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l. The l-Tork described in this thesis falls into three distinct sections, 

namely: 

(i) observations on the biology and behaviour of the scorpion, 

Opisthophthalmu,.:! l c. til:lanus and other species; 

(ii) an account of the muscuJ.ar and nervous anaton:w of the pedipalp 

and tail of Q, J,ajiima.nue; 

(iii) a preliminary account of certain face·ts of neuro-muscular 

transmission in ~.J,l;!. 

2. For subseqw..nt consideration of the behaviour patterns of these animals, 

two basic activities, i~ly· burrowing and feeding, are first ·conaidered. 

3, The mechanism of burro\-.ring is described; some observations on the forms 

of burrows are presented, while field ancl laboratory observations on 

the location of burrows o.re discussed. 

· lu The patterns displayed in 1mshing are described and their close relation· 

to feeding pu·literns emphasised. 

5. The feeding bohaviotir of Q. latimapU§ is discussed; it is found that 

the anj rna] a have definite food preferences and the factors involved in 

the recognition of prey are considered. It is concluded that whl3n 

dea<l ani.Hla.ls are accepted as food, this is because of their water content 

and not their nutritional value. 

6. 'l.'ho patterns concerned. in drinldnc are desc:ribed. 

7. An account of the process and of the frequency of defaecation is given: 

evidence i.'or the presence of a peri trophic membrane is presented. 

s. The methods of stridulation in .Q..._l£;tiJoonws are st.udied and conrpared Hith 

those in o~er species. The biological signif icance of noise makin~ i s 

consid.ered and evidence presented that this, at least in .Q... .lat:i..ma.n:u§, 

is a threat display. 

9. The origins o.f stridulatory movements in scorpions are amlysed in 

ethological terms and i·~ is sho"Ym thttt sound stimuli have much in 

COl'Jil.lOn with visual sign stimllli , as far as their genesis is concerned. 
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10. It is shmm that the:re are marked anatomical p:reada.ptations for 

stridulat ion and t hat these have probably determined the pl'.~paical 

OO.sis of the s tridtU.a t ory meohnnis:m in different scorpions. 

11. The physiolo~ical significance of a pattern called ttstilting" is 

considered. It is sho~.'Il that this has a t.hermo:rcf,1llatory rSle 

and depends for its effectiveness upon local air currents. Extreme 

heat-stress causes a change in l?ehaviour tovm.rds light which is 

considored to be an adapt ation t-rl.Aich 1-rill re!:'love the scorpion f'rom 

positions t.Jhe:t'e death from overhoating might occur. 

12. A brief synopsis of embryonic development is presented, and some 

experiments concerned Hj:!11 the function of various specialised 

structures of the embryo described. I t i s concluded that the labra1 

lobes, first observed by Laurie, 8.l' e stores of nutriment for first 

insta.r nymphs in pa.rM.cl.llar. The reasons for the developoont of 

these structures in f?.Di-~tllQplrt.h8hU2 are considered. 

13. The process of parturition in Para.buthus p_!anicauda is described 

and com~red with tho t of P., L., Ume.nus. 

l4. Certain special:L sed structures in first inst.ar nymphs are briefly 

described and a preliminary analysis of the beha:ITioura.l relation 

betHeen parent and offsprin£ presented. 

15. The process of moul·ting and its mechanism are briefly considered. 

I t is concluded that , after· the first insta.r, the ~ma.ls moult onJ..~· 

once a yeo:r. From a bi ometrical analysis, it is deduced that there 

are seven nyi:Iphal ins tars, 'While some evidence is f ound that .moulting 

may occur, at least in females, a.fter SO:A1.w.l .mntur:l.1.;y has been reached. 

16. The adult sex ratio* shows a ntarlted preponderance of .females. At 

birth the sex r a t.io i s unity, but there is so rae e. vidence, f'rom an 

analysis of the ce:-· ratio,_s in :individual broods, that abnormal rat ios 

can occur. 

