"WIND-SCORPIONS," A BRIEF ACCOUNT OF
THE GALEODIDiE.

-r.

HE name 'Wind.scorpion' is translated from the Arabic.
I t is applied to a little known but very important
group of Arachnids, some genera of which contain indivia
duals that reach a great size, measu ring over two inches in
1ength of body. The principal genus (Galeodes), which is
that best known to the Arabs, is iong.legged, very hairy,
and so swift of movement that almost every writer who has
had personal experience of these Arachnids has recorded
his astonishment at the rapidity with which they cover the
,ground. A writer, in a private letter to Mr. Pocock, says
that they look like a piece of thistle-down driven before the
wind. There are, however, also short-legged genera, the
members of which, although not so rapid, are yet reported
to be extremel), agile. In one genus the hind legs are said
'to be specialised for springing.
.Pallas was the first European naturalist who recognised
the animal as an Arachnid. Apparently on accQunt at
its long legs, he thought it was related to the Harvest~ men,
and called it Phalangiltnt ara1tcoides, or the spide r~like
Phalangium. I ts general resemblance to a spider can also
be traced in the German names " Scorpion~spinne," " Giftkanker" (= poison~spider), and even in the more modern
"Walzen-spinne ". It was Olivier who constituted it a new
genus under the name of "Galeodes" (r 791, E1UYC. Mltho~
dt'que)-a name perhaps l-eferring to the helmet~like plate at
the front end of the body. This plate is of such great morphological importance that it is well that it should be emphasised in the name of this group; for though traceable in
most Arachnids, it is so conspicuous in the Galeodidre as to
distinguish them from all the other families.
The Galeodidre do not make webs like the spiders, but
hunt their prey in the open, fairly running it down. They
feed chieAy on insects, moths, and even hard beetl es, and
will strike at almost anything tha t comes in their way,

SCIENCE PROGRESS.

scorpions, lizards, small mammals and birds. In one regiotl'
their chief food is said to be the scorpions. A small noctur.
nal g"enus in Colorado is reported to hunt bed-bugs. The
name given to the order, Solifugce, refe rs to the habit of
many genera of only appearing at night. Travellers in
Asia, for instance, only see them in their tents, racing over"
their beds after dark has set in. Other genera, however,
show no such aversion to daylight.
f 11 Santi<tgo they are
even said to run about the streets in broad daylight.
I t is
well for the inhabitants tbat they are measured in millimetres and not in feet or even inches, for anything more
terrible than the jaws of these creatures could hardly be
imagined.
These formidable and cpnspicuous limbs consist of a
pair of stout pincers arranged side by side, projecting
straight out in front of the animal, with sharp, curved
points, and toothed in various ways along the inner edges,
the whole outer and distal surface of the limb being thickly
covered by bristles. One writer speaks of them as the most
horrible jaws in the whole animal kingdom, ecl ipsing even
those of the tiger, the crocodile and the shark.
The method of using these weapons has been described
as follows: seizing its prey tbe animal holds tight with one
jaw, while it drives the other deeper in, and then holds tight
with this one while the former is driven still further in, the
two working al temately in a sort of sawing motion cut
deeper and deeper into the victim, which is said often to be
"completely devoured". This reported complete devouring
of the prey is one of the many points chat require investigation. It is worth comparing with the fact that spiders
leave very little of thei r victims. The difficulty lies in the
fact th~t the Arachnids, as a rule, take in no solid food at
all, merely biting into the victim and then sucking all the
juices out of the wound, these being well strained before
entering the resophagus. It has been suggested for the
spiders that, in the act of biting, glandular secretions may
cause the firmer tissues of their prey, which otherwise could
not be sucked in, to deliquesce. Somewhat the same may
be true for Galeodes.
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Reaching out in front of the jaws, are the next pair of
stout, jointed limbs wh ich are remarkable for their length.
These wave in the air as if to "interrogate space ", They
carry a remarkable and highly devel.o ped "smelling" organ,
contained in an invagination at their tips. This organ can
be protruded and withdrawn, and has given rise to some con·
trovers),. In Lichtenstein's description 1 the keen sense of

smell of these hunters was rightly localised here, i.e., in the
swollen knob-like ends of these limbs. This view prevailed
until Dufour, who seems first to have noticed the protrusion
of the sense organs themselves, claimed them as suckers for
holding prey. Other more recent observers who have
watched the animal climb out of glasses, etc" touching the
glass with the tips of these same limbs, have adopted
Dufour's suggestion that they must be suckers to help in
climbing. Another observer of che liv ing animal, who was.
not aware of the presence of any procrusible organ, described
the limbs as emitting a phosphorescent fla me from their tips.
on being applied to any object, Th is appearance is quite
explained by the glistening satin.like appearance of the chitin
of the organ observable in its protruded condition. After
all, the earlier view was the right one,
The mou th of the Windvscorpion is a very minute
aperture at the tip of Cl beak, which projects from between
the bases of the last-mentioned limbs, but is not visible until
the jaws have been pulled apart and raiserl. This beak, which
is quite rigid, is evidently forced by the penetrating action
of the jaws into the wound. The juices which are sucked
out, are strained through an elegan t lattice-like sieve which
stands out at the tip of the beak, and is constructed out
of the fringing bristles. So finely does this sieve strain
the food that on one occas ion I found moth-scales retained
on its outer surface while, here and there, in the intestines
of the same animal, a few similar scales were found,
evidently sucked in by the strong pumping of the cesophagus, but in each case apparently fo rming a centre of
disturbance to the normal processes of digestion,
1

