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VI. ANATOOCAL CBSERVA'£I ONS . 

1. Introdl,!ction 

'Before starting a study of the neuromuscular physiology 

of a scorpion lir.lb, it -was necessary to lmow something of its 

muscular and nervous anatomy. Frequently in such cases, it is 

discovered that anatomists have looked at the problem. Almost a s 

frequently, however, i t is also found that the careful work of 

these people is of little or no use to the physiologist since it 

is done l-rithout reference to any ftmctional considerations. The 

following brief res- of the past vTork on neurolllll.scular a.nato~ 

of the scorpion appendages is a case in point. 

Not many worlcers have described the general ana:l:.onzy- o£ 

the scorpion; the appendicular ana tonzy- seems to have suffered even 

greater neglect. The scorpion leg has had its TJUscular anatomy 

described by at least three vrorkersl Borner (1903), Vachon (191 .. 9) 

anc Snodgrass (1952). None of these descriptions is very detailed, 

but t-zi thin that limitation the accounts agree well 1-rl.. th o~e another. 

I t would appear that there are many more muscles in the leg o£ a 

scorpion than in that of a crab or an insect; that there are two 

segments, the 4th and 6th, \othich are supplied uith flexor muscles 

but lack extensors, and tha. t two segments, the 6th a.nc'l. 7th contain 

no muscles at all. 

A drawine; of the ana tony of the nervous system in the leg 

without a:ny accompanying description is given by Vachon. (\ 949) Since 

the structures supplied by the nerves are not sho-vm, this picture is 

of little use for physiological studies. 

The scorpion pedipe.lp has been less extensively st.udied 

than the legs. I t may be reme" bered from the introduction that 

there is no openar muscle for the terminal segment or the structure , 

a fact mentioned in favour of the pedipalp as a muscle preparation. 

Snodgrass (1948 & 1 952 ) desc~ribes the closer system of this claw and 

makes a suggestion as to the possible opener mechanism. He also 

considers the ·1ossible homologies of the pedipalps and legs l·rl. thout 

I 
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giving any description of the details of pedipalp segments or their 

muscles. Earlier, Barrovrs (1925) had follol.Jed almost the same 

course and reached the srume conclusions as Snodgrass. 

Lastly, McClendon (1904 ) has given a dr-awine of the nerves, 

including those of the pedipalp, in the developing scorpion. 

Unfortunately no details are mentioned and no assistance could be 

obtained for this study from the figure. 

I t 'Will be clear that this inforn:at ion is insufficient to 

form the basis of a physiological investigation and therefore a 

f'resh anatomical study of the muscl es and nerves of the pedipaJ.p of 

0, l a tirnanys has been mde. The study l-Tas extended to the anatomy 

of the leLs 1-r.i.th the possibility in rnind that the structure of these 

latter might throw some light upon the form and function of t he 

former. As Snodgrass (1948) says: "to understand the nattn'e of the 

pedipalp chela it will be necessary to study the structure and mus­

culature of the distal segments of an ordinary t·ralking l eg," 

Later during the study it was decided to use the stine; as 

uell a.s the pedipa.lp f or an experimental preparation. Snodgrass (1952) 

has dealt very briefly ,.n. th the muscul.a ture of the t.ail of 

Centruroides sp. I n o. la.timanus the tail muscles a :..•e not uniform 

throughout the tall so that is is i mpossible to describe a " typical :u 

tail segment for this animal as Snodgrass does in his study. The 

main picture is never thel ess fairly simil ar in the t'm animals. 

Once again there are dra.vTings of the nerve supply throughout 

the organ (Vochon, 1949) but there is no reference to '"hat structures 

the inadequately represented nerves supply. 

I n the tail, only the muscles of the sting vere used 

experimentally so that details of the last t\·TO set,'Dle!ltis might well 

prove sufficient here. Hm·rever, as will be explained later on, 

there are reasons for dealine vri th the tail as a 'Whole. 
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. Conventions of' Nomenclature adopted in. the study. 

The name of a segnent of alrJOst any arthropod limb, as given 

by one Yorker, has been questioned by some other worker . This is 

certainly true of the arachnid limb. For this re::won the limb segments 

will be described by alphabetical letters only, starting with the most 

proximal. An exception t o this is ma.de in the case of the last two 

segments of the pedipalp: the second·to·last segment will be called 

the ttha.nd", while the last segment, that whJ:ch articulates on the hand, 

the 11 finger" • These are, of course, segoents 11Ett and "1!1, since the 

pedipalp has six segments. The distal. part of segment E is elon&ated 

·to f orm a finger-shaped process against which segment F is apposed. 

This distal process will be referred to as EE. 

The part of the scorpion body recognised by Snodgrass (1952) 

as the metasoma is considered as being made up of six "tail" seements. 

They have been labelled from U t o z, moving distally, Aegment Z is the 

sting and consists of the poison bulb and the sting lance. 

The following convention has been adopted in the desihtation 

of the muscles. The capital letter of the segment Hhose movenent a 

muscle effects begin§ each cipher. Then f'olloYs a number, designating 

a particular muscle , and las tly, i f the muscle is branched, each branch 

will also have an index number. Thus B54 is one of at least four · 

branches of a muscle called 5, ·t-thich moves segment B by its contraction. 

Nerves bear as a small letter the segment in which they appear 

to arise from the main trunk . Each has also a number. · The subsequent 

divisions of each nerve ru:e lef't unnumbered until the final terminal 

f .Lbres are reached. These are each characterised by a numerical 

superscript ( see Fig. 44). 

With regard to the description of nerves and muscles, it was 

felt that a new convention was necessary for this stu~. Snodgrass 

(1927) has set forth a descriptive convention which is commonly used. 

For the follot>ring reasons it vas felt that this ws unsuitable in 

connection vrith a study of the scorpion pedipalp. FirsUy there are 

many more muscles in this limb than there appear to be in most other 
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Fig, 44. An illustration of how the convention describing 
muscles and nerves is used in this study. 
al . , fir6t nerve branch off the main nerve trunk; 

al4 - al ., bfanches of nerve al; ~., second nerve 
branch off the trunk; B~ and B42., two branches of 
a muscle B4 which moves the segment by its contrac­
tion; ~ and c,s,B., cuticle of segraents A and B 
respectively; m,n.~~., main nerve trunk. 
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arthropod limbs . Snodrs-rass himself (1952) cozmnents on the "remarkable" 

number of muscles in the scorpion leg. Since in the clavT he mistakes 

nine, possibly eleven, muscles for one muscle, tl1e proQlem is even more 

complex than he realised. I f this large nurilber of 1mscles is to be 

descrlbed with any degree of accuracy , the convention used must be 

capable of giving a finer definition of ori gin and insertion of a muscl~ 

than is possible with Snodgrass ' s terminology. SeconcUy, the l imb i s 
I 
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not locomotory and, as a result , the or i entation of the joints differs 

from that f ound in an ambulatory appendage. I n the Snodgrass convention 

the limb is considered as being held fully extended from the body so as 

to lie perpendicular to the sa.gi ttal a:xis. With an ambulatory limb in 

this position the free edges of any podomere lie in a. plane parallel to 

the sagittal axis. In the case of the scorpion' s pedipalp this is, 

houever, not true. The f ormation of the joints results in the free 

edges of particular segments lying in planes which ha~e no particular 

relation to the sagittal plane of the body. The muscular movements of 

the segments distal to such joints tlverefore cannot be described simply 

in terms of nposterior11 , "anteriorn , "dor sal" .or nventral1t . When the 

contraction of a muscl~ moves the segment slightly dorsally and rather 

t0\-1ards the body but at the same tim has moved it to a position more 

anterior than its previous position, the decision as to Hhether this 

muscle is a 111evator", a "flexor" or an '1adductoru is a difficult one . 

A compound terminol ogy is, of course, possible, but would be highly 

cumbersome. Finally there are, in the scorpion pedipalp, IllaDY muscles 

\A th a rotator function, a function not common in alllbulatory limbs. 

Their presence, like those of the peculiar j oints, raises difficulties 

in that they do not produce a movement in one plane only. 

The convent:ton vlhich has been adopted here depends on regarding 

the cross- section of ea.ch joint of a limb as a circle. This ·circle is 

{ ~ .,I 1 I 

divisi ble into 360° and the positiow of the cardinal points are determined 

in the f ollo\dng manner. The limb is considered in its resting position 

and at each joint the point farthest from the ground is noted. This, 

for each segment., is taken as North (0° ) . The limb is nov.r imagined as 



being stretched out sidet<rays a:t right angles to the body. Some of 

these North points are no longer mid-dorsal. The surface of the 

joint may not-r be imagined as being vie"t>red from a position proximal t o 

the joint. Consider a right hand limb (see Fig . 45). The bearings 

a r e measured in a clockwise direction, and therefore when N' is mid­

dorsal, E (90°) will lie posteriorly. A left hand limb will be read 

in a counter -clockwise direction, so that 90° will still be posterior. 

In this way the problem of mirror ima.ging is resolved and the convention 

will describe i n similar terms tho muscles of either side. 

The position and extent of the insertion of a muscle can 

easily be described by giving the bearings in degrees over which it 

extends . In Fig . 45, the insertion of I1uscle A~ is from 70..110°. 

Since this is not a.n obliquely pulling muscle, the information tells us 

that, 1oflum the limb is stretched sideways, this muscle will pull the 

segment bacmrardse I t also tells us that the insertion is 400 (i.e. 

110 minus ?0) wide. 

If the muscle is a. straight pulling one, i ts long a.xts will 

lie parallel to that of the segment in which i·tJ origi:na ~es. It will 

Jl'J.ake a rigl.Yt angle v1ith the tangent to the mid-point of i ts insertion. 

This can be seen diagTaramatically,. i n muscle Al of Fig. 45• If the 

muscle pulls obliquely,. i.e . it is a. rotator muscle, see A2 of Fig.45, 

the angle made with the tangent may be a:ny angle from 0 to 180°, but 

of course not 90°, 'Which gives a direct pulling muscle . I n this study 

the angle measured in judging the obliqueness of a muscle 'l-tas always 

that t.rhich corresponded to k of Fig. 45. Ant;le q wa:s never used. 
-·· 

Where k is gTeater than 90° i n a right hand limb, the muscl~ 

will be pulline in a clockwise direction and this can be spoken o! as 

pulling in a positive direction. Where k is less than 90° in a right 

hand l imb, an anti-clockuise rotation results from t.he contraction and 

the muscle is a negative rotator. I n the left hand l imb, a positive 

rotator (where k is greater than 90°) would be pull ing in an anti-

clockuise direction. 

As has been explained, this convention of muscl e description 



Figo 45. The convention used for description of a muscle. 
The t wo circles repr esent cross sections through 
the j oints of a limb, left on the left hand side, 
right on the right hand sideo T\<~O muscles , Al and 
A2, are represented. The insertion angle for A1 
is shown and is 70 - 1100 (i oe o 4!}0 ); pull angle 
is shown for A2 and is angle k; angle q is never 
used. 
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was evolved for dealing w-lth pedipalp ... tusculature. It is not J 

necessary ·~t the tail segments should be considered under the 

~~t. 
~ rules, However, it was found, after the claw had been described1 - . 
that this convention seemed the simplest and clearest for the tail 

segments as \roll. Since these are bil aterally sy:nmetrical, it \-rould 

not matter f or most purposes whether 90° or 270° were used i n the 

description; however, as with the right limb, the count is made by 

looking at the prox:imal surface of a segment and working cloclndse. 

I n describing the musculature i t seems loeical to start with 

the form of the proximal joint of a segment. On this will depend the 

movements of which the segraent is capable . Then 1dll follow a 

description of the muscl es vrhich perform these movements and how the 

segment vrhich contains them is built to provide suitabl e areas of 

attach.Illan-t. Llstly, lolhere possi bl e, the potential movements , as 

surmised i'rom the joint s and muscles, ¥rill be related to the natural 

movements during the life of the animal, 

After this work vta.s completed, it was found that Petrunkevi t ch 

(1909) had seen the necessity for a more exact convention for the 

description of muscles, He ther efore put forward a series of new 

forms for the planes in \-thich structures could lie. Fig, 46 and the 

accompanying l egend indicate clearly how l i t tle this convention needs 

to transform it to the simple, though rather more precise, one used 

in this study. 

In the main, anatomical investig;ations of nerves and muscles 

1-rere carried out by dissection. The hardness of the exoskeleton and 

the diff'icul ty of removing it without disturbing nerves and muscles 

meant that sectioning of material was done mai·:ly for the histological 

details, Both fresh specimens recently killed in carbon bisulphide 

and also specimens fixed in 701- alcohol or Bouin were used for these 

dissections. The best results v1ere, however, obtained from animals 

killed and left in the laboratory for a day or tvro, then di;.;sected 

under 7\Jfo alcohol. 
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Fig. 46. Convention suggested by Petrunkevitch (1909) for 
the description of the muscles of spider limbso 
The legend accompanying the original figure . ;is as 
follo-vrs: 
11 Diagram representing a cross section of the leg of 
Pholcu§ l2!J._alS:~:~.@ide..§ o EH, the plane of synunetry. 
It is understood that the observer sees the cross­
section in looking from the body of the spider 
towards the end of the leg. In consequence it is 
evident from the letters accompan)~ng the diagram 
that it is a cross section of a right lego In a 
left leg the two halves are reversedo ESP, proepi­
synaxial; ESR, retroepisynaxial; EP, epipro; ER, 
epiretro ; MP, middle pro: :MR, Middle retro; HP, 
hypopro; HR, hyporetro hBir o11 



·s taining of dissections was not very successful. 'l'he 

i'ollo-vring procedure, hovTever , \-Tas furthes t from fail ure. A dilute 

sol ution of methylene bl ue (O.lfo ) was made with Ringer. f ol .. fresh 

dissections, \rl. th ua·ter f or fixed ones. This was bloYn £'-com a 

pipette on t o tl1e small area under dissection. Left f or 10 seconds, 

the excess stain \>Tas then ws.shed aioJa:y by a pipette full of clean 

water or Ringer. The distinction in shade of blue of the nerve and 

that of the muscle and co1mecti ve tissue i s sl ight but cl ear enough. 

Dissection of the nerves raises a difficulty, namely in 

f i xed .rna terial there i s li ttJ.e distinction to be seen between a nerve 

and the blood vessel vJhi ch normally runs fairly ncar it; their 

appearance i s more or less the same (both are stained the same shade 

by methylene blue). I n a living or ffeahly lj:illed animal tho 

distinction la quite cloar: the blood can be seen in i ts vessels. 

Here, hoHever , dissection is hamperod by the splaying and contraction 

of muscles and nerves which have been cut. I n the fixed an:irnal the 

t\·To apparently indistinguishable structures can in fact be i dentified 

as nerve and blood vessel. One of the two i s more easily broken, 

l ess easily stretched than the other. Comparisons vdth the fresh 

material make it clear that the -w-eaker structure is the blood vessel . 

Hence i.fe have a practical, i f some-what unorthodox, method of 

distinguishine one structure from the other in the dissection. 

In this section no detail will be given of the organisation 

of the muscle into fibres or tJ.le branchings of the nerve once it has 

r eached its ndest.ina.tiontt , i . e . muscle or general sensory field. 

The "destination" of a nerve or the 11 func~.>ion" of a muscle 

has ,ruU been tested in most cases. I f the result of a contl'action 

of a certain muscle uero not clear, several simple techniques were 

used to investigate the nB t ter • I!" or instance, the uhole of the 

origin was freed with tho chitinous piece on to vrhich it viaS attached. 

This vro.s pulled in t l.e normal line of pull of the muscle. The 

resulting mve.m.ent at tho at;-tached end of the 11mscle was noticed. 

Electr ical stimulation of such muscles vras not particularly satisfactory 

as t hey are normally small and it proved very diff icult to fix the 
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stimulatinr g electrodes into the muscle without damaging it. 

Where nerves Here concel"lled, the question of function arose more 

frequently. Distinction between motor and sensory nerves was 

normally clear; the former enter one or more muscle bw.1c1les, the 

latt er run from the rose of s~nsory hairs such as trichobothria 

or from the region around the arthrodial rembrane. Sui table stim.­

ule.tien of the motor nervespused muscular contraction uhiJ.e no such 

result could be obtained f'rom any of the fibres predicted as sensory 

fibres prior to the testing. The connect.ion t o the brain was, of 

course~ severed before the stimulation in either case. 

The tail and leg muscles were found to be fairly regular in 

number, position and size. The nerves supplying them were, conse­

quentJ.y, also regular from a.niitJa.1 to animal. 'l'he pedipalp muscles 

\Jere JJore variable. The sexual dimorphism of the species has been 

discus sed above (p.ll ~ ) • The muscular irregularities, hm-1ever, 

occur not only betvreen the sexes, but betvreen animals of the same sex 

and even between limbs of opposite sides of the same specimen. As 

a consequence of this irrcgulari ty there is little hope of getting a 

picture of the nervous anatonw "t>rl:lich \TOtlld fit all specimens of 

0, ;J.a.tiroa.nus . In the main, tr:e differences in various dissections 

seem to lie in hovT far prax:i.mally eo.ch branch separates from the main 

nerve. Where the muscle differences are of position and size, this 

is to be expected. A general picture has been obtained by splitting 

branches back as far as possible in each dissection and using the 

most proximal point at vmich the branch could be obtained as the true 

point of separation. 
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2. Gross l{yology of the Pedipalp. 

For clarity of description and subsequent reference a 

dravrl.ng (Fig. 47) of the entire pedipalp from several vievrs is 

given. 

As has already been explained, the descripti~m of the 

myology 'Will be treated systemtically start i ng with the most 

proximal podomere, A, and i t s muscles uhich are Hi thin the prosoma. 

In every case a table is provided of all the relevant muscles 

together vrl.th their angles of insertion and their pull anglest 

The so are in each ca Ge further sUlllJ,ariaed in circular diagTa.mma t ic 

form, vthile drawings of the different muscles in their strict 
a~d 

anatomical rolations/[fi certain cases, of the exoskeleton showing 

the precise positions of their origins are provided• 

The ptosqma1~ Joint. (Figs . 48 and 49) 

1-bsgl~ InsertioJ;!. !:YJ.1 C Qmm~ni!§.t. 
a.ngl...ru?.... angles 

Al S()- 30 50 Origin on epistomal sclerotisation. 
A short stout muscle with branch 
joining A 2. 

A 2 35 - 55 90 Origin on carapace, two br anches; 
origin of muscle B 2 on insertion of 
A 2. 

A 3l ) ex> Origin on anter ior edge of carapace 

A 32 
) 95 - llO 
) 90 Origin on ¥. teral cl.ll"W of carapace. 

A 4 125- 150 .. 95 Origin on dorsal carapace betvreen 
origins of two A 2 muscles. 

A ~ ~ llO Origin on tendon betlveen a~ary 
152 

hardening and endoskeleton. , 
A # ) lS~ -140 100 Origin on a~iary harderu.ng 

53 
) I 

A ) 120 Origin on epistomial sc;J.erotisa.tion. 

A 6 255- 290 90 Origin intucked on medial basal exo-
skeleton of A segment. 

The Anatomy of the Pro§S?Wti!l - A Joint. 

This is a mono-condylic joint. A has a small sclerotised 

rod (Fig. 4&.) uhich runs proximally into the body from a point at 

about 340° on the pro:rlmal ring of segment A.. I t lies with a pull 

angle of about .30° from the A segment and articulates wi t..h the 
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Figo 47o Entire pedipalp of 0" latimanu~. Centre, dorsal view 
with pedipalp slightly extended; top, same in resting 
or folded position; bottoo, undersurface of slightly 
extended limbo 
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ep. sc. 

Fig. 4$. 

. . . 

Muscles ooving segment A • 
(a ) Upper figure . Sketch s2 .owing the muscles in 

situ; 11· is the rod which artic~es segment 
A on to the epistomiaJ. ~clerotisation §.P ~c. 

(b) Lower figure . Ring diagram o£ insortions and 
pu.U angles ot' A muscles. 



ep.sc. 

Fig. 49. The epi stomial scl erotisation and asoociated struc­
tures and muscles in E>. latima.Aua 
A. Coxa of pedipa.lp carrying articulation h loti.th 

epistOlllial sclcrotisa.-'uion; g,h, auxilliary 
hc:dePing; ~~. , endoskeletal oclerotisat.ion; ~., 
lo.brum; ,m., suc~ng ph&ryrcc. 
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e;:-istomial aelerotisation, forming the pivot for movement of A on the 

body. This epistomia.l sclerotisa.tion (Fies. 48 and 49) is a peculiar 

Y-shaped endoslroletal structure Hhich i <J strung on to the carapace 

by a pair of dorsal muscles and on to the endoskeleton proper by i.he 

curim's arrangenent of' an auxllinry hardening and its associated 

If tendon" • The auxillo.ry hardening i s itself linked by muscles to 

the coxae of the legs III and IV, which thllB anchor the epistomial 

sclerotisation. The l a:at-mentioned bears, as well as the segment A 

pivot, the origins of muscles of the proxinnl segmentaof the ped.ipllps 

and chelicerae and also those for the sucking pharynx. It is there­

fore rouchJ.y ho:molot,'tlUS in .function with the insect tentorium. The 

functional fsatures of the epistomial sclerotiaation have boen given 

in grester detail th.a.n is necess...<U'Y for comprehension of the pedipalp 

attaclwent because the structure appears to be an example of how the 

a.rnch.nids t.~ avoi d u.Jing sclerotisations by hatting a l arge number 

of muscles acting as struts.. Apart from the tendon-like strand 

1 running !'rom the auxiliary hnrdeni"'l.g to the true endoskeleton, the 

epistomial sclerotisation is supported entirely by muscles whose 

outermost atts chment is either to tho carapace directly or to the 

imnobile coxae of the l egs. 

The actual articulation of the A rod on to tho epistomial 

sclerotisa.tion is in the form of a '0011 and socket joint, the socket 

being a~ the anterior end of the sclerotisation and the two being 

fairly tightly tied t.ogether. .Potentially, therefore, an almost 

univer sal bearing "type of articulation has been achieved at the 

prosoma~ joint. 

Functional Rclt;!.tio;lS of the MJ,scJ.es to the Prosoma,-4 Jo~nt. 

The A se&'lllent is lifted, i . e . carried through the 360° plane, 

by the Al and A2 muscles . I n add tion, the former produces a strong 

negative (anti-clocktd.se ) rotation. This dorsal lifting is restricted 

by the presence of tho chelicerae above the pedipalp baoe. The 

opposing movemont, effected mainly by A5,is also restricted but in this 

case by the gna.thobasic p..1.r ts of lees I and II. lbscle A5 consis s 

of three branches l-ri tb vridely different origins so that the pull of 
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a:ny individual branch can be different !'rom that of the others or 

a:ny other. The overall rotator effect, hm·rever, is ·a positive 

I t has just been pointed out that the lifting and depressi ng 

of A are linti. ted so that part of any .oto~erful pull of the Al and A2 

or A4 Wld A5 muscles must be 1.rasted, though the ro·tiator effect could 

be used in i..idsting th~ \vi:ole segment. A different effect can, 

1!owe-ver, be achieved when dorsally inserting muscles pull against 

ventrally inser ting muscl es ·which have the opposite roto:tor sign. 