17. The courtship an.d mating of Q, lnti:ma.nus is deocri'l:>ed and the ethology 

of different face·t;s of courtship behaviour considered. A comparative 

account i s given of spermatophore struct ure in the scorpions and of the 

courtship patterns founci. in different sp.,cies . The evolu·iiion of these 

is considered. 
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18. The sensory ba.:Jes of tr.~.e various patterns associated t:.ri th mting 

are otudied, i11Cluding eJq>eriments upon the sense of smell in 

scorpions and a demonstrati..:·n of the rOle of the pectinei:! in the 

choice of a suitable sit,e for spermatophore deposition. . ·,tt.l 1 .,.~~ • .._ 
1\J-. h ,_,...f-t_ .. ,,'1 <ty I 1'1-.tl-•"1 l -J· 

An h;ypothesis is developed to account for the evolution ;(the pec.il~ 
events associated with insemination in spiders. 

20. 'l'he thesis no\·T turns to a consideration of the ana.toDJ¥ of the pedipalp 

and tail e.s a prelude to investigt ... tions upon the myo-neural physiology 

21. An account is given of the nyology and nervous anatonw of the pedipalp 

and '&.:til o£ Q.,. ]& timny,s . Certain joints of the pedipalp lack any 

musc:ol a.r e~-tension mechanism and exper in:ental evidence is offered of 

the mechanism of extension of' these joints. The study of the myology 

of the pedipalp reveals the presence of certain other U."lUSua.l muscular 

arrangements and the mechanical significance of these is considered. 

22. On the foundation of these observations the morphological relations 

of the pedipalp to a walkinf$ lag are consi der ed. Further, the lack 

of muscular extension at certain joints is a coriDllon characteristic 

of the 1ffl.lking let:,s of many arachnids. 'l'he implicatj.on of this in 

terms botb of the evolution anc!. the homolcflgies of arachnid vlalking legs 

is considered. 

23. Using the anatomical informa.tion described, various possible preparations 

for experimental study of the myo- neural physiology of the animal are 

co~sidered. It is shotm that, in practical terms,none of the prepara-

tiona of muscles of the pedipalp considered i s suitable for experimental. 

work, but tl1at a satisfactory preparati on can ae obtained by the use 

of the muscles operati ng the bulb of the sting. 

24. PreL.nlinnry experi::nents \dth this preparation are described. Evidence 

is presented uilich SU£Gests that t:.he control of these muscles depends 

upon ill;)' a-neural facili ta. tion as in other arthr·opods, and some 

i ndications are found of the presence of a nerve suppl y in!libi ting the 

muscles • mechanicaJ. responses , as in the Crustacea. The implications 

of these observa'l::.ions are bJ:iefl y consid.e~r:ed. 



II. INTROD'OCTION. 

For many years the problem of interrelationships within 

the Arthropoda and, indeed, ·!;he origin of the Phylum itself have 

been of interest to many zoologists. I t was felt, f or reasons 

1 . 

which will be given later, that one of the studies which might throw 

some light on this matter is that of the· neuromuscular physiology of 

arachnid appendages. Consequently 1 t tvas proposed that the \vork 

tmich is reported here should be primarily concerned w:i. th this problem. 

As in so many cases involving live animals, both the 

experimental subjects and the experimenter gradually managed to change 

the direction in which \orork was proceeding and the result is that only 

a preliminary attack has been made on the original problem, while most 

of the material submitted here deals either uith functional anatomy 

or \oJi th biological-cum-behavioural characteristic s of the experimental 

animal. 

Thus it was found that to devel op experimental preparations 

f or netn'o-muscula.r studies, it was ne·cessa.ry to work out the anatomy 

of the muscles and nerves of the appendages used; but this i s not 

enough. For these nerves and 1:.uscles are part of a functional complex 

which operat.es a:s a unit and have therefore to be studied in relation 

to the s t ructures that they move. Considerativns at this level, in 

fact, carried the study to the plane of functional anatomy. 

