was

impossible to say whether processes from them extend into the

cuticular processes or not, but I am inclined to think that

such processes existed.

The presence of this sac was noticed by Bruce (+) and a

similar organ has been described in Gaieodks by Croneberg (§).

Bruce considers it as a sense organ, while Gronaberg compares

it with the paired processes in A^selius, which probably re¬
present the remains of the CoJ^a^^cx~ ?

Bruce has described a cellular amnion round his embryos.

Of this I can find no distinct trace but it may have atrophied

at an earlier stage.

The embryo appears, however, to cast off at least one cu¬

ticle in the course of development. This cuticle follows rough¬

ly the outlines of the body and seems to be cast off auring

the later stages of the process of reversion as there are oroaa

partitions between the layer covering the cex>halo-thorax and

that otoer the abdomen. Between these two layers and therefore

(+; Bruce A.I. Observations on the nervous system of
Insects, etc. J6hns Hopkins University Circulars Vol.
VI.

(§) Cronftberg. £ool.Anz. 10 jahrg. 1887.



outside this cuticle, there are traces in one of my embryos

of a thin walled sac with granular contents, but whether this

may be the remains of a still earlier cuticle or not I am un¬

able to say.

The Gut (fig.4).

The gut is composed as usual of three well marked

divisions - Stomodaeurn, hesenteron and Proctodaeum. The stomo-

daeurn is a narrow tube extending from the mouth to a little

behind the brain. In front of the brain there are attached to

it powerful muscles running dorsally to be inserted in the cara-

pac©behind the median eyes. Lateral muscles are also present

in this region which no doubt has a suctorial function, though

there is no sign of any dilatation to form a sucking stomach.

Close behind the brain ana just in front of the junction be¬

tween the stomodamibi and the mesenteron are inserted some more

muscles which also pass dorsally to the carapace.

The anterior part of the mesenteron - i.e. the part lying

in the cephalo-thorax - is dilated to form a sort of stomach as

in Thelyphonus. The dilatation seems to take the form of a

single pair of lateral outgrowths very similar at this stage

to the lobes of the "liver". A small median ventral outgrowth

is also present and reminds one of the median processes in

Thelyphonus. The middle part of the mesenteron is very short,

only extending as far back as the fourth free segment. There

are four pairs of diverticula forming the so-called liver of

which the first three divide almost immediately into a dorsal

and ventral portion. The "liver" lobes of these three are small

and well defined, the ventral part of the first two being much



smaller than the dorsal. They are placed in front of the first

dorsoventral muscle, (i.e. the muscle of the second segment)

and between the first and second, and the second and third

dorsoventral muscles respectively. The fourth diverticulum is

very much larger than the others and runs back along each side

of the gut, somewhat dorsal to it. It opens into four secondary

lobes on the ventral side, lying in the 4th. 5th. bth. and 7th.

segments respectively and is continued, though much reduced in

size, as far as the posterior end of the body.

Behind this middle section of the mesenteron comes a con¬

siderable length of narrow intestine which expands about the

seventh segment into a great oval stereoral pocket which reaches

to the posterior end of the body. This stercoral pouch is in

absolute continuity with the rest of the gut and is, I have no

doubtsp derivea from the hypoblast, h^ftnrnrtr -make ouj^jfrcgiy
*"8bo br^orlgih "of the JfslpIghia-n%ubesT^'STrt~~t^is

troubles me the lln^f-ds^iguuse J-^lhink that they cannot safely

be taken ae mark-tng"""the .1 unctton between mealTnlTeFdn~a,nd~pro"cto-

djgreTtm-r-f*-—

The proctodaeum consists of a solid mass of cells which

comes into contact with the closed, posterior end of the ster¬

coral pocket. The cells are however quite different in appear¬

ance from those lining the stercoral pocket and though in con¬

tact the line of demarcation is perfectly distinct.

Ti\e stercoral pocket of Spiders has been described as part

of the procsfe<idaeum, ana if we take the Malpighfdn t&bes as

marking the end or^titgriiesenteron this description is undoubt¬

edly correct. At the samte^rnefhe development of this part

.10^1^3 j-cry cr/ tLX }u .



<3f the gut does not seem very clear as Kishinouge ( + ) describes

it as fotaaed. from an unpaired coelom. I think it irs qu ite pos¬

sible that observers have been misled by the Mdlpighian tubes

and, therefore, not devoted to this part tin® attention which

it deserves, anoX^hat it may prove to be in the Aranima also

a part of the mesenterbrm I hayxnot of course been able to
prove that the stercoral pop&ot in Fhrynus is formed from the

mesenteron, but of one thing I amNtertain and that is, that it

has no connection wfth the prootod&eum>\ Whether the develop¬

ment of this j>&rt in the Araniina has been HHsdoscribed or whe¬
ther the^-diTercoral pocket of the Padipaipi is nut homologous

wjjtn that of the Aranima, must be decided by future^research.

The Nervous Sy3 tern.

I have been able to make out but little as regards

the development of the nervous system, as in my younger stage

it is practically fully formed, though, as is usually the case

with embryos, far larger in proportion than in the adult. The

ganglionfor the chelicorao is quito distinct from the brain

in my embryos. Ganglion, by the way, used in this sense has

exactly the opposite meaning to that in Vertebrate. In the

latter it means a collection of nerve cells while in the Ar¬

thropod cephalo-thoraeie nervous system it moans a mass of

white substance among the nerve ceils. Behind the ganglion

for the chelicorao are five, somewhat larger similar ganglia

appertaining to the five other appendages. Then come six very

small separate masses of white substance and finally a single

{•H—J-ourn.-^el^-S-ci. . Tok 1o, Voirfv. p.uB.



elongated mass from which the nerve cord rune out. I have not

found in these stages any distinct division of the cerebral
»

ganglion into three such as has been described for Li-m uhas ( + }

and Spiders. The distinction between the ceils forming the

dorsal mass of the cerebral ganglion and those lying on its

sides is well marked here, as in Scorpions, the former being

smaller ana more closely packed.

The central eyes are formed, as in Scorpions (a) and Spi¬

ders (i) toy an inpashing from in front of where the eye is about

to be formed, the dorsal wail of which inpuahing forms the re¬

tinal cells while the ventral wail forms a layer of flattened

ceils bounding the retina on its ventral side. The nervous

system being already separated from the skin in my younger em¬

bryo I cannot say whether or not part of the cerebral ganglion

is formed from the optic inpushing as in Scorpions. As in other

Arachnids, the central eyes are diplostichous and the lateral

eyes monostichous, the latter being formed by a modification

of the hypodermis ceils in situ.

Coxal Gland..

The earlier stages of this structure are not repre¬

sented in my specimens. In the younger it is already a con*,

siderably coiled tube. The tube is lined by cubical epithelium

the cells of which have round lightly granular nuclei. Towards

{ + ) Patten. Q.J.MiS. Vol.XXXV /Harvard Vol.xiii and
(§) Laurie Q.J.k.S. Vol.xxxi /'"
(3Fi Parker. Bui1.i.rus.Gomp.Zool*/
(i) Lodjijf. Bull.iV.us.Comp,Zool. Harvard Vol.xii.



the front end a duct passes from the coiled tube and opens to

the exterior on the posterior face of the basal joint of the
Thibet
#-rny<: appendage (fig.b). The epithelium lining xcS the uuct

A.

differs from that cf the coiled, tube, the nuclei being more

closely packed, somewhat larger, oval and more darkly staining.

T hey resemble pretty closely the nuclei of the hypodermis and

as the duct has a thin cuticular lining it probably represents

the ectodermal part of the coxal gland. No trace of an enlarged

terminal sac, such as that described by Faussek (+) in Phalan-

gium, could be found, but it may bo present in younger stages.

The Respiratory Organs.

The lung books in the Fedipalpi are two in number,

the first lying under the large genital plate and the second

under the next scleritfc, which corresponds to the third free

segment. An early stage of development is shown in fig

which is a longitudinal section, to one aide of the middle lino,

i is the genital plate and iii the scleritja immediately be¬

hind it. The two resemble one another so closely that a de¬

scription of one of them will serve for both. iii than, con¬

sists of a distinct outgrowth from the body wall, the cavity of

which contains at this stage a certain number of mesoderm cells.

The hypodermis over the greater part of it is vary much like

that of the rest of the body. On the posterior surface - i.e.

the surface next to the body wall - however, the inner two-

thirds is thickened and the cells of the thickened portion are

( + } Faussck. 'i'ravaux de la Soc.d.Nat. Bt.Petersb. Vol.
XXII (Russian) Abstract in Biol.Centr.1892.



beginning to arrange themselues in rows more or less at right

angles to the surface of the outgrowth. This is the beginning

of the lung book. That this lung book belongs to the segment

to which it is at this stage attached and not to the one behind

it, is, 1* think, fairly certain. With regard to the first

lung book, which appears to be attached to the posterior surface

of the genital plate, it is not so evident which segment < it

belongs to. The genital plate covers the ventral surface of

the first two segments and the lung book may either be attached

to the genital plate and therefore belong morphologically to

the first segment of which the genital plate is the appendage,

or it may be- the sole survival of the appendage of the second

segment which has otherwise entirely disappeared. This last

I have suggested as being the case in the Kurypteridae ( + ) and

I believe it to be the correct explanation in these forms also,

but only an examination of earlier stages can prove it. At all

events it is pretty certain that the first lung book belongs

to segments i ofc it and not to segment iii. It is there¬

fore not homologous with the first lung book of the Scorpion,

which does belong to segment iii, but is either the hoftologue

of the pec tines of the Scorpion - i.e. appendage ii, or is a

special structure, the appendage of segment ii having entire¬

ly vanished. The former is evidently more probable a priori.

Of the development of the other organs I have not been

able to make out anything of importance. The whole of this

paper is, I feel, calculated rather to shew what we may expect

(+j Trana.R.S.Edin. Vol.XXXVII.



when the embryology of this group is properly worked out than

to say what actually happens. If I have shewn what important

results a study of these forms will almost certainly give us

asau how heavily handicapped any attempt to deal with the Mor¬

phology of the Arachnida must be until such a study has been

made. I have done all that I expected with the material at my

disposal.

DEBGR IF TIOh 0? FIGURES
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Fig.l. Ventral surface of abdomen of Ph.reniformis with
egg sac.

" 2. Young embryo of Fh.reniformis surface view x F.
" 3. Side view of embryo of Phr.annulatlpes x-^&.Q lateral,

organ.

» A

V

11

Schematic longitudinal vertical section of Phr.annu-
iatipes M oc median eye; gena.genital aperture;
Stc. Stercoral pocket; Pft.proctouaoum.

*

5. Long.Sect, of first four abdominal segments, x

u. Long,Sect, through front part of coxal gland and
due t. x -Ay
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PART VI.

GENERAL CONSIDERATIONS.

cOo

In the following pages I only propose to consider a few

points in Arachnid morphology on which it seems to me that my

observations have thrown some light. Many points - such as the

existence of a number of preoral segments in the embryo - I

have not dealt with because it seems better to wait for further

observations rather than to try and generalize on a manifestly

insufficient basis.

0) Post-oral Thoracic Appendages.
Gaubert (+) on his recent paper on the Arachnids

treats of the limbs of the terrestrial forms at some length

but his conelusions do not appear satisfactory to me. He con¬

siders the typical walking leg of the Arachnids to consist of

six segments, the articulations between which are capable

of dorsoventral motion. Antero-posterior motion has been ac¬

quired in most forms, but always by the formation of a second¬

ary joint which has arisen in various parts of the leg in dif¬

ferent forms. Thus, in Pedipalpi, Phalangidae and Spiders, the

fourth segment has been divided; in Scorpions the fifth, and

in Galeodes the third. That secondary jointing does take place

is certain, but that all the articulations capable of antero-

( + ) Ann.Sci.Nat. Ser. 7 Vol.13.
1
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posterior motion are due to it I doubt. In fig.7, Plate IV,

I have drawn a number of legs of different forms, a glance at

which will make my views clearer than pages of description.

The numbers above each figure are those of the segments of the

limb as I interpret them, those in brackets below are according

to Gaubert. The articulation capable of antero-posterior move¬

ment is marked with an asterisk. In a primitive limb, then,

for a type of which I will take that of one of the Eurypterids,

we have seven segments, of which the first is modified for

mastication and the articulations of which are capable of move¬

ment in any direction. Appendage ii seems in contradistinc¬

tion to the rest to have only 6 segments in all forms, The

following are the chief modifications which have taken place

in the various orders:-

(a) Eurypterids. Appendage ii, may have a tactile func¬

tion as in Slimonia. Appendage vi is always larger than the

rest and usually flattened to form the swimming foot. In Stylo-

merus v and vi are enormously elongated. An epicoxite is pre¬

sent in some of the limbs.

(b) Limulus. The masticatory function is retained through¬

out. Appendage ii has six segments and is chelate. Appendages

iii - vi are always described as having six segments, but there

is distinct evidence of a fusion of segments 4- and 5. Appendages 1

iii - v are chelate, while vi bears a nunber of spines at the

articulation between 6 and 7 and also at the end of 7. There

isjfurther, a curious outgrowth from the external side of seg¬

ment i which seems to be of importance as it is well developed

at a comparatively early stage ( + ), but the morphological sig-

(+) Kingsley, Journ.Morph. vii.



nificanee of which is unknown. An epicoxite is present in

Appendages iii - v.

(c) Scorpions. The masticatory function has been lost

except in Appendage ii though the expanded first joint per¬

sists in iii and iv and serves to shut in the mouth behind.

An epicoxite is present in iii (+). The third segment has an

ascending position, the fourth is almost horizontal. The ar¬

ticulation between 5 and 6 is modified for antero-posterior motion

{<*) Pedipalpi. The masticatory function is retained in Appen¬
dage ii in Phrynus, but not in Thelyphonus, in which the first

joints of this limb are fused and perform the function of Ap¬

pendages iii and iv of the Scorpion. Appendage iii is modified

as a tactile organ, the last Z- joints in Phrynus and the

last Z in Thelyphonus being secondarily segmented. The first

segment of Appendages iv - vi is fused to the body - more com¬

pletely in Thelyphonus than Phrymis. Segment 3 is ascending

in direction in these limbs and the rest descending. Articu¬

lation 4 - 5 is modified for antero-posterior motion and seg¬

ment 7 forms a three-jointed tarsus. Appendage vi in the Phry-

nidae undergoes secondary segmentation of segment 5 in many

forms. Phrynichus (Oeylonicus) has the segment normal; Damon

(medius) has it divided into two; Tarantula pumilis (C.L.Kocia)

has three segments in this region, and Phrynus Grayi (?) four. .(§)

(e.) Arane idae. These are similar in arrangement to the Pedi-

palpi, except that segment 7 is not divided up into a tarsus.

(+) Lankester Q.J.M.S. XXI.
(§) Karsch. z.Kenntniss der Tarantulidun. Arch. f.Naturg.

Vol. i.
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Appendage ii is tactile not prehensile and undergoes curious

modifications in the male.

(4~) Phalangidae. The masticatory function is retained by

Appendages ii and iii, while Appendage iv has still a process

projecting towards the middle line. The- rest of the limbs are

similar to those of Spiders, except that segment 7 is divided

into a many jointed tarsus.

(f) Galeodes. The masticatory function is entirely lost. Ap¬
pendage iiiis slightly modified for tactile purposes, having

lost the claw and apparently segment 7. This loss of a seg¬

ment is curiously in contrast with the multiplication of seg¬

ments in the corresponding limb of the Pedipalpi. In Appen¬

dages iii and iv an additional joint is intercalated between

segments 2 and 3. This may be due to division of segment 2,

but more likely - as Gaubert suggests - to division of segment

3, Antero-posterior motion takes place between this additional

segment and 3. In Appendages v and vi a second segment is inter¬

calated in this region. Whether the intercalated segment is

connected with a horse-shoe shaped strip of chitin which strength¬

ens articulation 2 - 3 in the Pedipalpi or not is an interest¬

ing point which must remain for the present unsolved.

(k) Pseudoseorpions. In these minute forms the masticatory
function has been lost except in Appendage ii. In the other

limbs segments 3 and 4 are fused together, their line of junc¬

tion being marked by a groove, while segment 7 is so reduced

as to have been overlooked by everyone except Croneberg.f The

limbs are exceptional in that the division between the ascend-

Aosc. (i-'rT-
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ing and descending portions of the limb occurs at articulation

4-5 instead of articulation 3-4.

(i) Acarina. The limbs here seem to have only six segments,

but my researches have not led me to any conclusion as to

which segment is lost. Appendages i and ii are variously modi¬

fied in connection with the modes of life of the different

forms. As being a degenerate group derived probably from the

neighbourhood of the Phalangidae (Bernard says from the Aran-

eidae) they need not detain us here.