I f Ai ancl A5 contract equally together depression and eleva.tion will 

cancel each other out, as uill be the flCtual rotation of A, The 

resuJ.t i rvg effect -vrill be that segment A is pulled tovrards the mouth 
'· 
' and, at the point "rhere the sclerotised articulation prevents 

further movement,( A will swing over on its pivot t owards the mouth. 
. - . 

This movement has, however, a stronger component: that of 

A6. This A6 muscle, stretching a.cDoss the base of the labrum, is 

common to both A segments. I t uould seem fairly effective in 

drawing the two A segments together. I t is the nrostraJ. muscle" 

of McCl endon (1904) or the 11labral muscl e-If {Snoderass, 1948). 

\ . ..I. ...iC. •' l-v'' 

Opposing td.s A6 action is that of the two A3 branches as 

well as t.Jle combination of A2 and A4. As -vli th A2, Ar contracting 

alone produces a depressor as well as a lateral effect •. 

I ") 
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The A..J3 J~_n!. (Figs. 50 and 51) 

Mlscle Insertion L. Pull L, Comment!}• 

Bl J.O - 35 60 tvo branched, B1 has origin on 
pr~ximal part of dorsal ridge, 
Bl prox. part of A. 

B2 55- 80 90 three branches, all vi th erigins 
on proximal ring of A, dorsal edge • 

BJl 
~ 75 origin on anterior part of carapace, 

not deeply separated f'rom B32 
B32 \ 100 -140 115 I 

B33 
) 
) 150 

B4 J.60-l85 70 proximal part of A ring has B4 
origin 

B51 ) 70 origin on ventral. part of A. 

B52 ) 230 - 245 
origin on "doraal l'idge" of A ) 90 

B61 ) 30 Origin on v~ntraJ. wall of A 

B62 
) 
) 50 Origin on ventrfL wall of A, proximru 
) 270- 340 to origin of B6 

B63 ) 90 Origin on mdia.:t distal led~e whose 

} outer surface bears A6 origl.n 
B64 90 origin on tt dorsal ridge" of A. 

'fh§ Ana t orn:y of the A-B J'oin\i, 

In this joint there is no special sclerotised articulation, 

a character istic not nor.mally found in arthropod limb joints. But 

i'or the limitations imposed by the arthrodial membrane and the internal 

tissues of the limb itself, B would be able to rotate completely on A. 

At about '305° there is a peg of hard chi tin which at first was thought 

to f'u.ne·lJion as a point of specific articulation, but in fact it merely 

carri es the insertion of the laree B6 muscl es, having no sclerotised 

contac~ with segment A. At 90° the arthrodial membrane is especially 

wide, the distal edge of A at this point being cut back so that the 

movement of B in ·1:,..'-tf) 2'"/0..r::J;;;O pl ane ha.s a very large degree of f'reedom, 

especially- tovrards 90°. 

l u.'lctivna.l & l a.ticns. or the !'.Juscl~s. j;Q th~ A-S JQint, 

B6 is the largest and heaviest of the muscles effocting 

movexoont of B segment. This , .uscle is so deeply branched that it is 
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Fit;. ~. l·usclcs IOOvi.ng the B segn:ent o:f the pcdipalp. 
(a) ~bre dorsal muscles. 
(b ) More vent.ral muscle a. 
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Fig, 51. (a ) Ri..'lg diagram of the B muscl es. 
(b ) The B6 mu.scle complex. 

b 



probable that some investi gators might consider each branch a 

separat-e muscle. The branches do in fact give a fairly wide 

vi aria:tion in pull angle thout:h they share a cOI!llllOn :J.nsert.ion. 

The t1-ro predominant muscles are the two direct. pulling ones, B63 
I&~ 

and B64, s o that a combined contract/ of all the B6 branches will 

pull B through the 2800 plane, r otating it. slightly in an anti-

cl ocki.rlse direction . This movement either wings B more anterior ly 

or closer in t o the mouth region, depending on its initial posit ion. 

Antagonistic to tho B6 muscle are the three B3 branches. 

None of these is as po11rerful as any of the B6 branches. !-lot only 

is the combined effect of the B3 branches a"lta.gonistic to that of 

B6, but the strong negative rotator effect achioved ~~cutili B6 1 

and B62 has its specific antagonist, the positive tldst of B)3. 

T'ne cf'fec·t that B3 has of movil1.g B ~trough the 2?0 - ~0 

plal1a is assisted by t.l1e combined contraction of 132 and B4. Those 

are maWy concerned with elevating and depressine the segment but 

since they have antagonistic r otator effects, when they pull t ogether 

both their lift/ depress and their rota·C.or actions are cancelled and 

th"' B segma11t is oved ei t:.b.er lUCre posteriorly or auuy !'rom the mouth 

region, dependine on B's initial posi·tion. 

B2 also lifts B, not direc·Uy dor.aally but through the 200 -

10° pl ane . I ts rotator component is negative, due rnai.n.ly to one 

br anch of B2. In its lifting action on B, B2 is assisted by the 

t -vro branched muscle Bl. Once again there is a rotator action also 

involved; :ln this case, a D.9gative one . 'l'his mea.!l...; that. if Bl 

contracts simultaneously v..r:i:hh any depressor of B wrJ.ch ha s a posi tive 

rotator effect, e . g . B5, the action achie·r.red by the B6 musole, viz. 

that tot..rards 270° , will be augmented. 

Antagonistic t o the Bl and B2 muscles are B4 and B5. B4 

J:>.as already been mentioned in connection vri. th i t s rotator effect; 

it also has a component moving B through the 100° plane, as have the 

two B5 bro.nches. When these two muscles contract t oget.her, the 

a.ntsgol'rl.stic rotator effects c~ncel each other out and a simple 

depressor ac tion is achieved. 
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hum th.ia consideration o.f the B u:uscles, it is quite 

clear that. b.Y fue contrC~oetion of single muscles or by combina:taon 

of various muscles or branches, xoovement through almost an::J plane 

or rotation i11 either direction is possible for the B segmer1t. It 

may be noticed that the most obviously powe:rful moverilents al'e ·Ghose 

through 270° plane, i ,e. either al.\'t€1ri01• or t ouarrls tho .mouth, and 

i t w-lll becomo cleer that these ere the most. frequently used actions 

of B on A. 

The B.O Joint. (Fig, 52) 

.Mussle, 

G~ 

cz 

) 
) 
) 

Inser·tion L, 

340-355 

135-140 

Pull L.a 

177 

The Anatmw of the B-0 Joint• 

No clear evidence of tendon on 
ei th.er end. 

Three branched 

Origin on dorsal. ridge of A 
(Fig.Srta) 

Common tendon through B, C4l 
o~gin on endoskrnum, 
C4 at base of A, (Fig.SUa ) 

The joint of C with B is a st:rictly di-condyldc joint '\d th 

the condyles at 10° and 160° • Both of these are the common art.hropod 

type, each being formed by tuo sclerotised nodules tied t ogether 

so tightly by their liga:ments that one can only just rock on the other. 

The presence of these two pivots restricts the possible movement of 

C on B to flexion o.nd exte.psion in the horizontal plaue . There is a 

:fairly broad arthrodial membrane from 160° - 10° but that i'rom 10-160° 

is very narrow, a point wlhich will be discus sed later. 

Functional Relf!.tions of l1uscles to the B-C Joi~. 

The relations shovm. in ·l;he ring diagram, Fig . 52b, require 

explanation. M.lscles 0 2 to o6 insert directly on to 0 at the B-C 

joint. f.fuscle o.l inserts abouls hv~fuay along the podomere. The 

muscle complex 03 is also show, but its form will be discussed ~ater. 

The main extensor muscle is the short stout 06 but C' .. 5 

provides a.ddi tional extension. This C6 is interesting in that it 

\ 
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(n ) .c and certain D l"luscles of the pedipaJ.p. 
{b ) Ring diagra.ru. of ·these muscles • 
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i s the f irst muscle to be described where, a1 though a rota tor 

component is evident in the angle of the pull, no rotator act ion 

is allowed by the joint formation. Tilis phenomenon, which seems 

\.Tasteful of muscular effort, uill be met lllallY times again. I ts 

possible signifi cance and explanation will be discussed l ater 

(p. l \ l ). I t idll also be noticed that the insertion of 05 is 

very close to the ventral pivot and t-rell separs.ted from i t.s coextensor, 

G6. This ventral insertion appears further to decrease the extensor 

efficiency of C5 for C6 is clearly operating in mechanically optimal 

conditions. This second instance of a-pparent waste on the part. of 

05 will also be referred to l ater (p. 'A'\ ) . 

The Cl muscle i s peculiar in that it stretches from the 

distal end of one segment into the proximal end of the next. 

Normally muscles have either an origin 011 the proxii!E.l end of one 

segment and an insertion on the proximal end of the next., or else an 

or i gin on the distal end of one segment and insertion on the proximal end 

of the segment after next. '£his peculi ari t;y- of Cl will also be 

discussed l a ter (p. ~ '\ ) . The muscle would, from its line of 

pull, t.otate the C segment in a positive direction. However, as 

wa.s explained ear-lier, the form of the B-C joint prevent s this and 

the insertion of Cl is such that its contraction aids the extension 

movement of C6. 

An extensor effect is also achi eved by part of the complex 

of DJ muscles but this seems better described i n the next section, 

together with the effect of D3 on the C-D joint. 

Opposing the extension caused by muscles Cl, 0 5, and C6, is 

a flexion by C2, 03 and 04. 

Anatomical Fe9=t.ures of B Associa:lied \rl:lih Operation of B..C J oint. 

Segment B i s a short one• The muscle orivins all occur 

across the do:r·sal and antero-l at eral surface. All of this area 

is especially hard, a fact r ..;flected exter:aa.lly by number.5of small 

knobles . There are tv10 distinct areas of i iUscle origin: a dorsa.J. 
·--·-

and distal area for Cl and D3 and e. Dore proximal. area for ca, C5 



ttnd C6. The bl.il.t.'l3:l rofloeting the originD o£ the two tnjor 

antagoniots, C2 and 061 are quite distinct, 

C-D lb!nt• 

~t 

:m.. 

D2 

~ ) 

ll32 ~ 

1l33 

(ne. 53) 

IQi§irtJ.9l\ t_, 

300-30 

1.85-24,0 

~90 

290-295 

MJ L. 

4 weU-dove1oped bt'anclles, ono ver., 
short and sopnro.te. 

Two clear bra.neheP, pt'Ol:ably oopa.rate 
musol.eo. 

60 'r end.on o. t dist.al and only 

llO App . .ront tenc!on nt eithor end. 
OriGin on B, tUstal )/JP 

Acts on seement C, orlgL'l on B 

Tho AWf.tomY of tl1g C-D 1g~pt,.., 

The joint in the first in t7hich. tho~ is n line-pivot. 

This is a strai.Jl,t line alontZ llhich th9 abutting aurfa.ces or C and 

D aro held together so tightly t.hot the \Jbole aetD o.a uooo tllc binee 

ot a door. tho e:roas soeticn or tho join.l't thsre!'oro appears as 

the ~'t$r ~n:t. of a circle as has boen indieo.tod b:Y tho r ivot 
53h 

lloo , Dl,. in fig. m. This arra.ngemnt. roaulw in novcr.ont boing 

porJflible in em plane ollly, tb<>u.eh this is not aD OU'ict.ly true as 

it itt in the ease of tho di-con4)-lic joint B-C . The lino-pivot 

rune £rem 40 - 1.3~, so tbat the pcr:mi t tod movSI !.!nt runs through the 

a.uterior hori1X>P.hl plane, i . c . direc·Uy tbr•out.~ 27fP. Tbtlt part of 

tho joint, t:rom 1;35 - 4CP, llhich dooe nitt eonetitute the pivot, 

consists o£ a IJO'ft uiao arthrodial~. At either end o£ this, 

i . o. at the points noarest one or other end of tJw pivot, the membrane 

ie cro.asod by n scleriteJ whose natura ent1 probable i'unetiou will 'bo 

discussed later (p. 1. 0 3 ) • 

Functional Relat;ions of tb.~ loiu.:eles to the C-D J'oint. 

llcto ntdn tho :torm of thG ring d1.aflram requires expl$la.tion 

as .te.r as tho nusclc eot1plex D3 ia concerned. Ref'arance should bo aade 

both to Fie. 52b and 5Jb. Mlscla l)jl origin.o.tos inC and inserts upon 

D at the C-D joint. H.tsoles o.;2 alld D33 arise toee~1or :from a sincle 
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origin in B, but while the former passes directly through C to 

insert upon D at the C-D joint, the latter inserts in C and its 

action is therefore upon segment C, not segment D. Hov.Jeve:r, the 

muscles have so clearly a single origin that it seemed more reasonable 

to regard them a.s branches of a single 'Wli t. 

The single line-pivot acts as does a door-hinges from 

one side it can only be .mlled, from the other only pushed. Since 

muscles can only pull and since the Dl and D2 muscles are definitely 

flexors, it, is not surprising that segment. G contains no musclar 

e:Ktensor. From the nature of the joint this is impossible. A 

muscular extensor could only act on the C-D joint by having a.n origin 

in the distaJ. part of D and an insertion on the proximal pe.rt of C • 

No such muscles have been found. 

The muscles have their insertions extending around almost 

the t>Jhole arc of the joint, excluding, of course, the pivot-li ne. 

The largest flexor is m -vrhich has a rotator effect in addition to i t s 

flexion. This rotation has an antagonist in the other large flexor, 

D2, so that its effect can be cancelled and the flexor effect s'U!llllled 

when both contract together. I n freshly killed animals, when D is 

extended to a. limited extent, some slight rotation of the joint is 

possible, but i t is difficult to detect any such movement in the live 

animal. 

The remaining muscle, D3, constitutes a complex of three 

o..c l branches, each productng a different effect, by its contl,~tion. D3 

appears to O.ex D on to G, v1hile D.32 is the main muscle responsible for th.~ 

f'le:xion. D,33, in a ddition to Cl, C5 and C6, extends segment G irom B. 

When D32 and D33 are conJ&racted, D is O.exed on to a, 'While C is 

extended from B. I n the case of D33 a possible rotator action can 

once more be seen from the pull line, but cannot be put into effect 

because of the nature of the B..C joint. 

A description of ,ossible extension mechanisms will be given 

with the consideration of the E-F joint, and t he problem l:lf extension of 

D seems bes·ii lef't till then. 
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. c-D 
Anatomical Features of' C AssQs:iate<l with Operation of !iii~ Joint. 

There are no .DJS.rlted specialise. tiona of podomere C in 

relation to t he muscle attachments, 

The ~ Joint (Figs. 54 and 55) 

Muscle I nsertion L. Pull L, 

El 31-47 150 

E2 118-147 50 

E.3 167-177 20 

E4 173-186 90 

E; 185-l-94 ll7 

E6 207-217 160 

E7 2.30-257 45 

E8 222-299 35 

Three branches, most, proximal with 
long tendon, 

Two branches ) more proximal of 
which has long thick tendon. 

Inserts on a. thick tendon 

Mmy parts to this muscle but no 
clear branches. 

'i'be Apatowy o£ the D-E J'oint. 

The movement at the D-E joint is responsible for putting 

the cla.w i n such a position that the flexion of F can be effective in 

grasping at prey or an enen:tV. As might be expected ftoom the need for 

great ftoeedom at this articuhtion, the D-E joint ia universal or \mat 
·' 

Dillon (1952) vrould call non-condylic. The amount of twist ia limited 

only by the degree of stretch possibl.e in the encircling arthrodial 

membrane or in the muscles atl..ta.gonistic to those producing the movement. 

At the same time, ~.ading in the ver-tical plane is limited by sclerotia-

ations; not those of a normal condylic joint but two hard, overlapping 

flaps projecting distally between .300-40° and 160-2)0°, (Fig. ;;e). , 

If t.l-J.e E segment i s bent more than a few degrees i'rom its normal 

position either in the ventral or dorsal direction, it touches. against 

one or other of these flaps and no further movements can take place in 

that direction. As far as the E-F joint is concerned, these limitations 

placed on the movement of E by the f orm of the ~ joint are quite. 

logical. Since F mows on E through the vertical plane it is 

unnecessary to have this movement i n the Do.E joint as "rell. Since 



a 

b 

Fig. 54. (a} E muscles o£ the padipaJ..p, seen :frCJro the ant­
erior surface o:t: segment D; mostlY those 
muscles with antorior origins. 

(b) The Sa.!OO but showing most ly those Jnusc~ea 
with posterior origins. 
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b 
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Fig. 55. (a ) Ring diagram of E nuscles of -t.he pedipa.lp. 
(b ) Complex of muscles E3, E4 and E5. 
(c) Struc·t;ur& of -the distal end of the D podomere 1 

showing f'l~e, ,1'l.; cross hatching indicates 
the cavity of ·the podomere • 



it is probably easier to control action in this vertical pl ane vrhen 

muscular movement is limited to one joint only , that is E-F, it is 

desirable that there be no possibility of this movement resulting 

in "give" at the D-8 joint as well. 

D-E can thus be described as a universal rotator joint with 

additional movement permissible through the horizontal. plane. 

functional Relations of the 1-bscJ-es to the D-E Joint, 

As might be expected from the description of the a.natollliV of the 

joint,the muscles effecting the D-8 joint are all t o soroo extent 

r otators, with extension and flexion a rather secondary function, ES 

is o~e of the largest flexors, inserted at the position optimal for 

this. It gives in addition a strong negative rotation from the fibres 

that take origin along the ventral and-ventro-lateral parts of D 

(Fig. 54a). This rotation is assisted by E7 whose insertion is just 

distal to that of ES. Si.nee the origin of E7 lies at about 160° and 

the muscle is fairly short, its flexor action is powerful . The last 

flexor, E6, has the antagonistic rotator effect, giving a strong 

positive twist. 

Extension depends on two muscles only, El and E2. Alone 1 

neither is very effective since insertion is, in either case, far from 

the position of optimal efficiency for an extensor muscle. Since 

the component of their antagonistic rotator effects lies in a pure 

extensor pull-line, it is p-resumed that El and E2 do normally contract 

together to extend E, Alor1e El gives a positive trTist,while E2 alone 

would give a negative one. 

Three small muscles, E.3, E4 a.nd E5, would all serve to pull. 

E ventrally if the D.& relations vould permit this. As it is_,E3 gives 

a very a~ negative rotator effect \vllile E5 is less strongly a 

positive rotator. The functioning of E4 is obscure. Its fan9shaped 

form and straight l ine of pull suge;est that it draws E in a ventral 

direction. However, this movement can be only very slight because o£ 

the nature o£ the joint, and it therefore seems probable that E4 comes 

into operation only when the main movement is being produced by· some 
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muscle that is loss restricted in its action and a slight vent.ral 

movement is necessary to make the uhole effective. 

Anatomical. Features o! D Associated vtith Operation of tile D-E Jointa 

The most. prominent anatomical feature concerned "tdth giving 

area of origin to the E muscles is the great bulge on the anterior 

proximal face of D. This provides for the entire origin of E6 and 

also the more direct pulling fibres of ES. In some species of 

scorpion, e.e;. JlaS!&U~§nes, it is this bulge that is enlarged to produce 

a great hook (Fig. 56). It would not be surprising to find that in 

some aspect of the behaviour of such scorpions, this movement of 

positive rotation and flexion of the hand has become exaggerated and 

the enlarged E6 muscle which is housed in their hook has evolved with 

the behaviour • 

A hard ridge rt.tnning .f.'rom 350° distal to 10° proximal carries 

the origin of the three large branches of El and,at its proximal end 

where it cuts in to the joint and forms a ,_J.atform, it supports F2, 

the au:xiliary flexor of the claw. Thi6 platform also houses part of' 

the origin of the largest branch of El. Running f'rom 1800 distal to 

160° proximal i s a second prominent ridge and on this the most acute 

rotator fibres of E8 as well as muscle E5 take origin. In the ca~e 

of E3 and those E8 fibres which have not yet been accounted for, the 

actual edge of the segment is used for an attacbmant area}7ed1stal 
!.lo\'~ 

arc 160° - 175° for E3, the proximal~area from 160-270° for ES. 

The third hard ridge runs from 160° distal to 160° proximal 

and carries the origin of the main part of the two E2 branches. The 

last muscle in segment D, E7, uses both this ridge and the one mentioned 

i mmedia·oo1y before for its origin. 



The E-F Jo~t. {Figs. 57, 58 and 59) 

Ansertion L. PnJJ L, 

n 

Coaooflii~· 

Single, very large origin f ills 
much o£ "bulge" of hand 

Origin in D, long tendon passes 
through E to insert on F 

2 branches, Fjl vi th origin on outer 
face of hand, F32 on inner face • 

F4 

F5 

F6 

F7 

FS 

F9 

FlO 

ru 

F12 

• 

'I'he AnatOl!lY of the E-F J'oint. 

-
Origin 1-rl.t.J::l F8, proximal to 
straight part of E-F joint 

2 branched 

Short and stout. 

As in the case of the C-D joint, E-F has a single line-pivot. 

This stretches from 160° across to 2:30° so that the cross section of 

the joint is represented as a lareer segment of the circle than in the 

0-D joint. The cross-sect ion of the E-F joirvt i s in fact more 

nearl y the shape of an isosceles triangle with the line-pivot as base. 

The t wo abutting surfaces of the segments are tied together even more 

elosel y than are those of the C-D joint. In consequence of this 

tight bond there is no possibility of movement in any plane other than 

that through 10° and 190°. Again there are two scleri tes stretching 

across the corners of the arthrodial membrane. As explai ned in the 

description of the C-D joint, this type of articulation allows either 

a. functional flexor or an extensor muscle in its proximal segment 1 not 

both. I n the ease of E-F, the muscl es m.ovint the F segment are 

immediately adjacent to the immobile finger EE; the line-pivot is 

remote f'rom m. With this arrangement, the contraction of any 

muscles in the hand can only serve to nex the segment F to'.rards EE. 

'\ 



Fig. 57. 

a 

b 

F muscles, closers of the pedipU.p cla'tJ• · 
('B. ) Those muscles ui th origin on the in·torna.l or 

anterior surface o:f the hand. 
(b ) Those muscles with origin on the external surface. 



F9 

Fl 

.. 

F3 

F4 

~----FS 
~----F6 

Fig. 58. Ring diagnam of the F :muscles of the padipalp 



Fig. 59. 

s.l.j. 

UotQ.~l ot the st.ructuro of the E-F joint. of 

~ t· ~ nom tlle OULM', or postcrlotr, 
surftlCc; s . j .l . , straiLht line joint; the arth­
roC:tal OOWrano iS Cl'OJ S hatched. 
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Functional Re];Q.tions of Mj.tscles to th~ Q' J'oint. 

It the nature of E-F will allow neither muscular extensors 

nor the activity of rotators, a single flexor musclet might be 

expected. The fruit of such an expectation can be seen in published 

descriptioll/s of the muscles in . segment E. Thus Snodgrass (1952) 

writes: "the hand o£ the chela ••••• ••• is filled with a great mass 

of fibres all attached on the ventral process of the base of the 

moveable finger." In the case of p, J.atiwmus at least eleven 

muscles appear dis·t;inct in origin and insertion. Discussion as to 

~thether these really are distinct muscles or only branches of a 

single large diffuse muscle seems ra tber pointJ.ess. But if an 

accurate account is to be given of the action of this muscl.e complex, 

it is easier to regard the major branchings as true muscles; more 

especially as these are :further divided and subdivided. 