Furthermore it tom. a recognised that even the comprehension 

of a limb as a functional complex cannot be acquired in isolation. 

All structures have an evolution~history and in any consideration 

of functional anatomy this hi story must be taken into account - even 

if the consideration r equires extension to the problem of the origin 

of the group inmedia tel y under study. 

Such a line of thought can be taken further in explaining 

how functional anatomy leads the study legitimately to that of 

behaviour; how knot-rledge of the various habits of the anima~s them­

selves may throw further light upon the!. peculiarities of structure and 

function. Whether such an argument is conceded or not, considerations 
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of this kind were not the cause of behavioural work reported here. 

It merely happened that the experimental animals -vrere available for 

behavioural observation and experiment, and that, during intervals 

bet,·reen anatomical an4 neuro-muscular work, they exhibited many of 

their behaviour patterns. 

No matter Yhat consideration lay behind the behavioural 

observations, they inevitably do contribute toHards a complete under­

standing of both the \·rhole and its parts, a1 though in submitting 

them, it is freely admitted that they wer e not made directly in 

relation to the original subject of study. 

Thus it is that the thesis covers three distinct facets of 

the bioJ.ogy of the a.niroal studied. FirstJ.y observa tiona upon its 

behaviour are recorded, though a s i ndica ted above, they do not 

genere.lly cast light direct ly upon the physiology of the appendages . 

Secondly the ana. tomy of certain appendages is considered in both 

descript ive and comparative terms. And l astly a pr eliminary account 

is given of the actual methods of neural control of the muscular 

machinery. 



III. M!\TERIAL 

Once it uas clear that the animal. to be studied should be 

an aro.chnid, it was also clear that it should be a scorpion. Firstly, 

a scorpion shotild yield a suitable neuromuscular preparation much more 

easily than any of the other arachnids . AI!longst the r~sons for this 

are the follo\rl.ng. The scorpion bas an exoskeleton Hl"lich is 

relatively hard when col-:!pored ui th those of other arachnids, so t hat 

the scorpion can be used more eo.s:a :. in mechanically recording muscular 

activity. Buffon remarks (182J.) that "the scorpion is one of the 

largest of the insect tribe and is no less terrible from its size than 

its malignity." The size is convenientJ.y large for neuro1~scular 

studios while of the ma.ligni ty we will speak later. LastJ.y the 

scorpion has a clau ·t;ermina.ting i ts pedipalp and this appeared ideal 

for ·the work planned here . Firstly it meant that direct recording 

could be made of its musuclar movements without recourse to lever systems. 

Secondly, it operates strictiy in one plane and this also sho~d 

facilit ate recording. Fi118lJ,y, the claw possesses no Ia"\lscles antagon­

istic to i ts closing. 

The ani mal used ·throughout the study ws the da.rk-bro-vm 

scorpion, Qpisthoph·tfu.e.J.m.us latimanus typicus Koch (Pla·te I). It 

can be caught fairly easily in the district around Grabamstow as it 

is a. simple matter in some parts to find a scorpion burrow and t.o dig 

out the animal . A high percentage of the animals collected are 

females: the ratio is about 7 : 4-. Mlles are moreover less tractable 

in general so that the females were preferred £or experiments. 

The anilmls brought. into the laboratory varied in size from 45- 85 mm. 

measuring their length from the chelicera to tail tip. The large 

animals are easier to handle experimentally, but smaller ones were 

occasionally used as a check that the:r·e \-TeTe no young : adult 

differences that were being missed. 

Returning to the disparaging Buffon: "were it worth the 

trouble, these an1mals (scorpions) might be kept living as long as 





curiosity should. think proper." This is quite true of Q, l at:hne!W§. 

The animals are hardy as far as disease and bad treatment are concerned, 

and ~ppear healthy and active at normal laborat ory temperat ures. 