Lichtenstein and Herbst, Nalurg, inst:fJm, GaJhmgm Solpuga UluL

P/lalangiulII, Berlin, 1797.
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Another question which requires to be established
experimentally is the amount of truth there is in the evil
reputation which these Arachnids have for inAicting very
painful and even dangerous bites. Lichtemaein (i.e.) has
-endeavoured to show that certain pas5ages found in the
anciem classics refer to Galeodes. The" mice" which
plagued the Philistines (I Sam. v. vi,) when they cap.
lured and kept the" ark of the covenant 11 must. according
to this writer, have been the terrible Galeodes, while the
." emerods" with which they were also plagued referred to
the sores caused by the bites of these animals, chicRy on
the pudenda. Among other arguments in support of this
interesting interpretation of the ancient Hebrew story the
same author asserts that Galeodes still inAict similar bites
either in the same place, especially of females, or 011 the
lips of people or animals sleeping on the ground. Again, a
long passage is quoted from Agatharchides to the effect
that a populous district on the shores of the I ndian
ocean was deserted owing to the swarms of these Arachnids
that appeared after a very long rainy season.
On the other hand, Olivier disbelieved the awful reports
of the Arabs, who were terrified at the sight of the
Galeodes which appeared in the tents at night, and who
·told yarns, each more horrible than the last, as to their
dangerous bites. He admitted however that if the animals
did bite, with such jaws the results would probably be painful.
Pallas says that people are bitten "accidcnrally" by the
animals getting under thei r clothes and rdates a few such
cases. Dufour also records a case of a mail in Algeria
being bitten by a GaJeodes that got under his clothes. The
descriptions given by these two authors of the effects of the
bites, the accuracy of which there is no reason to doubt,
are enough to account fo r the exaggerated terror with
which these animals arc commonly regarded by the
natives in the countries where they occur.
This is
probably the correct view of the case, and is quite in accord ,
·on the olle hancl, with the statement that the animals are
perfectly harmless, and, on the othe r, with the description
·of their ferocity when molested.
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Before leaving the subject of the results of the bite, it
is to be noted that all the early writers assume it to be
extremely poisonous; compare, for instance, the German
name for Galeodes, "Gift-kanker ", Further, the pain and
violent inflammation caused can hardly be accounted for
except on this assumption. Dufour searched in vain fo r
po ison glands such as those well known in the jaws of
spiders, and not finding them gave the problem up. T he
present writer has suggested that the poiso n may be the
result of simple exudation of matter through th~ setal pores
which can be traced along the tips of the pincers. S uch
matter would be partly excretory, and hence deleterious to
living tissues. It would probably be closely allied to that
which, in the hypodermal cells, builds up the chitin and
supplies material for the bristles. On the other hand,
Captain H utton records 1 the case of a lizard bitten by a
Galeodes, which entirely recovered in three days, and uses
this as an argument against there being any venom transmitted by the bite, Here the matter rests for the present;
we know little beyond the facts that there are no poison
glands and that the bite nevertheless sets up violent inflammation,
Amo ng other points to be investigated, mention should
be made of the marvellous variety of bdstles and hairs
which cover many parts of the body; the fo rms and uses of
these are well worthy of study, One obvious suggestion is
that they are to a large extent protective. After a good
meal, the bag-like abdomen of Galeodes may be stretched
by fluids to such dimensions that the animal can hardly crawl
away. At such a time it would form a rich and easily digested
nitrogenous morsel for birds and small mammals. One of
lts characteristic attitudes of defence is to raise its abdomen
r ight over its back, so tnat that defenceless member may
come under the protection of the legs, for it is on the li mbs
that the most marvellous bristles occur, Among them are
certain curious forked hai rs which I have suggested may
act as buttoned rapiers, safe to the animal itself but
1 A11n. and Mrr!. Nrrl. Hist. vol. xii., p, 81, d~43'
22
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dangerous to any larger creature whic~, snapping i~ up.
might break off the forked end of the bnstle and .recelve a
possibly poisonous wound. On the other hand, birds have
actually been seen 1 attacking Galeodes, although the observations are hardly sufficient to warrant any definite conclusion
either way. Here again experiments are very desirable.
The claws of this formidable Arachnid also deserve
mention; they are as terrible, in their way, as are the jaws.
They are very long and curved, and their tips are movable.
A tendon runs up the hollow of the claw and bends the tip,
when needed, sharply round. This mechanism enables the
claw to be firmly anchored in the body of the victim.
Galeodes stridulates when enraged, and possibly also
at periods of sexual ripeness. While watching a specimen
which, being confined, was in a l< positively astounding
fu ry," Pallas heard the screeching sound which the animal
made by rubbing its jaws together. As far as I know,
there is no record of anyone else having heard this sound,
but stridulating ridges have recently been discovered by
Hensen and claimed as such by him, although he was ap·
parently unaware that the sound produced by them had
been heard by Pallas. These ridges do not occur in all
species. Both Spiders and Scorpions are now known also
to stridulate; the apparatus, howevel·, seems to be different
in each group. This somewhat remarkable fact tc:nds to
support the view of the present writer that tlll':s!.! different
Arachnids cannot in any way be deduced from olle another,
but are separate developments of some common ancestor.
A few of the more noticeable stl·uctural features may
be briefly mentioned.
The enormous jaws differ from
those of all the other larger Arachnids in being hinged on
to the front lateral edge of the exoskeleton. The hinge has
been f~rmed seco?darily Ot~t of a crumpling and folding of
the skill at the Side, and IS clearly an adaptation to the
great size, and to the powerful muscles of these limbs. The
chitinous infoldings forming these binges give ri~e to the
peculiar areas on each side of the If head," which have given
, O·Istant, Nattlf'e, vol. xlvi. p. 247.
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rise to much speculation. Their purely secondary origin is
shown in the fact that the folds which mark them off have
come between the large median eyes and the lateral eyes,
quite displacing the latter.
With regard to the eyes, it was long thought that the
Galeodiclce differed from all the other large Arachnids in
having no lateral eyes. But as long ago as 1826 lateral
eyes were attributed to Galeodes by so great an observer
as J ohannes MUller.l H e claimed six eyes, whereas no one
else could find more than two. This claim seems generally to have been dismissed by students with astonishment. One pair of the extra four eyes, for instance,
could be explained as the tubercular bases of the pair of
bristles often found in front of the large eyes; these, with
th e bristles knocked off. might be mistaken for eyes. The
other pair could not be found at all until quite recentl y,
when, in working over sections, the present writer found
two pairs of very degene"ate lateral eyes in a species of
Rhax, and afterwards discovered similar structures in other
specimens. They were not found, however, till long after
Johannes Mliller's apparently utterly erroneous assertion
that Galeodes had six eyes bad been dismissed and corn·
pletely forgotten. Having again looked up the original,
the present writer has no doubt that the lateral eyes
which he thought he was the fi rst to discover had al·
ready been noticed and their true nature guessed seventy
years ago. They so little resemble eyes, and the pos iti on
into which they have been forced by the formation of the
hinges for the ~aws is so unl ikely a place for eyes, that
the re is little wonder that, until the rctime were actually
seen in sections, they were never again recognised.
U pan the last pair of legs occur the "raquet organs"
which have also greatly puzzled naturalists, These are
fan-shaped structures supported 011 short stalks, five on
each leg. They are purely sensory, and appear to be
erectile. The nerve·endings open round their distal edges.
The earlier writers j ustly compared them with the combs
1 Verglcichende