To summarize the results obtained from the above brief

account of the appendages, the terrestrial forms seem to differ

from the aquatic ones (Limulus and Eurypteridae) in that the

majority of the appendages have lost their masticatory function.

This confinement of mastication to a smaller area seems to me a

natural result of terrestrial life in such forms as these which

suck in their food in a liquid form. A result of terrestrial

life to be by all means avoided, is evidently that the juices

on which they subsist should dry up. Beyond this the modifi¬

cations of the appendages would seem to unite the Pedipalpi,

Phalangidae and Araneidae together as a natural group. The

Scorpions differ from them on one side, and Gale odes, as usual,

stands alone on the other, though apparently shewing affinities

to the Pedipalpi. The condition of things in the Pseudoscor-

pions points either to their type of limb being independently

derived from a comparatively primitive form, or to their hav¬

ing passed through a much simplified stage - like the 4carina.
I think the latter more probable though I wish it to be dis¬

tinctly understood that I do not propose to derive the Pseudo-

scorpions from the Acarina.



ZJ Abdominal Appendages and respiratory organd.
The full number of abdominal appendages -six - only

persist as such in Limulus. In this form they are somewhat

modified, the plates of each pair being connected in the middle

line. That this connection is secondary is evident from Kings-

ley's (+) figures which shew the abdominal appendages quite

distinct from each other. The other aquatic forms - the Euryp-

terias - differ from Limulus in the segmentation of the abdo¬

men. The first appendage is fused in the middle and bears a

well developed median lobe which probably has some function in

connection with reproduction and is in some forms at any rate

capable of partial invagination (v. supra p. & ). The se¬

cond abdominal segment is covered by this genital operculum

and has no plate-like appendage, though it bears a number of

branchial lamellae. The third to sixth segments bear paired

plates with branchial lamellae on thei** posterior surfaces.

The sternites persist in these segments - at all events in

Slimonia - and this one would expect as a segmented abdomen

demands greater strength than one in which the segments are

fused together as they are in Limulus.

I have stated above at the end of section If]what I believe
to be the case as regards the morphology of the anterior ab¬

dominal segments in Scorpio and the Pedipalpi. To recapitu¬

late briefly, the Scorpions have all the segments well-developed

the second segment bearing the pec tines and the third to sixth,

having lung books. The genital plate is small and does not

overlap the second segment. In the Pedipalpi, the genital

plate covers two segments as in Eurypterids, the second of

which bears the first pair of lung books which consequently

i+) Journ.Morph. vii.



lie under the genital plate. The third segment is also covered

by an appendage under which lie the second pair of lung books.

I think the anatomy, and still more the development, as de¬

scribed above, fully bear out this view. There can be no doubt

that the first pair of lung books in the embryo Phrynus belong

to the region covered by the genital plate and not to the third

segment. The first pair of lung books in the Pedipalpi thus

correspond to the pectines of Scorpions. Another difference

between the lung books of these forms seems to be that in Scor¬

pio they are formed, as I have elsewhere maintained (+) , from

paired appendages not united in the middle line, but in the

Pedipalpi the appendages stretch right across as Macleod (§)

suggested.

This view differs from that which has recently been set

forth by Pocock (i) who regards all the sclerites as sternites

and considers that the ventral side of the second abdominal seg¬

ment has been crushed out by the great development of the first

which extends so far back as to cover part of the third segment,

including the first pair of lung books. The second sternite -

that of the third segment - has been pushed back by the same

growth so as to cover the second pair of lung books, which be¬

long to the foi.irth segment.

Schizonotus. which Z have unfortunately not had an oppor¬

tunity of studying, is thus described by Pocock. "There appears

usually to be a single pair of respiratory stigmata situated

behind the first sternite, as in Thelyphonus. The posterior

(+) V.part V. section 3.
(§) Arch.de Biol. Vol.V.
(i) Ann. and Mag. Vol. XI, 1893.



61

pair that are developed in Thelyphonus appear to be function-

less, but upon the third, fourth,and fifth sterna (morphologi¬

cally the fourth, fifth and sixth) close to the posterior mar¬

gin and behind the muscular impressions a pair of dusky patches

are visible. These appear to be some internal organs seen

through the semi transparent cuticle and I believe they are the

homologues of the three posterior pairs of lung-sacs in the

Scorpion" (+). If this interpretation of these structures be

correct we have here traces of the posterior abdominal appen-

danges which have entirely disappeared in Thelyphonus and Phrynus

In Spiders the same arrangement is found as in the Pedi-

palpi. This is particularly clear in that curiously primitive

form, Liphis^ius whieh has been recently described by Poeock(§).

In this form the segmentation of the abdomen is marked on the

dorsal side by nine (Schiodte ) chitinoiis tergites. On the

ventral side there are two large chitinous plates, the anterior

of which covers the genital aperture and the first pair of lung

books, while the posterior covers the second pair of lung books.

These two chitinous plates I would regard as the two appendages

which are found in the Pedipalpi. A further argument in favour

of my view is that the lung books have been described as de¬

veloping in connection with the appendages of the second abdo¬

minal segment. In the hipneumones, the posterior pair of lung

books are replaced by tracheae which,according to my view, have

developed by an extension of the air-chamber of the lung-sac

as has been suggested by Macleod (i)

Two pairs of abdominal appendages seem to be converted

(+) Ann. and Mag. XI.
(i) Arch.de Biol. Vol.V.
(i) Ann. and Mag.'1892..



e
into spinning mammillae in the Aranina. In LiphisticKSs they

occupy a normal position on the ventral surface of the abdomen,

but in the higher forms in which the segmentation of the ab¬

domen has been entirely lost they are shifted to a posterior

position. This accounts for five appendages of the abdomen,

which is all that seem to appear in the embryo. It may be ad¬

vanced as an argument against my view that if we consider the

second lung book as belonging to the fourth abdominal segment

instead of the third, then we have, with the spinning mammillae,

all six abdominal appendages accounted for, but it seems to me

more likely - without considering other reasons - that the

sixth appendage has vanished than that the second has disap¬

peared without leavingany trace.

In the other Arachnids, the lung books are replaced by

tracheae. Of Galsodes - the pons asinorum of all who have

tried to deal with Arachnid morphology - I do not intend to

speak here. The presence of stigmata leading into tracheae

between the fourth and fifth thoracic appendages is perplexing,

not to say bewildering, but I have not had an opportunity of

examining the anatomy myself and the descriptions are so doubt¬

ful that one cannot even be sure of the number of stigmata on

the abdominal segments. They are usually mentioned as being

two pairs, but Kittary ( + ) figures two paix's opening behind

the second and third sternites and further a median stigmatic

orifice behind the fourth sternite. Under these circumstances

speculation seems futile and though this pons would, I believe,

lead into a paradise for those interested in Arachnid morpho¬

logy, I do not intend even to attempt the passage.

(+) Bulletin. 1848.



The Pseudoscorpions are also not very well known. The

first two abdominal sclerites between which the genital open¬

ing is placed, appear to correspond with the first two sclerites

first and third abdominal segments. The fact that they have

no dorsoventral muscles inserted in them favours this view

The stigmata - two pairs - have, however, migrated up the sides

into the soft skin connecting the tergites and sternites and

are - according to Croneberg's figures rather more posterior

in position than they ought to be if they correspond to the

lung books of the Fedipalpi. The segmentation of the anterior

region of the abdomen seems, however, somekhat indefinite, and

I do not think that with our present knowledge of these forms'

any serious objection can be advanced to the hypothesis that

they are derived from forms like the Pedipalpi. I have already

given some reasons why they should be considered as having

passed through a much simplified stage, and if they have clone

so, one need not be surprised if the morphology of the anterior

abdominal segments is somekhat difficult to understand.

In the Phalangidae there appears to be only one pair of

stigmata, but which segment this belongs to I do not feel pre¬

pared to say. The extraordinary development of the external

reproductive organs cannot be morphologically understood until

the development of these parts has been fully studied and the

anterior region of the abdomen must therefore remain as yet

unexplained.

It has often been maintained that the lung books of Arach-

nida are derived from tracheae and not from branchiaet but this

of the Pedipalpi and probably represent the appendages of the



view cannot, I think, be accepted. The fact that lung books

are characteristic of the two most primitive orders - the Scor¬

pions and the Pedipalpi - while in the Spiders, in which both

are present, it is the higher forms - the Dipneumones - which

have tracheae, affords a strong argument against it. It is

said that the independent development of tracheae so closely

resembling each other in the Insects and Arachnids cannot be

thought of as possible, but if we try to begin from tracheae

we find that lung books, more closely resembling each other,

have to be independently developed twice or more probably three

times so we are not much forwarder. Further, the similarity

between the tracheae of Arachnids and Insects has been much

over-rated. It seems to depend mostly on the spiral thickening

which is present in both cases, but a thickening of some sort

is evidently a mechanical necessity in these structures and

also the 'spiral' is very poorly developed in many Arachnids.;

The difference of position, too, must have some morphological

significance, the tracheae of Insects, etc., arising outside

the attachment of the appendages, while those of Arachnids are

inside. Bernard (+) would derive the tracheae of both forms

from setiparous sacs and makes a great point of the thoracic

stigmata of Galsodes. Galeodes is a difficult problem which¬

ever view we take, but far too little is known of its anatomy

(and still less of its development) to make it a safe basis

for generalising from. It is to be hoped that Dr Bernard's

forthcoming paper on this form will give us some surer ground

(+) Zool.Jahrb. Vol.V. and Ann.and Mag. Vol. XI.



on which to base our speculations. He talks of the"fascinating

but seductive" hypothesis that the lung books are derived from

branchiae, but it seems to me that a plentiful supply of seti-

parous sacs capable of developing at will into lung books,

tracheae, or coxal-glands affords a still more "fascinating"

hypothesis and is, I am afraid, equally seductive. I do not

think that "in face of the development of the lung books in

Phrynus, where they evidently qrise as foldings of the posterior

wall of an appendage, it is possible to entertain the idea that

they are derived from setiparous sacs, and they do not seem

to give much indication of being derived from tracheae. It is

unfortunate that the development of the tracheae in Arachnids

has never been fully described as I cannot but think that it

would give some indication as to whether they are primitive

or derived from lung-books.

(Sy The Coxal Gland.
There can be little doubt now but that this structure

is morphologically a nephridium. It has been shewn to develop

in part from the mesoderm and in the earlier stages to open

into the coelomic cavity in Limulus, Scorpio, Phalangium and

Spiders, and the structure in the adults is much the same in

all these forms. Bernard (■+•) again suggests setiparous sacs

as the origin of the coxal glands, but I do not think he can

have understood the significance of what had bean described

in their development. Setiparous sacs partly developed from

the mesoderm and opening freely into the coelom do not commend

(+) Ann. and Mag. XII.



themselves to one as morphological probabilities. The differ¬

ences in the various forms have been so fully treated of by

Sturany (+j that it seems unnecessary to recapitulate the de¬

tails here. The one point on which I wish to lay some stress

is the difference.which exists as to the segment to which the

coxal gland belongs. In the Scorpion and Limulus it opens at

the base of the fifth pair of appendages. Kowalevsky and

Schulgin (§) describe it as belonging to the third in Androc-

tonus ornatus, but my sections of Euscorpius italicus and Cen¬

trums leave no possibility of doubt that in these forms it is

the fifth, and as they themselves seem not very certain I think

it probable that they were mistaken. In Phalangium, Phrynus

(supra) and Spiders, this organ opens at the base of the third

pair of appendages. Berthatt (i) says he has seen ducts to the

fifth pair of' appendages in Atypus, and Sturany says also that

it opens on the fifth in the Tetrapneumones. In Pseudo-scor¬

pions it opens on the "third leg" - which I presume means the

fifth pair of appendages - according to Bernard, but unfortun¬

ately the detailed account is not yet published.

It seems then, that while the coxal glands are serially

homologous in different forms, they belong to different seg¬

ments and by this character alone the Arachnida would be aivided

into two sections, one containing the Scorpions and Limulus,

in which it opens on the fifth appendages, and the other the

rest of the group, in which there is a gland in the third seg¬

ment with the possible exception of some Spiders and Pseudo-

(+) Arb.Zool.InstWien. ¥ol. ix.
(§) Biol.Centr. VI.
(i) Arch.Mikr.Anat. Vol.24, and Zool.Anz. 92.



scorpions, A gland may also be present in the fifth segment

in these forms, The antennary and shell glands of Crustacea

are no doubt structures of the same kind but belonging to dif¬

ferent segments, i.e. either the second and fifth or first

and fourth according as one does or does not count the first

antennae as somatic appendages. Consequently, we must regard

both the Crustacea and the two sections of Arachnida as having

for their common ancestor a form with nephridia in each segment.
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f/f.J THE EYES.
0O0

The central eyes seem to be constructed on the same plan

and develop in the same way in all Arachnids. The retina is

formed from the dorsal wall of an inpushing from the front of

the head and the vitreous layer is formed from the hypodermis

of the top of the head. The proliferation of cells to form

part of the cerebral ganglion seems connected with this inpush¬

ing in most forms. The rhabdomes seem always to be placed to¬

wards the end of the retinal cells next the vitreous layer.

The minute structure has been so well described in Limulus (+)

Scorpio (§) and Spiders (i) that we nned not reconsider it here,

and the development has also been sufficiently well treated of

in Limulus (ii) Scorpio (iii) Phrynus (iv) Spiders (v) and

Phalangidae (vi) to make it evident that it follows the same

type throughout.

The lateral eyes are less well-known. The structure of

the adult eye has been described in Limulus, Scorpio and Spiders,

and seems to shew at first sight curious differences. The eyes

are developed in Scorpio by a direct specialisation of the hypo¬

dermis cells without invagination and are monostichous having

( + ) Lankester and Bourne Q.J.M.S. Vol.xx/'/
(§) Ibid.
(i) Bertkaa. Arch.Mikr.Anat.Vol.27., etc.
(ii) Kishinouye.J.Tokio, Vol.V. and Putten Q. J.M.S.Vol.XXXSV.
(iii) Parker. Bull .Mus .Harvard Vol.x/7/ and Laurie Q.J.R.M.S,

Vol.KXXh
(iv) V.Supra P.if-7-
(v) Loby.Bull.Mus.Harv.Vol.XII and Kishinouye J.Imp.Coll.

Tokid Vol.IV and V. (vi) Purcell y^ool•Anz. Vol.XV.



no vitreous layer. Parker deserib.es the cells round the retina
I

as pushing front of the retina to form the lens and then with¬

drawing again. In Spiders the lateral eyes have a permanent

vitreous layer, which seems to be formed by a down-sinking of

the retinal cells and an inpushing of the hypodermis cells

round them (+) similar to that described in Scorpio, the only

difference being that in Spiders they remain in front of the

retina and act as a vitreous body. They are, as it v/ere, se¬

condarily diplostiehous. Bertkatt's (§) figures 7a, 8, and 13

seem to support this view, and it is probably this down-sinking

of the retina and inpushing of the surrounding cells which has

led Locy (i) to describe an invagination similar to that for

the central eyes. The important morphological difference is

that it is the primitively outer end of the cells which is next

the light in the lateral eyes and the primitively inner end in

the central eyes. The refractive rod structures occur at the

end of the cells away from the surface in these eyes, as one

would expect.

The Phalangidae seem to have entirely lost their lateral

eyes, except perhaps in Stylocellus and some other low forms,

while the Pseudoscorpions have retained them and lost their

central ones.

I have not been able to make sure whether the lateral eyes

of Thelyphonus have a permanent vitreous or not, as my material

(+) Kishinouye J.Imp.Coll. Tokio, Vol.IV.
(§) Arch.Mikr.Anat. Vol.27,
(i) Bull.Mus.Harvard. Vol.XII.



was eminently unsuitable for histological research, but I think

there is a thin layer of cells between the retina and the lens.

A slight scattering of the three lateral eyes in Thelyphonus

would make them occupy the position characteristic of Spiders.

The question as to whether the individual lateral eyes

of the higher forms are each the equivalent of a lateral eye of

Limulus or are rather to be regarded as separate and enlarged

ommatidia of such an eye, has been a good deal debated. I

think the question has been complicated by taking smch a highly

modified eye as that of Limulus to start from. There seems no

doiibt that all the lateral eyes of Spiders, etc., are formed

from one primitive thickening and this thickening one may re¬

gard as representing a large simple eye such as we seem to get

in some Trilobites and perhaps some Eurypterids. The ommatidia

of such an eye have become divided into separate groups in

Spiders, etc., each of which one terms an eye, while in Limulus

each of the ommatidia has become more highly developed and ac¬

quired a kind of lens of its own. The lens of the originalm

simple eye was probably hardly more than transparent cuticle.