Determination of the angles of insertion is very difficult 

in this joint since all muscles insert over a short arc; furthermore, 

these insertions spread distally from the proximal rim of the F 

segroont. No insertion occurs bet'\·reen 90 and 270° and it is only the 

. "process of the moveable finger" thf!t gives attachment to a.ey muscles 

at all. Each of the muscles present in E flexes F on to EE and 

thus closes the claw. In addition, F2, -a: ruscie. ubich origfnates 
--. 

in segment D, passes between the muscles in E as a lo~g, slender 

tendon. to insert on F as an auxiliary flexor (Fig. 54a). 
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3. Functional Pro'QJ.ems in the Huscwture of the P~d,i.pij.l,ps. 

'Ewo prmblems which were raised earlier seem best discussed 

in coimeotion tdth the funct.ional anatomy of this E-F joint. The 

first is the mechanics of extension without muscles: the second 

that the insertion which would appear to be optimal for a particular 

movement is not invariably found. 

§xtension without Mijscles. 

The problem of the mechanism of extension is the simpler, 

in t."'lat it has bee:n recognisscl before. Snodgrass (1952) calls 

attention to the phenomenon in 'the scorpion claw, though not in the 

C-D joint or l eg. In the ca~ of tho legs of spiders, the issue 

has been a controversial matter ever since it was raised in 1909 by 

Petrunkevltch. It seems reasonable to examine the attack made upon 

this question by the workers on spider anatomy and to see hoH this 

could apply in the case of the scorpion. 

The most recent paper on the subject (Dillon, 1952) suggests 

tbat the probleiJl is spurious, that arach,"lio,J muscles are many, 

complicated and liable to be missed in dissection and that, in the 

case of the spider leg, the extensor muscle or muscles haw just 

been overlooked by previous investigators. 

1 I ,, 2 1 11 1 1 3 } 1 ' I' •r eeessuw u paart 

&5:;;;1iiliEI!a::::E:t Such an explanation is invalid in the case of the 

scorpion. Firstly, there is no evidence for the existence of any 

muscles other than those described above, though extensor muscles uere 

specially looked for. In the case of tJ1e muscles of the pedipalp • 

.not one functions as an extensor of either D or F segment. Every 

one of the muscles that i naert on the C-D or E...F joints bas been 

tested in the following waya one of the sclerotised points of attach-

ment has been freed and the muscle pulled in its "normal" d..i.rection 

of action. In each case the muscle gave the functional effect that 

would have been predicted for i t from a consi deration of its line of 

pull. In no cane was there any extensor action. 

F • "tWt.ti\ 
urthermore, when the ma.J.n nerve was cut be~ the ga.nglion 

and the joints concerned, and stimulated electrically, neither ot the 
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joill/ts shoued a:ny signs of extension, flexion being the only active 

response. Again, animaJ.s 1.-rere injected ld.tli 0.1 ml. ~so4 solution 

in the D-E arthrodia]. membrane. This solution was approximately 

i sotonic vd th scorpion blood and should not have upset the osmot ic 

r elations of the limb to any great extent. ~gnesium ions a:re 

said {Hoyl e , 1953) to have a paralysing effect on an arthropod neuro­

muscular preparation and they appeared, in fact , to have such an 

effect. Contract ions of the claw to mechanical. stimuli got smaller 

and smaller, and ceased after a tninute, leaving the claw wide open. 

The other claw, acting as a control, showed no such fall-off in r eaction 

and Hithin five minutes the experimental one was r eacting normally 

once more. The fact that the claVI was held 1dde open at the height 

of narcosis of the flexor muscle and that the claw would r eopen if the 

joint was forcibly closed suggests that the extensor movement is not 

due to ~ muscular action. 

Lastly, as will be remembered from the description of the 

form of the joints, neither C-D nor E~ coW:d be extended by a muscle 

originating pronmeJJy, and there is certainly no si gn of muscles in 

the segment distal to the 0-D joint affecting C-D, \mile there .are no 

muscles at all in F. It '"roul.d appear from this consideration of 

the facts that there are no muscles effecting extension .of either 

the C-P or E-F joint in the pedipalp, and another mechanism. must be 

sought. 

Since, as has just been sho1m, the extension of D and F 

segments is not dependent on muscles , a study was made of the 

behaviour of the C-D and E-F joints af'ter these had been cleared of 

all muscles. Without any muscles present a freshly isol ated pedipalp 

woul.d show an automatic extension of each of the relevant segments 

as it \TaS ms.nuaJ.ly flexed. The actual course of the movement waa 

watched under a binocular microscope and marked on to paper held 

beneath tho claw. The .measurements are ill xooan values .f'.rom. a 

number or trials. 

The mean of the ma:ximaJ. extension in the claMs o£ three 
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different animals was 50° but i t was quite clear that the rate of 

extension over those 50° was not the same . Up to 6° there is a 

quick opening, too f ast to be measured. From 6 to 25° the opening 

is slot-Jer, of variable duration, and may tal{e as long as 5 minutes. 

Under particular conditions, e . g. after greasing or vretting the 

articulation, this movement may be aboli shed and the clal-1 'Will stay 

i n the position in which it i s put as long as this is between the 

extension angles of 6 and 2SO • From 25° to the .ma.ximaJ. degree of 

opening, a rapid jerk or ttclick11 operates and the duration of the 

movement is. once roore too brief to masure. The claw may thus open 

to 6° then be pushed to · 25°, r emaining still each time the pushing 

stops• As the claw is placed in the 25° position it suddenly clicks 

open to its maximal extent, These observations immediately suggest 

at least tHo, possibly three, separate extension mechanisms. From 

the upper limit of their characteristic range of operations these 

three hypothetical mechanisms were named the 60°, the 25° - and the 

50° - (or click-) mechanism. 

The nature of the click is wry like the snap as ozve end of 

a stretched pi ece of elastic is released; it brin..,.gs to mind the 

"elastic i nterarticular membrane" proposed by Petrunkevi tch (1910) as 

the expl anation of the l eg extension of spiders . Ellis (1944) states 

that, in the tarantula, the interarticular membranes at the j oints 

concerned have no extensor effect. On the face o£ it, this appears 
o.s well. 

a reasonable postulate in the case of scorpions-~-._ 

llCzilh re.. If the "interarticular membrane" can act as an extensor 

i n the case of the D and F segments, notvi thsta.nding the fact that it 

has no particular features adapting i t to such a i"unction, it would 

appear inexplicable that, at ·~1e other joints, extensor muscles have 

been provided. The interarticular membranes, if capable of coping 

with the extension at two joints, \<Tould make the presence of extensor 

IllUScles redundant at aJlY other joint of the limb. I t would seem that, 

if the arthrodial membrane is responsible for the extension some 

~" .l 

special feature must be sought at the membrane of the joi1vts concerned, 



Further examination of the E-F joiiVts of several species 

of scorpion SUfEests that such a special feature may well be present 

on the arthrodial membrane 1 it consists of t.he )?air of "scleri tes" 
l p ...e ... ta.. "Ill) 

which -vrere described earlier (page '~8 ). j Another pair has also 
. 

been described at the C-D joint,~~ .a -:f'Urther two are to be found 

on the E..Jr joint of the leg, ) So far no reference has been found 
" on.c... 

to these struc·tures in the literature and, with.._~ 

exception$ which vrill be discussed later (p. 'l..4C:t), they have been 

found on no animal but the scorpion. 19:- some species, e.g. 
~ 

U:roplec·te.s sp. the light colour of/arthrodial membrane, as well as 

the sclerit.e, make the latter very difficult to recognise. It was 

thoug)lt that such considerations might explain the failure or 

Snodgrass t o observe such a mechaniBill in his scorpion, CMtruroides @E 1 

Dr. Baera. of Arkansas Ul\iversity kindly sent across specimens of ~.{Wo 
. 6 ~ 

species of Centruroid§.§, vittatus and surt\tsus,. f or examination. 

The sclerites are clearl y present in both. pedipaJ.p joints (Fig. 60b), 

an observation which was checked by Baert himself in the States. 

The position of the sclerites is important, in that it 

supports the possibility of their haVing an extensor function. At 

each of the joints where they occur<#' there is (a) a straight line-pivot 

and (b) the lack of an extensor muscle 1 this type of scleri te ha.s never 

yet been found 'Where these two conditions are not fulfilled. It is 

true that, in the C-D joint of the leg (but not of the pedipalp), 

although thera is no apparent extensor muscle, nevertheless no scleri te 

is present. In this case, however, the joint is not of a line-pivot type. 

In the -three appendages, chelicera, pedipalp and leg, there are seventeen 

joill/ts all told; amon.,gst these only three show a line-pivot type of 

articulation. It is striking that each one of these three possesses 

arthrodial scleri tes and lacks any muscular extensor. The case of the 

C...D joint of the leg will be discussed later and for the moment vre 

will assume that there may be a connection bett.reen the scleri tes and 

llmb extension. 

As can be seen from Fig. 60a., each of these sclerites runs 
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Photomicrograph of a preparation of the E...F 
art icular region of the pedipalp of 0. latigzmt!. 
The scleri te shows up more .darkly than the 
surr ounding parts of sclero'tised chi tin, 
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Fig,. 60. (a ) Chitinous sclerite on the E-F joint of the pedi-
' pal~seen from the inner or anter ior surface of 

J ' '~ _1 ' ..,~..., _ thelha.nd. The soft articular membrane, .a...ll• ,is 
cross hatched, the sclerite, ,G.., lying across it, 
is stippled. 

(b ) Pedipa.lpar scleri te, ~., in Cenj;ru;roic1es yi.t:tatus 



across the corner of the membrane as a aroa.ll strap. When the 

joint is flexed the scleri-te is folded from its ttitf shape to that 

of an "N11 • Clearly it could act as a compression spring and 

might be able to develop sufficient. force to extend the joint. 

Certainly the isolated sclerites offer considerable resistance to 

folding, but clearly further evidence is needed to demonstrate 

that the scleri tes do in fact act so as to extend the joint. 

oll. [. ,'1..~~ 11·: ·.~~en a scorpion is killed in carbon bisulphida and fiJ(Bd, / 

the ' claws remain :rigidly closed, presumably because the 4oser ' (~ '"'·:_} 

muscles contract and are fixed as the animal dies. If, hovrever, 

the main nerve of the pedipaJ..p is first cut and then the anjmal is 

killed and filled, the claw remains 'Wide open. Under these latter 

conditions, before the ani mal i s stiff, the claw lna.y be pushed closed and 

it reopens immediately. Cut the sclerites on either side o£ the 

E-F arthrodial membrane and the cla\'T will sta¥ in whatever position 

it is put or open partially. This operation may be ca:r::ted out 

on the C-D joint and here too the results point to the scleri tes 

being responsible for the automatic opening 'in the .freshly killed 

animal. If the solerites al'e both cut on a livin.--g animal, it tdll 

walk about 1-ri'lih the control claw open in the normal r.·ra:y, but the 

experimental claw remains closed. It is true that this claw can be 

opened slightly, but in no circumstances has a cJ.a,-1 ever been seen 

to open maximally once the seleri tes have been destroyed. Finally 

and most convincingly, use may be made of a. claw f'.rom lmich all 

muscles have been removed. If it has been treated so that the 250 

mechanism has been abolished, i.e. so that the finger Hill stay- fixed 

in any position from 6-25°, opening from 25-5()$ is a click, uhile 

both sclerites are i~ct. Once one of the sclerites is cut on this 

claw, the click disappears and only a fairly fast opening occurs 1 

taking about 5 seconds. If the remainin--g seleri -te is cut, the 

movement ceases and F will r emain stationary in any position between 

6 and 50° • If the interarticular membrane i tself is cut before the 

sclerites are destroyed, the clat-T conti nues to open autotnatically so 

that Ellis1 conclusion that the interarticular membrane in t.he 



Tara•·l.tula. plays no part in extension applies also 1 ~nsu at:t·ic:to., 

to the scorpion. The actual arthrodial membrane does not fUnction 

as an extensor mechanism by virtue of its elasticity, but in the 

scorpiov. it does so 1ndirectJ.y by way of the arthrodial sclerites,. 

structures which so far I have not observed in aqy spider. 

Snodgrass (1952) comments on the lack of a muscular 

extensor in the scorpion clavr and suggests that extension is effected 

by the "elasti.ci ty of the hinge of the f'i~er of the handn which 

"keeps- it open until closed by the finger muscles.• He goes into 

no further detail nor does he figure the 11hinge'' so t.hs.t it is not 

clear exactJ.y 1.Ihat he meant by the term. He makes no mention of 

the condition in the C-D joint where presumably a similar state 

eould be expected. In spite of this, it seems most probable that 

"hinge" refers to the structure that has been called the 11 pivot" 

throughout t-his studya indeed, if all the s6tt tissues, the arthrodial 

membranes and sclerit.es are removed from. theE and F segments so that 

only the segnents and the pivot remain, the finger does in fact 

reopeWlts pivot if it is closed manually. This opening is only lo 

6° and, s111Ce it would appear that li ttJ.e further can be done to 

investigate the matter without destroying the joirvt altogether, it 

will be assumed that th€ basis of the 6° opening lies td th the pi vet 

itself. 

So much for the clicll:,..and-6° mecbanism., and we turn to the 

question of the opening from 6 - 250. It is quite clear that, if 

the scleri tes and pivot wre functioning alone in extension, this 6 -

26° would probably be the range least effectively controlled. When 

a sclerite is in the maxhnaiJy folded state, namely as A of Fig. 61, 

the pressure that it exerts is being wasted because it tends to push 

the E and F segments apart horizontally, force h of Fig. 61o.. What 

is wanted is a force which pUshes them apart vertically, l: of Fig. 6lc. 

As the sclerite is further unfolded (b of Fig. 61) its h force is 

transformed more nearly in to a _x force, that which would most effectively 

separate E and F. It mit;ht t.~ell be ·bhat in the clavr cleared o£ 

muscles, the mechanism at work from 6 - 25° is just this weaker stage 
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Fi g, 61. Representation of the mechanics of the opening of the 
claw in the pedipalp of Q, l atimanus • As the triangle F .moves 
vertically away from E, swinging on the straight line j oint, the 
claw opens, The t\.,.~ scl eri tes are represented by the thin 
curved lines, ,G,, connecting E and F. I n (a ) they are f olded 
to an ttN" shape and a:ny f or e! they exert in an attempt to unfold 
is expended along the line h::. which is at right angles to the 
force y;. (cf. Fig. 61.c ) which is that requir ed to open the clavr. 
As the claw opens (b and c), the f orce of the unfol ding scleri te 
~and !2 r espectively, more closely approy..imates to that of X• 



of tho click mechanism. Howsver, several observations speak against 

this being the calJe in the normal animaJ., In the live an:bna1 or 

i'resbly isolated claw there is no si gn of a weak range of dtension. 

There Hould seem to be no reason for assuming that the process of 

removing the muscles affects the i nit ial unfol ding of the scleri te 

more than the final , Again, i n living an.illnls which had the solerites 

removed from one cl aw, a full opening& vras never seen but the ol av 

could cl earl y be opened about. as far as 2;P. 

Indeed, from the limitations of the selerite mechanism 

which were considered above, one might expect. the additi onal 

meohaniSln to vrork most effectively over the initial stages of opening• 

With the e:xception of that part controlled by the pivot, this i s the 

r ange over t-frlioh opening appears to be most slowed do\om in the 

" demuscl odtl cl aw. I t is over this range that a mechanism suggested 

by Ellis for spiders would 1-rork most effectively, narooly extension 

produced by a r i se in blood pressure . Such a mechanism would 

undoubtedly be upset more th:m oither pivot or sclerite by the opening 

of the segment and removal of the muscles. These ap}:Jear sufficient 

groUnds anyt-m.y for investigat ing the possibUities of such an extension 

i n the scorpion. 

In 0, l ati.planup i·t. is noticeable that during the movements 

of the elaw, the degree of bulgii."6 of the arthrodial membranes varies. 

'l'his raised the question, "Is tho converse true? Does the degree of 

bulging of the arthrodial membranes affect the claw movemnt '2" Using 

ei ther a. freshly isolated claw or an entire an,mal reeentJ.~· killed, 

fiexing C segment on to D puts a pressUl·e. on to the 0-D arthrodial 

membrane and the cl aw opens. Straightening C-D causes the cl aw to 

elose again. I t scens t.ha.t the increase of fluid pressure, as the 

arthrodial membrane is constricted, "blo'\-rs" the F joi:ilt into the 

extended position. An att empt was made to test whethet! it i s 

mechanicall y possibl e to extend D and F with fluid pressure. A limb 

was amputated at the A..S joint and fine rubber tubing filled t·r.l.th 

Ringer solution was fitted over D. The tubing \.ras connec ted to a 
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p...--lastic bottJ.e so that the pressure could be increased by 

constricting the bottle. The claw was held partJ.y closed by the 

weight of a glass recording lever fixed directJ.y on to the finger • 

W.i ·txt pressure on the Ringer, the arthrodial membranes were filled 

't-rl th liquid and the claw opened. When the hand was not fixed .for 

recording of the claw movements , a similar extension of segment D 

co·-:J.d be seen. As soon as the liquid t.ras sucked back, the parts 

were .f.l.exed once more. It is clear i'rom this observation that, 

as far as the mechanics of the join.- ts go, blood pres sur~ could 

cause the extension of both D and F segments of the scorpion ~dipalp. 

However, this can be sho\-Til for ·lih.e locust tibia as vrell, and the1-oe 

is no reason to believe that tlds animaJ. does not use its extensor 

mtl.fJCles, so that the next question is whether this hydraulic opening 

does occur naturally in the scorpion. 

Ellis (1944) made a s·~udy of the blood system of the spider 

leg and reports a vascular supply whose peculiarities, he implies, 

are concerned Hi th the extension of the leg. In the ease of the 

scorpion no detailed study has yet been made of the blood vessels 

of the pedipalp. An attempt was made, however, to interfe~ with the 

pressure relations within the appendage. If the tip of a spider leg 

is cut off (Ellis) the animal is no longer able to extend its leg. 

The tip of F was cut off so that a blood flow was established. The 

scorpion, hmrever, was still able to extend both finger and D segment 

in the normal manner. The .fact that the wound was still bleeding 

indicates that the phenommon is not explicable in terms of a pr essure 

built up behind a blood clot. I f a rise of blood pressure "blows" 

F into the extended position one might expect a drop of blood at the 

cut surface of F to pulsate as the claw opens and closes in a live 

animal: such a drop wa s watched under the binocular. No pulsation 

was visible though the blood 'vas clearly not in the form of a clot. 

If the scleri tes are also cut the claw will not fully open after this, 

but clearly some extension is possible beyond that to 6°. Also, when 

in an isolated pedipalp, that has l)oth its ·bip and sclerite s cut off, 
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the internal hydrostatic pressure is raised, the pieco of F that 

remains is extended. It is true that the opening is not as 

effective as it is when the tip has not been removed, but it is 

nevertheless possible for the fluid pramure to extend the claw 

maxl.mally. 

Superficially these observations seem to imply· that 

"natural" changes of blood pressure are not important in claw opening 

in the scorpion. However further tests uere made. 

An attempt was made to reduce the blood volume of the 

animal b,y desiccating it over CaOl2• After several days the animal 

seemed sloi.rer nt opening its claw and finally -the claws were not 

opened at all. I f forcibly opened they slowly reclosed. The animal 

was in such a ba.d condition that it vas unable to drink on its own. 

An i njection of 0.3 ml., Ringer was therefore made into the animal 

at the C-D joint. This caused both claws to open slovrly, The 

animal was left for half an hour, by ·t-thich time it was walking alowly 

about. It drank i.m.ter after a lit tle persuasion and it vias clear that 

the use of the cl aus i·Tas returning. They i.rere held open unless the 

animal t.ras stimulated mechanically, imen they would snap shut and 

then reopen if the object stimulating the animal uas not caught. The 

course of observations made it clear that, when the ability ·to open 

its claw is removed from a scorpion by desiccation, it can be r eturned 

by increasing the \>later content of the animal . The res .. .1.lt, however, 

is equivocal in so fa:r as it does not distinguish bet."reen a direct 

effect of the water on the opening mechanism and an indirect one on 

some factor inhibiting the opening, It is possible that desiccation 

produces an effect of rigor on the closing musc.le, thus preventing 

the opening mechanism from functioning although i·~ vrould otheruise be 

perfectly able to do so. The '.rater might alleviate the muscle effects 

and so allow opening. Since rigor effects of desiccation would most 

likely be due to the great increase of osmot i c concentration around 

the muscle and alleviation be due to the dilution of this, theeffect 

of injecting a Ringer of three 'li~s the usual concentration was tried, 



In this case as t-rell the effect,i of the injection was to 

allow the scorpion to open its claus once more. The observation 

as a whole, and a.lso the rapidity vTi th vrhich capabili ·t.y returned 

to the claws, indicate that loss of the poucr to open the clat-TS was 

due to the lack of fluid in the body rather than any resul ta.nt con-

CBBtra"tJ.on of t i s sue fluid. 

As ye-t the blood pressure has not been measured but from 

the manner in t·rldch it spurts from any prick through the scorpion 
l"')d.·~ . .. 

s:Y..in, i t nn.tst be fairly hi {';h. !.. ~, I· r·r, 
The observations quoted above arekquivocaJ. , but those in-

volving removal o£ the distal portion of segment F appear to speak 

against a~ hydrostatic mecluu1ism being involved i n the extension of 

the segments F and D. This need not, hot-rever , be the case. There 

is one point which ntust first be considered. It is clear from the 

animal t s behaviour that extension of F and D may occur separately and 

the extensor mechanism may be expected to act independently on either 

joint. This could not be provided by the indi scriminate blowing effect 

of the11Ringer pumpn and indeed, when the tip of F was removed and 

pressure applied to an isolated limb, Ringer could be forced out of 

the wound as the clat-t was extended. 0£ course it is true in the living 

animaJ. that if F and D vrere both flexed and the animal needed to 

extend D only an~ to keep F closed, the closer illuscles of the hand 

could be entirely responsible for preventing F segments reacting to 

a general rise in pressure in the pedipalp. The blood pressure vrould 

thus be selectively ei'fecti ve and extension would occur only were the 

flexor muscles vrere quite relaxed. It s eems as 1-tell, however, to look 

for a blood pressure mechanism whereby the two segments roay be extended 

independently. The system suggested for the spider leg by Ellis is, 

in fact, of this type. The main glood vessel of the leg runs dorsally 

except through the two joints w~rl.ch are without extensor muscles. 

At each of these it dips ventrally !3.nd gives off a branch 1-rhich runs 

down t o'\..rards the a.rticular membrane . Ellis sugcests tha t the main 

artery is occluded and the branch filled to 11balloonn out the articular 
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membrane and thus extend the joint. 

I£ this 'Here true for the scorpions, cutting off tho finger 

distal to the E...F joint would mean cutting the F artery after it had 

given off the branch to the arthrodial membrane.. Little bleeding 

might be expected from the cut during the e~-tensiou movements since 

the blood that floHS in. the F artery durinc flexion t.rould at this 

time have been diverted into the arthrodial branch., This a~Jsumption 

\IOuld explain vlh.y the living animal can extend its claws quite easily 

even after the finger has been cut and the scleritea destroyed. 