Physiologic des Lichtsinnes.
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of the scorpion. although they should more correctly be
compared with the teeth of these combs. Both appear to
be functionally connected with the reproductive processes,
occurring as they do in Galeodes just in fron t of, and in
Scorpio just behi od, the genital aperture.
So little indeed do we know of these animals that there
is still no agreement as to the characters of the sexes.
H ow little reliance can be placed upon the earlier records
which speak of male and female specimens may be gathered
from the fac t that until quite recen tly the large fusiform
spermatophores, which often completely fill the genital
glands and may even be visible through the skin of spirit
specimens, were generally assumed to be eggs. I have
seen many specimens with their glands filled with these
white glistening spermatophores, and am still uncertain
whether they are males waiting to discharge them or
females which have received [hem. It is quite probable
that the females receive many more spermatophores than
they require. The supe rfluous ones are said to be devoured
by amceboid corpuscles which also dispose of the sperll1ato~
phoral envelopes [BiruJaJ.
The female is said to attack and devour the male as
soon as she has received the spermatophores. This conjugal
ferocity is, however, somewhat compensated for by maternal
tenderness. The females have been watched digging holes
in the ground in which the eggs are laid, the eggs being
probably stllck together and protected, as in Thelyphonus,
by a glutillous secretion. 1 The hatched-out young are
closely guarded and watched by the mother. The earlier
developmental processes themselves are still quite unknown.
H ow much we yet have to find out about these form idable yet fascinating Arachnids can be gathered from these
1 This would, doubtless, be compamble with that which sticks the eggs
of the Book-scorpions to the abdomen of the parent, and, further, with
that which in Phrynus forms the cocoon. This coarsely woven cocoon of
Phrynus leads on to the web-spinning of the Spiders, so that the elaborate
nets of these latter for catching prey can be traced hack step by step
within the Arachnid phylum to the simple beginning still found in Thelyphollus and probably in Galeodes of protecting the eggs with a glutinous
secretion.
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few brief notes. Everyone who works at them deplores
the scantiness of our knowledge. While the Spiders hang
out their marvellous webs on every bush, and the Scorpion's
sting is a household word, Galeodes has suffered for lack of
sufficient advertisement. I t is one of the objects of this
paper to press home the claims of this family to the
The collections, even in our
attention of naturalists.
largest museums, are very sma11, and reliable observations
on the living animal are scanty in the extreme, and yet I
think it will be admitted by my readers that these Arachnids rival both the Spiders and the Scorpions in interest. l
But even if our knowledge of the various forms, and
the habits of life of the Galeodida: were far more complete
than they are we should still not be satisfied. We can no
longer stop at admiration and minute description of existing
forms alone. I t is now generally recognised that the most
stationary of organisms are not really stationary, but are
all plastic and variable. They change as the environment
changes, responding with exquisite sensitiveness to any
alteration in the impact of their material surroundings. Important, perhaps pre-eminent, amongst these varying factors
must be reckoned the food supply. I t is a firm conviction
of the present writer that no other factor has played so
large a part in bringing about the multitudinous forms of
animal 1if<:: as the acquirement of new methods of feeding.
The bearing of this upon the origin of the Arachnida will
be explained more in detail in what follows.
According to the modern view, the Scorpions with
all their many though, comparatively speaking, slight
variations (for the Scorpion ranks high among the more
stationary forms, having varied but little from the type of
its Silurian ancestors) represent so many plastic waves
which have radiated out from some centre, changing as
1 I should like to a.dd that the death of a hrilliant young American
naturalist, J. Duncan Putnam, at the early age of twenty-six deprived this
fnmily of an enthusiastic advocate. Putnam, 011 his first acquaintance with
them was fascinated by them, and began to investigate them systematically.
Among other studies, he compiled a list of 224 treatises :lIld refcrences in
the literature {up to 1881,the date of his death) dealing with these animals;
of lhis number hardly IQ per cent. are original observations.
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they went in adaptation to their changing circumstances.
Similarly the Spiders, far surpassing the Scorpions in
richness and variety of the present forms, have spread over
the face of the earth as so many modifications of some
ancestral spider.
Further, comparison of the general
structure of the Spiders and Scorpions shows that their
ancestral forms were related, i.e., were them!>clves variations
of some still earlier Arachnidan form which was neither
a scorpion nor a spider, but yet gave rise to them both.
A new ideal thus ennobles the science of Zoology.
Animal forms are no longer merely minutely described but
analysed, and by a careful comparison of the different forms
composing a group, the more fundamental features are
sifted out from the more superficial variations until we are
able to picture to ourselves with more or less accuracy a
hypothetical ancestral form which could have given rise
to aU the existing members of that group.
In this way it ought at first sight to be possible theoreti·
cally to reconstruct with some degree of accuracy the form
of the original Spider or Scorpion by selecting with care and
judgment those characters which are common to all Spiders
or Scorpions and which therefore appear to be their common
heri tage. As a matter of face, however, the process is not
so simple. We cannot hope to arrive at any true idea of
the primitive Spider or Scorpiun without all the while keep·
ing the other Arachnidan forms, the Book.scorpion5, the
Pedipalpi, the Galeodidce and the Mites constantl), in sight.
A character, for instance, which is present in all Spiders
may be so variable that it is not always possible now to
determine what its primitive condition was without corn·
parison with che homologous structure in the other Arachnids. I say not "always" possible, bec~use there are
adaptations which are so obv ious that it is not difficult to
decide which is the simpler and primitive and which the
morc complex and secondary. Practically, therefore, the
method of analysing each group separately is not to be
recommended. An attempted reconstruction of the primitive Spider requires constant comparison with the other
Arachnids.
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The two forms which have been most diligently studied
in the past have been, as above noted, the Spiders
and the Scorpions, with some reference to the large Pedi~
paIpi. The Book-scorpions and the Mites, being smaner