Because of slight cannibalistic tendencies, the scorpions, ~en they 

were kept in small dishes, l-rere kept singlyt this was the case with 

most e:xper!m9ntal animls. Each was provided with t-rater and about 

once a \-reek all were fed. f.bst animals would eat smaJ.l' pieces of 

raw beef, sometimes needing a little persuasion. Live macopterous 

termites, diplopod.s and small chopped-up earthworn1s were readily 

taken. 

With due regard i'or the warnings of litera. ture and legend., 

it was thought wise., at the beginning of the study, to take precautions 

against being stung by the scorpions; the sharp lance of each sting 

was therefore re1.1oved as soon as the animal t-re.s brought into the 

laboratory. A drop of collodin stopped the bleeding and the animal 

appea.red to suffer no ill-effects from this treatment. Later, it 

,ro.s found that, if animals are handled gently and quicldy enough, 

there is no danger of the experimenter being stung. Not only can 

the scorpions be handl.ed "t-ri th impunity, but if in a misguided moment 

the e~erimenter jabs some part of "his anatomy on to the scorpion 

sting before the a.n.imal can move 1 t out of the -v1ay 1 the effect is far 

less painful than is a bee sting: the pain lasts for about 3 - 8 

minutes and the slight swelling and infl.8IIlll'la tion has disappeared 

td thin half an hour • 
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IV, BEHAV'ICJT-.~'RAL O!JSEINATIONS, 

1, INTRODUCTION, 

As has just been mentioned, the scorpions were dug out of 

their burrows in the field and were kept in the laboratory in small 

plastic dishes. Animals that "t-rere not being used immediately for 

either anatomical or physiological. work were often liberated into 

large earth-filled terraria., Some of the terraria wTere made from 

normal aquarium tanks and the insides of burrovrs constructed against 

the glass walls ~rere therefore visible to the observer. One of these 

terraria was placed out of doors so that condi tiona in it Here more 

nearly those of the field. Behavioural observations were made under 

ill fotn" condi tiona mentioned above; when the animals were being 

captured from the field, in the small dishes, in the indoor terraria 

and outside in their tank, The scorpions 1 behaviour did not appear 

to differ strikingly td th the different environments 1 and unless the 

investigator deliberately disturbed them or by mistake breathed on 

them, they appeared to pay no attention to hunnn observers. 

Laboratory disturbances, such as heavy footsteps or slamming doors 

usually interrupted their activity for only a short time and unless 

the disturbance was of the nature of a vibration, they paid no heed. 

The activities were never watched under a b~1ocular micro­

scope though Baerg (1954b) suggests that this is desirable. The 

interruption caused by moving the scorpions, together with the fact 

that such largo animals provided no great difficulty in observation, 

prevented any such action from giving a distinct advantage. 

Occasionally, behaviour was watched from beneath a glass plate, but 

this lriaS seldom satisfactory a.s the scorpions tended to slip on the 

glass as ~hey tried to move and this normally ended ·their 'Wldisturbed 

activity. 



2. B!Jl!RO'Jl'ING 

In the districts in u~iich it is .found, 0. la·!J.man~ 

has never been caught. hiding a.nyyhere but in a burrow, while 

w1 thin a short time (15 minutes or so) after a freshly captured 

animal is brought into the laboratory it has usually begun to 

burrol>r, or at least to try to dig, in the soil in its dish. 

6. 

Thus it is clear that there ~s no difficulty in starting an invest­

igation into the burrowing behaviour of ·Chis scorpion. 