This f act, that the damage created by cutting the finger lies distaJ. 

to the point uhere the DJ.ecl>..a.nism is at \.rork, uo :ld also explain h.0\-1 

the isolated pedipa.lp may have its claw extended by Ringer beinc blown 

into it, though bubbles of fluid are leaking out at the cut surface, 

The l ack of any blood puil.$!ation at the tip of the cut 

surface is aJ.so explicable in terms of a blood pump \.forking on the 

same principle as that suggested in the spider leg. No blood spurts -.... __ 
out as the claw is extended because the cut is distal to the part which 

is being engorged ui tb. blood and there is a block betl<reen the two 

poin---ts. As the claw is flexed the blood is not sucked back from the 

cut tip because at this time blood is being released into the main 

artery from the blood pump. Under the condi tiona assumed in the 

hypothesis developed by Ellis, an interference in the blood supply 

might be expected to upset the opening mechanism only if i t is made 

proximal t o the joint concerned, i.e. interference with the main artery 

in the D..J!: joint might be expected to foul the opening of the clavT• 

' Such a cut \·Ja.S made, and it caused a definite fall in the speed of 

the otJtlrlng of the claw. The blood loss seemed grea. ter during the 

extension than flexion. However 1 maximal opening vras still possible 

at times. Both sclerites uere then cut on both sides; ~ ~ ~ 

~ the cla"t-1 ua s novr kept almost entirely closed and whnt littl e open-

ing occurred could well have been due to the action of the pivot 

mechanism alone. 
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As the matter rests, no evidence speaks against an 

extension by blood pressure . Support lies only in the observation 

recorded above, the results of desiccation and \vate:t· loading, and 

the fact that it is mechanically possible to extend the jointts 

concerned '\olith very little fluid. I n addition, hot-rever, this 

mechanism would make good sense -when combined with another of' the 

sclerite type, for when the cla"tor is mximally closed and the sclerite 

most ineffective, the 'Whole of the base of F is exposed to the 

pressure of the blood, li 1 "), eM !tl, Qii g. J 1 !t M I ! Ji ... 

1 J IiI I 1 ' 
1 

• p p !@Gibt J tUU liUhalil!IL itt 3: t !it Sin :Ji& 

• I 1 11 1 1 I £ P 11 1 1 e s prO!! mil o" 1 n ', ' u' 'I • 

However, before aeythi~ more definit;e can be said on the subject, 

the anatOiey of' the scorpion blood system must be investigated to see 

whether there does in tact etist a mechanism capable of selective 
b.JO 

extension of the 4 joints by blood pressure. Until this is done, 

it i s as well to not ice that, though one and even t·Ho methods of 

achieving a single end have been fo'l:Uld in a single a.rrl.ma.l, there is 

alw.ys the possibility of a third being used in addition. 

The Form o£ l~f?eular Origins a.nd In®rtions. 

Turning to the second problem, namely muscles inserting in 

What are apparently suboptimal positions, examnles could be taken from 

the B-C, G-D, or E-F joint , but the phen~non is perhaps best 

illustrated by looking a·t the insertion of the F nmscles on to the 

F segment. Considering the mechanics of the system only, it might 

be expected that, to obtain optimal effects of flexion, the muscle 

insertion should lie diaxootrically opposite the pivot line and not to 

one side of t.l1e mid-line. As has been pointed out, the two major 

flexors do in fact insert at the optimaJ. position on the E-F joint. 

The r est, however, insert on to F in an arc o£ about 90°. This 

peculiar! ty might well have arisen during the conversion of a. walking 

l eg to a pedipalp and might be ascribed to morphogenetic limitations 

arising from such a conversion. Tlds hypothesis seems groundless, 



however; the leg segment corresponding to 11F" of the claw is moved 

by a single straight-pulling muscle and none of the complexity 

encountered i n the pedipalp is f ound here. 

The origin of the peculiarity might again perhaps be sought 

in the evetvts associa ted ... rith the increase of musculature necessary 

to make the claw ef ficient. I t is clear ti1at only a limited number 

of fibres pulling on a particular point can be effectively tt straight­

pulling• • Though Fl is considered as a straight-pulling muscle, it 

is obvious that this is the pull l ine of onl~' the majority of the 

fibres. With this in view i t appears that t\-to possibilities are open 

to an animal that needs to increase the amount of muscle pulling on 

a joint. 

(1) The first is to modify the form of the segment containing t he 

muscle so that it can accorntOOdat e a greater number of directJ.y pulling 

fibres. This could be done i n one of two vays& (a) the base of the 

segment may be t hickened so that a cone of fibres may be formed with 

apex at the insertion; (b) alternatively, the device used by the 

anomuran crabs ~ be used, namely an endoskeletal pl ate acti ng as 

a bed for muscle origillS roo.y be built into the hand. 

(2 ) The seaond possibility is to keep the base of t he segment light 

and to have additional muscl es pulling obliquely on the insertion. 

There appears another choice in the vray that this is brought about: 

(a ) the nevT muscle slips may either be a t tached to a common tendon 

pulli ng at the "optimal" inserUon , or (b ) each ma:y be given a separate 

insertion on to the joint. In both these canes, the scorpion has 

follot-red tll.e line from the second of the alternatives: it has 

additional oblique muscles and has e:tven these separate insertions 

on each side of Fl. 

While the course follot-red in the evol ution of the claw 

muscles is clear, the elucidation of the mechanical facto1•s Hhich led 

to the selection of the existing organisation must inevitably involve 

speculation. Nevertheless, the question will be approached in the 



following manner. The clal.J of the scorpion and that of the crab 

will be asswood to have evolved to the same sub-chelate condi tiona 

both are in need of only slight modification of the .fingers but vast 

enlargement of the musculature to produce an efficient "clavt. 

Evolutiou may be envisaged as rwming along the following lines & 

Consider Fig. 62, l. The only difference between the 

situation in the scorpion and the crab is that the latter has the 

opener muscle, B, as well as the closer muscle, A. The problem in 

either case is to :tncrease the area of origin for A without affecting 

the insertion angles to any great extent. This seems possible in 

one or more of three different ways. 

~thod 1. The joint line (Fig. 62, IIa) may be rotated so tha t the 

point p moves proximally and the origin of A can be increased by 

the distal moverrent of A 1. 

M3th0d 2. Keeping the point A1 fixed, the origin of A may enlarge 

upon the pro:xim9.l face of the segment, with a corresponding enlargement 

of the base, so as to accol'!llllOdate the greater origin of A and the E-D 

articulation (Fig. 62, IIb). 

Jethod 3. Finally the area of origin may be increased by the develop­

ment of an endoskeletal ril..a.te rl..Ullling distally in the muscle A and 

offering a greater area of attachment for fibres of this muscle 

{Fig . 62, IIc and d). 

In the case of crabs, .1 vroul.d not prove satisfactory, as the 

rotation of the joint to the position shovm in IIa would necessitate 

an alteration in the direction of the pull of the opener muscle B 

which involved moving its origin to the position shmm in IIa - in 

which there is no skeletal support available. 

Where the animal's behaviour makes no call of 11 snapping' , 

i . e. efficient opening as '.rell as closing, it may well be that the 

crab cla,·T does in some cases have the joint at less than a. right angle 

to the long axis of the hand. In l'.otamon per1atus, for instance, the 

joint line i s about 65° from the long axis of the pt'opus. In the 

main, houever, methods 2 and 3 have been adopted by the crabs. The 



---- ---------------

c 

D 

a I b 

a n b c 

pl. 

d 

D 

Fig. 62. Representation of possible solutions to the problem 
of the development of extra. muscle origins ·t-ri thin the clavr ot a 
scorpion and a crab. With the exception of lld, all represent­
a tiona are those of muscles acting in the plane of moveiOOnt of 
F on E. 

I.. Small unspeoialised muscles of hypothetical ancestors 
(a ) Onl y closer muscle , ~. , present, as in scorpions. 
(b ) Smaller opener, ,2., present as well as closer, as 

in crabs. 
II. Three different solutions which allol!T the closer muscl e 

to retain the same pull angle . 
(a ) Solution by swinging the line of t.he joint from p_pl 

to p_,p2. New origin made available is Al to A2. 
However vrl. thout shi.fting the insertion of the opener 
or changing 1 ts angle of pull, the change of 6rient;­
ation of the pivot line results in the muscle having 
no possible origin, bl - b2 not being part of the 
exoskeleton. 

(b ) Solution by bulging out exoskeleton at re side of 
segment E. New area of origin, cl - C • 

(c) and (d ) Solution by inserting endoskeletel plate , 
ed.pl.; d is sohematized section at right Bl'l(!).es to 
that of IJc. and shows the extent of the new origin 
provided by the endoskeletaJ. plate. 
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propus is broadened at its base so that its articulation Hith the 

carpus covers only a limited central area (Fig. 62, lib ) . In 

addition, the::.·e is a strong endoskeletal plate in t.lle propus and 

this takes the or igln of many of the closer fibres. 

The scorpion.i, l acking an opener muscle, seems to have 

concentrated on making the E-F joint obli que. I n 0 ., latiman!W 

(Fig, 47) it i s about 25° from the long axis of the hand. In those 

species in which there is a po,verful closer rmscle developed, that 

portion of the hand on I·Ihich the F.l line-of-pull ends has been bovred 

out considerably t o give Fl. a larger area of or igin, That is, 

following the modific:;:.tion of the join·t line E-F (~thod 1 ) , the 

form of tho segment E is modified in some cases to enhance the area 

of origin (M:rthod 2). 

When further closing po\,fer is requi.J.·ed, greater bowing of 

the E segmen·t to enlarge the origin of Fl becomes impossibl e Hi thout 

upsetting the be~ance of the hand; additioual closer muscles are 

added but they have to take their origin on the free areas that remain 

in segment E. The geometry of the segment compel s muscl es using 

these origins and a flexor insertion to operate Yith a very oblique 

pull. 

It is now neaessary t o turn from a consi deration of flexor 

origi ns to flexor inser tions . The question arises "what determined 

that these additional muscles should have separate insertions and 

not be attached on the common tendon \d th the n insertion?" 

An examination of the geometry of the system, together 'With 

experi ments with model s , suggests that the arra11gement of separate 

inser tions may sometimes be more eff icient than the employment of a 

coJmnon tendon. Two relevant effects appear to be coming into pl ay 

in the closing movements. I f a muscle is not st.raight""'pulling 

but has its insert ion on the apex of the moving member, it wi_ll wasta 

part of its force in pulling the apex toHards its origin. Again, if 

the apical insertion alfeady carries a direct pulling flexor muscle 

and the co flexor muscle, oblique because of i ts origin, inserts with 
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the ~jor flexor, then the coflexor vrill pull the major f.l.exor out 

of true, and some effort \vlll be wasteL 

These effects have been studied upon a model of' the joint 

acting aeainst the force developed by a strip of rubber. Such a 

system is represented diagrarmna.tically in Fig. 63. The pull-line of 

a muscle is represented thus 1 the insertion i s denoted by the first 

letter, A, B or C of the fig. , the origin by the subsequent number, l , 

2, 3 or 4 of the fig. Al is thus a lJlU.scle with "optimaJ.u insertion and 

vri th ill.reot pull; B3 inserts sub-optimally and has an ohlique origin 

while A3 shares the optimaJ. insertion withAl and pulls to the origin 

of B.3. 

The first issue is that of the shared insertion. I f a force 

of 10 gms. is applied to both Al and B.3 simultaneously, and then to 

A1 and A3, the joint closes further \.ti th the f ormer a.rrange:D3nt than 

vrl. th the latter. Of course, 20 gms. acting on Al alone will be more 

effective than either of these arrangements. However, it is clear 

that the effec t is not due to B.3 having a more eff i cient position than 

A.3 because when a 10 gm. vreight is put first on A.3 and then on B.3, the 

j oint is closed to the same degree in either case. From this result 

the conclusion is drmm that A.31 by pulling AJ. out of true, "wastes" 

some of the effort vrhich could go into the A1 pull . A"G different 

angles of clat.r extension the same phenomenon oan be seen, and in each 

case the effect is slight but quite clearly distinguishable. 

The consequences of the development of a common tendon as 

distinct from a shared insertion can be studied by producing a .further 

pull, not on the A insertion but on to the Al muscle itself, ~ of 

"3 Fig. ~. The effect of Al pl us li2 i s less than that of Al plus A.3, 

vhich \re have just seen is vJeaker than that of Al anc1 B.3. 

From these rest'll ts it appears that 1 

1 . The cof.l.exor may be less effective in assis ting the major flelior 

if they pull on a common tendon, and 

2 . A more eff'ec·liive system may result if the co.f.l.exor insertion is 

moved along the arc to a position further £rom the "optimal" 



Fig. 63. Diagrammatic illustration of a model used in testing 
the effectiveness of separate or shared insertions of muscles 
closing the claw. Weights , represented by small triangles, 
attached to threads, can pull the two wooden flanges, m., 
together, acting against the strip of rubber, ~. Insertions 
are nnrked by the letters A,, n, Q. and~; the origins which 
determine the angle of pull of the thread are l, &, .l and '-• 



insertion, i.e . from A to B. 

This raises the question l ! Supposing the insertion of the 

ooflexor is remote from that of the major flexor, so that there is no 

i nterference with the pull of t he latter, is the insertion oi' the 

co flexor still critical to any extent?"·. As bad already been seen, 

the effect of a 10 gm. Heigh·t on A3 and B3 is the same. I f, hovrever, 

an equal -weight is put on B3 and then on C3, or alternatively first 

on C4 and then on B4, the nruscles with the B insertion are in both 

oases clear l y more efficient closers than -those vrith the C insertion, 

Such an effect arises .f.rom the fact that the moxoont of the 

force at B is greater than that at C so long as the muscl es ar e not 

pulling very obliquely. With a ve:..y obli que pull on B, the reduction 

in the effective vector "rill outwei ght the effect of the advantages 

gained from an increased moment. In practice, the advantage ~ 

gained by a larger moment appears to be the greater and to limit the 

extension of insertions t owards the pivot. 
' 

·: There are then tvro opposing ef£ects determinirvg the position 

of insertion of the co-flexor of a direct pub.in,...-g muscle . To obtain 

maximal advantage ... rom the moment it needs to be inserted as close to 

the apex, that· is as close to the major flexor insertion, as possible. 

But, as we have seen, teo close an approximation limits efficiency as 

the co-flexor tends to pull the major flexor out of true. A compromise 

is necessary and results in the major flexor and coflexor having 

distinct points of insertion. 

Functions of Pediool.p 2ef!i!lmlts. 

Before we attempt to work out the !"unctions of the segment A, 

i t may be usef ul to look at those of an hypothetical generalised limb. 

These can clearly be divided into tvro classes; in the one the important 

component of the segment is the joint, l<lhile in the second class, the 

podomere proper plays the dominant role. 

Consider the former clas s .f'lrst. The most obvious example 

of this is the use of a joint to give extra mobility to the limb, so 

that. i t can be made to bend further in a. given direction. The extra 



217. 

bend may be used in the activity of the llmb, or mey be of more 

importance in tucking the limb out of the vray for protection. 

Instead of an extra bendiiVg, a certain joint may be responsible for 

a bend in some };lane particular to itself. Like that of the rotating 

insect-trochanter, the movement of a joint ~· affect the whole limb 

and sometimes only one joint is capable of effecting this particular 

movement. 

In the second class the podomere play,...s the dominant rSJ.e. 

In certain cases a podomere may have particular importance as a site 

of attachment of muscles. I n others it acquires functional importance 

in being bent so as to c;i ve the limb axis a new plane of direction in 

which it can oc held without extra muscular contractlon. Again, the 

podomere may be especially elongated so as to increase the length of 

the appendage as a whoJ.e. In ambulatory appendages a single extensioh 

of a podomere roo.y raise the 8entre of gravity too far from the ground 

for stability. In this condition the adjacent joints become of 

importa,nce for their flexion allo,..rs a compensatory lowering of the body. 

The extra length can further be inccn ... venient in those limbs which are 

folded away i.zhen not in use. To meet this difficulty an adjacent 

podomere may also be elon .... ga:ted to permit a balanc~ folding pattern. 

Lastly , a particular podomere .may be used for the manipulation of 

material of various kinds, e . g. food, nest-building material, vrater 

streams. This )ll.anipulation may be in conjunction with another 

segment, e.g. in the claws of scorpions, or alone, e.g. in the 

intromittent organ o.f a spider ' s pedipalp or the scaphognathite of the 

decapod maxilla• Other categories of segment ftu~ction will become 

app9.rent in the discussion of the pedip:U.p segments. 

It must be made clear that -when the principal functions 

of the limb podomere or joints are being discussed it is normally 

not possible to distinguish t-Ihether the structure depends on the use 

to which it is put, or t-Ihether the anilml does what it can vrl.th the 

material available. In part, however, this study can be used for 

this discrimination. The pedipalp, as has been repeatedly stated, 

must be derived from a t-Ialldng leg. Where the tt.ro st,ructures are 
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essentially similar, as in the relative lengths of the first four 

podomeres, the modifications of behaviour associated with the :function 

of the pedipalp have been grafted upon the structure inherited from 

the "leg-form" • Where the corresponding parts are very different, the 

behaviour specific to the pedipalp has in some way influenced the 

pedipalp structure t o a large extent. Further discussion along these 

lines will , hmrever, be given in the section on compa.ra ti ve ana to.m;r. 

Novr to return to segment A. In a consideration of the 

movements and therefore to some exten·i:; the functions of A, it must be 

noticed that, of five set s of muscles, four are concerned, in part 

at least, wit h the movement of A to and from. the mouth regi on. OnJ.y 

A2 has almost no component acting through the 270-W0 plane. The 
Q) 

fact that the c~icerae, the joint articulation and the gnathobases 

limit the dorso-ventral. movement, supports the hypothesis that these 

lateral movements are the most important. 

The general facies of t e podomere reflects three functional 

considerations. Because of the dorsal ridge and the hardened ring 

about its proximal joint, segment A provides sui tal:iile areas of origin 

for the man,y muscles operati,-the important A-B joint \dth its universal 

articulation. Secondly, it is sufficiently long to permit segment B, 

which can move in a plane at right angles to the main action plane of 

A, i . e. the 360° and 100°, to be clear of the chelicerae , limbs and 

gnathobases. None of these fuhctions takes into account the lateral 

movement vrhich has been pos·tulated as the most important of the segment. 

A feature which has, however, not yet been taken into account 

in the possible functions of A, is the soft, hair-covered portion 

forming the median side of the segment ( see Fig . 47). When the 

segments A of right and left sides are apart, i.e. A6 and t he other 

muscles which assist it a:t"e relaxed ancl A3 is contracted, these parts 

form the sides of a hairy preoral oavl~, whose other limits are the 

labrum and the gnathobases (Fig. 7). There is a possibility that the 

muscles of the pharynx contract in anti-phase to those of the walls of 

the pre-oral cavity~ This will resul.t in fluid being driven into 



the distended pharynx by the walls of the preoral cavity. The 

~ preoral cavity and the pharynx w-111 thus act ther; the main 

suction may vJell come f'rom the pharyngeal. apparatus but i t could be 

assisted by the pumping lilovements made by the t.ralls of the preoral 

cavity. In favour of this vievT are the f ollowing observations. 

When the animal is feeding and not trying to hold prey 

with i ts claws, not only the base of leg I but the whole of the 

pedipalp moves r egularly. The moveroont of the· latter can be seen 

to be init i ated from the A segment , for though this is not visible, 

the A-B joint is, and there is no il.exion a t this or e:ny of the more 

distal j oints. It is therefore clear that it must arise from the 

movement of sagment A upon the body; a move."ll.ent dependent upon 

such muscles as A6, A5, together with A2. Such a movement is in 

keeping with the suggestion that pumping movements of t he preoral 

cavity are invol.ved in feeding. 

The formation of the joint, the distribution of the muscles, 

the soft, hair-covered me .. 'lbrane of the medio-lateraJ. regions, and 

the movements of the other segments during feeding, all point to A 

serving a gnathobasic function as 't.·tell as the other funct ions 

postulated above. 

Turning to t he function of the A-B joint and B segment, it 

may be remembered that at the close of the considerat i on of the 

fWlction of the B muscles, the conclusion 't.-Ta.S reached that these and 

the A~ joint allowed almost 81lY movement of B on A. This t-Iould 

imply ·tmat this part of the pedipalp is of consi derable i mportance in 

general movements of tile limb. Two possible measures of this 

importance will be qua-ted. The first i s achieved by merely painting 

a white dot on t he B segment and vratching this through much of 

the undisturbed behavio:..1r of the animal. '.rhis was done for each one 

of the pedipalp segments and, comparing the resulting observations 

subjectively, the B segment does appear to originate more of the 

movements than the other mare distal segments. The oecond intimation 

of the importance is of a more striking nature, though not as reliable 



in that the anjmal concerned had been tampered 1.·rl. th. After certain 

experiments on the scorpions, the t>round made was blocked t-rl. th 

plasticine, the animals were fed and put back into their dishes. 

I n many of these cases the :rJain pedipalp nerve had been out in the 

proximal part of segment C • Thus the only possible muscular 

movements of' the pedipa.lp that could be initiated from the central 

nervous system v1ere those involving the A or B muscles. In spite of 

this the pedipalps can be moved in so natural ~er both in threat 

and in attempts at eating that it needs some attention to notice 

that the more distal segments are not beinB moved at all relative to 

the proximal ones or to each other. 

The second feature uhich would e.ppear of functional import­

ance in the B segment concerns~not the movements of the segment, but 

the podomere itself. This contains a bend of 90° so that 1-1here the 

long axis of the limb enters B pointing slightly latero-a.nteriorly, 

it l eaves B in a la taro- posterior direction (Fig. 4 7), t-Then the a.nimaJ. 

is at rest. Slight evidence of this bend is aJ..so observable in 

the B segments of the legs where the limbs are directed ba.clavards, 

preswna.bly in part to aupport the \¥eight of the limbless opisthosoma. 

In the pedipalp it is, however, far more marked. Here it serves 

mainly ·to keep a free passage to the mouth and in front of the 

chelicerae. These latter organs are used so extensively in the 

behaviour of the scorpion, e . g . in eating, digging, mating, ·Hashing, 

stridulation, tha:t it would appear of importance that a clear space 

be available for their operation. I t i s tltis curve in conjunction 

with the shape and possible movements of segments C and D which allovrs 

the pedipalps to approach the mouth from the sid~ i.e . without 

blocking the space for cheliceral action. 

lastly, and not quoted as one of the distinguishing functions 

of B, this seonent has a particularly hard and irregular exoskeleton, 

which is associated with the C muscle origins. 

In part the main function of the B-C joint and the C segment 

has already been considered; that of bringing the clavts tmrards the 

mouth r egion. The length of the segment not only increases the 
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grasping range of the claus but. uould appear to be used in the sa.xoo 

way as the length in an antenna, for on C segment are the first of 

the tricobo:bhria in addition to the stouter hairs that were fotmd 
t 

also on A and B. 

In the D joint and D segment all the functional conoiderations 
'~ 

given to the C segment arise once more; the tricbbothria, extra 
t\ 

length, and support of muscles moving the more distal segments. 