forms, have been left somewhat on one side, while the very
important claims of the Galeodidre to a voice in setding the
family tree of the Arachnida, although long ago pu t forward,
are only now beginning to be closely examined.
Here, then, is another inducement to collectors and
naturalists, not only to make good the deficiencies in our
museum collections but also to supply material to our
laboratories; for the morphological interest centring in the
Galeodidre is as great, if [~ot greater, than the biological.
I propose, then, as brieAy as possible, to describe comparatively some of the special features of the Galeodidre, in
order to show how near they take us to a reconstruction of
an ancestral form capable of producing all the known
Arachnids.
I n all segmented animals, no matter what theory we
adopt as to the origin of metamerism, we are justified in
assuming that that form which shows the segmented condition least modified and obscured by fusions and distortions
of segments remains in this respect nearest the common
Few animal groups show such a
ancestor of its class.
marvellous variety of modifications of the primitive segmentation as the Arachn ids. Each family has its own
distinct methods and degrees of fusion, and what is most
remarkable is that these different fusions seem to be distinct from one another. This is very important because it
appears unmistakably to prove, what we have already
suggested above, that all the Arachnidan families are
distinct specialisations of some primitive form, i.e., they
cannot be deduced from one another.
T hese different fusions are worth noting and comparing.
Galeodes has the first three segments fused and all the rest
free; the sixth and seventh, however, are modified by the
constriction between them being drawn in to form a
waist. Behind the waist all the ten segments are swelled
up to form a bag-like abdomen capable of enormous ex-
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pansion. Schizonotus, which is a most remarkable but
li"ttle known form, superficially resembling Thelyphonus but
with a jointed cephalothorax and the large helmet~plate
like Galeodes, appears to have the first four segments fused.
Scorpio has the first six segments fused, and no external
trace of any waist, although, internally, tbe constriction
between the sixth and seventh segments has been drawn
in to form a diaphragm; all the segments behind the
seventh are free. . Seven of these are swelled up to form a
distensible bag, while the last five show an exactly opposite
specialisation; they are thin, drawn out, thickly armoured
and firmly hinged to one another to form an almost invulnerable tail, the terminal joint of which is armed with a
sting. Thelyphonus has the first six segments fused rigidly
together so as to form a long narrow cephalothorax, a waist
between segments six and seven, nine abdominal segments
free and forming a distensible bag, and three minute
telescoped segments forming a sort of short tail which carries
a long whip.like appendage. Phrynus differs from Thely·
phonus in having the first six fused segments so compressed
longitudinally that the cephalothorax is as broad or broader
than it is long, while the tail segments are more telescoped
and not furnished with any caudal appendage. The Spiders
have the first six segments fused into a compact rOllnd or
oval cephalothorax, a waist between the sixth and seventh
segments, and all the abdominal segments fused together.
These latter nevertheless form a distensible bag, but not
by any means so distensible as in the case of the other
Arachnids with freely telescoping abdominal segments.
The Book-scorpions have the first five or six segments
fused, no waist visible, all the abdominal segments free and
forming a distensible bag. The other families, Harvest·
men and Mites, departing somewhat far from the leading
types here described, need not detain us.
Now, of these various fusions and specialisations or scg·
meflts Galeodes, with only three fused segments, shows far
and away the least modification of an assumed freely segmented ancestor. No other Arachnid (except Schizonotus
and, I?erhaps, some of the Book-scorpions) has less than six,
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while the Spiders have all the segments fused into two compact groups joined together by a waist.
On analysing and comparing these different fusions
and modifications of segments, we find three features
common to them all. I n all at least the first three segments are fused ~ogether, and in all there is some trace of
a waist between the sixth and seventh segments, and in
all the segments immediately behind the waist are capable
of distention. I n these facts we may therefore find some
indication as to what the common a ncestral Arachnid was
like.
Hitherto, discussions of affinities based upon segmentation have dealt almost entirely with the number of segments, Most of my own work with Arthropods has gone
to show that, important as are the fusions of segments
treated quantitatively, that is not enough. The segmentation must be studied and compared qualitatively.
It is
not enough to ascertain merely how many segments are incorporated in each fused area, we must also ascertain how they
have been fused together, ' that is, how distorted in the process, and, where possible, why they were so modified. Some
idea of the importance of this qualitative study of segments
will be gathered in the following pages.
Now the fact that the Galeodidre have. alone among
Arachnids, retained the primitive number of fused segments,
would lead us to expect that they would also show the
qualitative nature of this fusion more clearly than any other
Arachnid. And this is indeed the case. Careful examimttion of the relative character and position of the limbs and
mouth, compared with what we know of the nature of the
food, shows that this primitive fusion and distortion of the
segments must have been brought about as an adaptation
to a special manner of feeding. What this method of
feeding is, we have already described: the first pair of
limbs are thrown forward on each side of and above the
anteriorly placed mouth; they se ize and crush the prey, the
blood of which is then sucked out.
If now we can further show that the ancestral Arachnid
fed in the main as Galeodes feeds, we should then have
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still further light upon the shape of this primitive form, for
we should be justified in assuming that the exact method of
distortion of the early undifferentiated segments was in the
main that which still persists in Galeodes. As a matte r of
fact, then, we do know that the method of feeding of
Galeodes was the primitive method. All the principal
Arachnids still seize and crush their prey with either the
first or the first and second limbs, which a re thrown
forward round the mouth, and the juices are sucked out.
I say all the principal Arachnids, for in some of the more
specialised groups, the. Harvestmen, and the Mites, the
type may here and there be departed from. BLit even in
these forms it persists with sufficient frequency to justify us
in concluding that this method of feeding was first acquired
by the ancestral Arachnid from which all the existing