Th,e Mecha.nimn of Burrowine 

The question of how a scorpion digs has been deaJ. t 1dth 

by JllallY observers in the past. Becker (1880) and Iankester (1883) 

report that the shallow scrapes of the ButhiCiae are excavated by the 

animal vtith its chelae and legs, while Pocock {1893) states that the 

scorpion fs;r~bgtlms ca.pepsis (H & E) kicks soil out ba.ck\.mrds from 

its burrow using its second and third legs, the others serving as 

support. lbre recentJ.y Glauert (1946) and Thornton (1956) agree 

that UrocM!clJ.S ~· and Leitu"U§ gui1¥JlW;hriatus :{H & E) . .re8pectively· 

burrow by digging with the front pair of legs whil e the back ones 

push the l oosened soil out behind the scorpion. 

Though the pedipalps of Q, latiJ!!AAU§ are sjmiJar to those 

of pcorpio maurus L. , being large and spade-like, they az·e not 

used in digging as is reported in this latter species (Cloudsley­

Thompson, l955b). In 0. latima.nua only the chelicerae and the first 

pair or legs loosen the soUa the pedipalps are closed~ closely f olded 

and held out or the way of the chelicerae as much as possible. In 

carrying the loose soil out o.f the burrou the peclipalps are used to 

some extent for the scorpion backs outwards pulling i tseli' by 1 ta 

third and fourth pairs of legs and pushing itself backwards with its 

pedipalps. The taU, vhich is held far f'orvrard over the head, assists 

in this. The loose soU is pushed backl.rards and bene(th the scorpion f s 

belly by alternate movements of the f:lrst and second pairs o.f legs. 

As the burrow gets deeper,. the soil is dragged further &om 

the opening before it is deposited, the distance being sometimes 



7. 

as much as 50 em. Tho path along which it. is dragged may be twisted 

and tortuous. In some eases the soil is just dropped but the scorpion; 

may spread it fairly widely with its tt·JO pairs of hind legs. 

A different method of spreading has been noted about a dozen 

times. Instead of the tvo hind legs being used, the tail makes two 

or three vdde sweeps and this flattens the pile of soU most effectively. 

The movenent is no mere chance one. The scorpion stands 'With her tail 

towards the pile of soil, she then lays the v1hole length of the tail to 

one side of the soil pile and swings the back part of her body in a 

'Wide arc. This method of soil Sl!loothing v.ras also noticed by Pocock (1893) 
. 'B. u. -\tw.s o-cci\'"(M\ u.~ c ~) 

in f 4 capensis, by Fabre (1907) in Bu'bho'fl12e al'bieo3::a (Foe.), and by 

Glauert (1946) in a 11 sand scorpion" . I n the t"tto f ormer cases it was 

interpreted as a measure taken to prevent the soil pile blocking the 

vie1-1 i'rom the mouth of the burroH. This interpretation can certainly 

not be used in the case o£ Q. latip)anus since the pile is usually at a 

f air distance t.rom the burrow opening and has never been found directly 

in front of it;:~ mouth. There are three obvious teleological explana..-

tions of this soU smoothing 1 none of them rests on any evidence. 

Firstly the action may reduce U1e danger o£ the bur·row being recognised 

by the soU pile outside it. Certainly when these piles are not 

properly smoothed the human collector can easily recognise them as l and-

marks of the burro't·TS and it may t-roll be that baboons and possibly other 

enemies search in a similar manner. Secondly the behaviour may be con-

cerned vd th keeping the pa. tb. leading to the burrovr clear, either for 

the use of the scorpion itself or so that wandering insects may be tempted 

to use i t and thus end as scorpion prey, a possibility '\.Ihich has been 

suggested by Schultze (1927) regarding the prey catching habits of 

Het~rQP!etru,.§ lo:ng:imn;:~s (Hrbst.) lttstJ.y it may be concerned simply with 
C4h.<; ~C.~C\o. 

making tbe;work easier. There seems no ~~sy way of distinguishing 

experiloontally between these or BXJ.Y other explanations. 