The anterior, i.e. grasping and sensory nction,as well as that directed 

tovTards the mouth reL"ion has been &.ccentuated in tvro aspects of the 

D segment. FirstJ.y there is a distinct curve in the podomere itself 

(Fig. 47) so that E is more anterior than it would have been had D 

been a straight segment. SeconcUy, it is clear from the type of 

joint at the C-D articulation that moven:ent of D through the 90° 

plane is not power:f"ul or important here. D_, can be extended so that 

the long axis of C and D lies in a straight line but never to the 

extent that D is 11bent be.cklf on 0. The~ mere fact t.hat no muscular 

extensor is present to straighten D on C implies that such an action 

is not a "pcnrer stroke" in the too.in behaviour characteristics of 

0, l.atima.nus , 

I.e.stJ.y, and quite distinct .from any function of C, D segment 

has been used distally in providing a dorso-ventral brake on the 

movement of E on D, As vas suggested during ·t.he functional consider-

ation of the D muscles, segment E needs to be able to rotate through 

270° and 90° planes, but needs, if anything, a check on the 360° and 

100° planes, since i t is through the 3.30-lZOO plane that F operates 

on E. To achieve this cheek, the Qistal ends of D· have been dra:tm 

forlval'd to i'orm an articulation vrllich allows only the movements that 

are functi onally desirable f'or the E-F complex (Fig, 55c ). 

The most obvious and possibly the main function of the D-E 

joint and E segment has already been implied; the r.oanipulution of 

F and EE, the cla1o~s, to 1dthin grasping range of the target. The 

mobility permissible at this D-S joint is best illustrated by observing 

some of the contortions in 'IIThich the ani:ma.l indulges whi le it washes 

its claws (Fig. 4a). 
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The bizarre shape of the E segment of o. 1atimanus, 

especially in the female, is clearly due to the fact that this pro-

vide a origin for the povTerful closer muscle of the claw • In 

scorpions in t-llrl.ch the sting is used in preference to the claws as 

weapons of offense or defense, the shape of the E segment is 

correspondingly more like that of the other li~ segments (c£. 

Parabuth.us in discussion on stridulation). Not only is the shape 

of E distorted to provide suita~·le origin for the closer muscles 

but the actual surface of the exoskeleton is gnarled and hard. Not 

only must the origins be provided bpt they must be areas which will 

give stable origins. 

In all scorpions E segment forms the immobile half of the 

clm..r apparatus as EE. This, as of course is the case with F, 

curves slightJ.y towards the mouth and the teeth of the tt.;o fingers 

interlock. 

Ie.stl.y the sensory function of the E segment must be noted. 

I t is on the hand that the vast majority of' the trichobothria occur. 

The importance of this function for both E and F is obvious,not only 

i'rom the wa:y in which the animal "tests" ne1-t environments.; as it l-ralks 

forward and reacts to any touch against the~ but also from the vra:y 

in which these parts .are kept especially clean of dust and caked mud. 

The function and importance of segment F appear to need 

almost no description. The sensory function has already been ~\~oned 
and the hee:vy closing muscles indicate that EE and F can be brought 

toeether with some force. Not only can the animal exert a fair 

pressure with its cla't-tS (an animal of 4• 9 gm. can lift a 100 gm. 

weight in her one claw) but the tension can be held for a considerable 

time. In this respect the males appear weaker than the fernales~ 

a fact that is not surprising, considering the difference in size and 

shape of the closer muscle. 

As Hell ~.s in the actual g:'asping at pray or enemies, the 

claws are used r egtllarly in threat, courtship , and parental care. 

I n addition, claH holds have been observed to be used in climbing 
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steep surfaces (se~ plate \ )( ), while in the section dealing 

with burro~·Iing~ it i s pointed out that the scorpion een often be 

seen pushing i tself bachra:rds out of t :1e btn'row with al terna:te 

strokes of the claws. Th~y have never been seen to be used as 

tooth picks, as l-ta.s reported by Fabre (1907) for Buthus occitanus, 

in which the chelicerae l·Tere cleaned by the cla\-rs. They would, 

however, seem in part responsible for cleaning the dorsal carapace, 

(p. \ '3 ). 



~----------~---. "" - ¥¥cas ,.. 

• 

Plate IX. 0. l a timnu§ climbing out or a dish. Bote 
tho use of the pedipalps to drag the ani..mal •s 
body over the· edge . 
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-· Gross Anatoiey" of the Nerves of the Pedipalp. 

Since several. different neuro-;;scular preparations of 

the pedipaJ.p '-1er€l used for experixoont and more were tried, it was 

necessary to know the nervous anatomy" of the whole limb.. All this 

knowledge is not indeed essential for comprehension of the more 

successful preparations used but since it appears never to have been 

described before, and also because it makes ·the picture of the limb 

more complete, the uhole will be dealt with here. All details are 

recorded in diagrams (Figs. 64- 68) and tables only. 

The main pair of pedipalp nerve trunks are the most anterior 

and the thickest of five pairs coming off the sub-oesophageal ganglion, 

fig. 64. This lies , as indica. ted in i ts name, ventral to the gut and 

a.~ ~ ~ main blood vessel _. ~ ~. The muscles 

\>Jhich effect movement of segment A are innervated by nerves which 

arise from the trunk almost as it enters segment A. Thus they will 

be l abelled na" nerves, though i n truth the conventiou set forth earlier 

demands that nerves so named.. should arise in segment A i tsel£. 
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Nerve. Branch. Axon tY'J?§ Qrga.n supplie~ Comments. 

a3 a31 motor A6 (?) Possibly sensory. lvhtor 
innervation to A6 may 
arise directly from gang-
lion, as mention--ed by 
~lendon (1904) 

aJ2 sensory proximal A 270° 

a33 It gnathobasic region 
o£ A 

a41 motor B63 

a42 .. B62 

a43 n B64 

a44 It B52 

a45 " B;-1 
a46 " B61 

a47 sensory most of gnathobasic 
region as well as 
part ~ joint at 
270° 

a48 motor B3t't)• 

a5 a~ sensory A-B ar:bbrodial. 360° 

a6 a(>l tt n l1 30..120° 

a62 motor B4 

a7 a71 sensory A-B arthrodial 270-360° 

a72 n central part o£ B, 
200-360° 

a73 motor C6 

a74 " C5 

a75 sensory central part of C, 
200-360° 

at/> central Bart of B, 
360-90 

bl bll se/lsory distal C 270° 

bl2 motor Cl 

bl3 tt D33 

c1 cl1 It D32 

cJ.2 n D31 

c2 a21 CLkcl 
sensory distal part/arth-

rodial region o:f C , 
80-100° 
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Nerve. Branch Axpn ty-:w Organ sypWied CommAtrft~· 

cj3 c.31 M:>tor DJ. 

c4 c/} " D2 

c5 c51 sensorr arthrodial r egion C-D 
2.30-280° 

c52 tf central part D, 2.30-
280° 

cU dll tt arthrodial ree;ion & 
proximal end of D, 

270-360° 

d2 d21 central & prmdmal. 
region of D,3~20° 

1122 h\OUlv- F2 

d2.3 " n 

d3 031 motor E2 

d4 d41 " ES 

d5 d51 (t E.3 

d52 It E5 

d5.3 11 E4 

d54 It E6 

d55 II E7 

d6 d61 sensory arthrodial region 
D-E 220-360° 

el ell arthrodial region 
1).8, .3504,0° 

el2 " central part of E innervation of inner 
270-360° flat of the hand 

el.3 " central part of E 
180-280° 

e2 t21 tt arthrodial r egio..--n 
D-E 140-200° 

e22 II central & distal passes through muscl e 
part of E 140-200° E6 

e23 " arthrodial region 
E-F 270° and basal 
part. of EE 270° 

e.3 e.31 motor F8 

e.32 " F9 

e4 e/}- tf FlO 

e5 e~ sensory c~tral & distal passes through muscle 
part of E 350-10'; E4 
also distal part 
of m. 





• 
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Nerve. Jtrangh Axon tw fart supplied Cormnents. 

e6 e61 motor Fl 

e62 ., Fll 

e63 u Fl2 

e7 e7l sensory central part of E ~ innervates outer 
270-360° 

e72 ) 
tl central part of E ) flat of the hand 

100-2?0° ) 

e73 motor F3 

e74 11 F4 

e75 " F5 

e76 It F6 

e77 • F7 , 

From its major division, as the main nerve enters segment E, 

the t\.JO trunks e and ee run respectively in to segment F and the EE 

portion of E. As ee passes beyond the area of mu.scle in E proper, 

it gives ·off nerve eS i nnervating part of theE~ joint. M>re 

distally both e and ee branch repeatedly, giving off numerous small 

short tt-Iigs to the trichobothria and other sensory hairs of the claws. 

The organisation of these branchings are shown in Fig. 68. Since 

sensory axons are of no immediate in·terest here, they have been 

l eft vd thout designation. 
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5. Gross l{yology and Nervous Anat om,.v of the Tail. 

It ua.s proposed earlier (p. \7.9 ) to describe the muscular 

and nervous anatomy of the tail as a ¥Thole and not t.b.at of segroonts Y 

and Z only. Description of all segments other than these latter ,dll 

be short and 'dthout detail . The system of description used for the 

pedipalp will also be used here , namel y , the segments l.Jill be dealt 

with alphabetically, first functionally and then to some extant 

comparatively. 

Art&cul.ation 

"The segments have no specific articulations on each other, 

but are strongly connected, and i n such a manner that their principal 

movement is in the vertical plane, mos·li freely i n a dorsal direction." 

So says Snodgrass (1952) of the tail segments of the scorpion, 

This is quite truB for the first four joints of the tail of 

0 , la.tioonus (Fig, 69). There is no actual articulation of t,.ro 

sclerotised parts on each other and the arthrodial xoombrane runs around 

the joint ,.Ji thout interruption. M:>vement in the vertical plane is 

very f'ree tothile a more limited movement occurs through the lateral plane. 

This is achieved in two ways:- firstly the arthrodial membrane is 

narrovrer at each of the sides of a joint and secondly, while the 

anterior and postei·ior ed69S of the segments are hollo,.rod out on their 

dorsal and ventral surfaces, this is not the case laterally. As a 

result, lateral movements are hindered as the segments tend to foul 

against each other. I n spite of the lesser width of the arthrodiaJ. 

membranes at the sides,. considerable rotation is possible at all 

four of these joints so that the tail is capable of a large amount of 

tvdst. By the rotation at these joints alone the sting can in fact 

be tldsted through 180° • 

The descript ion ~iven by Snodgrass does not , however, apply 

to the X-Y or the Y-Z joint of 0, latimanus. The former is di-condyllc 

the ball being part o£ the X segment, "to7hile Y provides the socket in 

which the ball si ts. The o.rt icule.t ions lie at 1600 and zooo so that 

movement through the vertical plane only i s allowed. At this X-Y 
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joint then, there is no possibility of rotatory or lateral moveroonts. 

In the last joint little movement other than that through 

the vertical plane is ;_-;ossible, Here, hot-tever, this is not because 

of a strict articulation of one sclerotisation with another& there 

is no true articulation as in the case of the X-Y joint. The lateral 

movements of Z on Y are prevented by the sclerotised ridges of the sides 

of Y, Just as in the case of the D-E joint of the pedipalp, these 

distalward protrusions prevent movements in one plane vd. thout preventiD./g 

rotation (Fig, 69). The rotatory movement is, ho\.rover, limited by the 

narrowness laterally of the arthrodial membrane between Y and z. In 

point o~ fact, the only movement of Z on Y that has been seen in 

0, latimanus and almost the only one possible in a dead animal, is that 

through the vertical plane. Snodgrass speaks convincingly of the 

fiexibility that is achieved at this joint to allow the sting to reach 

almost any point near the scorpion, It is clear that, in o. l atimanus 

anyr.-my, this essential flexibility of the sting is achieved at the 

first four joints of the tail and not at the Y-Z joint itself. 

Mlscles moying Segment U. (Fig, 70) 

Mlscl~ Insertion L. Pull L, Comments. 

tU.. 360 -10 120 Paired, indistinctly two-branched. 

U2 45- 65 20 Paired, short and stout 

U3 95 -120 40 Paired, two large distinct 
branches, smaller is more oblique. 

145- 150 90 Paired. Like U5 this has been 
previously overlooked 

U5 150- 165 80 Paired 

U6 165- 195 90 Single. Two major branches, 
oblique. 

l\mctionaJ. Relations of the }hscJ,es l:bving Segment U .• 

With one or a combination of any of eleven muscles movin--g 

segrrw:>nt \l on the last segmnt of the abdomen, there can be few movements 

that are not adequately eatered for. The tl-10 main antagonists are the 

single muscle U6 and the paired Ul, caus:i.ne depression and elevation 

respectively of the U segment. When the two Ul muscles contract 

both 



Fig. 69. Tail of Q, latimanUQ in dorso-lateral view, 
showing j., limiting movemen·b of I on X and 
and m. , muscle mounds. 



independently they each produce a rotator effect and are antagonistic 

tovrards each other in this (Fig. 70a). The same state of affairs 

is also true for the tuo branches of the U6 muscle. This has one 

deep division and both of the branches produced by this are s~ 

divided. U6-right and U6-left each give oblique puJ.ls "rhen operating 

separately, but toge~er the rotator effect is cancelled out, and a 

straight depressor pull results. 

The U2 muscle ·has, in addition to its la't..eral component, 

a strong rota-tor pull antagonistic to that of the ipsilateral m. 

Of course this rotator effect of U2 is not always antagonistic to 

that of the U l musclel should the right side 1I4 contract 1-lith the 

right side branch of U6 and the left Ul, then the lateral, dorsal and 

ven·tz·al components are cancelled out, the rotator effects are SUl!JillEld 

and a strong negative twist results. 

The other pair of muscles with a lateral component is the 

large U3. Again ther0 i s an additional rotator effect and again 

it i s a. positive pull on the right side. 

The tt.1o pairs of muscles, U4 and U5, are rather puzzling. 

Both are very small but quite distinct. If their size alloYs them 

to be effective at all, U4 Hould depress U through USC, an effect which 

could apparently be achieved quite easily by U6 with slight assistance 

f'ram U3. The other muscle, U5, has almost the same pull angle as the 
' 

outermost branches of the U6 muscle and the insertions are very close 

togeth0r • The functional significance of these tvzo muscl.es is 

therefore not apparent. A clue to lJhy t hey ar~? present may be seen 

in t he fact that the homologue of the U4 muscle is not found in any 

o£ the Dore distal tail segments while U5 tends to fuse moro and zoore 

completely vti th the U6 branches. In the abdominal segments, muscles 

which are apparently homologous with U4 and U5 do occur. They are 

oblique and are concerned with pulling the pleura inwards. They,be 

much larger and are apparentJ.y f•mctional. I t may well be that U4 

and U5 represent vestiges of these abdominal muscles for, passing 

distall_.-y, they have become obli teratede 



Fig. 70. 

. ; 

r. 

U3 

Q 

b 

(a ) Ring diagram of muscles moving segment u. 
(b ) Ana.tomicaJ. sketch: those muscles with dorsal. 

origins on the right side of the diagram, 
those vri th ventral origins on the left • 
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The muscles effecting movements of V, W and X may all 

be considered together since the same trends can be seen in them. 

Fir stly, as has just been said, there. is no homologue of U4 and that 

of U.5 combines n10re closely with that of U6, the more distal is the 

segment (Fig. 7l). The t'llro main branches of U6 \vhich are well 

separated and give tilerefore oblique pulls are posteriorly represented 

by muscles ~ l-rhose branches become progressively less distinct as 

the more distal segxoonts are reached. As a result, less of a 

rotator pull is possible and the muscle becomes progressivel y more 

purely a straight depressor; thus X6 is almost entirely a straight 

pulling muscl e 1rl th practically no rotator ability. 

The short stout U2 muscle td th its strong rota t or pull 

becomes increasingly smaller, longer and less oblique in the roore 

distal segments and, in point of fact, there is no ~muscle at aJJ.. 

This reduction of the tail nmscle 11 211 is reflected externally in the 

disappearance distally of the "mounds" (m of Fig. 69) characteristic 

of the dorsal surface of the taUs of most scor pions. It is in the 

cup which is formed internally by this mound that the tail muscle "2" 
takes origin. 

La.stJ.y there is a tendency to separate the insert i ons of the 
t'wo 
tew homologue a of the Ul muscles, and thus to make each less oblique. 

Besides J.acking altogether a Y2, the gttoup of Y muscles is 

further simplified by the Y.5 muscle being al.most indistinguishable from 

the Y 6, ~!hose fibres are almost entirely straight pulling. In the 

muscles moving the sting the process is carried further and only £our 

muscles effect the movement of Z on Y. There is no si gn of a "6" 
muscle insertin. g on to Z and those muscles that are present, namely 

Zl and ZJ, are incapable of any marked rotation, ZJ.. being almost 

straieht pulling wile ZJ has only a slight obliquity o£ pull. 

The tendency. which appears to unify the various trends "Jl:lich 

have been r ecognised in this oonsidera t ion o£ the comparative ana toncy­

of the muscles of the tall is thisl - from the almost free articulation 

of the abdomen-U joint to the most distal joint there can be seen 

decreasing fiexibility. This lies not only at the joints themselves 



Fig. 71 . l·1uscles moving segments X and Y of the tail. 
l.fuscles t-r.i. th more dorsal origins shown on the 
l eft of the drawing. All muscles labelled W 
in the clra wing shoulld be labelled X. 



but also in the muscles. Not only are muscles reduced in number 

but their rotator action is decreased. I t may well be that such a 

tendency should be looked at, not in terms of serial homology only, 

but of the practical needs of the animal. If the sting is to be 

effecti ve, the scorpion must be abl e to bring it to bear on the point 

't.rhere it is needed. For this,fl.e:rlbUity of moverent is more 

specially required at the base of the tail. On the other hand, the 

action of stinging requires only a dolmward plUll{.,e. Here clearly, 

fiexibility is not required, and might even be a hin,..drance. To 

meet this need, passi ng distally tovre.rds the stin/g) movement is 

increasingly limited to the vertical. plane. The same idea may be 

seen by an analogy with the apparatus needed for micro-manipulation. 

Remote from the actual point of oper ation, flexibility which affects 

the tip of the micro-needle or -electrode is useful. Once the main 

orientation has been completed and only movement in a single plane is 

re~uirad, £1.ex1bility in the needle or electrode itself, even if it 

could be controlled to some extent, i s a marked disadvantage in the 

operation. 

&re deta:Q.ed anatom.v of Z and Y muscles, 

With the functional considerations of both of thise sets 

of muscles cleru: , it i s still necessary to describe the details of I 

and Z, both the muscles a..Tld the seguents themselves. The formr 

segment was tJ.1at opened to get at the nerves supplying tJle sting 

muscles, \.mile the latter contains the actual muscles used in the 

most successful neuro-.muscular pr eparation. 

HJ,seJ.e Insertion angle, Pnl 1 anp-J,e_. Comments. 

n 20-60 90 Longer and straighter than XJ. 

·1,3 120-140 .. 50 MOre or less same size and 
origin as xa. 

Y5 148-150 90 Just a few strands of fi. bre 

Y6 150-210 90 Not as heavy as X6, no 
effective division between 
branches. 



233. 

Since in the main it is ,.wt the functional propert ies of 

the segment that are of use to the neur~scular physiologist but 

the ana.tomy1 the latter will be described here; the fomer needs 

no more than the generalised account already given. 

Ventrally the Y6 muscle covers almost t.he entire length of 

the segment; the \.zidth of trJ.is origin may be judged by the distance 

apart of the t ':Io outer ridges of the four that run along the ventral 

surface of segment X {rig. 75). 

Until they have been dissected clear of Y6, the pair of Y5 

muscles can only just be distinguished; once dissected free, each is 

obviously a distinct muscle composed of a long, tendon-like strand on 

to which four separat e muscle bundles attach • The insertion is also 

quite distinct from that of Y6, lying slightJ.y more distally on segment 

Y. 

!hscle Y3 has the laree lateral and the same insertion angle 

thf\t X3 has. It does ,not , of course , rotate the Y segment since the 

X-Y joint conformati on preven·lis this, but because of i ts insertion 

i t functio~ as a depressor of Y, i.e. an auxiliary depressor to the 

Y6 muscle. 

The n muscle is more slender than the Y3, and the t\vO U 

muscles e.re not widely separate fioom each other. The n origin is 

limited almost enti rely t o the mid-dor sal ledge (Figs . 69 and 75) , 

which occUX's v1here the X segment expands more distally afte:.· its constriction 

at the W...X joint. 

The spatial relationships of these muscles with the gut, 

nerves and blood vessels may be surmised from the diagram of the 

cr oss-section through the middle of segment X (Fig. 72). I t is not 

clear vrha t is the membrane that surrounds the gut. Fine and transparent 

except where creamy-white inclusions occur, it would appear to be 

a "haemocoelomic lining" • The main point about it i n connection 

with this study is that, in a physiological preparat ion of this 

segment, it i s better not to break this membrane. If it is torn, t.he 

gut immediately bulges out and, with the gut pulsations, the gut \fallS 



Fig. 72. Diagrammatic cross section through segment X of the 
tail. Mlscles - stippled; paired lateral nerves -
cross hatched; ·dorsal blood vessel <h.:i...) - black; 
g., gut. 



are i n danger of getting torn on the dissecting instruments, an 

undesirable occurrence in that. the gut content a <1pears to affect 

adversely the performance of a preparation. 

In segment Y there are only t wo pairs of muscl es, ZJ. and Z2, 

pulling on the next segment, the sting (Fig . 73/.). 

Ml.acle Insertion L. Pull L. 

Zl 

Z3 

100 

These are fairly long and not to aqy great extent oblique• 

Ho-vrever, i t is clear frora a. comparison of' the X-Y and Y-Z joints 

that a greater degree of freedom i s e.ll.oued at the joint carrying 

the sting than at the X-Y joint, though it is by no means comparable 

vrl.th the freedom of movement i n the W-X or other more proximal joints 

of the tail. The animal does not appear to use this freedom in 

that the sting has aluays been seen to be brought into a position 

where only a direct up'l-rard lunge is necessary to effect the injection 

stroke. The freedom would, however, aJ.lo'-r a.ny thrust at an extremel y 

hard object to glance a.side so that the sting point i s not i njured; 

as Pocock says (1893): " ther e can be l i ttle doubt that •••• care is 

taken that there may be no risk of damaging the point of the s·ting 

against a substance t oo hard for it." It seems probable that the 

orientation of the sting resul tine from such a glancing blow t-Tould be 

corrected by the rotator effect possible in both sets of sting muscles 

and that,in a second blm·r,a softer targe~ area would be chosen, 111/111. 
b-e.i.~ 

the sting again/brought into position for the diredt l unge by the 

rotator ability of the more proximal tail segments. 

The Zl muscles are marked.---ly smaller than the ZJ muscles. 

This i s entirely explicable in functional terms as these latter 

muscles actually drive the point of the sting into the target by their 

contraction. The sting is always brought over the body before use, 

and, since the action is au upward thrust into the victim held in the 

scorpion' s clal.rs, it i s effected by muscles l>Thich are morphologically 

the depressors of the sting, namely· the Z3 muscles. 



a 

b 

Fi g. 73. (a ) Z museles of' tail, those with more dorsal 
origin on the right. 

(b ) Ring diagram of Z muscles o 
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The insertions of t.he muscles may be seen clearly from F-lgs·. 

73a. ~ 74. When the tail is stretched out along the ground and the 

tip is depressed, the i nsertions of t.b.o two Zl muscles are easily access-

ible benoat.h the median doraal articular membrane. The Z3 insertion 
74~ 

is not on the lobe<! of the sting (Fig. ~ J as might be expected, but 

at the base of a ~ve ventral to this. It is therefore not easy to 
0...~ 

reach this insertion without destroying either the lobe <Jr., the s=setal 

lobes (Fig. ~'j;) or the distal. part of the Y segment. 