The Gut.

The only point on which I wish to make a few remarks

in this connection, is the origin of the Stercoral pocket as I

have described it above. There is no doubt in my mind, that

in Phrynus it is formed from the mesenteron. The position of

the Malpighian tubes which I discovered, after I had completed
the section dealing with Phrynus, as running in close contact

with the wall of the stercoral pocket to open into it at its
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posterior end is absolutely conclusive, though the evidence

from histological structure and anatomical relations in Fhrynus

and Thelyphonus was pretty strong already. In Spiders, however,

it is always described as being formed from the proctodoeum,

and the question arises whether the stercoral pocket in Spiders

is not homologous with that of Pedipalpi, or whether the de¬

velopment has not been properly described. I incline to the

latter view. That the development of this part of the gut is

not quite straightforward is, I think, evident from the fact

that Kishinouye ( + ), in his elaborate paper on the development

of Araneina, describes it as formed from the unpaired caudal

coelorrt. Such a startling suggestion as this certainly requires

independent confirmation, and I think that possibly Kishinouye

has mistaken the early formed posterior part of the gut for

coelom. However this may be, Kishinouye's figures seem to make

it pretty clear that the stercoral pocket has no connection with

the proctodoeum, which at this stage-is represented by a solid

plug of cells - just as it is in Fhrynus. The formation of the

Malpighian tubes in the Spider has also never been quite satis¬

factorily described, and if they run in close contact with the

stercoral pocket as they do in Fhrynus, they might easily be

mistaken as opening into the anterior end of the pocket. Kishi¬

nouye admits that he is not satisfied with his observations on

the origin of these structures and the description by other

observers is hardly more satisfactory than his. Locy'sTdescrip-
tion is brief and his figures are capable of a different inter¬

pretation to that which he gives them. Figure 57 in particular

seems rather in favour of my view. Balfour §* gives a very short

+ Vo? I V.) f. XX.



account of this region, and does not say whether the stercoral

pocket is formed from the P'roctodoeum or not, and Morin gives

no figures and his account is brief and inconclusive. The point

at all events will bear reinvestigation.

Gonclusion.

The ultimate summing up of all morphological work is

its embodiment in a classification which shall express the true

relations of forms to each other. This I do not feel prepared

to do as regards the Arachnids, but a few points may be touched

upon. I have already - at the end of part 2 - given some rea¬

sons for dividing the terrestrial forms into two sub-classes

similar to those suggested by Pocoek (+•) and for considering

the Scorpions as more nearly related to Liraulus and the rest of

the Arachnids to the Eurypterids. A further argument may be

found in the apparently invariable presence of a coxal gland

on the third appendage in the latter section. The development

of lung books from branchiae twice over would seem the chief

difficulty in this view, but if, as I have tried to shew, the

first lung books of Pedipalpi are equivalent to the pectines

of Scorpions the same difficulty faces us&crA-ei
The mutual relations of the forms constituting the second

e

sub-class (termed by Pocock Lipocty^na) is not quite clear. That
the Araneids and Pedipalpi are closely related is evidenced by

their possession of two pairs of respiratory organs, a sterco-

al pocket, similar chelieerae, legs segmented in the same way,

and a not very different disposition of the eyes. Beyond these

(+) Ann. and Mag. Vol.XI.



two the different orders do not seem to shew any very special

relations to each other and one is met at the outset by the

difficulty concerning tracheae. These are the common possession

of the Phalangidae, Spiders, Pseudoscorpions and Galeodes.

That the tracheae of Spiders have developed within the limits

of that order is, I think, indisputable as the Tetrapneumones,

or at all events Liphistitttfis, must be admitted as being the

lower forms. But no possible arrangement enables one to derive
(X

the Phalangidae, Pseudoscorpions and (^l^eodes from the Dipneu-
mones without violating every rule of morphological probability.

It must be admitted that tracheae have been formed from lung-

books twice at least within the limits of the Arachnida. As I

have already pointed out, any attempt to derive lung books from

tracheae lands one in an equally awkward position. The three

remaining orders - Fhalangids, Pseudoscorpions, and Solifugae

are unfortunately the three about whose morphology we know least.

They seem absolutely marked off from each other, the Phalangi¬

dae by their extraordinary reproductive apparatus, The Solifu¬

gae by the segmentation of the carapace and the presence of

thoracic stigmata,and the Pseudoscorpions by the absence of

both of these sets of characters. The Phalangidae are usually

placed somewhere in the neighbourhood of the Spiders, but be¬

yond the fact that in both the articulation between segments

4 and 5 of the legs is modified for antero-posterior motion

there does not seem to me to be much resemblance. The loss of

segmentation in the abdomen is a natural enough result - as

Pocock has shewn - of an active terrestrial life which renders

a long abdomen an incumbrance unless it is furnished with some



weapon as in the Scorpions. The chelicerae are chelate in the

Phalangitis; all trace of lateral eyes - which are very well

developed in Spiders - has been lost; and they have the peculiar

penis or ovipositor. These points together with the absence

of spinning mammillae and the substitution of one pair of tra¬

cheae for the two pairs of respiratory organs of Spiders shew

that the relation is at a}.l events not a very close one. One

would like to find some connection between the reproductive

apparatus of the Phalangidae and that of Eurypterids which has

been described above, but unless the genital plate of the lat¬

ter were turned forward so as to direct the median lobe towards

the head, I do not see how such a comparison could be attempted.

With OfcL^eodes the same thing strikes one, namely, that

the differences are much greater than the resemblances. The

last segment of the cephalo-thorax is probably the tergite of

the first abdominal segment - the region covered ventrally by

the genital plate having only one tergite instead of two, and

one would like to suggest £hat the trachea which opens on the

thorax, corresponds to the lung book which in Thelyphonus lies

beneath the genital plate were it not that such enormous shift¬

ing of position,even in relation to the first tergite, is al¬

most inconceivable. For these reasons I have not made any fi¬

nal attempt to censtruct a phylo-genetic tree in this place.

The relation of the main sub-classes I have tried to express

in this form at the end of part 2, but it seems useless to try

any arrangement of the Lipoctsna (Pocock) until more is known

both of their structure and development.
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f At the end of my paper pn the development of Scorpio ful-
{ VaAJtV-

vipes^ I suggested that some rearrangement of the classifica¬
tion of the Scorpions would be necessitated by the differences

in their development, and this suggestion I had hoped to deal

with in this essay. Unfortunately I have not had an opportun¬

ity of examining members of the peculiar families of Vejovidae

and Selegonidae and until I can do so the work must remain in¬

complete. As far as my material has enabled me to go I fina

my suggestion that the family of the Pandinidae (Thor) must be

broken up, supported (in addition to the mode of development)

by the minute structure of the lamellae of the lung books and

also by certain peculiarities in the feet which Simon (+) had

already proposed to use for this purpose.

(+) Les Arachnides de Prance. Vol.VII.
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flj The Embryology of a Scorpion (Euscorpius
italieus).

By

Malcolm Iiaurie, It.Sc.,
Falconer Fellow of Edinburgh University.

With Plates XIII—XVIII.

Since 1870 there has been no. detailed work on the de¬
velopment of the Scorpion. As it seemed likely that with
modem methods of section-cutting and the great advance
which has been made of late years in the field of embryology,
a renewed examination might yield interesting results, I
have, at Professor Lankester's suggestion, examined and cut
sections of a large number of embryos ofEuscorpius italicus
preserved for him by the Zoological Station at Naples. I have
also examined a number of embryos of Scorpio (Buthus)
fulvipes preserved and sent over from Madras by Professor
Bourne. These, however, chiefly owing to the small amount
of food-yolk, show such a great difference from E. italicus
in their mode of development that it seems better to postpone
the description of them to a future paper.
The Scorpion is interesting not only as being the lowest, and,

as far as we know, the oldest type of air-breathing Arachnid,
but also as being exceptional among Arthropods in that the
whole development takes place within the body of the female—
in the ovarian tubes. The only other instances of this with
which I am acquainted are Phrynus, which is also viviparous,
vol. xxxi, part ii. new ser. h
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and Sphcerogyna ventricosa, one of the Acarina in which
the young are born sexually mature.
I may fitly here express my thanks to Professor Ray Lan-

kester not only for the suggestion that I should work at this
interesting subject, and for the generous way in which he has
provided me with material, but even more for his continual
and invaluable assistance and advice while the work has been
in progress.

Historical Introduction.

Johannes Miiller1 gave a short description, with five or six
figures, of the development of Buthus. Owing to its brevity
and the absence of any attempt to ascertain the internal
arrangement, his paper is of little value except from an histori¬
cal point of view.
Duvernoy3 gives also only a few figures of Buthus and

of another form, probably Euscorpius. He describes at some
length a cord (baguette) which he says passes from the appendix
of the follicle in Buthus to the mouth of the embryo, and which
Miiller had compared to an umbilical cord. I hope to be able
in a future paper to give a detailed account of this and other
curious points in the development of Buthus. The chief value
of Duvernoy's paper was that he reconciled the contradictory
descriptions of the ovary which had been given by Miiller and
Rathke.3 While doing this he makes a rather serious mistake
in describing the ovum of Buthus as occupying the whole of
the diverticulum of the ovarian tube, instead of only a small
space at the top.
The next writer on this subject is Leon Dufour,4 who gives
1 Jok. Miiiler, " Beit. z. Anat. des Skorpions," ' Meckel's Arch. f. Anat.

u. Pkys.,' Bd. xiii, 1828.
2 Duvernoy, " Fragments sur les organes de la generation de divers Ani-

manx," ' Mem. de 1'Acad. des Sci. de l'lnstitut,' t. xxiii.
3 Rathke, "Zur Morphologie," ' Reisbemerkungen aus Taurien,' 1837,

Riga, Ito.
4 Dufour, "Hist. Anat. et Phys.de Scorpions," Mem. Presentes a l'Acad.

des Sciences,5 t. xiv, 1856.
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ail elaborate description witb numerous figures of the anatomy
of the adult. His description of the embryo is, however, very
brief and his figures unsatisfactory.
Elias Metschnikoff1 is the only writer who has treated of the

development of the Scorpion with any degree of fulness. He
gives a detailed account of the whole development, and his
paper, which deals chiefly with the surface views and optical
sections, contains a large amount of accurate and laborious
observation. It is the classic on this subject, and up to 1886
no attempt was made to add to it or supersede it.
In 1886 Kowalevsky and Schulgin3 published a short account

of the development of Androctonus ornatus. Unfortu¬
nately their paper has no figures, which detracts much from its
value. I find reason to differ from them on a few points, but
it is quite possible that this may be due to our having worked
on different genera.
The only other paper on this subject which I am acquainted

with is by G. H. Parker,3 who treats at some length of the
development of the central and lateral eyes. I had worked at
this point before the appearance of his paper, and on the whole
agree with his conclusions. These are briefly that the lateral
eyes are monostichous, being formed from the hypodermis
without invagination. The median eyes, on the other hand,
are formed by invagination, and are therefore three-layered,
all the layers being derived from the hypodermis. The retina
is the second layer, the third being reduced to a post-retinal
membrane. The material at Mr. Parker's disposal did not
enable him to go back to the commencement of the formation
of the central eyes and their connection with the cerebral
invaginations.

1 Metsclmikoff, " Embryologie des Skorpions," ' Zeit. f. wiss. Zool.,' 1870.
2 Kowalevsky and Schulgin, " Entwiokelungsgeschielite des Skorpions,"

'Biol. Centralblatt,' Bd. vi, 18S6.
3 Parker, "The Eyes in Scorpions," 'Bull. Mus. Comp. Zool., Harvard,'

vol. xiii.
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The Ovary and Ovarian Egg.

The ovary consists, as is well known, of three longitudinal
tubes connected by transverse anastomoses, so as to form eight
quadrilateral meshes. The oviducts arise from the lateral
angles of the two foremost meshes and run forward to open
together on the genital operculum. The ovary appears to be
embedded in the liver, the chief mass of which lies dorsal to
it; this is not really the case, for, though lobes of the liver
pass through the meshes of the ovarian network they do not
unite on its ventral side. Both the longitudinal and transverse
tubes bear ova, which project from their outer surface as
oval bodies each attached by a short pedicle and measuring
when ripe about 1*2 mm. in length and "83 mm. in breadth.
Ova in all stages of development are present on the ovarian
tubes at the same time, and there are in addition the corpora
lutea (v. p. 111).

The microscopic structure of the ovarian tubes is shown in
PI. XIII, fig. 2. They are there seen to be formed of two
layers surrounding an irregular lumen. The outer layer, o. I.,
which is purely skeletal in function, consists of irregularly
polygonal cells, with circular nuclei and strongly marked cell
outlines. The contents of these cells are highly refractive.
Towards the inside of this layer the cells become flattened
so as to form a distinct, cellular, limiting layer. The inner
layer, which surrounds the lumen of the tube, is formed of
very long and thin columnar cells, with oval nuclei and clear,
faintly granular protoplasm. The nuclei are for the most part
confined to a central zone, leaving a large part of the outer
and a smaller part of the inner ends of the cells clear. It is
from this inner layer of cells that the ova and their follicles
are formed ; it is, in fact, the germinal epithelium.
The first sign of the formation of an ovum is that one of

the cells of the inner layer of the ovarian tube begins to
iucrease in size (fig. 1, ov.). It contains finely granular
protoplasm, a large and distinct oval nucleus, and a darkly
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staining nucleolus. There is at first no sign of its presence
on the outside of the ovarian tube. As it increases in size,
however, it pushes its way, at the head of a column of cells,
towards the outside. The outer layer of the ovarian tube
becomes very thin, but remains as a membrane containing
few, if any, nuclei (fig. 2, fol'.). By the time the ovum is
about -04 mm. in length (fig. 2) it has passed completely
through the outer layer and is visible as a small protuberance
on the surface of the ovary. It remains connected to the inner
layer of the tube by a column of cells which is somewhat
expanded over the base of the ovum. The nucleus has not
increased in size in proportion to the growth of the cell.
The nuclei of the cells of the column which connects the

ovum to the inner layer of the ovarian tube next arrange
themselves so as to leave a clear space down the centre of the
column (PI. XIII, fig. 3, mi.). They also grow round the ovum
so as to form a follicle (fig. 3, fol.) one cell thick. The
cells of this follicle rapidly become flattened and their nuclei
become smaller. The cells which remain clustered at the base
of the ovum (fig. 3, ger'.) on the other hand increase in size,
and shortly after the stage represented in fig. 3, which is a

drawing of an ovum of about T mm. in diameter, they begin
to secrete the yolk of which the greater part of the ripe egg is
composed. The outer layer of the ovarian tube can still
be traced as a thin and apparently structureless membrane
(fig. 3, fol'.) surrounding the egg outside the cellular follicle.
The nucleus has increased in size and is now a distinct oval
body with a round, granular nucleolus.
In fig. 4 is shown a longitudinal section of an egg of about

•4 mm. in length and "28 mm. in breadth. A considerable
quantity of yolk is now present in the form of spheres
ranging in size from mere granules up to as much as -025 mm.
These spheres are clear, homogeneous, sharply defined bodies
showing no internal structure except that there is, in the
larger ones, a collection of granules at one point near
the outside. Round the nucleus the yolk-spheres are small,
and round the margin of the egg the protoplasm is coarsely
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granular, the rest of the space being filled up with the larger
spheres.
The nucleus (fig. 4, n.), which retains its central position,

is large (-05 mm.) but indistinct in outline and is probably
breaking down as I have been unable to find any trace of
it in eggs larger than that here figured. The nucleolus
(fig. 4, n'.), which is situated towards one side of the nucleus, is
also large, staining darkly with carmine and showing a very
distinct circular outline. It often contains one large, clear,
circular vesicle and a number of smaller ones.
The whole egg is surrounded by a distinct, rather thick

vitelline membrane (fig. 4, v. m.). No trace of pores or any
other structure was made out. Outside the vitelline membrane
the egg is surrounded, except at the base, by the follicle in
which the two layers (fol. and fol'.) of the ovarian tube can
still be traced. The cells of the inner layer of the follicle are
now flattened and small. The large yolk-forming cells at the
base of the egg (ger'.) have increased in size and arranged
themselves in a circle the centre of which is occupied by a

prolongation of the ovarian tube (mi.'). The egg is only
separated from this prolongation of the lumen by the vitelline
membrane. The spermatozoa are thus enabled to reach and
fertilize the egg while it is still in its follicle.
PI. XIII, fig. 5, shows the base of a ripe egg attached to the

ovarian tube. The pedicle has become shortened and its lumen
has increased very much in size. The yolk-forming cells have
degenerated, their flattened nuclei {ger'.) being, however, still
distinguishable, and the follicle has become much thinner owing
to the growth of the egg. The egg itself is a mass of tightly
compressed yolk-spheres, among which I have in vain sought
for the nucleus. It is probable, however, that the nucleus and
the greater part of the protoplasm migrate to the base of the
egg as segmentation commences there.
The yolk (PI. XIII, fig. 6) consists of spheres, ranging up to

•2 mm. in diameter. They are not homogeneous, but contain
spherical or prismatic bodies, which stain darkly with borax
carmine. These bodies are very large in the smaller yolk-
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spheres, which contain one, two, or more of them. In the
larger spheres they are much more numerous and much
smaller. Many of the spheres show round holes as if the
darkly staining bodies had dropped out. It may be, however,
that these cavities contained a fatty or oily substance, which
has been dissolved out in the course of embedding and
mounting.
The only structures remaining to be described in connection

with the ovary are the corpora lutea mentioned above (fig. 7).
These are irregularly shaped bodies of about *12 mm. in
diameter, showing a slight tendency to radiate structure, and
containing a considerable number of nuclei, which are scattered
about without any definite arrangement. They project from
the surface of the ovarian tubes, and are evidently the collapsed
remains of the follicles after the egg has passed out. I was
confirmed in my idea that these were corpora lutea by their
resemblance to the structures described by v. Siebold1 in the
ovary of Apus. They differ from these latter, however, in not
containing fluid.