derivative forms must have inherited it. So much indeed
we could have arrived at without the assistance of the
Galeodidre, but it is doubtful whether we should ever
have unravelled the actual mechanical distortion of the
segments which led to the initial differentiation of the
primitive Arachnid from its more simply annulate ancestors,
but for the persistence of a form which has never added to
the primitive number of fused segments.
What then was the nature of thi s primitive distortion
of the three anterior segrnents, so far as we can gather it
from the conditions found in Galeodes? Our analysis leads
to the following conclusions : 1. Th e segments were at one time simple annular
segments like those along the rest of the body; the mouth
opened on the anterior face of the first segment; a large
fleshy prostOmium or upper lip protruded anteriorly above
the mouth; and from the side of each segment a pair
of simple limbs, richly covered with bristles, projected
laterally. That is this analysis takes us back to a simple
Chaetopod Annelid.
2. This simple condition was first departed from by the
bringing forward of the first pair of limbs to the sides of
and slightly above the mouth.
The two limbs, thus
arranged side by side at the anterior end of che body, not
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only squeezed and depress~d the prostomium or upper lip
between them but entirely altered the shape of the first
segment to which they belonged. The sides of the
segment on which they were originally inserted with the
surrounding regions to which their muscles were attached
must have shifted from their original positions and become
the bases of the limbs in their new positions. The lateral
regions of the first segment were thus gradually folded
upwards over its dorsal surface. In time as the limbs
grew ill size and strength and required larger and deeper
bases, these folds spread backwards over the dorsal surfaces
Qf the second and 1)..1.l"t of the third segments, the two
folds eventually meeting in the middle line, obliterating the
old dorsal surface with the exception of one small island
which carried the eyes. In all existing Arachnids the
lateral folds of the first segment, carrying the first pair of
limbs, have met along the middle line, the junction being
still marked by a suture through which in many forms the
ocular tubercle protrudes; but the fact that a fossil scorpion
from the Silurian shows an irregular shaped island of the
dorsal surface not yet covered over by these folds makes it
doubtful whether they ever actually met in the ancestral
form. The meeting may have been a later specialisation
-of the derived forms.
3. This translocation of the first pair of limbs to a position
.above the mOllth made rOOill for the second pair to come
forward also. This they llid, alld took up positions at the
sides of and slightly below the mOllth, their coxal jointc;
pointing forwards. In some cases (e.g., Thelyphonus) they
have fused longitudinally bdow the mOllth just as the
basal r:egions of the first pair fused together above the
mouth.
4. The anteriorly placed mouth was thus in time sur·
rounded by limbs, two above and two below, and its shape
became specialised accordingly. The prostomium squeezed
between the jaws fused along its lateral edges with the
edges of the underlip which had been forced to protrude
anteriorly by the forward movement of the limbs of the
second segment. In this way a sort of rigid beak was
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formed , with a small mouth aperture at its anterior end.
This beak persists in the Galeodid~. It is found also in
the Book-scorpions, in some Mites, and, though it is here of
no further use as a beak, in Thelyphollus. Further, the mouth
parts of Scorpions, Spiders and of Phrynus can all be deduced
from such a beak by the suppression and modification of
different parts. T here is thus an abundance of evidence that
the mouth in the primitive Arachn id was at the end of a
beak in all essentials like that still persisti ng in Galeodes.
Thus by the aid of the Galeodidce, the initial distortion
of the primitive segmentation which transformed a simple
Chcetopod into the ancestral Arachnid can be unravelled ~
while its physiological significance as an adaptation to a new
method of feeding is clear. We have now to show how
profoundly this initial adaptation modified the whole of the
rest of the organisation of the ancestral form and consequently of its derivatives, the existing Arachnids. We must
limit ourselves co a few of the more important structural
features which can, with every probability, be shown to be
concomitant adaptations.
Tile waist 01" .diapltragm.- This constriction, which
occurs, as we have seen, in all che larger Arachnids between
the sixth and seventh segments, must be regarded as inherited from the primitive form. Its significance is not far
to seek. The region anterior to the waist con!ains the
central nervous system and the powerful musculature for
moving the proximal joints of. the limbs.
Now not only
does th e pumping action of the cesophagus suck in the
juices of the prey bue, like a furce·pump, it drives the
liquid food imo the alimentary system, distending it to its
utmost capacity. This arrangement obviously requires regUndue pressure on the nervous and muscular
ulating.
tissues has to be avoided. Hence we find a general tendency for the alimentary system to lose its lateral branches
or cceea in toe anterior region, and, compared with its
condition in the distensible abdominal region, to b.e but
feebly developed. On the other hand, behind the waist or
diaphragm, the aliment.:1.ry system is enormously developed,
and complicated systems of branching diverticula; different
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:in the different Arachnids, fill up every available corner of
the abdomen left free by the circulatory, respiratory and
genital systems.
Into this richly branched alimentary
system the liquid food is pumped to its utmost capacity, and,
owing to the diaphragm, without any danger of disturbing
the nervous and locomotory systems of the anterior region.
Further, there is some anatomatical evidence to show that
when the abdomen is distended with liquid food the alimentary canal can be constricted as it passes through the
waist or diaphragm, as an extra safeguard to prevent the
liquid food from flowing back ·i nto that portion of the alimentary system which runs through the anterior region.
The habit of distending the abdomen to monstrous proportions with liquid food seems common to aH the larger
Arachnids. Individual specimens with distended abdomens
may of course be gravid females, but as often as not, they are
animals which had been killed just after a full meal. The
most familiar Arachnid thus distending itself does not,
however, happen to be one of the large forms, but a Mite.
I refer to the Ticks which, before fastening on to their
hosts, are quite insignificant in size, but, when once fixed,
suck in so much blood that they swell up to the size of a
bean. I t seems, indeed, as if their tough skins were as much
an adaptation to prevent them from bursting through overfeeding, as to defy the efforts of their hosts to scratch or
rub them off.