The origins are noJ~ easily discernible externally, especially 

as they are very close together (Fig, 75). The origin of a sineJ.e ,Z3 

muscl e lies in a U sb.o.pe around that of the i psilateral Zl. I f the 

plan of origin of then and Y3 muscles (Figs. 71 _.,..) is compared 

with that of Zl and Z3 (Figs 73a and 75), it can be seen that the 

origin of the Z1 muscle has shifted laterally to an area homologous 

to that of the origin of Y3 in segment X. This means that in segroont 

Y, the Z3 muscle cannot occupy the original position homologous vii th 

that of I3, becau~e part of this is already taken up by the Zl origin. 

Why the Zl origin is lateral is unknown, but it may be this shift in 

n origin that necessitates the U-shape of the Z3 origin around the Zl 

muscle. The major part of the Z3 origin i s , however, ventral to that 

of the Zl. 

It \-Tas said that onljr two pairs of muscles effected the 

movement of the sting. This does not, bowver, mean that only two 

pairs of museles occur in segment Y. Inserting on to the ring of 

rectal pl ates, and taking origin on the mid-dorsal line between the 

Z1 muscles, i s a pair of f ine short muscles (Fig . 74a), the l evator ani 

of Pe.vlovsky and Zarin (1926). I f these are to be homologised with \ 
\\ 

aey of the other tail muscles, and thel'e appears no reason -yJhy this 
:.;-....· , .. 

should not be done , they seem homologous with the tail muscle 5; 

they would in fact be Z5 muscles. Their function is not clear; 

they appear to be used in defaeco.tion and may be concerned ·with holding 

the rectal pl ates open while the long trai]) of excrement is pushed 

out by the gu·~ and wiped free by the gross movements of the tail. 



Fig. 74. 

a 

b 
Ia .I. 

Insertion of sting muscles in relation to gut and anus 
(a ) Diagrammatic representation of a lateral view. 

Faecal thread, ~' · and its covering membrane 
are shmm.. 

(b) Ventral vie"t-r of anal lobes, il.al..., and base of 
sting with i ts central lobe, c .1., and two 
lateral lobes, J.D.,al,. -



Fig. 75. 

b 

a 

Origins of' Y and Z muscles of tail. 
{a ) Ventral vie'I>T 
{b) Latero-dorsal view. 



Whatever their exact rOle, i t i s impossible f or them to interfere 

with the movements of the sting and their only importance here is 

that they may provide a possible explanation of the persistence of 

muscle 5 throughout the tail segments. I t t-ras explained that 

vestiges of muscles still fiu1ctional in the abdomen are to be seen 

in U4 and U5. In support of this view the fact was quoted tha·b no 

V4 occurs. 

also a Y5; 

Hooever, there does occur a muscle V5, a W5, an X5 and 

all quite distinct and each 'd thout any apparent 

functional value. I t is true that it is virtually impossible to 

prove that these muscles do not have some functional justification 

and it is equally true that their presence could be accounted for 

just as 11a vestige of abdominal muscles." 

Neither of these approaches is fully satisfactory; the 

former becau::Je the structure can only acquire functional signifi cance 

if some hitherto undiscovered physiolot;ical principle is involfed; 

the latter b ,cause it has been. shown in so many cases that an 

11acknol-rlec4.;ed11 vestige-6 .-.. -~~~ fM- ....._ .-. • ._ <eM'It 

may have some function#• 

I f we take into consi Lerat ion the fact that the more distal 

homologue, Z5, is in fact f.\m.ctiol'l.EI.lly e~licable, a sligh:tJ.y different 

face is put upon the "vestige" explanati on of the muscles V5, W5, X5 

and Y5. I t seems possibl e that \·rhen a serially repeated structure has 

become redundant for a limited number of segments in the middle of the 

body, while at either end of the series the structure is functionally 

valuable, the course of morphogenesis becomes unnecessarily complicated 

if the um.ranted structures or i ts associated ~1.sic morphogenetic field 

are obliterated completely. .I t may be simpl er and more efficient to 

:modify the development so that the structure is not fully formed 

a1 though the basic morphogene·tic field remains intact. I n the more 

distal segments where the structure is needed, the presence of' the field 

is thus a.<>sured and the structure may once again be expressed i'ully 

in development and organisation. Such an explanation is, of course, 

entirely speculative ~~d at the moment I am not aware of another case 



to which the theory could be applied. How-ever, i t does fit the 

known facts for t.his caoe and, until some better explanat ion is 

offered, thi s interprctat.ion appears i-Torhty of consideration. 
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The sting itself t-till not be descr ibed here, The muscles 

compressine the tuo poison sacs have been described by various 

authors (e.g. Snodgrass, 195.3) .and in this study only the nerves to 

these s truc·liures will be indicated. The form of the segment need 

only be mentioned ,.m.en problems of attachment for recording the 

sting movements are being consi dered. 

The Nervous Arw.tomy of the Tall {Fi gs . 7/a and b and 78a and b ) . 

To follovr the nerve supply to each of the muscles described 

earli er, it is necessary to start -vJi th the system in the last meso somal 

segment (Fig. 'na) . Here the two nerve cords join to form a bi-lobed 

ganglion. This l ies ventral to the gt.:tt and blood vessel. Running 

out laterally from it to both sides is a pair of nerves, tJ.. of Fig . 7la. 

Each nerve branches after about 5 mm. and supplies the more dorsal 

muscles a U6 m th U 1 ,. .. U~h.t.ri th tJ. 2 and U4 vri th tJ). At this branching 

a. small sensory nerve co11es off and innerva§es the dorsal hairs of 

the exoskeleton. The rest of the tl nerve, termed the tJ.b, curves 

round to supply UJ., U2 and U.3. As it passes the dorso-ventral strips 

of muscle vrhich line the pleural wall i t gives off a small branch to 
t.1.b 

them. The ~ nerve "Which supplies the Ul muscle turns and runs 

to them. The -u 6 nerve gives off' a branch just before it reaches 

the Ul muscle. This branch is tJ. 7 and it supplies the U.31 branch of 

the U3 muscle. As will be seen, ·!;.he t\o~o branche;:; of U.3 are innervated 

rather differentJ.y. I t. is as well to note this here, as it -v1ill be 

referred to l ater. After giving off the u? and tJ.6 nerves, tJ. 

becomes almost a. network in the U32 branch of U.3. This plexus has 

been called tJ. 5. Tt.ro nerves do emerge f.rom i t and run forward once 

more; tJ.9 and a small sensory nerve tJ.B.tJ.9 supplies the U2 muscle. 

The inner.va tion plan in the segments U, V, W and X follov7S 

very closely that descriged for the muscl es of segment T. Where the 
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homologue of a U muscle is missing, the homologous nerve is, o£ 

course, absent, and this alters the branching pattern t o soxoo extent. 

It also means that there i s no u1J or xJ.9. A further change is the 

gradual separation of the single pair of nerves coming !'rom the ga.nglion 

that is the tJ. a and tJ. b of T segment. I n segment X this separation 

is complete; xlJ.s x12 and xl.4 are quite separate at their origin on the 

trunk i'rom :xJ.5, xl. 6, x17 and x18• The general tendency in most of 

the posterior part of the tail i s to fuse nervous ele100nta together 

and for this reason the separa ti•Jn might possibl y indicate some 

f unctional separation of the Y6 from the Y1 and Y6 muscles. 

The ganglion in segment X is larger than that in a.n:y of the 

more proximal tail segments; it is also the last in the tail. The 

branching is as might be expected if the homologi es implied in the 

labelling were correct. The nervous ana. tomy in. segment Y al.so supports 

t he interpretation given to the Z muscles. yl appears to be hall_IOlogous 

'With the xl nerve and with all the homologues of the latter. It \odll 

be remembered that when the innervation of UJ was being described, it 

was noted as being slightJ.y peculiar. The nerve tJ.b branches {Fig.78a). 

One twig of each of these two branches goes to supply UJ. In the case 

of yl the same thiu,g happens. After the nerve has forked to supply Z3 

and ZlitJ1e ~anch going to ZJ. gives off another tl-lig which runs, to ZJ •. 

The yl nerve uould thus seem to be homologous "d t.h the xJ.b nerve of 

segment X, and this implies a homology of yl with xJ.b, as well as z with 

x1a , and is supported by the crossing of the nerves. Nerves z and x1a 

both come off more la tera.lly and proximally than their nei ghbouring 

nerve. Since both innervate muscles more medial than their neighbours , 

both are constrained to cross their neighbours at one point or a11other. 

The x nerves do it almost at t heir origin, while the z nerve only crosses 

to the mid-line at the level at Hhich y innervates its muscles. 

From this study of the serial homologies of nerves and mu::;cJ.es 

of the tail, it i s clear that the muscles Zl and Z3 a r e to be considered 

as simple single anta.go:nJ:stic pairs . ZJ, despite its size, is not formed 

by the fusion of sevetal nmsoles, and it therefore provides a single 

muscle preparation suitable for neuro-muscular studies. 



Fig. 78. The ho~logy of tail nerves l and 3 as suggest-ed 
by their innervation patterDS. · 
Upper drawing, branchings of nerve tl b; lower 
drawing, branchings of nerve n b. 
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6. Comparative Aru,:..tow of' Arachnid Limbs!l 

Until recently the dominant outlook in the comparative study 

of arthropod limbs has been the comparison of either the number of 

se~ments , the flexions of the joints, or the most readily observable 

muscles in t he appendages. of various a.n.:Lmals. I t i s now becoming 

clear that this, even 1f all thrcc.features are consi dered together , 

i J not enough to allow us to comprehend the evolution of these limbs. 

The locomotory mechanics or other specialised function of any limb 

must be taken into account and,in the analysis,attention must be paid 

to all the muscles, to the precise mode of articu.la:tion of the podomeres 

as well as the linlh flexions, the patterns of innervation, and, ui·!Ab. the 

arachnids at. least, to tbe vascular organisation of the limb. 

With the need for such a programme, i t is clear immediately 

that, as far as the arachnids are concerned, there is as yet not enough 

inf'ormation e.vaUable to build a sat isfactory picture of the course of 

evolution of limb structure and to recognise the selective adgantages 

at work in this evolutionary process. Moreover in many account s of the 

anatomy of arachnid limbs the results presented have been strongly 
. 

biassed by an outlook coloured by the methods of worldng of normal 

"ver·t.ebrate limb musculature" and, an a. result, these have to be 

approached 1dth eritie(\l caution. 

Nevertheless there is one problem '\>rhich cnn be direcUy 

a .. preached by the classical methods o.f comparative anatomy, namely 

the relationship bet\o~een the pedipa.lp and a l.mlking leg of a scorpion. 

It i 's clear t hat i f one is to be der:i.ved ftom the other , the 

scorpion pedipalp must come from tho leg and not vice versa . Since 

t he leg has seven, possibl., eight, podomeres, while the pedipa.lps have 

only six, it may be assumed that the pedipalp has l ost a t l east one 

segment r ela. ti v.e. to the leg. In acldi t i on the terminal pair of claHS 

of the lee; is missing in the pedipa.lp. 

It would s sern that, in considering t his question, the most 

reasonable asstunption i s that the most distal segments are the Ir.ore 
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likely to be lost and that, starting t.rith the most proximal, the 

poda."Ueres Hill be homologous. The consequences of this idea ·vsill 

be explored, the. differences and similarities bet\·teen successive 

segillents will be pointed out and in this manner the val.idi ty of the 

hypothesis tested,a.lld where neces so.ry it Hill be modified. 

To fadili tate comparison of t __ e organisation of muscles 

along the length of a se(9llentcd limb, the convention previously used 

in relation to single joints, is here extended to 'Whole limbs. As 

before the articular surface on to t·Ihich muscles insert is represented 

as a circle, the mid-dorsal J.aUSClea being dratm at north, 360° • The 

circles of joints are draw concentrically , that representing the most 

distal joint being nearest the centre of the diagram. A muscle that 

ru s through sev~ral segments of a limb will be draw as crossing 

several of these circles. Where a muscle has a ventrrd origin a..11d 

dorsal insertion, t he muscle in the diagram will curve around its 

circle, so that it Yill join on to the next at 360°. For simplification 

the whole muscle is not draw but is represented as a thick line wl:ich 

indi\::ates its line of pull, a convention already used 'Where a large 

number of muscles lay particul:ii.:rly close together . ( tt..g. ~0 ). 

No description has yet been given here of the leg. It and 

its muscle s have been fi£,ured in a f..::w previous accmmts, that of 

Snodgrass (1952) being the most satisfc.ctory for i t gives a brief 

descript.:l.on of the articult,tions as Hell as the muscles. Since much 

in that account is applicable to the lee; of 0, la'tirrJ8.PUs, i t ia felt 

that l:'. separate o.c1d co.;aplete description is not warranted and that the 

relevant poi.ats may be comprehended ft-om the diag:L~a::ns and cormJwnts 

as the comparison proceeds. 

The A seonent o:f the pedipaJ.p and legs have first to be con­

sidered. The former hns already been described as a short, cylind­

rical segment moved by muscles Al - A6.. In the let;s the A se[Jlil9nts 

are triangular in form and those of lees I I I and IV are .fused together 

laterally. The presence of a 11 dorsal ridge" running along the A 

segment of t he pedipalp has oJ.ready been described. A similar, but 



less well nnrked feature can be recognised in the A segments of the 

l egs. 

I n CentrJ.U'oides, SnodgTass {1952) states that the basaL 

segments of the legs have ttno points of articul.ution on the boczy and, 

except those of the first pair, are little movabl e . " I n 0, l ati:rynus 

however there is, as in the pedipalp, a single point of articule.tion \d th 

the body, though here it is at abottt 220°, rather than almost mid-dorsal . 

The pivots of legs I I I and IV articulate on to the corners of' the 

sternum, those of I and II with tho endosterni te and the anterior 

tip of the sternum. 

The A segments of l ega I and II have been observed to move 

independently (p. 2S ) -while those of I II and IV have not. The 

shape of the A segments differ s , one from the other, but this i s hardly 

surprising owing to their ilifferent r oles and the presence of glands 

in legs I and II. A comparison of the Iuusculature (Fig. 79) shm.rs, 

ho~ever, that the four segments are homologous with each other and 

this musculature is further very similar to that moving the A segment 

of the pedipa.lp. 

All these features support the suggestion that the basal 

segment of the five appendages are homologous. 

~t"'L 

SegmentsB of both pedipalp and legs~ clearly homologous. 

Both are short and curved, articulating with segment A by a wide, 

loose joint 'ld thout any specific pivot . The curve in the claw segi!lent 

is far more marked than that of the leg segment. I n the legs, as 

in the pedipalp, segment B has a dorsal peg, opposite tb.e ending of 

the dorsal ridge of segment A and takine the insertion of the most 
.b 

pm<Terf'ul B muscles. Comparing the B muscles in Figs . 00 a and l , 

it is clear that they are homologous , a fact 'ti ich also provides 

furUler evidence in favour of the homologies of the A segments where 

these muscles originate. 

The B-C articulation is strictly dicondylic in both the 

clalf and leg. In the legs tho piv·ots are at 90° and 270°, uhereas in _..___ 
tho cla.w ti1ey are lil~nearl;;.- at 300°and 210° . The length of the C 



Fig, 79. 

3 

fusoulature of the A segments of the legs of 
0 , lat.imapus compared with that of the pedipaJ.p. 
The insertions of the muscles moving the segment 
are shown, The numberint: of tha pedipalp 
muscles is that already used (p. ·186) and those 
muscles in the ler;s believed to be homol ogous 
vii th particular pedipa.lp muscles are correspond­
il'l{;ly numbered. 



Fig. ao. 

a 

b 

Ring diagrama comparing · '!:P~ .-musc:mlatt,.re of (a ) 
the pedipalp and (b ) the leg of o, latimap.us 
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segmen-t relative to B and D is the same in both clau and leg 

and the ~uscles effecting movement of C are very simil ar. C2 and 

C6 are clearl y to be regarded as having the same functions in the 

l egs as in the claw, while the lesser degree of elaboration of 

muscles C3 and C42 i s of minor importance. There thus appears 

to be nothin(;; Hhich would invalida-te t he homology of segment C in 

claw ana leg. 

Segment D shows the first llJI:l.jor difference bettreen a pedipalp 

segment and the correspondine; structure in the leg. Tbis difference 

lies in the structure of the C-D j oint. I n the cla-vr this is 

straight, stretching .f'rom l d' - 170° c.nd giving movement across the 

27QO pl ane . With a dead a.nimaJ. a very slight rotator r..ovement may 

be obtained provided the segment is some'Whe.t extended. This rotation 

has not been observed in the living aninal and it riJ8.Y be tha t it is 

an artifact. The C-D joint of t he leg is dicondylic but the t'ro 

co11dyles are not i dentical. One, at 300°, is composed of a peculiar 
~ 
~·on the proximal part of D vrhich articulates on to a cup on C 

(Fig. 8l.a). At 75° there is the normal t ype of arthropod limb artie .. 

ulation, tvro slight pegs closely tied together and art icula ting on 

each other (Fig. 8lb). Al tltough the C-D joint of the leg is thus 

not a straigh:li pivot , it allows for only reatri cted movement in the 

360° pl ane; complete flexion is ~ssible, but extension is limited 

to li i..tle more than a straic)ltening of the c..;o joi.1t. In thiD the 

arrangement is ftU'lctio.1il.ly similar to tho.t in the pedipalp. 

· Both in shape and si21e , relntive to the adjacent segments, 

the D se€)men·ts o£ the lir:ibs and cl aus are very similar . 

As in the pedipalp, theTe is no . ·:uscular extension mochani :sm. 
~ 

for the C-D j oint of the leg. The mechani.here still requires full 

study. By experiments similnr to those made upon the pedipalp it has 

been shown that bl ood pre3SUl'e could be used to extend. the joint, but 

not that it, in fact , is . There is f'u:rther the possibility that the 

r od a.t the 300° point of articul".t i on ma.y enter into the mechanism. 

Certainly there is no hince comparable to thnt found at the corresponding 



Fig. 81. 

a. 

b. 

c. 

Articulations in the leg of O. latimanus 
(a) Articulation at the C-J) joint; the hinge 

at 300° showing the peculiar rod-shaped 
structure. 

(b) Articulation of the C-D joint; the hinge 
(l&..1- 7'5° at 1g which is appro&ilmtely of normal. 

arthropod type • 
(c) The hinges at the E..P joint. 
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joint on the pedipalp. The ~ignificance of the differences in these 

two j oint. mechani sms has still to be elucidated. 

The formation of the D-E joint i s a. further feature \·thich 

distinguist es segment D of the leg from th~t of the pedipalp. In 

the latter this joint is acondylic, lacldng any specific art icular 

pivot but limi. ted in its movements by the conformation of the distal 

rer;ion of segment D. (Fig. 55c). Such a joint alloHa free rotation, 

but limits lateral movement to one plane. I n the leg the joint 

bett-reen se@llents D and E is strictly dicond;:,;l ic; both pivots are 

of the norw arthropod type and a.re sit.uated at ~01' and 280°. 

Further the form and size of segment. E is very obviously different 

in leg and clavT since it is tLis segment which ha.s become the hand 

o.nd immovable finger of the pedipalp. With the ext.reme looseness of 

the D-E articulation of the claw is associated a great elaboration 

of muscles which effect movement of E. This is, of course, not pre..,ent 

in the si-rictJ.y aJ.'ticv~a.ted leg segment. I t must be noted that these 

two differences are not independent, but must be consider~d as a single 

funct~o1~ syndrome . 

LastJ.y a striking sim:Uari ty which should be noticed here is 

that both E segments have passinG through them the tendon of the muscle 

F21 Hhich originated in segment D in both cases. On the 1..Jhole it 

must be considered that the segments C 1 D and E are homologous, the 

greater freedom at the ~ joint of the claw being associated wlth 

manipulat.ine the claw into a position HheL'e i ts snap can be effective. 

The case for the homology of the next segmen·t, F, is fairly 

clear. The E-F joint in both the log and cla\-r is a straigh·fj one • the 

fir.:;t so far to occur in the l eg. I n the l eg the articulation line 

runs from about 280° to 10°1 while in the clavr it stretches from 10° 

to 2000. Boih joints operate strictly, though, in the l eg, because of 

the softness of the SUI'l"o1.mding tissue, this is not as striking as in 

the cl a.v1. The shape and size o:f the segments are of course not 

comparable since F in the pedipe.lp is the movable finger . Neither in 
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the leg nor the cle.l.-T is there any sign of a muscular extensor for F. 

The probable opener mecha-~so1 of the claw has been described above 

(p. 1..00 ). Across one corner of the articul ar membrane of the E...J' 

joint of the leg a chitinous hinee may be seen, looking very like -the 

hinges of .f.;he C-D and E-F joints of the cla'"• If the other corner 

is observed very closely a second hin;;;e, much liglT~er in colour and 

further from th.:; corner of ·the membrane can ju:at be made out (Fig. 8J.c ). 

Because of the small size of the joint and also the limited move:Jent 

bet1-reen E and F, these hinges could not be tested for their function 

as were those of the cla.tv. While it seems possible that these hinges 

.uave some very different rOle .f.rolll that at the E-F joint in the pedipalp, 

this sooms unliltely and until evidence to the contrary i s f ound, i t 

seems re.1sonable to assume i dentity of' function and that, in this, the 

E-F joints of l egs and pedipaJ.p are similar. 

A .t'urther difference between the F segments lies in the 

details of the fie'Kor muscles. In the legs there is but a single 

flexor, \Thile in the pedipalp there are eleven, some of them branched. 

The functional advantage of this sy~tem h~ s already been discussed 

(p • .< t ) and the difference must be attributed to the specialisation 

of tae movabl e finger of the pedipalp. 

From these C•)nsidera t i ons it Hould secr1 that. the first six 

podomeres of thu leg are homologous -vii th those of the pedipalp and 

that, in this latter, the two most distal podomeres are missing. 

This difference is r eflected in the !nuscle F2. In the pedipalp 

this originate& in se~uent D and inserts in F, functioning as an 

additional closer. I n the lee; the 1ruscle originate$ ulso in se{91lent 

D, but its tendon passes, not only tl1rough .E but also through F and 

G, to insert on the most distal podomere at 180°, acting a . .; a flexor 

to the last segment. This difference perrni ts two interpretations 

of the relations of the distal segments of the legs and pedipalp. 

Either segments G and H have becoire tused with F in the pedipaJ.p, or 

the terminal sef:100n"l;s have been t otally eliminated, the insertion of 

F2 slipping bo.ck to the proJd.mal end of F from that of H. It is to 
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be noticed tha-t, if the former e:A'Pla.nation is correct, muscle F.l.3 

r~s been eliminated. .Either way it is cl ear that in the evolution 

of a pedipaJ.p f'rom a walking leg, the prox:i.mal segments ·Here r.1odified 

to muet the ue-v1 fuilctional demands; any really radical alteration 

occurred only at the extremty of t he limb. It seems likely the.t 

thi~ " solutiont1 might be determined by morphogenetic mechanisms, but 

it seems unlikely that the result found in this particul ar case rep­

resents a general rule of the course of evolutionary change ~1en ~e 

Dnober of podo~eres of a primitive arthropod limb is reduced to meet 

some specialised requirement. 