First Period.—Formation of Blastoderm,

The egg is fertilized in the follicle, from which it does not
begin to pass out until the end of this period. It then passes
into the ovarian tube in which it undergoes the rest of its
development, the young when born being exactly like the
parent in form. Kowalevsky and Schulgin3 state that the egg
in Androctonus is not fertilized until it has entirely left the
follicle, and passed into the ovarian tube, or, as he calls it,
uterus. I can hardly believe this to be the case, but it is quite
possible that it leaves the follicle at an earlier stage in
Androctonus than in Euscorpius.

Stage A.—I have not, unfortunately, been able to observe
the processes of fertilization and the formation of the first
segmentation-spheres. I should think it probable that the

1 v. Siebold, 'Beitrage zur Parthenogenesis der Artkropoden,' Leipzig,
1871, p. 191.

• Loc. eit., p. 526.
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greater part of the protoplasm with the nucleus collects at the
base of the egg. The youngest stage in my possession is shown
in surface view inPI. XIV, fig. 8, and in sectioninfig. 9. The blas¬
toderm forms a circular patch about '2 mm. in diameter, lying on
the surface of the yolk at the end of the egg nearest to themicro-
pyle, and consists of about twenty large cells, those in the centre
measuring about -03 mm. in diameter. In section (PI. XIV,
fig. 9) it is seen to be a single layer, the cells of which are
about "023 mm. thick in the centre. Round the margin the
cells are wedge-shaped so that the blastoderm lies flush with
the surface of the yolk. The cell-contents are coarsely granu¬
lar, rather more so towards the lower side. The nuclei are

large, round and granular with distinct outlines.
The yolk-spheres under the blastoderm appear to be breaking

down. The blastoderm and yolk are closely surrounded by
the structureless vitelline membrane (v. m.). This stage seems
to be a little younger than that figured in MetschnikofPs paper
in PI. XIV, fig. 6.

Stage B.—In the next stage (PI. XIV, fig. 10) the blastoderm
is somewhat larger, measuring -23 mm. in diameter. The
blastoderm is now almost twice as thick ('045 mm.). Some of
the cells are- columnar, and occupy the whole depth of the
blastoderm, but the majority have divided in a plane parallel to
the surface, so that it is in places two or even three cells deep.
The nuclei vary in shape, those in the columnar cells being
oval.

Stage C.—In the next stage (PI. XIV, fig. 11) the blastoderm,
now *3 mm. in diameter, is formed of an irregular mass of cells
showing as yet no trace of arrangement into layers. The cells
are comparatively small with well-marked outlines and large
nuclei. Round the margin of the blastoderm the cells form a

single layer on the surface of the yolk, but in the centre the
blastoderm is five or six cells thick, and the cells push their
way in between the yolk-spheres to which some of the cells
attach themselves. These cells, which attach themselves to

yolk-spheres, lose their definite outline and take, as far as I
have been able to ascertain, no part in the further growth of
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the embryo. There is 110 doubt that these yolk-cells are
derived from the blastoderm in this and the next stages, and
do not arise in the yolk by any process of free cell-formation.
Kowalevsky is also of this opinion. The yolk in the Scorpion's
egg shows no sign of segmenting as does that of the Spider. The
yolk of the Spider's egg seems1 to represent the hypoblast, and
takes an active part in the building up of the embryo; that of
the Scorpion, on the other hand, remains throughout develop¬
ment an inert mass of food-material. This fundamental
difference in the segmentation makes any comparison of the
early stages of these two groups impossible, and would
seem to point to an independent origin for their abundance of
food-material. If the segmentation in Scorpions is a modifi¬
cation of the centrolecithal type, as would seem probable from
the modes of segmentation in other groups of the Arachnida,
it is a very extreme one, and almost all trace of its origin has
been lost.

Second Period.—Formation of the Three Layers and the Em¬
bryonic Membranes.

Stage D.—It is difficult to get good sections at this stage as
the blastoderm is often humped up at the end of the egg and
compressed by the ovarian tube into which it is beginning to
pass. In one, and only one, series of sections I have seen what
appeared to be a longitudinal groove in the blastoderm. This
primitive groove is figured by Metschnikoff (PI. XVII, figs. 2
and 3), but he may have been misled by the edges of the serous
membrane which is growing up and might easily give the
appearance of a groove in surface view. If the primitive groove
exists, which I am inclined to doubt, as the appearance in my
sections may have been due to shrinking, it is a very temporary
structure. Towards the posterior end of the blastoderm the
cells are proliferating and forming what I shall call the primi¬
tive thickening. From this primitive thickening is formed the
mass of hypoblast which is found later on in the tail-segment.

1 Locy, "Observations on the Development of Agelina nsevia," 'Bull.
Mus„ Harvard,' vol. xii.
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It would seem to represent a modified invagination, and is com¬

parable to the primitive streak in the chick. I was at first in¬
clined to call this the primitive cumulus, but considering the
fundamental differences between Scorpions and Spiders, and also
the fact that, while Balfour1 places what he calls the primitive
cumulus at the posterior end of the embyro, Locy3 gives the
same name to a thickening at the anterior end, it seemed better
to avoid a term which might suggest erroneous homologies.
A layer of cells (fig. 12, pr. hy.) is seen to be forming under

the rest of the blastoderm, though not yet extending to its
edges. This is well marked in the next stage, and forms the
greater part of the primitive hypoblast or hypomesoblast. It
would seem to be simply split off from the epiblast. I have
seen no appearance of a " down-sinking " of cells to form the
hypoblast, such as is described by Kowalevsky and Schulgin ;3
but, without the help of figures, it is not easy to be certain
of their exact meaning. Whether this " down-sinking" is
supposed to take place over the whole blastoderm or only
at the primitive thickening is not clear from their descrip¬
tion.
Round the edges of the blastoderm a single layer of large

cells (fig. 12, s. rnf.) is seen to be spreading a little way over the
surface of the yolk. These peripheral cells, which are at present
continuous with the epiblast, form later on the continuation of
the serous membrane. This serous membrane, or outer layer
of the amnion, is seen growing up as a single layer of cells
from the edges of the blastoderm (PI. XIY, fig. 12, s. m.).
It spreads over the surface of the blastoderm from all sides,
and its edges ultimately meet and fuse in the middle line. At
this stage the edges have not yet come together, and the cells
of the layer are still small and similar in appearance to those
of the rest of the blastoderm.
The yolk is broken down to a considerable extent, and the
1 Balfour, "Notes on. the Development of the Araneina," ' Quart. Journ.

Mier. Sci.,' vol. xx, 1880.
2 Locy, loc. cit.
3 Loo. cit., p. 526.
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cells in it (fig. 12, y. c.) are numerous. Their nuclei are very
large and granular, and of irregular shapes. The cell-outlines
have entirely vanished, the cells being swollen up by an enor¬
mous quantity of yolk-stuff. According to Kowalevsky and
Schulgin these cells are capable of amoeboid movements. Cells
continue to he added from the under surface of the blastoderm
to those already in the yolk up to the end of this stage. Their
function—of breaking down the yolk—is carried on at a later
period by the hypoblast.

Stage E.—In the next stage the blastoderm (PI. XIV,
fig. 13) has assumed an oval form, the thickened part or
ventral plate measuring -35 mm. in length and '25 mm. in
breadth, though the peripheral cells extend some way beyond
this. I have not been able, either in surface view or section, to
find any trace of the primitive groove, and imagine that, if ever
present, it has filled up. The primitive thickening (fig. 14, pr. t.)
is better developed than in the last stage, and the single layer
of primitive hypoblast (figs. 14 and 15, pr. hy.) is now quite
definite and extends a little way beyond the thick part of the
blastoderm, and forms a layer (%'.) of cells under the peri¬
pheral cells. These last (s. m .) extend a good deal further than
in the last stage. The serous membrane (s. m.) is now com¬

pleted over the surface of the ventral plate.
Stage E.—In the next stage the embryo, of which fig. 16

shows a longitudinal section, consists of two somites—those
which will afterwards bear the chelicerae and chela;—in addition
to the head- and tail-segments. The head- and tail-segments
are large, and a third somite is beginning to be formed from
the tail. The first somite is smaller than the second, and not
as yet very distinctly marked off from the head. It does not
become fully separated from the head until a much later stage
(eight somites). Except for this curious delay in the forma¬
tion of the first, all the somites are formed and separated in
regular succession from the tail-segment.
The epiblast has undergone little change since the last stage,

except that it is somewhat thinner between the somites than in
them. It is beginning to grow up at the edges over the surface
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of the ventral plate as a single layer of flat cells to form the
inner embryonic membrane—the amnion proper (fig. 16, am.).
This amnion never loses its connection with the epiblast as
the serous membrane has now done, but remains attached
to its edges and only extends round the egg as the epiblast
extends.
The most important change in this stage is the formation of

the mesoblast (mes.). This layer is formed under the whole
ventral plate by a multiplication of the cells of the primitive
hypoblast, from which it is in places not yet distinguishable.
The mesoblast extends across the whole ventral plate from
side to side, and is much thicker in the somites than between
them.

The serous membrane (s. m.) has, as mentioned above, now
lost all connection with the blastoderm, and is continued round
about two thirds of the egg by the " peripheral cells," which
are now beginning to separate from the egg and form a definite
membrane. The cells of the serous membrane are becoming
large and flat.
The hypoblast extends a little way beyond the ventral plate,

forming a single layer of cells (hy.) in the periphery of the
yolk immediately under the serous membrane.
By the time the embryo has reached a stage with three somites

completely formed (PI. XIV, fig. 17) most of the changes which
were going on in the last stage are completed. The amnion has
entirely closed over the embryo (fig. 18, am.), though its cells
have not yet attained their characteristic form. The mesoblast
(mes.) is entirely separated from the hypoblast, and remains
henceforth a distinct and independent layer. The hypoblast
(hy.) is now a single layer, extending under the whole ventral
plate, except in the tail-segment, where it consists of a spheri¬
cal mass. This hypoblastic mass in the tail-segment is the
direct product of the primitive thickening. The hypoblast
extends somewhat further round the egg than the other
layers, as is diagrammatically shown in fig. 19.
The description given above of the mode of formation of the

serous membrane and amnion differs very considerably from
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that of Kowalevsky and Schulgin. They describe it as a fold, the
outer layer of which forms the serous membrane while the
inner forms the amnion. This is probably the more primitive
mode of origin for these structures, and the mode described
above for E. italicus is probably derived from it either by a
hastening of the formation of the serous membrane or a retarda¬
tion of that of the amnion. I am unable to confirm their state¬
ment that mesoderm cells are present between the two layers.

Third Period.—Up to the Formation of Nine Somites.
This period covers the rest of the time before the appendages

begin to form. The egg has by this time entirely passed into
the ovarian tube. It has also increased considerably in size,
but I am unable to say whether this is due in any degree to
absorption of fluid or whether it is entirely due to internal
changes.

Stage G.—In the first stage belonging to this period which
I have examined (PI. XV, fig. 20) the embryo consists of
nine somites. The first of these—that which will bear the

chelicerse, is much smaller than the others, and is seen in section
to be not yet fully separated from the head. The second
somite, which will bear the chelse, is larger than those following
it. The next four are the ambulatory, and the seventh will
bear the genital operculum. A slight groove (n. g.) runs
down the middle line of the body; this is chiefly due to
the mesoblast having divided into two longitudinal bands
(figs. 21 and 22, mes.).
The epiblast is moderately thick in the somites, and is

beginning to grow as a single layer round the rest of the egg
(fig. 21, ep'.), carrying the amnion with it. By this stage it
has extended almost as far as has the hypoblast. The cells in the
middle line show a more definite arrangement than the rest of
the epiblast. This is preparatory to the formation of the
neural groove. The cells of the amnion (am.) have developed
their characteristic nuclei—spindle-shaped in section—and
form a well-marked thin membrane lying close over the embryo.
The mesoblast (figs. 21 and 22, mes.) shows most impor-
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tant changes. As mentioned above, it has now separated into
two longitudinal bands. This separation does not extend into
the tail-segment (fig. 23, mes.), where the mesoblast remains
as a solid mass of cells somewhat thinner in the middle line.
The ccelomie spaces are now formed by a splitting of the meso¬
blast in the somites. They are best seen in the posterior
somites (fig. 21, cce.), where the mesoblast is thin and forms
only a single layer on each side of the coelomic space. Further
forward (fig. 22) the mesoblast is thicker and the ccelomic
space is not so well marked.
The hypoblast has undergone very little change. It is still

visible in the tail as a solid mass (fig. 23, hy.rn.), and spreads
under the ventral plate and a little way beyond its margin as
a single layer (figs. 21—23, liy.). The cells of this single layer
have large oval nuclei which stain less darkly than those of
the epi- and meso-blast. These nuclei are somewhat widely
separated from each other, and the cells seem to contain a
considerable amount of food-stuff.
The serous membrane (figs. 21—23, s. m.) is by this time quite

separate from the egg all round. It has attained its final
structure, the nuclei being enormously large ('05 mm.), flat,
and at a considerable distance from each other. As far as my
observations go I can confirm Blochmann's statement1 that the
nuclei of the serous membrane divide directly without forming
any karyokinetic figures. As the serous membrane plays a

purely passive part in the future development it will not be
necessary to refer to it again.

Stage H.—In the next stage (PI. XV, fig. 24), which is
the last before the formation of the appendages, the embryo
consists of nine somites. The first is very much smaller than
the others, while on the second, which is the largest, a trace
of the appendages is just visible. The first six somites are
clearly distinguished from those further back, owing to their
sloping backwards and outwards, while the posterior ones are
at right angles to the axis of the embryo.

1 " Ueber direkte Kerntheilung in der Embryonalhiille der Skorpione,"
' Morpb. Jakrb.,' vol. x.
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A distinct groove, the neural groove (n. g.), runs down the
middle line and extends some distance into the head-segment.
It is due to a thinning of the epiblast in the middle line
(figs. 25 and 26, n. g.). The ventral nervous system is
formed by a thickening of the epiblast along each side of
this groove.
The epiblast now spreads as a single layer beyond the

hypoblast (ep'.) and extends over nearly half the yolk, carrying
the amnion with it. This is diagrammatically shown in fig. 27.
In the head-segment (fig. 25) the epiblast is irregularly
grooved and thickened. This is the commencement of the
formation of the cerebral ganglion. In the thoracic somites
(fig. 26) the epiblast is very thick and solid at the corners (ap.)
where the appendages are about to appear. It is also some¬
what solid just at each side of the neural groove (n. th.).
This is the commencement of the thickening which will form
the ventral nervous system.
The mesoblast is a thin layer in the head-segment (fig. 24,

mes.), but shows the coelomic space (cos.) distinctly. This
development of a head ccelom does not, of course, as Balfour
has pointed out, necessarily indicate that the head-segment is
equivalent to a body somite. In the body somites (fig.
26) the mesohlast is pretty thick and the ccelomic space is
almost entirely closed up. The mesoblast does not extend
across the middle line or beyond the limits of the ventral
plate.
The hypoblast (figs. 25, 26, hy.) shows no change from the

last stage but remains as a single layer, except in the tail-
segment, where the hypoblastic mass is distinctly visible.
As the next stage shows the commencement of a large

number of new structures, the ventral nervous system, the
appendages, &c., it seems advisable to give a short summary
of what has taken place so far.