Th1! Form of th~ Burrows • 

Highly characteristic of scorpion dig~ings is the oval erose 
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section of the entrance and burrow (Plate II). There is a strong 

local belief that the inhabitant of a burroll may be sexed by 1 ts 

shape, the burrow of the ~e being a narrower e~i-pse than t.'lat of 

the fe..'ll8le. This prejudice was tested by blocking the mouths of a 

number of burrows with lumps of soft plasticine; the soU around 

the plasticine was then dug oU't carefully so that the mould of the 

burro\-r entrance was not disturbed; the burroH was then completely 

excavated and the sex of the occupant detemined. The mou~d was 

taken to the laboratory and chilled until it 'ms hard enough to sections 

a section was then cut~ at a depth of 1 em. from the surface of 

the mould corresponding to the mouth of the burrow and plaster of Paris 

buUt on to the sect.ion to provide a permanent record of its shape. 

When a nur12ber of such m.ou.lds had been made an attempt was made to sort 

them into t1ro groups which would correspond to the sex of the inhabit-

ants according to tradition. This attempt WJ.S in the main unsuccess-

ful, no clear-cut difference in burrow shape being observable. There 

are ho;.rever slight indications o£ tw tendencies. Firstly thE> female 

burrow is in section very oftE>n a broader ellipse than that of the 

roales secondly the male burroH has a more marked dorso-ventral 

differentiation, the cross-section being slightly crescent shaped. 

The dimorphisn in the form. of the burrm1 entre..nce correlates possibly 

with the greater girth of the female when she is pregnant or .carrying 

new born young! 

It may be noted here that in some cases a scorpion will 

orient to the shape of the burro1o1 entrance. To explain more clearly -

a clod of earth including the entrance and part of the burro"r of a 

male tras cut out and replanted in a terrarium upside dmm. This was 

done on three occas:tc:ms and on each of these males have been f ound to 

live upside dovm in the bu:rrou when_ allovred to enter it. Females 

however lived the coiTect wa:y up. It has been pounted out above 

that the burrm.rs of' males are frequently dorso-ventrally differentiated 

and it might be that the limited space al.ways obliges the anjmal to 

enter with the srune orientation to the bore. This however seems 

unlikely as observations show that the animals can turn freely in 
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their burrows, a rea t they could bE~:rdly perfonn were eondi tions really 

cramped. 

The burrow o:f Q. l atima,nua ia never longer than 35 em. 

Small animals may, of course, have w ch shorter burro\vS but there 

does not seon to bo BXlY simple correlation between the rteight of a 

s.nW..1 anilllal and the size of its burrol-T• From this alroost s.rry con-

elusion my be clrawn: that young scorpions sometimes take over dis­

used burrous; tJ1e. t there is no regul.a.ri ty in the amount of digging 

that a yount; scorpion will do, or merely that these animals are 

orphans, having been left alone in their mother ' s burro1-rs a.i'ter their 

mothers had been k:i.JJ.od outside. 

R;gbbish files 

In the field the site of a scorpion bm."'row is often recog .. 

nised by the skeletons of various arAtropods in a pile \.fl thin a few 

inches or t :.e entrance. Both the f act that these remains are normally 

on 8. partially smoothed soU het.p and thnt carryint; activities of the 

scorpions have been Hitneased in the l&.boratoly woul d S1J€t,est that the 

r0mnants of past meals have been dra.c;ged out of the burrow during 

further digc.;ing oper·ations. Of course in some instances the maaJ. may 

have been eaten on 'the so:U pile. On a. felf occasions it 'W!..S clear from 

the size of the rem.'lins, generally bectJ.o skeletons, that they could 

not have fitted into the burrovr and that the reorpion could only have 

eaten them a.t or near the mouth of its dwelling. 

Near the inner end of the burrow, in a sine chamber or more 

usually blocking i ·i,;s end, is e. i'urther deposit of rubbish consisting 

of the exo-skeletons of diplopods1 beetles, crickets and other 

arthropods (ile:ee Itt). In the terraria an animal would usually 

draG food down into its bur1•ou but would sometimes es:t it in the open. 