The Degeneration

0/

tIle A bdomillat Limbs.-The

differentiation of the body into an anterior locomotory
and a posterior vegetative region sharply divided from one
another, has led to the degeneration of those limbs which
originally belonged to the segments of the posterior region .
We have every reason, however, to believe that, in the
ancestral form, they long persisted in a more or less useless
condition. A few of these aborting limbs have been utilised
by the different existing Arachnids, but in very different
Those of the first abdominal segment generally
ways.
persist as protections for the genital aperture, as a rule
simplified to a pair of covering scales, but in H~rvestmen
and certain specimens of Phrynus they form distinct
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appendages, fo r there is every reason to believe that the
long genital process of the former is really derived from a
pair of limbs. T he limbs of the second segment persist
only as scales covering the apertures of the trachere in
Galeodes. but in Scorpio they are stilI more or less leg-like
and are specialised as sensory appendages-the "combs ",
Further, we have spinnerets, twO pairs in the spiders.
These are very large and jointed like legs in some forms.
And lastly, we have the sting of Scorpio wh ich is perhaps
best accounted for as having bee n formed out of the limbs
of the last segment, fused posteriorly over the anus. This
would at least account for the pa£r of poison glands with
two distinct ducts and apertures.
Spetialisatwn of the Respiratory Invagt1latums.-An in·
teresting problem is presented by the respiratory system of
the ancestral Arachnid. What was it? We have at least three
distinct types of respiratory cuticular invaginations in existing Arachnids. As the most highly specialised we have what
are known as book-lungs, because the air runs in flat spaces
separated by chitinous lal11inre within which the blood
circulates; these are arranged alternately like the leaves of
a book. Such localised lungs necessitate a highly organised
circulatory system. They are found in Scorpions, Pedipalps
and Spiders. A second well-marked kind of respiratory
invagination occurs in the Book-scorpions, Harvestmen
and some Mites. It is a simple tubular invagination, the
inner end of which widens and then breaks up into an
enormous number of long fine tubules carrying air into
the remotest parts of the body. These are called tufttrachere. Lastly we have the ordinarily branching tracheal
tubes which are best developed in the Galeodida!.
These three forms of respiratory invaginations must
certainly be regarded as modifications of some simpler fo rm,
from which they could all be derived. 1 say" must" because they all open in exactly the same association with
limbs or limb-vestiges and are thus certainly homologous
structures. There can, I think, be little doubt that these
different forms of trachece are due to the different ways in
which the alimentary canal bas developed under the influence
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of the force-pump action of the cesophagus, for the respiration is always intimately associated with the circulation, and
it is this latter that would be affected first of all by any
great extension of the alimentary system. This subject
would, however, require more details for its elucidation than
the limits of this article would permit. I have dealt with it.
in detail elsewhere.
The Number 0/ Pa£rs of Sttpnata.--Although, in
existing A rachnida, the respiratory invaginations are now
confined in each form to a very few segments (at the most
four, Galeodes, Scorpio) we are fully justified in asserting
that, in their simple condition in the ancestral fIJrm, they
were present, one on each limb, throughout the whole
extent of the body. Specialisation of this diffuse condition
must very early have set in, indeed such limitation must
have proceeded concurrently with the differentiation of the·
body into two regions. The restriction of the digestive
and generative processes co the abdomen would tend toconfine the circulatory and respiratory mechanisms also tothis same region. Hence, we find the respiratory invaginations early disappearing from the anterior region. This
disappearance would be still further accelerated by the
tendency to knit the whole of the anterior region into a
rigid skeletal box specialised purely fol' the mechanism of
locomotion. I t is strongly confirmatory of the whole line
of argument here used that the only Arachnid (omitting the
Mites) which has retained a pair of respi ratory invaginations
in the anterior region is also the only Arachnid which has
never added any segments to the first three, the fusion of
which, as we have above endeavoured to show was the
initial specialisation which differentiated the class Arachnida
from their Annelidan ancestors.
In all other existing
Arachnids, except in certain Mites, the respiratory invagi nations have disappeared entirely from the anterior region.
Those on the abdomen on the other hand seem to have
persisted ror a long time as a complete series, although
here also they early began to degenerate progressively
from behind forward, so that they are now only found in
a few pairs on the anterior abdominal segments close

SCIENCE PROGRESS.

behind the genital aperture. This progressive disappearance of posterior stigmata can still be followed in the
Galeodida::, where the whole aspect of the middle line of
the abdomen suggests the disappearance of a long series.
Three pairs are said to occu r in the genus Datames,l In
the genus Galeodes, the most posterior of these is degenerated to a single aperture, the tracheal cube to which
appears to be aborting and in some cases seelllS actually
closed; while in the genus Rhax this last pair has finally
disappeared, leaving no trace either of aperture or tube.
The reason for this degeneration of the posterior stigmata
requires i!1vestigation.
Jn the Book-scorpions there are only two pairs functional
with seven pairs of scars which I have claimed as the vestiges of stigmata. In Thelyphonus, behind the two functional
stigmata, scars are found as far back as the eighth abdominal segment, these scars showing not only traces of the
former stigmatic apertures but also of the hard convex
scale-like plates to which the limbs associated with the
invaginations had been reduced. These plates are very
marked in Scorpio where they are still functional, and
serve no doubt to protect the special ised lung from external pressure.
The E1ldoskeletoll.-The remarkable endoskeleton which
is a characteristic of the Arachnida, and differs in each form,
has been the subject of a considerable amount of discussion.
The clue to its right understanding has again been supplied
by the Galeodidre. We gather from rhe condition of the
unfused abdominal segments in the Arachnida that originally,
i.e., in the ancestral form, all the harder rings of skin representing the segments were separated by very AexibJe
intersegmental membranes.
In the abdominal regions
these are utilised in the formation of the collapsable vegetative sac. Between the sixth and seventh segments this
membrane has been drawn in to form the waist or diaphragm,
'while in the region in front of the waist, on the harder
rings fusing together to form a rigid cephalothorax, these
I