First Period.

(1) The blastoderm commences as a single saucer-shaped .

layer of cells at one end of the egg (Stage A).
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(2) These multiply and form a thick mass (Stages B, C).

Second Period.

(3) The serous membrane grows up from the edges of the
blastoderm over its surface as a single layer of cells, and is
continued round the yolk by the peripheral cells (Stages D—F).

(4) The hypo-mesoblast is formed partly as a single layer of
cells split off from the under surface of the blastoderm and
partly, at the tail end, as a thick mass, the primitive thickening,
which probably represents an invagination. Before and up
to this stage cells pass from the blastoderm into the yolk
(Stage D).
(5) The mesoblast is formed as a layer several cells thick,

extending right across the blastoderm. The hypoblast remains,
after the formation of the mesoblast, as a single layer, except
in the region of the primitive thickening, where it is a spherical
mass (Stage E).

(6) The amnion is formed as a single layer of cells growing
up from the edges of the epiblast, . with which it retains its
connection. The serous membrane lias by this time lost all
connection with the blastoderm, and spreads round the greater
part of the yolk (Stage F).
The embryo by this time consists of three somites and the

large head- and tail-segments. The somites are formed from
the tail in regular succession.

Third Period.

(7) The mesoblast divides into two longitudinal bands, and
ecelomic spaces are formed in the somites and in the head
(Stage G).

(8) The epiblast and amnion begin to spread round the egg
beyond the limits of the ventral plate (Stage G).

(9) The neural groove is formed by a thinning of the epiblast
in the middle line (Stage H).

(10) The epiblast in the head-segment begins to thicken to
form the cerebral nervous system (Stage H).
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Fourth Period.—From the Formation of the Appendages to the
Hatching of the Embryo.

Stage I.—The first stage of this third period shows—as
mentioned above—the commencement of some of the most im¬

portant structures. The embryo, of which a surface view is
given in PI. XY, fig. 28, now consists of twelve somites in
addition to the head- and tail-segments. These somites are
no longer separate thickenings as in the last stage, but have
grown close up to one another, and are marked off by narrow
grooves. The epiblast extends as a single layer all round the
egg. The longitudinal neural groove is well marked and
extends the whole length of the body with the exception of the
tail-segment.
The first six somites bear appendages, i.e. the chelicerai,

cheke, and four pairs of walking legs. These appendages are
simple outgrowths, and are, with the exception of the first two
pairs, of approximately equal size. The chelicerae are much
smaller, and the chelae somewhat larger than the other appen¬
dages. The appendages are an outpushing of the epiblast and
the outer layer of mesoblast or somatopleure (PI. XYI, fig. 31).
They are hollow, the spaces being prolongations of the coelomic
pouches. There is at this stage no sign of appendages on the
somites behind those bearing the walking legs.
The embryo has a strong dorsal flexure so that the cephalic

segment curves round the end of the egg. This is best seen in
longitudinal section (PI. XVI, fig. 29). The anterior margin
of the cephalic segment is deeply cleft in the middle line, the
segment being thus divided into two lobes. The lobes are in
much the same state as in the last stage, and show no signs of
the cerebral invagination from which a greater part of the brain
is formed. In the middle line, and a very short way behind
the bottom of the cleft, is a circular raised area with a pit in
its centre (PI. XV, fig. 28, st.). This pit is the stomodseum.
It is seen in section in PI. XVI, fig. 29, and is a simple inpush-
ing of the epiblast.
vol. xxxi, part ii. new ser. i
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The ventral nervous system consists of a pair of thickened
bands of epiblast running the whole length of the body on each
side of the neural groove (PI. XV, fig. 28). The bands are
cut up into blocks by the grooves which separate the somites.
The epiblast is not evenly thickened, but the nuclei are ar¬
ranged so as to present a wavy outline. This is characteristic
of the formation of nerve-tissue in this animal, and was well
seen in the cerebral lobes in the last stage (PI. XV, fig. 25).
The small ganglia of the cheliceral somite are well seen at
this stage (fig. 28, g. I).
The tail-segment, from which the six caudal somites have yet

to be formed, has begun to be pushed out (PI. XVI, fig. 29).
The epiblast in this region is very thick, and the cavity of the
outpushing is lined by a thick layer of hypoblast, which is the
" hypoblastic mass " of earlier stages (fig. 29, hy. m.).
Besides this mass in the tail-segment the hypoblast extends

as a single layer round the whole egg (PI. XVI, fig. 29, hy.).
Along the ventral side the cells of this layer are close together,
but towards the sides and back they become more scattered,
and are to a great extent involved in the yolk. It is from the
mass in the tail-segment that the mesenteron is chiefly formed.
The hypoblast along the ventral surface also takes some part in
its formation, but that round the sides and back is not involved,
though it aids in the formation of the great digestive gland or
liver.
The mesoblastie bands (PI. XVI, fig. 31) are not yet united

across the middle line. The ccelomic spaces (PI. XVI, figs. 30
and 31) are well marked and quite separate for each segment.
Those in the first six somites are prolonged into the appendages.
The somatopleure is several cells thick ; the splanchnopleure, on
the contrary, consists of a single layer of cells. The mesoblast
in the cephalic segment is thinner than in the body somites,
and the coelomic space is narrower.

Stage K (PI. XVI, fig. 32).—The thoracic appendages have
increased very much in size, and the chelicerse and chelae are
both bifurcated at the extremity. A section through the base
of one of the ambulatory appendages (PI. XVI, fig. 33) shows
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a well-developed process extending inwards towards tlie middle
line. This is undoubtedly the sternocoxal process, which is
present on the second, third, and fourth appendages of the
adult. Lankester1 characterises the presence of this process
as a very important point of resemblance between the thoracic
appendages of Limulus and Scorpio. It is therefore interest¬
ing to find it at this early stage present on all four pairs of
ambulatory appendages. A series of sections through the base
of the fifth appendage, i. e. third ambulatory (PI. XYI, fig. 34,
a—h), shows the first stage of another structure characteristic
of Limulus and the Arachnids—the coxal gland. This consists
of a simple tube opening to the exterior at the base of the fifth
appendage (fig. 34 a), and running forwards through the meso-
blast to open in fig. 34 h into the coelomic space. There can be
no doubt that it is a nephridium. Gulland's researches3 on
the coxal gland in the young Limulus point to the same con¬
clusion. I have been unable to find traces of nephridia in
any other somites, unless, indeed, the genital tubes are partly
nephridial. The six abdominal segments also bear appendages
(PI. XVI, figs. 32 and 35). These appear on surface view much
more prominent than they really are owing to their white
colour, which is due to the greater thickness of cells. In
section (PI. XVI, fig. 35) they are seen to project very slightly,
and to be formed by a thickening of the epiblast and somato-
pleure, but with no definite outpushing such as there is in the
thoracic appendages. The first pair of these appendages—the
genital opercula—is very small, and concealed by the last pair
of walking legs. The other five pairs—the pectines and four
pairs of lung-books—are all of approximately equal size and
structure. I have been unable to find the smallest trace of

appendages on the somites behind these, i.e. somites 13— 17,
and do not believe they exist.
The cephalic segment is not so deeply cleft as in the last

stage, and the mouth has shifted posteriorly so that now it lies
between the bases of the chelicerse. In the centre of each

1 ' Limulus ail Araclmid,' p. 20.
2 ' Quart. Journ. Micr. Sci.,' vol. xxv.
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cephalic lobe is seen a dark spot (fig. 32, ce. in.). These spots
are the cerebral invaginations. They begin in a somewhat
earlier stage (PI. XVI, fig. 36) as a pair of small inpushings.
These extend rapidly backwards and meet in the middle line,
their two lumens becoming continuous. This is seen in PL
XVI, fig. 37 a—d, in which four transverse sections through
this region are figured. Owing to the strong cephalic flexure in
this stage the stomodseum (st.) is also shown in section. The
cells, both at the sides of the cephalic lobes and throughout the
greater part of the invaginations, are rapidly increasing in
number to form the cerebral ganglia. Those in the centre of
the cerebral lobes remain as a thin layer, and take no part in
the brain formation. The cells also on the dorsal side in the

middle, where the two invaginations have united (PI. XVI, fig.
37 d, oc.), are more closely packed than the others, and take no

part in the formation of the brain. They are the beginning of
the retinal layer of the central eyes.
The ventral nervous system is in much the same condition

histologically as it was in the last stage. The commencement
of its separation from the hypodermis can, however, be seen

(PI. XVI, fig. 35) where the hypodermis is growing over it
from each side as a thin layer.
The tail segment is now divided into six somites, and extends

forward along the ventral surface of the body, reaching, at this
stage, to the third abdominal somite. The epiblast is thickened
on the ventral surface to form the nervous system. This is
not shown in fig. 35, as the section passes between two thicken¬
ings. The cavity of the tail is occupied by a tubular extension
of the hypoblast (fig. 35, hy.) surrounded by mesoblast. There
is as yet no trace of the proctodseum.

The coelomic spaces in the thoracic somites have not
developed much. Those in the abdominal somites, however
(PI. XVI, fig. 35, cm.), have extended enormously, and now
reach round almost one third of the egg. The mesoblast, ex¬

cept in abdominal appendages, consists of two single layers of
cells. In the tail the coelomic spaces are not yet formed.

Stage L.—The embryo, of which fig. 38 (PL XVII) shows a
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surface view, has by this time made considerable progress in
several important points. The thoracic appendages are slightly
segmented (PL XVII, fig. 39, ap.), though this is not apparent
in a surface view. The chelicerse have moved in towards the
middle line, and the mouth is now concealed between their
bases. The chelee are very large, and have their pincers well deve¬
loped. The coxal gland, which opens at the base of the fifth
pair of appendages, is no longer a straight tube, but has become
bent on itself, so that a section through it (PI. XVII, fig. 39,
cox.) shows the tube cut in three places. It can still, however,
be traced through a series of sections as a simple tube opening
into the ccelom. The abdominal appendages have undergone
great changes. The genital opercula are still simple thickenings
of the epi- and meso-blast, but the peetines (PI. XVII, fig.
40) have become folded in a direction parallel to the long axis
of the body, i.e. transverse to their own axis. The most im¬
portant change is, however, that of the four following abdo¬
minal appendages. These (PI. XVII, fig. 41) are pushed in
so as to form shallow cup-shaped cavities. The inpushing is on
the posterior part of the appendage, and is directed slightly
forwards. This is the commencement of the formation of the

lung-book.
The cephalic segment, which is shown in PI. XVII, fig. 38,

extended in the same plane as the ventral surface of the
embryo, is no longer so distinctly bilobed as in the last stage.
The cerebral invaginations (PI. XVII, figs. 42, a and i, and 43)
are much shallower, and have entirely joined together, so that
there is now only a single inpushing. This lies just in front of
the chelicerse (PI. XVII, fig. 38). The brain is being formed
from the sides of the inpushing, and shows a very characteristic
structure. The mass of cells is more or less grouped round
small circular clear spaces (fig. 43), which give to this part of
the brain the appearance of being composed of a number of
small vesicles. I have not succeeded in tracing the development
of the nerve-fibres, which occupy the centre of the cerebral
ganglion (fig. 43). This central portion appears at this stage
perfectly transparent and empty.
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The retina of the central eyes is still a thickening of the
dorsal layer of the cerebral invagination (PI. XVII, fig. 43,
rtn.). It is visible in surface view (fig. 38, oc.) as a white spot
on the margin of the invagination. The hypodermis imme¬
diately outside it is somewhat thickened, and will in this
region form the vitreous layer (fig. 43, vit.).
The ventral nervous system is now completely separated from

the hypodermis (figs. 40 and 41, n. c.). The cells are beginning
to congregate together to form the ganglia, though the nerve-
cord between the ganglia is still largely cellular. Nerves are
seen growing out from the ganglia as thick cords of cells
(fig. 40). The ganglia contain a clear space in their centre
which later is occupied by a mass of fibres.
The tail (PI. XVII, fig. 38) has now attained its full

number of segments but the sting is not yet formed. The
gut extends up almost the whole length of the tail. There is
no sign yet of the formation of the proctodeum. The hypo¬
blast in the rest of the body remains as a scattered layer of
cells.
The mesoblast has now grown round the body as a double

layer, with the ecelomic space between. In the middle line of
the back, where the right and left folds of mesoblast meet,
there is a somewhat irregular thickening in which both soma-

topleure and splanchnopleure seem to be involved. From this
thickened band, which extends from close behind the brain to
the beginning of the tail, the heart is formed. On the ventral
side in the thoracic region the mesoblast of the outer layer is
broken up into long strings of cells—the muscles—so that the
coelomic space can no longer be very definitely made out.
The stomoclaeum reaches as far as the back of the cerebral

ganglion. This is the limit of its growth, and it remains a
closed tube until, at a much later stage, the gut has grown
forward and united with it.

Stage M.—The embryo (PI. XVII, figs. 44 and 45) does
not show very much change in surface view. The thoracic
appendages are longer and distinctly segmented. They overlap
across the middle line and conceal the pectines. The cheliceree
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are further forward in relation to the mouth, which can now
be seen lying between the bases of the chelse.
The genital opercula begin to grow out from the body wall

and the genital duct begins to be formed. This last (PI. XVII,
fig. 46) is developed in the mesoblast as a tubular portion of
the ecelom, but does not open to the exterior up to the time of
hatching. It may be nephridial in its nature, but this very
late formation of the external aperture is not very favorable
to such an hypothesis. The pectines are separated at their
outer ends from the body wall. The inpushings for the lung-
books are much deeper, and the cavity, which extends forwards
from the opening, is divided up by lamellae which grow down
from its upper end (PI. XVII, fig. 47). It is in close relation
to a space in the mesoblast which contains blood-corpuscles.
The cephalic segment (PI. XVII, fig. 45) is now rapidly

approximating to its final shape. The cerebral ganglion, which
is seen from the surface as a four-lobed white mass (fig. 45, ce.),
has now lost all connection with the epiblast. The invagina¬
tion remains, but its sides no longer give rise to nerve-tissue
(PI. XVII, figs. 48 and 49). The thickening for the central
eye (figs. 48 and 49, rln.) is more largely developed, and
pigment is deposited in the ends of the cells furthest from
the invagination. The eye is plainly visible as a double
black spot on the surface. The upper edge of the invagina¬
tion is growing down to close its orifice. The hypodermis
lying immediately above it is clearly marked off from the
rest as the vitreous layer (fig. 49, vit.). A considerable space
still separates the retina from the vitreous layer.
The lateral eyes now appear for the first time as black spots on

what Lankester terms the " optic area," i. e. the front margin
of the head (PI. XVII, fig. 45, oc.). Their development, as
Parker1 has shown, is strikingly different from that of the
central eyes. Each eye, and in this species there are at first
three, is formed (fig. 50) by a slightly cup-shaped thickening
of the hypodermis. The nuclei of this thickened portion
become larger, and pigment soon begins to be deposited at the

1 Loo. cit.
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outer ends of the cells. Fig. 50 a shows a somewhat later
stage, in which the cupping of the hypodermis has become
flattened out. There is no invagination of any sort, and the
eyes are, as Lankester and Bourne1 described them, mono-
stichous. The ventral nervous system has not undergone much
development. It has sunk somewhat deeper and is separated
from the hypodermis by the mesoblast.
The tail has now developed its terminal segment—the sting.

The cavity of this last is partly occupied by the paired poison
gland, apparently formed by inpushing of the hypodermis (PI.
XVIII, fig. 51, p. gl.). Each mass is connected to the super¬
ficial hypodermis by a short duct.
The gut extends down the whole length of the tail, and the

proctodeum is present in the form of a solid mass of hypodermis
cells blocking up its end (PI. XVIII, fig. 51, proct.). The gut
has also begun to grow forward (PL XVIII, figs. 52 and 53). In
the last abdominal segment it is a complete tube surrounded
by a thin layer of mesoblast (fig. 52, int.). It gives rise to
two tubular outgrowths from its dorsal side, which are the
Malpighian tubes (fig. 52, mlph.). These run first towards the
back and then bend forward. There can be no doubt as to
their hypoblastic origin in this form, as the proctodeum is not
yet formed. They have been already shown to be outgrowths
of the mesenteron in some Spiders by Loman,2 and also in ter¬
restrial Amphipoda by Spencer.3 Further forward (PL XVIII,
fig. 53, int.) the gut is simply a semi-cylindrical layer of hypoblast
supported by a string of mesoblast and open to the yolk on its
dorsal side. In the thorax it has not yet begun to form.
The mesoblast is broken up into strings and bands. The

coelom is still pretty distinct in the abdominal region (Pl. XVIII,
fig. 53, cm.), and the heart is a large thin-walled tube apparently
connected with both somatopleure and splanchnopleure. As
mentioned above, the genital tube is formed in the somato¬
pleure in the seventh somite and is a portion of the ccelom.