Finally, although a number of differences betvreen limb and 

cla1-r have been noted, little has been said of th0ir significance. 

I n general ·~ese differences are a reflection of a need for greater 

motility in the pedipalp& '!:mere articulat ions differ, those of the 

pedipalp are f'reer; where muscles are more plentiful, it is in the 

pedipalp . The extra overall length , hardness and greater sensory 

equipment are probably features which Here added once the limb had 

acquired the notility which allowed it to be used in the feeding 

patterns. As it became increasin~y modified and ceased to be able to 

play any role in l ocomotion, the J.i.r.ab was l i fted from the [,'l'OUnd. 

\fuen this occurred it \-IaS no·t l ifted straight but vras given a slight 

positive r otation. The effect of tltis r otation can easily be recog­

nised from a co!!!parison of Figs . 80 a and B. In t.l-:le joints it is 

especially clear, ending '\·r.i. th the E-F j oint vrl.1ich in the leg runs f'.rom 

280° to 10° and in the cla1-r starts at about 10° and ends at 200°. 

Tbis rotation resulted in tho movement s tmich had previously been mde 

r el uti e to the ear th noto/ being made r elatiye to t1hatever untested 

environment lay ahead, whether these movements uer e for the detection 

of enemies, the capture of pr ey, or the recognition of a mate. 

Tge 'Wp1ki ng Legs of th~ Arachnida,. 

A second problem u_.ich invites consideration is the inter­

relatio.ls of the podomeres in the walking leGS of the ar aciu'dds. 

Here the difficulty of insufficient inform..~tion becomes a real 1i.mi tation. 



The number of podomeres is variable between the different orders 

anc\ tho methods of compe.rative anatomy have so :far failed to 

prQdttce any satisfactory r>ictme of homologies which \t,eets tdth 

general acceptance. 
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No solution is offered here, but it vioulc1 seem desirable 

to focu~ attention upon one common fea.tm·c in the structure of the 

legs of all the larger arachnids t-rl.iich have been studied. 1'he 

results pl"esented here st.em fro.t1 observations on ;Lllnulus (Snodgrass 

1952), on an unidentified solifuge (Ewing, 1928), on va.rio~.ts spiders 

(Ellis, 1944, Parry, 1957), on ~entruroJ.des (.3nodgrass, 1952), and 

on the pseudoscorpioru Neobisium and Chthonius (Chamberlain, quoted 

by Vachon, 1949), In all cases but the last I have personally made 

dissections of the legs of local representatives of the groups con­

cerned, a.ne. also of Limulus. 

Ii' an analysis is made of the !mlscular movenents possible 

at, the apical bend of the \.Jalking legs of these fOl:ms,_ it is found 

that, while there are flexor muscles acti.ag on these joints, there is 

invariably no muscular extensor I:l6chanism. Extension is effected 

by blood pressure, as in the spiders (Ellis~; 194 7, Parry, 1957) and 

in 0, l @.tinnn.us, or by hinge-type sclerites and possibly blood 

pres.Jure in tJ1e solifuges (personal observation). & reover, and 

probably correlated with this feature, the joint of the apicl:l.l bend 

is nuver of the ty.:- ical dicondylic type found in other arthropods, 

but is either u Cicondylic joint of a. peculiar type fotmd in this 

position in Limulus (Snodgrass , 1 952), or is a straight hinge. 

I t is possible to construct a hypothetical origin of such 

a system as this, starting wtth a soft-bodied "arthropoc1.'1 resembling 

Peripatus, In the leg of Peripatu§., while there are retractor muscles 

to the limb (Snodgrass, l93S),no extensor muscles occur : indeed in 

the absence of some type of skeletal system, ·t-~hether it be an 

exoskeleton or an endoskeletal aciculum, it is not mechanically possible 

to effect extension by muscular activity. It is to be presumed that 

limb extens::.on is effected by hydrostatic pressure and the observations 
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of Alexander and Euer (1956) on eversible sacs ohow that in 

Qpi~thQpP.ty~ cim/.tipes Pur. l ocalised i ncreases i n hydrostatic 

pressure can occur. It seems reasonable to assume that loccl.ised 

extension of the legs can be achi eved by similar means, albeit the 

controlling mccho.nism has yet to be elucidated in both cases. 

I w.i.11 take as r:ry ancestral :form to an arachnid limb one 

sim.ilr r to that of Peripa:tus described by Snoderass, but having 

not only a retractor unguis, 'but also a ventrally placed protractor 

unguis (Fig. S?~). The development of increasi nr sp~ed, a character 

which seems to be generally selected in arthropod evolution, requires 

the lengthening of the limb, and if t hi s is to be IOOchanically sound, 

it must inevitably be associated t.r.ith some bending. It is suggested 

that t his bending was achieved by the development of an exoskeleton 

which Llust initially have b on fairly soft. I n t..:U.s condition (Fig. 
~ 

82") the contract ion of the protractor unguis, passing across a pulley 

at the j oint, vrouJ.d tend, not only t o depress the terminal claws of 

the fuot, but to :f'lex the lee a.l'ound the apical bend. The action of 

the retraetor unguis, ori ginating wi·thin t he body and r nnni ng t o the 

claw by a long tendon, might uell also cause flexion an<i f or i ts 

effective action t-rould req~lire the movement of its origin to a position 

distal to the apical bend. I am .aot here concerned Hith the history 

of tb..is muscle beyond e stablishing that, wr.J.le i·t might have served as 

the basis for the development of a muscular extensor system at the 

apical bend, this could only occur provided sclerotisation viaS rapidly 

evolved., as may weil have happened in the ancestors of the ··;yriapod line, 

particularl y if' they were already terrestrial. I f , houever, the 

evolution of s t,rong sclerotisation t-tas slow, the muscle may: have already 

been modifi~d to retain its sole original function before it could 

have beon elaborated to a second..1.ry extensor of the apical joint.. 

I t i s sugLested that the next stawe in the evolution o£ the 

system. \VUS the enhancement. of t,he flexor function by the development, 

from sl.lps of the protractor unguis , of flags of wscle orilina.tine 

clo~e to the apical joint and. inserting on the tendon beyond the 
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Fig . 82. A schematic representation of the evolutionary 
histor<J of the flexor muscle system in the arachnids • 

a - h, hypothetical star~es in the fra@llentation of the 
single protra.ctor unguis muscle of the pr:irni. ti ve 
arachnid leg to form a functional flexor: the 
process suggested is described in the text. 

j - n, certain flexor muscles in tJ1e legs of living arach­
nids -to shou hem certain of tho stages represented 
in the series a - i ca:a be recognisecl in existing 

j, 
k, 
1, 
m, 
n, 

forms. 
Li.mulus. Leg IV. 
Pseudoscorpion. Upper, Let I; louer, Leg IV • 
Scorpion 
Spider 
Solif."uee. Upper, l.egi; rui<.,dJ..e, Leg III (after Evring); 

lo111er, '!Jag III (personal observation). 
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joint (Fig. 82d.) . This t-rould moreover permit same independence of 

claw protraction :from. l in,J.b flexion. From this posi t i on, i t vould 

seem a r elativel y simple translation to one in t.ihich the proximal 

el ement established an insertion upon the pivot of the apical joint, 

thus becoming a pu:ce flexor, while the distal element became a pure 

pr otractor of the clau. Extenslon continued ·Go depend upon hydro-

s tatic pres:::ure. 

Tt.is si tuation possibly still finds reflection in I4mulus 

(Fig. 82j ). I n the fourth leg the flexor muscle of t he apical 

j oint runs across at least two podomeres, i.Jhile the major protr actor 

of the clav originates proximal to the apical joint. The same 

position possibly occurs in the pseudoscorpi ons (Fie. 82k). The 

protractor of the cln,l,T has a. long tendon originating,in the fourth 

leg, proximally to the apical joint and running through several segments. 

The position in the first let; i s lesf! clear and requires further study. 

I t is generally at,YTeed thc.t, '\-There it is mechanically rJo;.;sible, 

a short muscle and tendon t.z:i.ll give more effective control than loP..g 

ones, as the relati ve contribution of viscous- clastic components t-rill 

be reduced. I t is therefore ·oo be expected that there will be a 

general tendency for the origin of the protractor of the claw to move 

incre~.singly distal (Fig. 82 e - i). The first stage in this migration 
tw\.a.Jar 

i s , perhaps, seen in the scorpions (Fig. 821}, \·there thej muscle now 

originates proximally to the api cal joint although i t st ill run#s 

throut;h several podomer es. The same tendency is more strongly marked 

in the spic1ers and solifuges (Fig. 82 m and n ). 

At the same t i me , and possibly f or the sa.ue reaJon, the flexor 

muscle t o the apical bend fre.{%ents in a manner akin to that postulated 

a.bove for the ini tie.l fragmentation of the protractor unguis. But 

i n this proces.., tJ1e proximal fragment.s have been retained in the scorpions, 

spiders and solifuges as accessory fle~wrs to ne\>rly evol ved podomeres. 

The fact that in all cases these podomeres have their proper flexors 

(and extensors ) as uell, sugeests t hat the procei:ls of fragmentation 

occurred subsequent to the establlshrlent of the nel.t proximal podomeres. 
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It uould thus seem that in attet:pting to establish homologies 

between the podomeres of arachniclloe;s, the starti:J€ point should be 

those associated ·Hith the characteristic apical joint and that net.r 

podomeres have been evol ved both pr oxiw.ally and distally to ·this point. 

If the idea developed above is correct~ the myology of the lee can 

only act as a guide to the ho.'!YJ.oloei0s of the po<1omeres if it is recog­

nised tha t the accessory flt-.:::-~ors are the product of modifi cations to 

an original :mscle plan, vJhose persistence has been dictated by 

specialised fUnctional considerati ons , 

Whatever may be t.he validity of the specula·tions here put 

forward, the persistence, at least in those arachnid groups t.Jldch 

have been studied, of hydrostatic aA~ension at a major joint of the 

walki1.g leg is a very striking f eature. Clearly ~uch a functional 

peculiarity, t.rliich is found not only in the Euarachnida~ but in 

the Xiphosura as Hell, must reach bo.ck to the common ancestor of this 

group. It i .s a character i stic t.rhich distinguishes the a1·achnids 

from all other arthropods and nossibly suggests that. the subphylum 

de-geloped an exoskeleton independently of the other arthropoda. 

Certainly the retention of a primitive hydrostatic mechanis.c. poin·~s 

t o a. very eru..·ly sopara·tion £L-ora the other groupings of the ?hylum 

anu, if it ls indeed a reflection of thG independent development of 

an exoskeleton, raises doubts as "to the profitability of attempts to 

detel'Lline homolot i es bet-v1een the podomeres of the arachnids and those 

of' the other arth1·opods. 



VII. PHYSIOLOGICAL uBb~RVATI0KS. 

l . Introduction. 

Amongst the li vins Arthropoda are found the follotdng 

gt•oups of arlimals: ... Onycophora, Diplopoda., Chilopoda, Symphyla., 

Arach.ri.da, Crustacea all(i I nsecta. Of these the skeletal neuro­

muscular physiolo£Y of only the lattermos·l.i t wo has been studied ·to 

any extent. Pa.Yltin, Wiersma, Pl'irlgle, Ripley, Hoyle and other 

vrorkers ha:.·e sho~m the differences be~,reen the lfoligoa.xonic1' 

system in the~e animals and the f1polyaxonic11 systetJ. in the vertebrat es. 

Although ·it t~ee:m.s highly unlikely that the neuromuscular system of the 

remainine A~thropod eroups 'tdll differ f:rom that sho,.m. in the Insects 

and fuca.pad Cru.stacea, it seemed desirable to ;:>ee whether the neuro­

musc~_tlar differences betvreun Arthropod and Vertebrate are as generaJ. 

as we roo.y rea sonably expect. 

On the other hand it may be that.~ t>Th..ile ~he neuromuscular 

system of the remaining groups is not. in any way similar to that of 

the vertebrates, it nevertheless ma,y be rather different from the 

arthropod systems studied so far. Our present knouledge of arthropod 

inter- relationships is very scanty. The phylum can even be c onsider­

ed invalid ana regarded as a heterogeneous collection of animals 

whose superficial similarities ar ' due to convergent evolution 

tm.Ja!'ds efficient l oco otory and respiratory systems. It is possible 

that convergent or parallel evolution c~ild have occurred in neuro­

I:lll.scular physiology, but the following consideration should be taken 

into account. 

A system such as that of locomotion or l'espira tion is 

rela ted directly to the environment; sel ective forces operating tr~ough 

the environment will act directly on it . On the other hand, if tore 

are consill<,ring a con-trol sys·tem, the relatio .. .tship ·vr.i:t.h the environ­

ment i s less direct; between the tuo l-7111 stanu all the act.ivi ties 

wl.ich are being controlled by the C•Jntrol system, e . g . l ocomotion and 

respiration. Nem·omuscular co-or·din<. tion is one o.f the mo.3t obvious 

e:lt8ll!ples of such a control sys-tem. \fuile similro.1 ~Jelective forces 

could produce parallel adaptation in :Jys'Lems like those of locumotion 
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and respiration, it seems unlikely or at l east more unlikely, that 

thi~ would occur in neurot1Uscular co-ordination on t4hich selection 

would not be acting directly. As a consequence of this it is possible 

to expect that slight similo.rities and differences found in tne 

arthropod. neuromuscular control system may tell us more than ue have 

so far understood of their inter-relu tionships • 

The question f a cing us is 11what group of the arthropods not 

yet studied could be expected to throu most lieht on the problems that 

we want to ~olve'l" The ansuer is clearly the Arachnida. Amongst 

the reasons for this the follo,dng points may be picked out: firstly, 

the Myriapod-symphylan-insect line ca.n be fitted into a coherent 

evolutionary sequence, but if the Gnycophora, the Crustacea an<l the 

Ara.chniGa. must be consider ed at the saro.e time, tho d:lfficulty in link­

ing all these together becomes im.rnense. If '.re know something of the 

neuromuscular physiology of the Crustacea and since the Myriapod­

symphylan-insect line ~~es some raeasure of an evol uti onary pattern 

wi tJ.1out considering information on this score, light tl'l...roun either on 

the Onycophora or Aro.chn.ida might be most helpful in the ques-tion of 

inter- relationships. 

Fm:-thermo.e, the1•e is amongst the Arachnids, as has been 

described above {p • ;tOO ) an ana tow.ical characteristic in t he structure 

of the l imbs ull.:ich is of considera.ble interest. While in both the 

decapod crustacea and the orthoptera thel'e :is norln9.lly a comple::te set. 

of antagonistic muscles operating each joint of ·the lllnb, this is 

not true in the Arachnida. Here, within a single limb, ·there are 

some segments \·lidch s.."hoH antagonistic muscle pairs while in others 

there are Sir.l,f;l e unopposed muscles. Clearly t.he problems of recip­

roci ty in these tvJo muscle systems must be Qi.r,tinct.. 

\ 
Finally the problem of " inhib:itorylf fibres appears to be one 

on :mich a study of the araclmid neuroouscular syrtem may t.hroH some 

light. Hoyle (1955) has found., in the locust, an axon t-Jhich he 

calls a n facil i tntory" axon ~.nd '1hich he homalogises with the inhibit­

ory fibres of the decapod crusta cea. This axon does not inhibit the 



ofi'ect of an excitatory fibre '(,th.ich Has stimulated simultaneously 

i.fl th it. \olhe.n stimulated i·t merely produces as hypel'lJolar.isat.ion 

of the lJlUsclc .lll:)mbrane, the converso of the depolarisin6 effect of 
CLXO~ 

the excitatory &;thxwae. Hoyle suggests that, in a grass-i'eading 

animal such o.s the locust, this hyp3ly olurising effect may be used 

to reverse t ue drop in resting potential of the muscle membrane 

caused by tho high concentration of potassium which, owing to the 

herbivorous diet., is conta.i.ncd in the blood. The arachnids, 

carnivorous except for a few mites, shovld have no need for fibres 

of this kind a...11c! preslml.bl.y they torould not possess them. If 

arachni ds lack the t1 facilitn tozr' fibres of the orthoptera.n type, 

the quent~ on of 1cllether they pos sess the tJ~ical inhibitory fibre 

of the decapod crusta~ea presents itself, I~s presence, or perhaps 

equally -vrell , i t s absence, rray help to explain lorhat functional rOle 

it plays in the crustacea. 

FreJious Inves~eation. 

Almost no experimental studies have been made upon the myo­

neural physiologr of the arachnids. Rijlant (1934} bas published 

records of action currents f'.rom the leG muscles of an unidentified 

scorpion, 'Whi le these may thro-vr some light upon central nervous 

:f',:.uction, they do not aid in the present investigation. In ~us 

conduction ra :.es and latent periods of nerves have been determined 

by Carlson (1906), while Monnier and Dubuisson {1931) have made a more 

elaborate study of the same character. Finally, and here most 

relevant, Prosser and Young (1937) make a passing reference to a 

neuromuscular pl~eparation of the limb of Limulus used by Grossman 

as physiological class mtel'ial at Woods ' Hole. 

Scope of the Present Stugy 

In the present investi r·atio:a attention t-.ras first pnid to 
I 

the development o£ preparations using the~_;- this seemed the / '{ ~, 

appendage of choi ce by superficial analogy H1.t,h the success attendant 

upon usin~ the great chelae in studi.:;s on tho decapod crustacea. A 

, .' 
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study of the muscular anatOJI'I.y of the clavr suggested that such an 

undertaking Has likely to be difficult, but various attempts, 

described belou, uere made to develop satisfactory preparatlons 

u sing clat·r muscles. Fina.lly it \vas decided that the anatomical 

complexi. ty and the relative weakness of the individual muscles made 

the claw totally unsuitable for the first staGe of any such invest.­

i 6ation, namely an examination of the mechanical responses of these 

muscles. A preparation using the muscles moving the bulb of the 

sting Has then developed. This has proved satisfactory and the main 

conclusions outJ.ined belou have been derived from such preparations. 

The results presented, a.s stated in the introduction, are 

essentially prelimin.~.ry in character and limited to a study of the 

mchanical acthr.i. ty of these muscles . They do, hm1ever, appear to 

sho\IT that the mjor features of the Il\VO-neuro.l physioloey of a 

scorpion are very simiJ.nr to those of a crustacean and to focus 

attention upon the need for more extensive studies upon this problem 

in inseds other than the locust. 

2. :u~thoQ.s, 

All preparations employed in this study have involved 

entire animals: i~olated a:ppenl.i.aees ha'.'e 11ot been used. Such a 

procedure !bffers tHo advantages - firstJ..y any preparat ion i s o£ a 

readily manageable size, whileJ secondly, the need f'or an elaborate 

perfusion sys-tem is avoided a s the heart,. continuing to fu.!ction, 

pU!t'pS blood to t..he muscles being studied. Activity by the experi­

mental animals l.r&Cl reduced to a minimum by shielding them a s far as 

possible from light and screening them from tl1e heat of necessary 

dissecting lamps by de.mp cotton 1rool. 

~1mY.l.S!:tor • Shielding a,nd El~ctrQcles. 

The nerves were stimulated by nega. ti ve square \va.ves produced 

by a t wo stage multi vi bra tor whose circuit is shovm in Fig. 83 o This 

is based upon a circuit developed by Ripley and Kirk (personal 

communication) and is an elaboration of the sydte~ described by Bern-

stein (1949). Except for some instabilit y at low i'requencies, the 
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apparatus was satisfactory. 

ExaniliiD. tion of the output on an oscillograph shot-red that 

there 't-JnS cous:ider~;~.ble mains hum in the output. J>art of this came 

c'iirectly from. the stimulator and was eliminated by the inclusion o£ 

a 1 :1 transformer in the circuit. Part uas, ho~rever, di:rect pick- up 

at. t.he preparation. 'l'o reduce this to a minimum al..1 preparctions 

Here enclosed ll s far as iJOm1i ble in small cages of wire gauze suitably 

earthed, so that the body oi the aninnl was shielded except for an 

aperture of about one sq. cm. , necessary for the :nanipulation of the 

electrodes. 

AJJ. st:Luulat:ton vro.s applied ·to ci ther nerves or muscles by 

way of f ine ylatinUI:l electrodes. The electr odes were manipulated 

independent.J.y: the a11ode t-.ra.s mounted on a simple ball and socket 

joint - the standard mounting of a small dissectine l ens suitably 

modified - while the cat.Jode Has attached to a travellin.g microscope 

which provided the necessary fi.ue control to allow nerve fibres to be 

handled with accuracy and delicacy. 

Mechani cal Recording Syst~ 

Early recordill€S \.fero made directly upon a ltymOgraph. I t 

appears worth mentioning here a. modifica tion to stan&u-d technique 

·which \JaS developed a.nd proved very useful . In normal practice, 

once a preparation hac been set up for recording the vr.riti~18' point is 

moved tm-:rards the ~ograph drum. Such a movement is frequently 

at.rkward and roo.y involve a rotation of the recording l ever which 

introduces unt-.ranted tec.~.sions in the preparati on. I ·c seemed easier 

to reverse the tradit.ional method and bring the lcyAtlograph to the 

recording lever. For JGhis purpose an extension rod was fitted t o 

the base of ·the kymoJraph ana Uus 1:1us f:bred to -G.hc J:", ck and pinion 

motion of a dimwed !!dcroscope ~ the rack and pinion being attached 

horizonta.llJr to the bench. In this way the kyll'J.Ograph could easily 

be moved t.Ot-sa.rds or a.tm.y i'rar.1 t.he •assembly or Hri ting points vi th no 

disturbance to the preparation itBalf. 

During the attempt to develop a sui table single muscle 



preparation from the claH, i t became clear that the mechanical 

responses '-Jhich vrere to be recorded wre likely to produce very 
J_~\"'.(.c . .r 

little tension and tho.t e]-::lJ;J s mechanical recording uould be un-

suitable. Recouroe \-Jas therefore made to the simple elec t.ro-roochanical 

transducer described by Hoyle (1955). This is a ~potentiometer 

system in uhich the vol tace upon a fine plc. tinum electrode free to 

move in a h:"'l.t.h of 5Cf1, glycerine is measured by display on an oscillo­

graph, using D.C • amplific, ... tion. The sy;;;tem is shown diagrammatically 

in Fig. 84a. 

Such a technique a.~ows the mechanical move.went of a muscle 

to be displayed upon the screen of an oscillograph. Since i·t \~as 

considered desirable to ha Je a correlated record of tht. stimuli applied 

to the nerve, this information was applied to the other bea.zp.• It 

then geeame necessat1t to have some time markil'l.g system directly upon 

the photograph. After various attempts at usin··. incandesce..rtt and 

neon bulbs, a sat isfactory system \-IaS found using a miniature tuning 

valve -Philips DM 71 -modulated at mains frequency using the circuit 

shown in Fig. 84b. 1-tr thanks are due to Dr, Stack-Forsyth of the 

Dep~ rtment of Physics in this University for assistance in the deyelop-

ment of this device . 

Claw Prepa.ratio~. 

After vario:•.s trials a method of hol ding the claM "rhich gave 

control of i ts orientation ~ms developed. A mnall shifting spanner 

uas fixed l nto a stand \-lith a heavy base. The head of the spanner 

tms bull t up 1:-r.i:th solder to leave only a triangul(tr hole in which the 

clau could be held firmly. The stand stood clo:3e to the block carrying 

the preparation. T1J0 u."'liversal joints Here inserted betvreen the spanner 

and. the base of th stand so that small changes in orientation at these 

two points allowed easy manipulnt~on of the clau and permitted it to 

be orientated in any manner \-7hich might prove convenient f or recording. 