According to n figure by Putnam.
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membranes were drawn into the body to form an internal skeleton, the shape of which varies according to the
WayS in which the component segments have coalesced.
A comparative study of these endoskeletal structu res
and the different ways the segments have been knit
together shows this beyond dispute. In the Galeodidoe.
in which the three posterior segments of the anterior region
remain free, the endoskeleton is limited to one single pair
of infoldings, viz., of the membrane between the third and
fourth rings. What is also important is that in Galeodes
this endoskeleton is clearly seen to be nothing but an infol~ing of the exoskeleton, whereas this origin is now difficult
to' establish in the cases of the other Arachnids, specialisation having gone so far that the whole structure seems
more like a complicated framework of sinewy or tendinous
matter than a derivative of the chitinolls cuticle by simple
infolding. T his structure, then, is clearly due to the
differentiation of the . body into two highly specialised
regions.
These, then, are a few of the structural modifications
early initiated in the ancestral Arachnid and due to the
further specialisation of its adopted method of feeding.
"These again have been carried further in various directions
by the differem descendants of that ancestral form, the
modern Arachnids. In nearly all cases, it will have been
observed, the Galeodidoe have retained the ancestral conditions least changed . .
Before summ ing up these poin ts in order to obtain a
rapid outline sketch of the ancestral form as here reconstructed, another point of importance claims our attention.
The ancestral form must have been marvellously richly
supplied with glands of some simple kind from which the
many glands to be found in the Arachnida could be deduced. There are poison glands, glands for sticking the eggs
together (cement glands), and glands, the sticky secretion
of which, hardening as it is drawn out yields the silk for
cocoons and webs, and, lastly, stink glands. That all these
are derivatives of some common form of gland is evident
to anyone who makes a comparative study of them. The
23
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web of the Spidersl for instance comes partly from glan
which are se rial with rhe cement glands of the Boo
scorpions. These again are apparently homologolls with tl
gland supplying the coarse silk for the cocoon of Phryn
and the glutinous matter sticking together the eggs
T helyphonus. Again, the web.spinning glands of the B()o
scorpions open a t the tips of the jaws close to where,
. the Spiders, the poison g land s open; while the glane
of the spinni ng Mite (Tetranychus) open in the co
responding place on the second lim bs, and the poise
glands of the Scorpion open at che tip of the st ing which
regard as a pair of fused limbs (see above). Lastly, cl·
poison glands of Scorpio are pl"Obably homologolls with
pair of large glands in Thelyphonus said to emit a
offensive and volati le Auid, only hen:: the limbs hay
degenerated and the glands op(:;n one on each side of ch
anus.
Of the above-mentioned glands the Galeodida! posses
only one pair, and that of a very simple character. The
open just within the genital apertu re and probably yield
sticky secretion for the eggs; there are no poison gland!
no spinni ng glands, no stink" glands. This is important
for it indicates that nOlle of these glands in their SIX~ci<l
lised forms were pre!:icnt ill the ancestral Arachnid. In deed
this is obviol,ls from the fact that they do not appear il
exactly the same place and character in an}' two exiscinf
A rachnids, where;'!!'; had they developed in the ancestr;,
form, we shou ld have found mon.: uniformity in thei
distribution and character in its descendants. Bm the
Galeodida:, if they have 110 glands, are as wc have notice(
above, cxtn!ll1dy rich in brisLles and hairs, and this sanH
character we may safdy predicate of the ancestral form
'vVc shall probahly then n(Jt he far wrong if we tract
back all these gl:tnds to the small cu ticular sacs out o.
j'

I It is worth n(llin~ that the lll:nvdlolCs web·spinning of the Spiders
and secondarily :tba lhe lIec:uli:tr form ur theif nhdOlllellS Me, in :tll JlfOh..'\.
hili,y, due to the earl)' lixini: of their spinning.glands fhr hack OCl the ahdo.
men. This POSilioll, the moYement beiug fwm the wai!;t, saVe lh.:: threads
a longer thww.
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the bases of which in the primitive and more soft·skinnt:d
ancestor the bristles grew. The material which originally
formed a bristle ma}' be supposed to have been retained in
a modified and fluid form within the sac which, in its turn,
grew larger and larger to form the highly specialised poison
or spinning glands of the modern Arachnids. I feel sure
that an exhaustive comparative study of the bristles and
glands of the Arachnida would completely establish this.
Let us then brieAy sum up the characters which we can
safely attribute to the ancestral Arachnid as soon as the
evidence of the Galeodidc.e is added to and compared with
that obtainable from the other Arachnids.
We must picture [0 ourselves a loosely segmented
hairy creature showing a slight waist-like constriction
between the sixth and seventh segments. The first three
segmems are fused together and distorted in such a way
as to range two pairs of limbs round an anterior mouth
which is at the tip of a kind of beak. These limbs are
specialised for seizing prey and crushing it in front of the
mouth. The fOllr following pairs of limbs are used for
locomotion, while those of the segments behind the waist
which are often swelled up by liquid food are more or less
useless and degenerating. This, in brief, would represent
the form from which, by modification and specialisation in
various directions, all the existing Arachnida could be
derived.
Having now reconstructed an ancestral form for the
Arachnida, we ought with its help to be able to answer
some of the questions relating to the pl'obable affinities of
the Arachnida to the I nsecta and to the Crustacea. A few
words on this subject will still further emphasise the utility
of the analytical method here advocated and adopted.
I t is now almost universally admitted that all the different Arthropods are to be deduced frolll Chretopod Annelids.
A question still to be decided, however, is, are they distinct and separate modifications, 01' have they branched off
from one another, starting from some original Arthropod
which linked them all with the Annelid? Many have been
the proposed lines of descent of the Arthropods from some
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common Annelidan ancestor.
The chief use for these
g~nealogical trees has been to emphasise and drive home
the doctrine of descent; they have too often been Iline~
tenths guess work, the available facts being quite insufficient to warrant such elaborate conclusions.. Now it seems
to the present writer obvious that the only possible means
of establishing without dispute the relationships of animals
derived from a segmented ancestor is to analyse carefully
the arrangements arid distortions of the segments characteristic of each group, ascenaining, as far as possible, the
physiological significance of these arrang~Jl1ents and distortions. As above stated, we must analyse each fusion
qualit.1.tively as well as quantitatively. [t will onlr then
be possible to see whether and how far modifications of
segmentation can be deduced from onc another or are
distinc t and separate. If they can in all}' way be deduced
from one another, we should then have some solid foundation for a genealogical tree, if they are distinct and separate, then each group must have arisen separatelr and have
no relationship to any other group besides that involved in
F ew more
common origin from Chc.etopod Annelids.
striking illustr<,ttions of the necessity of discovering and
comparing what the present writer has termed the" essential morphology" of the Arthropod groups could possibly
be given than the recent controversy as to whether the
Arachnids are not related to the King-crab and its fossil
allies. The anatomical and morphological resemblances on
which this affinity was based were really remarkable.
although it is true they were met by an almost equal
number of dissimilarities. Thes!..! laller, however, could
not disprove the argument based upon the striking' li kenesses. The difficulty, however, vanish!..!s if we set ourselves the task of ascertaining whcther the essential morphology of the King-crab has any resemblance with the
essential morphology of the Arachnida. No onc, I think,
will dispute the accuracy of this argument even if the)' are
not satisfied with the present writer's published attempts to
elucidate the essential morphologies in questiull.
The
results arrived at are the following: The Crustacea, among