1 ' Quart. Journ. Micr. Sci.,' vol. xxiii.
2 'Tijdschrift der nederl. Dierk. Vereen,' i.
3 ' Quart. Journ. Micr, Sci,,' vol. xxv,
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Stage M.—The changes from the last stage up to the time
of hatching are not very numerous, though very important.
The body attains a structure almost exactly like that of the
adult, the appendages being segmented and the whole animal
covered by a thin, structureless/highly refracting cuticle. The
coxal gland still opens by a small aperture to the exterior at
the base of the fifth appendage (PI. XVIII, fig. 54). This
aperture, which is lined for a short distance by the cuticle,
leads to a straight duct (fig. 54) lined by cubical cells with
round nuclei, which closely resemble the cells of the gland.
The gland itself is distinguishable into medullary and cortical
portions as described by Professor Lankester1 in the adult. The
tubules have distinct lumens surrounded by a cubical epithelium.
The gland and its duct are surrounded by a thin capsule of flat
mesoblast cells.
The genital tubes have pushed their way some distance

between the lobes of the liver, but they are not yet connected
by transverse tubes nor do they open to the exterior. The two
layers of which the tube is composed in the adult (v. supra,
p. 108) are not yet distinguishable. The pectines approximate
very closely to their adult structure.
The ninth, tenth, eleventh, and twelfth appendages are also

very similar to those in the adult (PI. XVIII, fig. 55). The
number of lamellae is not so great, but their structure is very
well shown. Each lamella is covered by a thin cuticle, and its
cavity is in direct communication with a blood-sinus (fig. 55,
bl. s.). The cells which form the lamellae are very large, espe¬
cially towards the base of the appendage. Towards the apex
they become smaller, and finally pass into a mass of different
cells from which more lamellae are formed as the animal grows.
The spaces between the lamellae (fig. 55, a. c'.) are narrower and
in communication with the exterior through the stigma.
The head is now completely formed, the mouth having

shifted so as to lie behind the chelicerae. The invagination
which forms the central eyes has closed up. A stage immedi¬
ately after its closure is shown in PI. XVIII, fig. 56. Here the

1 ' Proc, Roy. Soc,,' vol, xxxiv, 1882—83,
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lips of the invaginations have come together, but not fused.
The posterior layer of the invagination is visible as a thin layer
of cells (fig. 56, rtn'.), separated from the retina by a narrow
space. The vitreous layer (vit.) is distinctly marked as a
thickening of the liypodermis on the top of the head, the nuclei
in that region being elongated, but there is still a small space
separating it from the retina. By the time the embryo is
hatched the eye (PI. XVIII, fig. 57) has lost all connection
with the hypodermis at the point where it was invaginated.
The cells are long and deeply pigmented round their margins.
The pigment is not equally abundant throughout the whole
length of the cell, but five alternately more and less deeply
pigmented zones can be distinguished (fig. 58). The base of
the cells is most deeply pigmented, and their superficial ends
come next. The nuclei of the retinal cells lie in zone 4,
but I have been unable to find any trace of either rhabdomes
or phaospheres. I have also not been able to trace any migra¬
tion of mesoderm cells among the retinal cells. The posterior
layer of the invagination can with difficulty be made out in
depigmented sections owing to the flatness of its nuclei, and it
is absolutely undistinguishable in sections from which the pig¬
ment has not been removed. This posterior layer forms the
post-retinal membrane of the adult eye. The optic nerve is
beginning to grow out from the cerebral ganglion, but has not
yet come into connection with the eye. The hypodermis, im¬
mediately in front of the eye, is formed of a single layer of
large transparent cells with faintly staining oval nuclei
(PI. XVIII, figs. 57 and 58, vit.). This vitreous layer is
covered by a thin cuticle exactly like that which covers the
rest of the surface of the body. The only sign of the formation
of the lens is a slight cupping of the vitreous layer at one point
(fig. 58). The hollow formed here is, however, not as yet filled
up by any cuticular substance, but the cuticle passes straight
over it. Round the area,where the lens will form the hypodermis
is deeply pigmented. The cells are much smaller than those
of the vitreous layer, and their nuclei are irregular in shape.
The cells of the lateral eyes (PI. XVIII, fig. 59) are about
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the same size as those of the median ones. The pigment is not,
however, arranged in definite zones, though it is more abundant
at the base and at the outer ends of the cells than in the middle.
There is a small third lateral eye present, and the hypodermis
around and—the lateral eyes being so to to say on the edge of
the head—below the eyes is all pigmented. I have been
unable to find the nerve to these eyes and think it is probably
not yet formed. The cuticle over the lateral eyes is not
thickened to form the lens, and I have seen no sign of the
peculiar mode of lens-formation described by Parker,1 i. e. the
ends of the perineural cells pushing in front of the retina. It
is, of course, possible that this does not take place till later.
The brain and ventral cord have almost attained their

adult structure. In the nerve-cord there is a string of
cells in the middle line (PL XVIII, fig. 60) dorsal to the
cords proper, which seems to represent the centre of the neural
groove.
The tail is exactly similar to that of the adult, and is carried

in the same way curved over the back. The poison-glands are
fully formed and surrounded by muscles, but do not occupy so
much of the terminal segment as in the adult. The proctodeum
is lined by flat cells and has pushed its way almost to the
base of the tail. The mesenteron is fully formed only in the
hind segments of the body (PI. XVIII, fig. 60). Prom the
end of the stomodseum to where the last hepatic caeca
join it the intestine (fig. 61) is surrounded by a definite
cylindrical layer of mesoblast which is continuous with that
surrounding the lobes of the liver, but the hypoblast cells
lining this cylinder (fig. 61, hy.) are not yet definitely arranged.
The nuclei are scattered about in groups for the most part
near the outside, and the cells are drawn out into irregular
more or less pyramidal form, the apex of the pyramid pointing
towards the centre of the tube. There is no definite lumen,
the space between the cells being filled up by small yolk-spheres
(fig. 61, yk.).
The liver-follicles are much the same in structure as the

1 Loc. cit., p. 199.
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intestine. They contain, however, a rather larger proportion of
yolk. The scattered layer of hypoblast cells, which in the
preceding stages surrounded the yolk, takes a large part in their
formation. They open into the intestine in pairs by wide
ducts.
The Malpighian tubes (PL XVIII, fig. 60, mlph.) have not

undergone much development. They reach well forward in the
body, and open into the intestine in the first caudal segment.
It is evident from the structure of the intestine that the

young scorpion does not need food for some time after hatch¬
ing. The large amount of yolk which still exists must last it
for some weeks, or most probably till the next spring. If this
is the case embryonic.life practically lasts twelve months as the
eggs are fertilized in May.
The outer layer of the mesoblast has now for the most part

formed itself into muscles. The inner layer is very much com¬

plicated, being folded in so as to surround the gut and the
lobes of the liver. The spaces between the lobes of the liver,
which are undoubtedly the true ccelom, are filled up by a net¬
work of trabecular tissue (PI. XVIII, fig. 60). The heart,
pericardium, and blood-vessels are fully formed and contain a
considerable number of large nucleated corpuscles.

Summary of the Changes during the Fourth Period.
(1) The thoracic appendages begin as simple outpushings of

the body wall containing a portion of the ccelom (Stage I).
They rapidly increase in length and the chelicerse and chelae

become bifid at their extremities. Sternocoxal processes are

present on the third to sixth appendages (Stage K).
The chelicerae, which were at first behind the mouth, gradu¬

ally move forward relatively to it till they come to lie in front
of it (Stage L).

(2) The coxal gland begins as a simple tube opening to the
outside at the base of the fifth pair of appendages, and opening
at the other end into the coelom (Stage K). The tube soon

becomes coiled, but the external opening persists until after
hatching. It is undoubtely a nephridium.
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(3) The abdominal appendages appear as thickenings of the
epi- and meso-blast on the seventh to twelfth somites (Stage IC).
The first pair (genital opercula) does not develop further till
a late stage (L).
The second pair (pectines) form a number of short longi¬

tudinal ridges on the surface of the abdomen (Stage K). They
then separate from the body, the separation beginning at their
outer ends (Stage M).
The third to sixth pairs (gill-books) begin to be pushed in

(Stage L). The inpushing becomes deeper, and begins to be
divided up (Stage M), and by the time the embryo is hatched
they have attained their adult condition in every respect except
size and number of lamellae.

(4) The cerebral ganglion and central eyes begin as a pair of
invaginations on the cephalic lobes. These invaginations
meet in the middle (Stage K). The cerebral ganglion is formed
from the sides of the invaginations, which rapidly become
shallower and unite so as to open in the middle line. The
dorsal surface of the invagination becomes thickened to form
the retina of the central eyes (Stage L).
The brain becomes entirely separate from the hypodermis,

the invagination remaining to form the eyes (Stage M). The
invagination closes up and its lumen disappears. The cells of
its lower layer form the post-retinal membrane. Those of the
upper layer form the retina, and come in contact with the hy¬
podermis on the top of the head, which is thickened in this
region to form the vitreous layer. The retinal cells become
deeply pigmented (Stage N).
(5) The lateral eyes form as cup-shaped thickenings of the

hypodermis in the " optic area," the cells of which become
pigmented. There is no invagination, and they consist of a
single layer (Stage M).

(6) The ventral nervous system forms as a pair of thickened
segmented bands, one on each side of the neural groove
(Stage I). The nerve-cords sink down, a thin layer of hypo¬
dermis growing over them. There is at this time (Stage K)
a distinct postoral pair of ganglia for the chelicerse. The cells
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become aggregated to form ganglia, and the cbeliceral ganglia
become fused with the cerebrum.

(7) The tail grows out, lying along the ventral surface
of the abdomen. The poison-gland in its terminal segment is
formed by a pair of invaginations of the epiblast.

(8) The hypoblast consists of an irregular layer under the
whole embryo and a solid mass at the tail end (Stage I). As
the tail grows the hypoblast grows into it as a tube reaching
down to the last somite (Stage K).
The hypoblast forms the gut in the abdominal portion of the

body, growing forward in a sling of mesoblast at first as a flat
layer, which soon becomes bent round into a cylinder. The
Malpighian tubes are formed as outgrowths from the mesenteron
in the first post-abdominal somite (Stage M).
The gut does not reach forward to the stomodreum till

shortly before hatching, and at this period the portion of
it into which the liver-follicles open is not fully formed
(Stage N).

(9) The stomodseum is formed early. It lies at first in front
of the chelicerse (Stage I), but soon shifts its position and
comes to lie behind them. It extends inwards as far as the
back of the brain.

(10) The proctodeum is formed much later than the stomo-
dreum. It is at first a solid plug of cells (Stage M). As it
increases in size it appears to replace the hypoblast in the
last four somites.

(11) The mesoblast consists at first of a pair of segmented
bands with a separate coelomic space in each somite, and also
one in the cephalic segment (Stage I). The ceelomic spaces
soon unite, and the mesoblast bands join across the ventral
surface. Somewhat later they extend round—the coelomic
space extending with them—and unite in the middle line on
the dorsal surface (Stage L). From the thickened band where
they have united on the dorsal surface the heart is formed. A
portion of the coelom in the seventh segment becomes separated
off to form tbe genital tubes (Stage M). These do not open to
the exterior. The outer layer of the mesoblast forms chiefly the
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muscles of the body. The inner layer becomes folded so as to
surround the liver and intestine, and the coelomic space becomes
partly filled up by trabecular tissue.

Conclusion.

The development cf this Scorpion, of which I have tried to
give an outline above, is interesting in many points. It does
not agree closely with any other Arachnid type as yet described,
and I have for the present given up all attempts at comparison.
The development of the-central and lateral eyes entirely bears

out Lankester and Bourne's description of their structure. It
is true that the central eyes are three-layered, but as the retina
is the second layer from the surface—the third layer forming
only apost-retinal membrane—they may be calleddiplostichous.
The account given above of their development agrees in all
essential respects with that of Parker, but, having a larger
supply of embryos, I have been able to trace the earlier stages
and the connection of the eyes with the cerebral invagination.
Their mode of origin resembles very closely Locy's1 description
of the development of the eyes in Agelena nsevia, the chief
difference being that in Agelena the optic invaginations appear
to have no connection with the formation of the brain. Locy
does not, however, give a detailed description of the formation
of the latter.
The description given above of the development of the lateral

eyes also agrees pretty closely with that of Parker. In these,
as in the central eyes, Lankester and Bourne's conclusions are
confirmed, and Patten's3 conclusions as to what the structure
of the eyes must be in order to fit in with his theories are
shown to be without foundation. The lateral eyes are mono-
stichous, being simply somewhat specialised hypodermis cells.
The mode of formation of the ventral nervous system is

exceptional among Invertebrates, resembling rather that of
1 'Bull. Mus. Comp. Zool., Harvard,' vol. xii, p. 85.
■ "Eyes of Molluscs and Arthropods," 'Mitth. Zool. Stat. Naples,'

Bd. vi.
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Chordata. The nerve-cord instead of peeling off from the
superficial layer of epiblast sinks down bodily, and is covered
by a layer of epiblast which grows over it from each side.
The development of the coxal gland leaves, I think, no room

to doubt that it is a nephridium. That of the genital tubes is
less conclusive, but I should think it probable that they are
also, at least in part, nephridial.
The gill-books are undoubtedly appendages comparable to

the abdominal appendages of Limulus. Whether they are

really invaginated, i.e. whether the edge of each lamella in the
Limulus appendage corresponds to the bottom of the fold
between the lamellae in the Scorpion's gill-book, or whether the
whole appendage has become sunk in a hollow in the abdominal
surface without being invaginated, it is difficult to say. Un¬
doubtedly, the surface now exposed to the air has always been
the external surface, but that would be the case with either of
the above modes of derivation. Although the second alterna¬
tive has the advantage that it is easy to see how the change
could take place gradually, I am inclined to think the first is
probably the true way in which they have arisen. One argu¬
ment in its favour is that if the second alternative were correct
one would expect the gill-book to commence as a distinct out¬
growth, which would become sunk in a pit. Now, there is no
such outgrowth in the formation of the gill-book. The first
thing to appear on the thickened portion of the epiblast, from
which the gill-book is formed, is a pit (PI. XVII, fig. 41). The
lamellae do not begin to form till a later stage. Again, the
abdominal appendages of Limulus are directed towards the tail
as one would expect abdominal appendages to be. Now, if the
appendage had sunk in without invagination, one would expect
it to be still directed towards the tail unless there were some

very good reason for its having changed its direction. If, on
the contrary, it had become invaginated it would naturally be
directed in the opposite direction towards the head, and this is
what we find in the Scorpion. The inpushing is from the
beginning towards the head, and the aperture opens towards
the tail (PL XVII, fig. 47). I think it is quite conceivable



THE EMBRYOLOGY OF A SCORPION. 137

that the changed conditions of development, due to terrestrial
life, and the consequent pressure on the embryo, may have pro¬
duced this change. A detailed account of the development of
these appendages in Limulus may throw more light on the
matter, but, unfortunately, though many authors have attacked
the problem, a complete and satisfactory account of the develop¬
ment of Limulus is not yet in existence.

EXPLANATION OP PLATES XIII, XIV, XV, XVI,
XVII, & XVIII,

Illustrating Mr. Malcolm Laurie's paper on "The Em¬
bryology of a Scorpion (Euscorpius italicus)."