In such experiment.s as these it is necessar;r to have, if 

]?Ossible, preparations of sin{.:le muscles . The closer of the finger, 

as has l::een descr ibed abo~.re , is moved by at le~st eleven distinct 
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Sketch of electromeohani.cal transducer • 
. !i. , silver foU electr odes; g . , 5Cf/o 
glycerine solution. 
Circuit used to dri ve valve DM '71 a.s a 
time marker . 
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muscles. The nerves which suppiy these muscles do not separate 

from the main trunk unti l it leaves segment D and it was .found 

t.hat these axons l ay ·~oo near the claw itself to mke it possible to 

stim~uate the individual fibres. 

Ho\vever, the muscle F2, w • .ich lies alone in segmenJli D ancl 

has a dis·tiuct irmervation seemed to offer some possibilities of a 

satisfactory preparation. If the r::ain nerve trunk be severed distal 

to t he point at vThich it gives off nerve d22 to F2, and the v7hole 

nerve trunk proximal to the cut be atimula t ed, only F2 of tJ.1e cl.o ser 

muscles will respond. Sue:: preparat i ons have been made successfully. 

The muscle is very weak and its movement s can only be recorded satis-

f actorily by the use of tho transducer. The preparation i s, however, 

open to one serlous objection. Ripley (195.3 ) has shm-m, using the 

l evator t~bia of Romalea., that the mechanical response of this muscle 

when operating directly on the tibia is di fferent from that obtained 

i f tho tendon of t he muscle i s isolnted and r ecording is taken from 

it directly. The origin of this effect, \rl:lich is very strildng, is 

unclear. I t ma:y perhaps lie in the modifica t i ons produced in the 

contractions by the properties of the arti'.Ll'odial meubrane and joint, or, 

less probably, in mechanical interference iltween the levator and i·~s 

antagonist. Either way it seemed desirable, if a true record of the 

ac t ivity of the muscle -was to be obtained, t o separate the muscle 

tendon distally and record its movements directJ.y. 

The muscle F2 has a long apodem.e wllich, at first sight, 

seamed to offer a solution to this problem. Hm-1ev~.r, for several 

reasons this di d not prove satisfactory. F-lrstJ.y it uns necessary 

to dissect almo~t tho whole length o~e hand to expose sufficient 

l ength of the tendon 'Which i s very slender and a.Laost invisibl.e . 

This not only greatl y upset the scorpion but al~ made the attachment 

of the clat·r in the spanner less secure . SfPondly the apocleme itself 

is so thin that it was found to be very difficult to get a thread to 

grip on t o it and ~stly i t is of such softness "tho. t the thread frequent­

ly cut t hrough it or , in the throes of getting it tied securely, the 

whole muscle came adrift. Consequently it. 'l.ro.s f elt ·that it '\!Tould be 
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better to record from a uuscle whose insation Yas left intact, but 

dissected freo from the claw. 

For such a preparation any one of the closer nmscl~s might 

be used. It 'ro.s clear tha -~ a musc1e insertirg on the periphe:cy of F 

would be the easiest to isola.te and that lJreference shouJ.ti be given 

to a straight pulling muscle a.:> this ~·iould produce nore mechanical 

displa~e~ent; at the same time the stronger the muscle the better. 

Muscle F9 appea:red to fulfil almost all these requirements and an 

attempt \·ro.s made to use it as a single ra.uscle preparation. 

The finger was cut orr near its base' a t iny hole t-ras bored 

through the inner face of t-rl:w.t remained of F, and the chitin on ei·cher 

side of tLis hole was pared a\m.y until only the muscle insert::.ons and 

the hole were left. Except for the at-tachment)the f'ra.gm.ent of chitin 

w.s then disengaged completely i'roru the E-F joint and cleared of the 

insertions of all muscles except F9. A thread was then passed through 

the hole in the chitin, the hand fixed in posi tioa in the spa...."Uler and 

the preparation 1-ru.s complet.e (Fig. 85). Once again the rr.agnitude of 

the mechanical effect was very small ancl the usa of a. transducer 

necessary. 

Tail Preparatign§1 

As has just been seen, t.te development o.f a single muscle 

preparation i'rom the cla1.1 is , lOSS..!.h.le, but it could not be regarded as 

very satisfactory. In an investigation such as ·this, lt is desirable 

to work, i.f possible, vTith sincr..le axons, but experiencep sho\ted that 

in such att.emvts t.he nerve t.rUJ.!k:s were vc.ry raadily damaged and it 

secrtlvd desiral"Jlc to find. ~orue iU.Ore effective pr·eparation. Chelicerae, 

legs and pectines wero conside:c·cd. All are rather sru.aJ.l and 

inaccessible, am.: t.he latte:r· tvro arc. so poorl;,· scl~~rotised as to make 

mechanical l~c;:co:rcling illf.ricul t . The a.na:&orey of the stinG, on the 

ot.b:Jr hand, sU&,ested that a valuaolo prG:£..'8.ratio"1 might be madP, from 

its muscl es. Af.. has been described ero:ller, the bulb is moved by a 

pair of dorsal muscles, Zl, ao \.reD. ,,.n their ventral antagonists, Z3. 

Botl1 lie in the Y se~ent. Those uuscles aro supplied by long 
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Fig. B5. Arr aneemen't .for mechanical :r·ecording of muscle 
F9. c.. f .F., fragtoont of chi tin ~arrying inser­
tion of F9 .~.lUScle; £a!!l&, severed muscles of 
claw; J&., thread running to lever of r ecording 
system. 



nerves arising from the ganglion at the proximal end of Y. Since 

these nerves run to these muscles alone, they offered a simpler system 

than the complex of axons in the main nerve of the clnH. However, 

the branches running to the two muscles onJ.y separate very clone to the 

muscles ·bhcmselves and there seemed livtle po::>tJibility of cutting one 

or other branch Hithout doing ser · ous drun.o.ge ·to the preparation. It 

\.rd.s_,on the other hand_,relatively easy to separate tho insertion of Z1 

frow the stinc, so as to leave a pure Z3 preparation. Cutttng the 

insertion of Z,3 is not very diff'icul t, though Z3 \.ZS.s preferred a s 

experimental material as it is the more powerful muscle. Further, Z1 

may be cut without risk of da.l.naging the large ventral blood vessel, 

whil e in cutting through the insertion of Z.3, tlrls vessel t-.ras sometimes 

ruptured and the life of the preparation vro.s noticeably shortened. 

In making a prepa.ra·;~ion of the Z3 muscles two dist.inct 

opera t <.ons are invol ved. Fir stJ..y, the inserti ons of Zl ctust be cut 

and then the ventral surface of the Y segment rel'10Ved to expose the 

nerves. To avoid turning the a . imal over for the second of these, 

a bridt,-e -vms built (Dl:) over the operating block (Fig. 86). The animll 

was fixed on to the ~jlock ventral surface dounv.rards, i ts tail pinned 

straight out behind, and tho Zl insertions cut. The brid:;,e wn.s ·bhen 

S\ru.ng into posi t l on a.nd fixed by means of a bolt at tht- side, the tail 

1.re.s flexed over the block into its normal position and t.he surface of' 

segment Y rel'ooved. 

ln such a. preparation there is inevi tablj• bleeding. This vJaS 

especially marked when the insertio .s of Zl were cut. It was Sound that 

this could be staunched effecti voly v.d:tb celloidan solution, but that 

the celloidan \>TOuld stick better if the area of the operati c. had first 

been pai nted tdth the soluti on before c.n:y incision ,.m.s made . This 

preliminnry celloidan coating uan therefore invariably .made before start­

inc; prepara :.Jory ~rork. 

To keep the exposed nerves moist a few drops of physiological 

saline Here placed in the Y segznent from time to time. Only two 

solutions Yere t ried, namely tho:.:~., of vru1 llar!'eveld (1936 ) and Si.iff 
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Fig. 86. 
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Arrangement for recording mechanical movement of 
sting. ~., operating block; ~., bridge over 
anterior r egion of scorpion.; st,., seali ng 'lt18X 

cup collecting excess i~uid from preparation; 
l}., plastic drainage tube from cup; ~' earth 
lead; h·, hole in wire ga112e to allow access f»r 
electrodes to nerves of tail; J2•, plast icine 
r etaining taU on bridge; .§h., \-lire gauze screen­
ing. 
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and Ewer (1952). Both were originally developed for use with fresh-

water decapods and both appeared to be satisfactory if brought. to 

pli 7 .1, ·the pH of Qpisthonhthalmus blood quoted by Grai.lset et al. 

(1945). Iu the min, van 1Iarreveld 1s solution w.s preferred as the 

other solutio..'l'l produces a 1>recipita.te at. this pH. 

To collect excesr> saline solution a cup, -"• ' l!!Oulded out 

of sealing uax YaS attached to the bridge, a hale '\·laS bored into 

the bottom, and plastic tubL1g, ~' sealed in position to act ns a 

drain (Fig. 86). 

This preparation seemd to have a number of advantat;es not 

found in the clm.r prepara.tio. s. Not only ·..m.s the animal the correct 

".Tay up, the incisions &'1.SY and clear of a..U blood vessels, but the 

bridge protected the greater p.'ll't of the animnl ' s body from both heat 

e.nd lir,ht. Furthermore the tail nnd oososome. were in a L'lOre natural 

position than formerly. Again, Hhen, as sometimes hs.1?pened, the 

phys1.oloeical saline leaked around a clat<l' pl'eparation, it ran on t.o 

the operating block and certainly inundated. tl:e openin&;s of the book 

lungs which uerc pressed against the block . I t seems likely that a 

number o.f premat.ure deaths Hhich occurr/ed wi·th such prepara:tions vrere 

due to the a.nimo1 being drowned. I n the tail preparation, no matter 

hm.r bad such a leak r.d.ght be, the openings of the book lungs yere safely 

out or the \·la:y. 

Reeordint.: the mechanical reoponses of the -Gail \-Ta s done in 

a number of \mys . The actual mover.!ent of' the Z segment itself could 

be used. Beca.u:Je "the lance of the sting i s S."'ooth o.s \Jell as cu...-rved, 

it t-ms not possibl e to a.tt;.-:ch a thread to it directly and it uas too 
'} .· 

hard to allol·T nitches to be cut in it. Sticking the lance into a 

sraall piece of cork, \·Jhich ifa.S then kept \·ret and swollen HP s one Hay 

in ·Hhich a purcb:.. se could be got upon the slippery sting (Fit • 87a ): 

in the end, ho\rever, it was found simplest ana safest to coat the 

whole segment Hith Samsoni to and attr.ch a thread to the ~built-up" 

sting. (Fig. 87b). 

Direct records from t he Zl and Z3 muscles are . uch more 

Initially an at.tempt W"<:lS made ·t;o u;:;e the 
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M:rt:hods of a ttaching a recording threa d, J&,., 
to the bulb of the sting, a.: 
(a ) using a cork block, ~. 
(b ) using a layer of Samsoni te, ~· 



muscle apode:mes themselves, but these nre extremely short and, unlike 

the apodemcs of crab muscle, are not tough and fibrous. After a few 

at.tempt s, this ide-e~. was ~bandoned in fa,:our of 1' splitting the sting'' . 

This involved making ·the cuts sho'lrm in Fit-; • 88. I n the main, i t 

consisted :i.n cutting off all t-nt t he baoe of oe~nt z. Tho cylinder 

of exoskelet on l.·thich is l eft has on it the insertions of all four Z 

muscl es. The cylinder vre..s split horizont..a.lly so that the insertions of 
3 

Zl ani ~ muscles vrere separated and tho chi tinous plates vzhich carry 

them i'l"eed f'rom t..he Y seif)llent by cutting through the sf'ot articular 

membrane - the cut 2 is to allow this to be done ui th SOI!ie moo sure of 

£acili ty. A vertical slit wa.e then Lla.d.e throv.gh the l ow;er of the tl.ro 

plates so that three smell pisces of chitin resulted, each carrying 

the insertion of one or a pair of lliUscles. 'l'he insertions of the tvro 

Z1 llD.lsc2es are too close t of!etb.or to a1lm-r t.l-teir separation lr.ith any 

ease, anu, in any case, such a course see::ood mmecossury. To record 

from such an assembly of muscles size 20 trout fly hooks were pushed 

th1·ough each plate and attached by uay of a teryl ene tl:u·ead t.o the 

mobile electrode of a ·transducer . I f "this thread is Ltoistened vtith 

sal ine it stiffens as i ·t dri es, leaving a fine , slightly rigid 

connecting rod betueen the muocle and the elctrode. Using two trans-

ducers i t is i,ossible, in this -vray, to record the acti vi t.y of one of 

the Z3 muscles and its antagonists. 

Such pre para tious respond well f or periods of four to six 

hours, provided time is gi ven betvreen each stimulation f or the nerves 

and muscles to r ecover • 

..... 

3. ~s.ylt.s .. 

As indicated in tlle int.rocluctj.on, the results so far obtained 

from this ~tudy are onlJ· pr el1.mlru-try 011d one question onl;, vrlll be 

consi dered hare, namely does t.lLe myo-neural system, as exemplified 
3 

by the Z! muscles of tbe t a il, sho-r.-1 the tyoicc~ mechanical cbru.•acter-

istics of other arthropods? 

Three criteri a may be useG. in at,teJ;,pting to ansvrel' such a 

qucst · cn, namely:-



Fig. 88. Operative cuts f'or the exposure and isolation of 
muscles .movinb the tail bulb. For further 
explanation, see text. a...L,, anal lobe; ~' 
central lobe. 



(a ) does the syst.elil. show f'requency sensitive facilitation? 

(b) does the system shovr a Blashko-Cuttell and Kahn effect? 

(c) are there inhibitory nerves \mch express their activity 

DechanicallJr ? 

Resoonses tg Singl e and Repetitive. Stimuli . 

261. 

Using shock of 1 msec. duration a fairly clear threshol d 

to single shoe.~ BaS found at an ampli·tude of 0.4 v . To such a stimulus 

the muscle rei1ponds with a very small, fairl~,. slow contraction, which 

can only be• seen by direct obser vation (of. Pantin, 19?6). This 

response is about one-tvrentieth of the maximal Cl_.ntra.ction -which can 

be obtained from the mu.scle and is unchanged as the intensity of stimula tion 

is increaned up to .3 . 5 v, It Hould appear that if a tvr.i.tch system is 

present, i t does not respond to single shocks while the absence of 

tension recruitment with increasing amplitude of sti:nula:tion poin·iJs to 

the response being due to a sin£le axon. 

When stimuli are gi· en at a frequency even as low as 6 cycles 

per second (c.p. s .) there is a very marked f acilitation in the response 

(Fig . 89)• 

At higher frequencies the contractions gradually fuse . This 

fusion is Hell marked by 1.3 c.p . s . and at 20 c . p . s . the response is a 

smooth tetanus. I f at 20 c . p . s . or higher the .nerve is first stimulated 

at an intensity a little above threshold vol tage, for a peri od and the 

intensity of the stimulation is then increased to 2 • .3 v . there is a 

oharp increase i n the tension developed. Further increase in the 

stimulation intensity to 3. 5 v . results in no further increa se in the 

tension developed (Fig . 90). Results from e:ll.-periments of thio type 

su;:~gest the presence of t\.ro motor axons of different threshold. of 

stimulation. Further evidence for tllis comes f'rom experiments a t l01-1er 

frequencies of stimulation, but high amplitude. Thus at 13 c.p. s . and 

1 . 2 v . a clonus develops : this rises in tension ns a sigmoid cu.rve 

l>lhich is starting to flatten when a second increase in tension develops. 

It is SUGc;estod that. this effect is due to the presence o.f t uo motor 

axons, the one fo.cili tat .ng more rapidly than the other • 



. .. . . .. -
: . . .. 

4 
_.....: -;--- . 

.... . . 
; . 

2 

--
Fig. 89. DeveJ.oproont o:f tension in the Zl muscle in 

response to successive shocks. Ab¥-esa - tilre; 
Ordinate - t ension in arbitrary units. Each 
point represents the tension developed by a dis­
crete contraction. 

n .B. Oscillograph records '!-rcre taken upon sensitive paper 
and not film. This is very unsatisfactory for showing fine 
deta:Ul ,.,rhen reproduced. Certain results are therefore present­
ed in graphical form. 
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Oscillograph ~ sbomng tension recrui t!:l.ont ui t.t_ 
incraasing intonsi t7 o~ "'t.iwlation. Uppox· U....... -
ti.J:xJ :mx.kcr J miulle l1:nc - roco: o£ sti-rulus; 
bot toe. line - meebanical respont10. 
C s in int4noity of ert.imulus (ln volto) : tod 
by arrovo. Frequeney of a-t.ilrulation ro e . p .'s. 
Pulse duration 2 m.sec. 



These 'V"JXious results pcint to the f act, that the Z3 muscle i s 

su-pplied by at leaat tuo motor aeons "t-Jh:i.ch both shot-r ll'.arked f'requency 

facilitation and in this fea-ture resemble conditions .fotmd in other 

The Bli-OOo, Cattell ilPQ Kahn Ef~~. 

Blashko, Cattell and Kahn (19.31) demons-trated, using the muscles 

of the .let:.s of crabs, that if a motor axon is stimulated at a steady but 

fairly lou frequency until the tension developed i s c onstant, the inter-

polation of one or nore additional shocks rTill not only cause irt i ncrease 

in tonsion~ but tJ:wt, this tsnsion is now held by the lowr frequency of 

stimulation. Such an effect has been demonstrated using the Z3 muscle. 

This effect is probably due to facilitation at the 11\VO- neural junctions 

and i t.s occurrencs here my again be taken as evidence of such a phenomenon. 

The last question to be considered is \.fu.ethar there a.rv aiJ.Y 

signs of lllechanical inhibition. Evidence for such an effect has indeed 

been found and the result.s of a. typical experiment are shalwn in Fig. 92. 

It can be s:;en t.hat increasing tlle am:plitdue of stimulation res~'!lts in 

a decrease in the tension developed and that 1Jith a return to the original 

amplitude the tension is almost imr.mdiately r estored. F..oyle (1955) has 

pointed out that inhibitory artifacts may arise at high int,ensi"ties of 

stim;llation m.d.ng to polarisation of the stimulating elec-trodes, and 

considers tha.t the claim of Ripley and Ewer (1951) to have demonstrated 

mechanical inhibition in the levator tarsus of LQQU§t& is due to such an 

effect. He ~lnds that such polarisation can be avolc:iecl by placing a 

large capacity condenser in the cathode line leaili.ng to the electrode. 
'Jerqists 

The effect f'ound here6 however, ,.men a 0 . 2 yF condense:r is included in 

the circuit • 

It sooma prob1:1.ble then that '!:.here is b.~ loa.st one inhibitory 

axon supplying thE. ZS muscle in the scorpion tail. 

4. Conglusio.n§.. 

From the rest'll ts presented above it Hol.il.d appear probable 

that the Z3 muscle is supplied by two motor alons and at least one 



Fig. 92. Inhibition in the Z3 mscle. Abscissa - time: 
Ordinate - upper figure, tension in arbitrary 
units; lower figure, stimulation i.l'l.tensity in 
volts. Stimulation .frequency 6 c.p.s. 
It will be seen that increase in the intensity 
of stimule:liion results in a f~J.l of the tension 
developed. 



inhibitory axon. The result can..'1ot be taken a.s final until it in 

accompanied by a study of the action currents a~socia-ted ui"th these 

e\Tents, Sufficient has been achievHd, hoviever, to show that the myo­

nem.~a.l system found here ~oes not differ, at least in its gross 

features , from tha.t in othe:> arthropods so far studied. 

It has already been pointed out that the insects, as 

narrm·tly personf.'ietU by ltocgsta., differ from the decapod crustacea in 

having fibres Hhich, althou@l. ·~·I:ey h;yperpolarise the muscle membranes, 

do not produce any mecha."'lical inhibi·tio!l. In this particular the 

scorpion appears AGo agree ,.rl th the crustacea, but, as has been 

ertrphasised above, this difference may rather refledt the pecvJ.iarities 

o:t.' Locusta as a herbivore th.w have a.ny general validity. I n the 

study of aJ.•thropod myo-neural physiology the urgent need - apart i'rom 

that of extending and deepening the present observations, is to 

determine 1 .. 1hether the conditions found in LoCus~ are also encountered 

in carnivorous forms such as mantids and ttttigonids, and to obtain a 

picture of the condition also in bot h the Hiplopods and chilopods. 



VIll . 

Hymn (1955) hc.a rocentJ..y Dellutetl the ecb.inodorl1s as p.hylun 

"os]"!!eially deoigncd to p~Zl.o U1e zoologistu0
• While not acc$ptinc 

the philosoph!~ inplicn.tions o£ tl"~io rolutation, the tll'tlehnics d.f)lt 

ue .• ~ be saluted as a ; roup dosi,..<ned to ';Uazl.O the· artbropodolo{Jist, and 

their rclativo nee~ect r;;:q oo a reflection, not or their S!"'...all oeononi.c 

:inportance, their bad t'lam9 as venot10ue r1ir...al.o or i:J'vlir pla.ce in the 

literature or psychoo.nalysis1 but rather of the faet that IIC lo..ck a key 

to the coxnpri'}hen.•ion of tboir poculittr1 ties. 

1! tb- :'Odos ot thou,g}l-t or~ are, in gonoral, zocicl.ly conditionod,. 

... o too the ~-Ot eo o£ thought of n ooolor;isi. y be eonf..iitionod by . is 

£u,m.li: rity with one part.ieul.J.I" animal . S};j.g;tA!~·itpJnwf. is a bu.ttower 

a11d, 110~s.ibly for tlJ.s rea._:on, it hau nppeated thc..t ~ o£ thoro eh:l.raet..::::r.·­

iot..ies wldch aJ.'(3 pe.cu::IJ.ur to the n~ ehn:ldn - the lack of ontennao, tho 

lloi tion of fc ding penibeo:l 1\-oqnentJ.y to a ain&lo pair, the o.bsence 

of a nool~, tho p.t"esenoo ot only sioplo a,os, the hi~;y dovelo':>ed reepons­

iveneas to gro\lbd vibrntiow anu the poaeeosion of' book l ungs .. all po· nt 

to tho t:{.l"oup hovi..")'. 91/0lvod r:trst aa burrotting form~. Indeed this my be 

true of tho lwost.om.ta as 'tKUl.t £or WrYJ,qg io kno'm to bl.ll"'l''W' 11nd 

Lo.nkestor {100.3) t:2JY th~t it dob~ so in c ~ rceallinc Ul..'lt of the 

oeorpi(>nt ~ftc~tonuu. 

I£ this idea has validity it operm up tho posilibili ty tlltlt, in invading 

the land, the eue.rachniC£31\Zbos ancestors my vell bavc beon i'resh\-ntor 

anit:Jal:J, t10Vod out of tho rivers or ;..ondu1 uot up tho banko but throU£;1'1 the 

bo.uks into tho SJil an<i t.hztt, r..uch as the isopods ez:rry t.rit.b them the stain~ 

o£ Dip;:.. vi on thro~z1 tho ll ttornl zone (~dnGy, 195~), ao too tha pcculiar­

it.i.es o£ the j .oaern c.rnchnids rai'laet the very di.ff oront route which 

brought thetl to (lry lanu. 
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