" WIND·SCORPIONS.

34'

which the King-crab finds its place, appear also to have
the adoption on the parr of a Chretopod Anneoriginated
lid of a peculiar method of feeding. This consisted in
"bending round the .mouth with its large prostomium or
upper lip venrrall y so that the lim bs arranged along the
body could rake the food into the ventral middle line and
push it into the mouth. I n process of time, various groups
of those limbs which were nearest the mouth became
specialised, some in[Q jaws chew ing the food within the
mout h aperture, others into sensory feelers (anterince).l
There seems to me no poss ibility of connecting this
method of modifying the anterior segments, this ven tral
bend of the first segment of the C rustacea with the initia l
specialisation of the ancestral Arachnid wh ich as a bove
sketched involved a tilting upwards and backwards of the
fi rst segment and the fusion of the upper and under lips to
fo rm a rigid sucking beak. The two mus t be regarded as
separate and distinct mod ificat ions of thei r A nnelidan ancestors. I repeat that, wi thout such a quali tative analysis of the
segmentation as is here suggested, I do not see how the
question as to whether Limulw; was an Arachnid or not,
a question that fo r more th an a decade has d iv ided zoolog ists into two almost hosti~e camps, could ever have been
fi nally settled, as I believe it now to be.
Th e insects are another group of Arthropods with
which it has been thought the Arachnids might be associated. Some remarkable resemblances occur here agai n as
in the cases of Sco rpio and Limulus. The Insecta, like the
Spiders, typically have waists a nd ten segments behind the'
waist. The number of segmen ts in front of the wa ist does
not correspond, but it was thought that, if a pair of small
anterior antennre had disappeared from the Arachnids, then
·the only difficu lty would be removed. It is true tbat the
Arachnids had typical!y no tract! of a " head" marked off
by a " neck," but some approach to a head region could, it
was thought, be found in the helmet-l ike plate of Galeodes,

by

1 The arguments 011 II'hich lhis is bused cun be fOtmd in the lluthor'::;
book on the Apodidle, Nature Seriu, 1892, nnd in lWO . papers Oil the
Trilobites ill the Q.jIJUrll. Geol. &x., vol$. li., tii.
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behind which came, as in the insects, a thoracic re
three pairs of limbs.
Here it will be·seen that tbe whole stress is
the quantitative differentiation of the segmentation
as soon as the qualitative differentiation of the
segments of the two groups are compared it is see

that, in spite of all remarkable

re~ernblallcesj

th

and the Arachnida have nothing in common excer
from a Chretopod Annelid.
The initial specialisation of the ancestral insee
doubtedly also an adaptation to the method 01
adopted. U 111ike the Arachnids, the food was
from the first supplied by the vegetable kingdom
limbs nearest to the mouth (except the first pair \
came feelers) were specialised into biting jaws re
and crushing the edges of leaves or th!.! sllrfact!s
Highly developed locomotory pow!:;rs were hardl
for this method of feeding, so that an annelidan S I
only a head region showing the typical specialisat i
Insecta long persisted, and still persists, in the
caterpillar stages.
\Ve have. no catcrpillar or gl
in the Arachnids because, being" frolll tlw first car
the necessity of catching their prey rt!quired tile
ment of high ly specialised locomotory powers con
with the adoption and perfection cl their method 01
I n this case again, then, th(.; analytical l1lcthn
phatic against: there having been any c1os,; afrinity
the Arachnida and the rnsccta. T lw thn!<.! chit!f j
the Arthropoda, the 1nsecta, the Crustact:a and Lhe ;\
must be rega rded as separate and distinc t deriv;tth
Cha:topod Annelids.
I should like to add in C\lIH:llISioll lhal in thus

an

!]lll:~t i ll11S of
tween the Arthropods by appeal tll thei r "l!~Sl'1l
phologies," by which r mmn dll: peculiar slnH;lUI
fications of their sq~l1l(..!nts lrl:att:d as physiologica

upon the necessity of slll\'ing" lhl:

tions, I am aware that the !lll.!lhml is nllt ;\ lit:\\, (111
in the direct path of lll!.1rphologic;d ]'I'search.
emphasising, however, bc.:c:tlls(! LllI: h(1J1l'~ which I
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of embryology held out (0 us of solving such questions by
short cuts, hop es which have not been and, I fear, never
wiIl be realised, have drawn away attention too much fro m
the analysis of adult forms.
Every animal g roup contains
in itself the record of its pn.st, if we could decipher it 111
some cases, such as those here dealt with, "this is comparatively eas)', but in others the record is so obscured th a t we
may have to wait for fresh clues before we can unravel it.
In che mean time a more thorough comparati ve analys is
of che forms of life at OLll" disposal would not only bring us
nearer to che solution .of many an interesting problem, but
woul~l actually reveal to us clues which be around us waiting
to be recognised.
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