Abbreviations.

a. c. Air-cavity in gill-book, ac'. Air-spaces between the lamell® of gill-
book. ah. ap. Abdominal appendage, am. Amnion, am. c. Amniotic cavity.
ap. Appendage, hi. Blastoderm, bl. s. Blood-space, bl. c. Blood-corpuscle.
can. Caudal.segment, ce. Cerebral ganglion, ce. in. Cerebral invagination.
ceph. Cephalic segment, cce. Coelom. cox. Coxal gland, cox. d. Duct of
coxal gland, ep. Epiblast. ep'. Extension of epiblast beyond ventral plate.
fol. Follicle, fol'. Outer non-cellular layer of follicle, g. I. Ganglion of
cheliceral somite, ger. Germinal epithelium or inner layer of ovarian tube.
ger'. Yolk-forming cells derived from germinal epithelium, ge. t. Genital
tube. lit. Heart. hj. Hypoblast, hy'. Extension of hypoblast beyond
ventral plate, hy. m. Mass of hypoblast in caudal segment, int. Intestine.
I. Gastric gland, mes. Mesoblast. mi. Prolongation of ovarian tube to egg.
mlph. Malphigian tubes, n. g. Neural groove. n. Nucleus, nucleolus.
n. c. Nerve-cord. n. gl. Nerve-ganglion. n. th. Neural thickening, oc.
Central eye. oc'. Lateral eye. o. I. Outer layer of ovarian tube. ov. Ovum.
p. gl. Poison-gland, pr. hy. Primitive hypoblast (hypomesoblast). proct.
Proctodeeum. pr. t. Primitive thickening. Tin. Retina of central eye.
fin!. Third layer of central eye, post-retinal membrane, s. m. Serous mem¬
brane. s. m'. " Peripheral cells." som. mes. Somatic mesoblast. spl. mes.
Splanchnic mesoblast. st. StomodaBum. ste. p. Sternocoxal process, stg.
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Stigmata, te. Telson. tr. mes. Trabecular mesoblast occupying coelom. nit.
Vitreous layer of central eye. y. c. Cells in yolk. yk. Yolk. The somites
are numbered I, 11, in, &c.

PLATE XIII.

Fig. 1.—Transverse section of ovarian tube, showing the two layers; one
cell of the inner layer enlarging to form an ovum, x
Eig. 2.-—Transverse section of ovum and ovarian tube. The egg has now

pushed its way through the outer layer, and appears as a small protuberance
on the ovarian tube. The follicle is beginning to form from the cells of the
inner layer, which have accompanied the ovum, x 222.
Fig. 3.—Longitudinal section of ovum of -1 mm. diameter, showing the

two-layered follicle and the yolk-forming cells (ger'.). x 222.
Fig. 4.—Longitudinal section of egg of '4 mm. in length, showing yolk-

spheres, indefinite nucleus, and strongly marked nucleolus. The egg is sur¬
rounded by a vitelline membrane. The rest as in Fig. 3. x
Fig. 5.—Section through the base of a ripe egg. x
Fig. 6.'—Yolk-spheres from ripe egg, showing the darkly stained spherical

and prismatic bodies and the clear spaces. x ^2-.
Fig. 7.—Section through a corpus luteum and part of ovarian tube.

X 22°.

PLATE XIY.

Fig. 8.—Surface view of one-layered blastoderm. X -3-£-.
Fig. 9.—Section through one-layered blastoderm, same stage as Fig. 8.

X ?8°,
Fig. 10.—Section through blastoderm later than Fig. 9, showing the cells

multiplying to form a mass at one pole of the egg. x -!fi'
Fig. 11.—Section through more advanced blastoderm, x aao.
Fig. 12.—Transverse section through blastoderm at time of formation of

primitive hypoblast and serous membrane. The yolk and yolk-cells are drawn
in detail in this figure to show the breaking down of the former, x ajo.
Fig. 13.—Surface view of blastoderm now becoming oval. x -t0-.
Fig. 14.—Transverse section through posterior end of embryo figured in

Fig. 13, showing serous membrane, primitive thickening, primitive hypoblast,
and " peripheral cells." x
Fig. 15.—Transverse section through anterior part of embryo about the

same stage, x -f2.
Fig. 16.—Longitudinal section through an embryo a little younger than

Fig. 17, showing two somites with a third forming. The mesoblast is
forming from the primitive hypoblast, the amnion is growing up from the
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edges of the hypoblast, and the primitive thickening is well seen in the caudal
segment. X
Eig. 17.—Surface view of embryo, with three somites fully formed.

X AS-.
Eig. 18.—Transverse section through posterior end of Eig. 17, showing

hypoblastic mass, mesoblast, &e. X J-j2.
Eig. 19.—Diagrammatic representation of the relative extension of the

various layers in an embryo of the stage of Kg. 17.

PLATE XY.

E'ig. 20.—Surface view of an embryo with seven somites, drawn as if
flattened out. a—b and c—d are the planes of the sections figured in Eigs.
21 and 23. X A§-,
Eig. 21.—Transverse section through one of the posterior somites of an

embryo with seven somites (a—b in Eig. 20), showing the three layers,
epiblast thinning in centre, and mesoblast thin; amnion, serous membrane,
and coelomic spaces. X Ay9-.
Eig. 22.—Transverse section through one of the anterior somites of Eig.

20. x

Eig. 23.—Transverse section through tail-segment (c—d) of Eig. 20,
showing the undivided mesoblast and the hypoblastic mass, x I-j2.
Eig. 21.—Surface view of embryo of nine somites, drawn as if extended.

X AS.
Eig. 25.—Transverse section through head-segment of Eig. 21, showing

epiblast thickening to form cerebral nervous system and spreading (ep'.), with
the amnion beyond the ventral plate, neural groove, thin mesoblast, with small
ccelomic space and hypoblast. X
Eig. 26.—Transverse section through one of the anterior somites of Eig.

21, showing the epiblast very solid where the appendage will develop (pp.)
and form the neural thickening (n. th.) at each side of the neural groove.
Mesoblast thick, and ccelom not very evident, x Ay2.
Eig. 27.—Diagrammatic representation of the relative extension of the

various layers in an embryo of the stage of Eig. 21.
Eig. 28.—Surface view of embryo at Stage I (ten somites) extended in a

plane, showing appendages, oheliceral ganglion, stomodceum, &c. X AA.

PLATE XVI.

Eig. 29.—Longitudinal section of Stage I in the middle line, showing
dorsal flexure of the embryo, commencement of tail outgrowth, stomodasum,
&c. x as-.
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Fig. 30.—Longitudinal section to one side of the middle line, showing the
appendages and ccelomio spaces. X
Fig. 31.—Transverse section through the third somite of Stage I, showing

the formation of the appendage, the neural thickening, &c. X -AA.
Fig. 32.—Surface view of embryo at Stage K, showing the cerebral invagi¬

nations, abdominal appendages, tail, &c. X -3X°-.
Fig. 33.—Transverse section through the base of a thoracic appendage,

showing the sternocoxal process.
Fig. 34, a—h.—Series of sections through base of fifth appendage, showing

the coxal gland.
Fig. 35.—Transverse section through one of the abdominal appendages and

the tail, showing the appendage, the neural thickening beginning to separate
from the epiblast, the gut forming in the tail, &c. X Aj5-
Fig. 36.—Transverse section through the cephalic segment of a somewhat

earlier embryo, showing the beginning of the cerebral invagination. X .

FTg. 37, a—d.—Sections through the head of an embryo of Stage K, show¬
ing the cerebral-optic invaginations. X .

PLATE XVII.

Fig 38.—Surface view of an embryo of Stage L extended in a plane,
showing the cerebral invagination, the central eyes, &c. X -\0-.
Fig. 39.—Transverse section through- the base of the fifth appendage,

showing the coxal gland, x
Fig. 40.—Section through the pectines. x .

Fig. 41.—Section through an abdominal appendage, showing the inpushing
to form the gill-book. X -7-£- ■

Fig. 42, a, b.—Transverse sections through the cerebro-optic invaginations.
X 4fl-.
Fig. 43.—Longitudinal section through the cerebro-optic invaginations,

showing the formation of the brain and the central eye. X V1-
Fig. 44.—Surface view of an embryo of Stage M, from the ventral surface.

X -3X°-.
Fig. 45.—Surface view of the dorsal side of the head of the same embryo,

showing the central and lateral eyes, x -3X0-.
Fig. 46.—Section through the seventh somite, showing the formation of

the genital tube from part of the eoelom. x -A2..
Fig. 47.—Longitudinal secion through a gill-book, showing the commence¬

ment of the formation of the lamell®. X AAA.
Fig. 48.—Longitudinal section through the head end, showing the stomo-

dteum and the cerebro-optic invagination from which the brain is now entirely
separate. X .

Fig. 49.—Transverse section through the same region, x
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Fie. 50.—Longitudinal section through the lateral eye, showing its forma¬
tion by a thickening of the hypodermis. X if1.
Fie. 50a.—Section through a somewhat older lateral eye in which the

inpushing of the hypodermis has disappeared, x

PLATE XVIII.

Fie. 51.—Longitudinal section through the tail end of Stage M, showing
the poison-gland, proctodseum, intestine, &c. X
Fie. 52.—Transverse section through the posterior end of the body, showing

the intestine, with the Malpigkian tubes, the heart, &c. X .

Fig. 53.—Transverse section a little further foward than Fig. 52, showing
the intestine, which has not yet closed into a tube. X -6T2-.
Fie. 54.—Section through the coxal gland of a newly-batched scorpion,

showing the opening to the exterior, &c. X -7T-.
Fig. 55.—Longitudinal section through a gill-book of a newly-hatched

scorpion, x
Fig. 56.—Longitudinal section through the central eye of an embryo a short

time before hatching, showing the closure of the cerebro-optic invagination
and the three layers of the eye. X .

Fig. 57.—Longitudinal somewhat oblique section through the central eyes
of a newly-hatched scorpion. X -f-A
Fig. 58.—A few cells of the same eye more highly magnified, and showing

the inpushing in the vitreous layer.
Figs. 58, a, b, c.—Transverse sections through the same eye at different

levels.
Fig. 59.—Section through the lateral eyes of a newly-hatched scorpion.

X jL2JL,
Fig. 60.—Transverse section through the posterior part of the body of a

newly-hatched scorpion, showing the fully-formed intestine, the Malpighian
tubes, the nerve-cord, and the trabecular tissue filling up the coelomie space.
X

Fig. 61.—Transverse section through the intestine further forward, where
it is not yet properly formed, showing the irregular hypoblast cells and yolk-
spheres. x
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it Some Points in the Development of Scorpio
fulvipes.

By

Malcolm l^aurie, B.Sc., F.t.S.

With Plate XL.

In the introduction to my paper on the development of
Euscorpius italicus (' Quart. Journ. Micr. Sci./ vol.
xxxi) I mentioned that a species of scorpion (Scorpio
fulvipes), which I was permitted to examine by the kind¬
ness of Professor Lankester, showed a considerable difference
in its mode of development from that of Euscorpius. This
difference is, as there stated, fundamentally due to the absence
of yolk from the egg of S corpio fulvipes, in which particular
it contrasts strongly with that of Euscorpius, in which the
proportion of yolk is enormous. Further examination of more
abundant material, which Professor Bourne of Madras collected
and preserved with great care and forwarded to Professor Lan¬
kester, shows that the specialisation of the embryo in relation
to its mode of nutrition has reached a very high pitch.
A few notes with regard to this particular form of Scorpion

development will, it is hoped, be of some service towards an
understanding of the embryology of Scorpions, and Arthro¬
pod a generally.

Ovary and Ovarian Egg.
The species of Scorpion of which the female reproductive

organs are described by Duvernoy appears to agree in the pecu-
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liarities of those organs with S. fulvipes. Duvernoy, how¬
ever, deals only with the external appearance of ovaries in
which the development of the embryo had already advanced
some way.
In Scorpio fulvipes the ovary agrees with that of

Euscorpius in its anatomy, in so far as it consists of a network
of tubes bearing a number of eggs which cause the tubes
to bulge at intervals into the body space. Beyond this, how¬
ever, there are many important differences. The ovarian tube
in place of the large oval sessile ova of Euscorpius bears a
number of long diverticula, each of which ends in a solid
coiled appendix (fig. 1). These diverticula were described by
Duvernoy1 as the eggs, but the comparatively small egg occu¬
pies only one tenth of the length of the diverticulum, and lies
at its distal end at the root of' the appendix (fig. 1, ov.).
The formation of these diverticula can be easily understood

from fig. 2, which shows a section of a young egg such as ov'
in fig. 1. The egg, which is formed as in Euscorpius by the
growth of one of the cells of the inner layer of the two-layered
ovarian tube, is carried out at the end of an outgrowth of the
ovarian tube, and is at first completely surrounded by a mass
of cells of the inner layer. At a stage somewhat later than
that in fig. 2 an opening is formed through these cells, so that
the ovum is only separated from the cavity of the diverticulum
by the vitelline membrane which surrounds it. There is no
specialisation of any of the cells for the purpose of forming
yolk, and in fact the egg is, when ripe, entirely without food
yolk.
The whole diverticulum, as is seen in fig. 1, consists of four

distinct regions :—A long stalk (st), a thickened collar (c), a
somewhat conical portion in which the ovum lies (ov), and a
long appendix. The stalk is peculiar in that the continuation
of the inner layer of the ovarian tube is divided into two
distinct portions. The inner one (fig. 3, i.l.) next the lumen is
formed of a single layer of long cylindrical cells with their

1 Duvernoy, " Fragments sur les organes de la Generation de divers ani-
maux," ' Mem. de l'Acad. Sci. de l'lnstitut,' t. xxiii.
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nuclei at various levels, giving at first sight the appearance of
a folding of the walls. The outer portion (fig. 3, i.l'.) is com¬
posed of a closely packed mass of small cells of which only the
nuclei can be made out. Outside this outer portion is the con¬
tinuation of the outer layer of the ovarian tube (o./.), which con¬
sists of flattened cells.
In the collar (fig. 4) the two portions of the inner layer are

no longer distinguishable. The whole layer, which is enor¬

mously thickened, consists of clear, highly refracting cells with
oval nuclei and well-marked outlines. As development pro¬
ceeds the collar gradually moves down towards the ovarian
tube, and as it passes the cells of the diverticulum change
their form and come to resemble those of the collar. This

change is preparatory to the active excretion of nutritious
matter for the nourishment of the embryo in its earlier stages.
The greater thickness of the collar is simply the sign of the
activity of the cells within, which require more space in which
to undergo their change in form. When this change is
accomplished the diverticulum returns to its former dimen¬
sions.

The conical portion above the collar (fig. 1, ov) consists of
the egg, which when ripe is less than ■2 mm. in length (that
of Buscorpius measuring T5 mm.), and of the inner layer
cells surrounding it. This follicle is several cells thick, the
cells being the same in appearance as those already described
in the collar. Between the egg and the lumen of the diverti¬
culum is a small passage, the cells surrounding which are long,
and have their nuclei at their outer ends. These three

proximal portions of the diverticulum together reach a length
of about 2 5 mm.

The coiled appendix, which is longer than all the rest of
the diverticulum, consists of a solid rod of cells (fig. 5, i.l.)
forming a continuation of the inner layer, and is surrounded
by the flattened cells which represent the outer layer of the
ovarian tube (o.l.). The appendix plays an important part in
the nutrition of the embryo, being gradually absorbed as

development proceeds.



6 MALCOLM LAURIE.

The embyro undergoes the whole of its development in the
diverticulum, and does not pass into the ovarian tube until it is
ready to be born.
The development extends over more than six months, my

earliest stages having been preserved towards the end of
October and the latest in May. How much longer it may take
I cannot say, but the oldest embryos which I have examined
are still some way from being fully developed.

Development of the Embryo.
In the earliest stage examined by me the ovum is com¬

pletely segmented. The external appearance of the diver¬
ticulum and appendix is shown in fig. 1, and has been
described above. A transverse section (fig. 6) shows the
ovum, which is about '12 mm. in diameter, to consist of an
irregular mass of cells with faintly marked outlines and large
oval nuclei. There appear to be spaces between the cells, but
his may very likely be due to shrinkage. The nuclei for the
most part stain very faintly with carmine, and show a slightly
granular structure. Here and there one of the nuclei stains
very darkly, and such nuclei appear to be undergoing divi¬
sion. The nuclei are scattered about irregularly, and show no

tendency to the formation of layers. There is no trace of
yolk either in the cells or in the spaces between them.
In the next stage, between which and the one described

above there is a considerable gap, various changes have taken
place. The ovum has increased in size to about -15 mm.
diameter, though there is considerable individual variation in
this respect, and shows the beginnings of several structures.
The cells are chiefly aggregated along one side—the ventral—
and towards the posterior end, leaving a space in the middle
which is full of finely granular substance. This space is well
seen in longitudinal section (fig. 8), and a section in this
direction also shows very clearly the stomodseum (figs. 7
and 8, st.). This structure is a tube, the walls of which are
at first one cell thick (fig. 7, si.), and the lumen of which
opens to the exterior of the embryo at the anterior end (i. e.
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the end furthest from the ovarian tube), and at the posterior
end into the space in the middle of the embryo described
above. It is certainly extraordinary that the stomodseum
should be the first structure developed, but the reason will be
found in the peculiar mode of nutrition of the embryo in its
later stages.
The outermost layer of the embryo (fig. 7, am.) is

separated from the rest by a distinct space extending all
round. It represents the so-called amnion, which is so well
developed in Euscorpius, but in this form appears to be
confined to the earlier stages, as I have been unable to find
any trace of it in the later ones. A protective envelope of
this sort is not so necessary in this form, where the embryo
remains in situ till it has attained its full growth, as it is in
a form like Euscorpius, where the eggs pass into the ovarian
tube at an early stage, and its slight development and early
disappearance are probably due to this change of habit in the
embryo. Its presence seems to point to the condition in
Euscorpius being the more primitive, a conclusion which is
supported by many other facts in the development.
In the next stage, in which the embryo has increased

very considerably in length, the body-wall (fig. 9, ep) is
very thin, and composed of flattened cells on the dorsal
and lateral surfaces; while on the ventral surface, where
the mesoblast and nervous system will afterwards make their
appearance, it is formed of two or three layers of cells with
large round nuclei.
The gut is not yet formed, but its position is shown by a

large cylindrical mass of yolk, the central portion of which
has a curiously honeycombed appearance. The rest of the
body space is filled with yolk spheres, the material for the
formation of which must have been derived from the cells of
the diverticulum.
The cavity of the diverticulum beyond the point to which

the embryo extends is full of a finely granular substance
secreted by the cells which line it. The granular structure
may be due to coagulation of a fluid by alcohol. Here and
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there, in the midst of this granular substance, may he seen the
nuclei of free cells. These, probably, play some part in the
preparation of the nutritious material for absorption by the
embryo, but whether they are derived from the embryo or
from the walls of the diverticulum, I have not been able to
ascertain, though I think the latter most probable.
At the posterior end of the body there is a considerable

mass of cells, the growth and multiplication of which provide
for the rapid increase in length of the embryo. The head
end (fig. 10) consists of an almost solid mass of cells, in the
middle of which is seen the laterally-compressed lumen of the
stomodseum, which has a highly refractive, probably chiti-
nous lining.
At the sides of the stomodseum the cells have become elon¬

gated (m), and form masses of muscular fibres, extending from
the stomodseum to the lateral walls of the embryo. A pair
of solid outgrowths on the ventral surface represent the
chelicerse (fig. 10, I).
No traces of the other appendages are present, and it is

noteworthy that this pair of appendages, which in Euscor-
pius appears later than the five succeeding pairs, should here
be the first to be formed.
In the next stage only a few points need be noted. Among

the most curious of these is the formation of a series of dorsal

outgrowths of the body, one to each segment, which give it,
when viewed from the dorsal surface, the form shown in fig.
11, while in section it has the shape seen in fig. 12. The reason
for this curious change in the shape of the body is not clear, as
the spaces thus formed are unoccupied by any structures except
a few thiu bands of mesoblast. A section (fig. 12) shows the
gut completely formed as a tube of large cells surrounding a

granular mass of food material. The rest of the body-cavity
is occupied only by thin trabeculse of mesoblast except on the
dorsal surface, where the mesoblast is present in considerable
amount and is hollowed out to form the heart. The yolk
spheres, which in an earlier stage occupied the body-cavity, have
been completely absorbed, and, except for a slight thickening
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of the epiblast where the ganglia will be formed, there is no
trace of the nervous system in the body. In the cephalic
region the brain is beginning to form as in Euscorpius by
the proliferation of the cells of a pair of cerebro-optic in¬
vaginations, which are more lateral in position than in the latter
species, but otherwise completely correspond to them.
At a considerably later stage the gut begins to be constricted

by both circular and longitudinal bands of mesoblast (fig. 13),
which divide it into a central tubular portion with a series of
large diverticula which form the so-called liver. Both the gut
and the liver remain full of granular matter, from which the
body-cavity is quite free. The ventral nervous system is
by this time completely separated from the epiblast, but as its
formation presents no special points of interest I have not de¬
scribed it in detail. In the head the stomodseum becomes very
chitinous, and is furnished with powerful lateral muscles (fig.
14, m). Just opposite the aperture of the stomodseum is the
lower end of the cord of cells which forms the coiled appendix
described above (p. 589), and it is by the destruction of this cord
of cells that the. embryo nourishes itself through all the later
stages of embryonic life. This mode of nutrition, which was

imperfectly described by Duvernov,1 is very exceptional, and,
indeed, more like the nutrition of a young marsupial than any¬
thing else. The cord is held in position by the chelicerse
(fig. 14,1), and this is the object of the phenomenally early de¬
velopment of these appendages as well as of the stomodseum.
The comparatively early formation of the gut is due to the
same cause. As might be expected, the chelicerse are con¬

siderably modified to serve their peculiar function. This is
best seen in the oldest stage in my possession (figs. 15—17),
where the chelicerse, apart from their great proportional size,
are seen to have the third joint specially developed (fig. 17,1, 3).
This third joint is very much larger than the other half of the
pincer, and is farther provided with a strong band of chitin
which runs in a somewhat sinuous manner from the base of
the joint up to the tip. This band of chitin is grooved, and the

1 Loc. cit.
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two chelicerse are twisted so that the chitinous plates come into
contact with each other, leaving a small hole (fig. 16, co)
through which the cord of cells passes to the mouth. I think
it is probable that the chelicerse do not merely hold the cord
in position, but serve also to crush it. The lower end of the
cord consists of horny-looking cell-walls from which all the
protoplasm seems to have disappeared. Whether the embryo
nourishes itself on the protoplasm of the cells or whether the
cell contents are some special substance I have not been able
to find out. It is perhaps worthy of remark that the chitinous-
plates on the chelicerse are covered in places with a scale-like
marking very similar to that which is so characteristic of
the fossil Merostomata. The epistomial lobe (figs. 16 and
17, es£)is very well developed, and also furnished with chitinous
plates.
The five succeeding pairs of appendages closely resemble

their adult state, and need no description here.
The genital opercula are in my latest stage not yet visible-

in a surface view, contrasting in this respect with the pectines-
(fig. 15, vii).
The six metasomatic or caudal segments present one point of

interest in Sc. fulvipes, namely, that the tail is bent up over
the back, contrasting in this respect with Euscorpius, in which
the tail lies along the ventral surface.
From what I was able to make out as to the development

of the median eye, I think that the pigment-cells are epi-
blastic. The retina of the eye is formed, as in Euscorpius, from
a thickening of the dorsal wall of the cerebro-optic invagina¬
tion. The thickened portion consists at first of a mass of
large spherical nuclei, which are distributed through the whole
thickness of the retina. In the latest stage which I examined,
in which there is already a considerable quantity of pigment,
the nuclei are confined to the inner half of the retina, leaving
the outer portion quite clear (fig. 18). The nuclei are, how¬
ever, no longer all alike; but, while the majority of them retain
their spherical form, a certain number, forming a band in the
middle of the retina, have assumed an elongated form. These



SOME POINTS IN DEVELOPMENT OP SCORPIO PIILVIPES. 11

latter are the nuclei of the retinal cells, and as from the dis¬
tribution of the pigment special pigment-cells seem to be
present, the large spherical nuclei probably belong to these
latter. Absolute confirmation of this view by dissociation of
the elements of the retina has unfortunately proved impossible,
owing to their state of preservation.

Conclusions.

The development of this form adds another to the numerous

types of development in the Arachnida. It is, as is shown
by its mode of nutrition, a highly specialised form. There is
no doubt that the type of development represented by Eu-
scorpius is the more primitive of the two. The chief argu¬
ments in favour of this view are the formation in Scorpio
fulvipes of (1) a rudimentary amnion, and (2) the formation
of yolk spheres in the earlier stages, and a mass of yolk round
which the gut is formed.
Eurther, so far as can be made out from the description by

Kowalewsky and Schulgin,1 the development of Androctonus
follows much the same lines as that of Euscorpius. It is
curious that Euscorpius should resemble the very distantly
related Androctonus so closely, while differing so markedly
from a comparatively near relation like Scorpio; and further
study of the mode of development in other forms would, pro¬
bably, throw an interesting light on the value of the present
system of classification.
The mode of nutrition explains many of the peculiar points

in the growth of the embryo, everything being sacrificed to
the rapid development of the organs—chelicerse, stomodseum,
and gut—necessary for nutrition, and the other appendages,
together with the mesoblast and nervous system, being formed
at leisure after nutrition is provided for.
I have, unfortunately, not been able to find the remarkable

sense organs described by Patten.3
1 'Biol. Centrlbl.,' vol. vi, p. 525.
5 ' Quart. Journ. Micr. Sci.,' vol. xxxi.
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EXPLANATION OF PLATE XL,

Illustrating Mr. Malcolm Laurie's paper on " Some Points in
the Development of Scorpio fulvipes."

Abbreviations.

am. Amnion, ap. Appendix of diverticulum. A. S. Air-space. Bl. S.
Blood-sinus, c. Collar of diverticulum, co. Cord of cells on which embryo
feeds, ep. Epiblast. est. Epistome. ht. Heart, ky. Hypoblast, i. I. Inner
layer of ovarian tube. nt. Muscles of stomodseum. mes. Mesoblast. n. c.
Nerve-cord. o. Central eyes. o'. Lateral eyes. o. I. Outer layer of ovarian
tube. o. d. Ovarian tube. o. n. Optic nerve, ov. Ovum. r. Nuclei of
retinal cells, s. Stalk of diverticulum, st. Stomodasum. sty. Stigma, v.
Vitreous layer, yk. Yolk. The appendages are numbered i, ii, iii, &c.
For the sake of simplicity the diverticulum round the embryo has not been
figured, except in Fig. II.
Fig. 1.—Part of ovary of Scorpio fulvipes, to show the diverticula in

which the eggs are formed. X f.
Fig. 2.—Longitudinal section of a diverticulum and ovum at an early

stage. X A8-.
Fig. 3.—Transverse section of the lower part of a diverticulum. X if8.
Fig. 4.—Transverse section of the swollen " collar " of a diverticulum,

x -Zf.
Fig. 5.—Transverse section of the solid coiled appendix in which the

diverticulum ends. X

Fig. 6.—Transverse section of a fully segmented egg. x -fS.
Fig. 7.—Transverse section of front end of a very young embryo, showing

stomodseum, amnion, &c. X if8.
Fig. 8.—Longitudinal section of an embryo slightly older than Fig. 7.

X if-?.
Fig. 9.—Transverse section. Body of embryo considerably older than

Fig. 8. X if8.
Fig. 10.—Transverse section through head of same embryo, showing

stomodseum, cheliceras, &e. X If8.
Fig. 11.—View of the dorsal surface of an embryo, older than Fig. 9.

X f.
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(Separat-Abdi'uck aus dem oZoologischen Anzeigew No. 386. 1892.)

i On the Development of the Lung-Books in Scorpio fulvipes.
By Malcolm Laurie, B.Sc., F.L.S.

The following observations on the development of the lung-books
of Scorpio fulvipes, and the light thrown by them on the probable
mode of origin of these structures from the gills of an aquatic ances¬
tor, were made by me while investigating the embryology of this form,
an account of which was published in the Quarterly Journal of Micro¬
scopical Science, Vol. XXXII, p. 587. In the earlier stages the lung-
books present no special points of interest being simple ingrowths of
the ventral surface of the abdominal segments precisely similar to
what I have described in Euscorpius italicusK In the latest stage
which I have examined, however, the lamellae are well developed and
have the same structure as in the adult though they are not so nume¬
rous. They differ from those of the adult however, very strikingly in
position In the adult the lamellae stand perpendicular to the ventral
surface of the body and directly over the stigmatic opening (fig. 1).

Kg. 1. Fig. 2.
I

Fig. 1. Diagrammatic transverse section of adult Scorpio to shew the position
of the lamellae of the lung-books.

Fig. 2. Diagrammatic longitudinal section of Embryo Scorpio, a anterior;
p posterior end.

The lamellae are further placed parallel to the axis of the body, i. e.
with their flat surfaces directed towards the sides of the body and their
edges towards the anterior and posterior ends. In the embryo, on the
other hand, the lamellae lie horizontally and parallel to the ventral
surface (fig. 2) resembling in this respect the lamellae of the Aranei-
dae. The stigmatic opening is situated at the postero-internal angle
of the lamellae. The change in position of the lamellae in passing
from the embryonic to the adult condition thus involves a movement
of 90° from the horizontal to the vertical position and a further twist
of about 45° to bring the lamellae parallel to the axis of the body.

i Q. J. M. S. Vol. XXXI.
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By what steps this change takes place the material at my disposal does
not show.

It seems to me that this embryonic position of the lamellae is cal¬
culated to throw some light on the probable mode of derivation of the
lung-hooks of terrestrial Arachnids from the gills of an aquatic an¬
cestral form. At present two theories have been put forward on this
point, those namely of Lank ester and Macleod.

According to Professor Lankester's theory2 the lung-hooks
have been formed by the invagination of an abdominal appendage in¬
termediate in form between the gills of Limulus and the pectens of
Scorpio. That such an invagination may take place, and take place as
Professor Lank ester suggested as an adaptation to the conditions of
embryonic life, has been shown by Reichenbach who describes the
last pair of abdominal appendages in Astacus as forming in this way
in the embryo and being evaginated later. There is also nothing in
the structure of the adult lung-hook to preclude such a mode of deri¬
vation. If. however, the embryonic position of the lamellae represents,
as I believe it to do, a stage in the phylogenetic history of the race,
the probability of Professor Lankester's theory is, I think, conside¬
rably diminished, and for the following reason: If we imagine an
appendage, hearing a series of lamellae along one side, to he invagina-
ted, so as to form a structure resembling a lung-book, then the stig-
matic aperture and air space would hear the same relation to the
lamellae which the axis of the appendage bore previous to invagination.

Fig. 3. Fig - 4-

3.
, A.

Fig. 3 und 4. Diagrammatic representation of the effects of invagination of
an appendage with lamellae attached to the posterior side.

For example, if the lamellae were borne on the posterior margin of
the axis of the original appendage then after invagination they would
lie on the posterior side of the stigma and air space. A glance at
figs. 3 and 4 will, I think, make this point clear. This being so, the
appendage, from the invagination of which the arrangement shown in

2 a. J. M. S. Vol. XXV. p. 339.
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the young of Scorpio would result, must have home a series of gill
lamellae on its anterior margin or surface — a type of appendage quite
unknown among either recent or fossil aquatic Arachnids, and which
would place the gills in a very exposed position.

The theory propounded by Macleod3 and suggested to him by
a study of the lung-books of Spiders, is briefly, as follows: He
supposes a pair of platelike abdominal appendages united, like those
of Limulus, in the middle line and bearing branchial lamellae on their
posterior surface, to have become gradually fused round the margin
to the ventral surface of the body. The process might perhaps be
better described as an extension of the line of attachment along the
sides of the appendage so as to convert the space between the appen¬
dage and the body wall into a chamber opening to the exterior along
a greater or less extent of its posterior border. This theory has much
to he said for it. In the first place, it avoids the difficulty as to
the original position of the lamellae which we met with in consi¬
dering Prof. Lankester's theory, as the air space would occupy
the position not of the axis hut of the free end of the lamellae. Ano¬
ther strong point in its favour is that it is easy to see how the
change might arise step by step as the animals took more and more to
a terrestrial mode of existence; every step being of advantage as tend¬
ing to keep the gills longer in a moist condition. The change would
thus he a gradual one instead of being sudden as in Professor Lan-
kester's hypothesis.

There is only one point of importance in which I would differ
from Macleod. He would derive the lung-books from a pair of
appendages fused in the middle line and adduces in favour of this the
presence of a transverse groove connecting the lung-books in many
forms. The Araneidae are, however, a highly specialized group and
the absence of any such structure in the lower Arachnids is to me a

strong argument against its having any phylogenetic significance. In
the embryo Scorpio the lung-books shew no trace of any structure
uniting them, but are separated by a broad, shallow, longitudinal
groove which runs down the whole length of the abdomen.

The form, from which I would suggest that the lung-books of the
Arachnids have been derived, is one which I have described as exist¬
ing in Slimonia — one of the fossil Eurypterids from the Upper Silu¬
rian rocks. In Slimonia the abdominal appendages consist of a pair of
separate plates on each segment each of which bears on its posterior
surface branchial lamellae. These lamellae are attached towards the

3 Arch. Biol. Vol. V.
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antero-external angle of the plates and their free ends point backwards
and inwards, thus corresponding with the position of the lamellae
in the embryo of Scorpio and in Spiders.

Thus, while accepting Macleod's theory in its main lines, I
would suggest that the lung-books of the Arachnids were probably de¬
rived from a series of paired platelike appendages, not united in the
middle line, by a gradual fusion of their edges with the abdominal
walls of the body.

■we*