~ Certain observations sugcest that food may also be stored at the 

bottom of ti1o burrows. On one occasion a female had half finished 
l 

digging a burrow; since this was against the glass wall of a 

terrarium her b<.mnviour va.s easily observed. She caught a large 

spider and started eo. uing tJd s in tho open, then she pushed and 
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pulled it into the hole . Next morning it YaS r rumned dawn soli<ll.y 

and the scorpion was sitting outaide, a foot or so away from the 

burrow, beneath a clump of graso. During the foll.owing night she 

went be.ck to the spider and resumed her lileal. Abain another female 

had been fed a lart,e ntli ... ber of locusts within a few days. When she 

caU£ht yet w ot.b.er she wandered about for ten minutes or so with the 

corpse in her claws. She bad not dug a burrot-T and therefore bad 

nowhere to retreat. She ue.s then given e. a:..all. cardboard box into 

which she immediately retired with the food. Here she dropped the 

locust and turned her back to it, but later sho ate it. \fulle these 

observations sugeest that food may b~ stored in the burrows, definite 

evidence of this habi·t has ~lot been obi.ained in the field; mayhap 

such behaviour would only b0 show ·Hhen fooo. is very abundant. 

Jles.te• 

At the bottom of the burrous there are not only the remains 

of former moals but also a small quantity of dried grass, roots and 

pieces of aticko The significance of JI.Ob.eso 1nosts ' is not clear . 

It Se..:JIDS improbable that they :u-e just incidental to the digging 

operations or that the material is collected u."lintentionally while 

passin(, in and out of the burrmoT
9 

for the material is found a.t the 

bottom of the deepest burrows; none is founci. in the passage ways. 

The nests consist of g-rass leaves and not only the roots o! plants, 

so tllat they 'tvould a.ppeu to have been deliberately cut and not just 

casually carried off by the legs or claws; the occnsional presence 

of pieces of stick supports this. Nasts o.re found in the bu.n-ovs of 

femaJ.es during the non-reproductive season, in those of males and 

also to some extent in those of i r.nuature adults . This sugcests that 

the nests are in no way concerned with the production or care of the 

young. 

It is pom:lible that o. l atimanus prefers sitting on a 

grass bed to hard soU. This sum:;esti ·n is however unsatisiJing in 

so far a~ the scorpions in tl1e t erraria have never been found to sit 

on any patches of tTans provided, but normally rest on the cleared 

soil. 



ll. 

The re·i:.rieving habit is well illustrated by one illcident. 

I n exoava ting bUt,rO¥IS the normal practice wac to search an area and 

place a roark near the burrows' entrances before co:cwsncing any digging. 

On one occasion tissue handkerchiefs 1-rere used as markers. Three 

such marks were set out and digging commenced. After t·:o burrows 

had been excava·tod, no sign of the third marker could be found. A 

.few days later the Salll.C area was , .. isited 8..nd, in exca.vuting a burrow, 

tlte shredded remains of the t.issue were found n'l:i the bott01:t1 of the 

burrow. 

The habit o.f building nests is, of course, found in other 

arachnids, most no·liably the spiders . In most cases it wortld appear 

to have some very defi..""li te ::;ignificllJlce such as reproduction ( spiders 

and pseudoscorpions), protection (male spiders), feeding (spiders) 

or moulting (spiders and pseudoscorpions). Such nests ms:y often 

consist of debris as well a3 .silk, but so far there appears to be no 

record of a nest o.f grass or debri s only. 

l2isi.:dlmticn iind Orient.:t.tion of BurrClHe,. 

The ne4'"'t problem to be considered is where, wit.hin an area 

whose topo~-raphy is generally acceptable t o C. l atL-rna.nu.s, its 

burrows are to be round. Pr·elimil1ary observations in the laboratory 

on o.nims.ls kept in small plastic dishes half filled 'With soil showed 

that the scorpicns invv..riably burrowed in the better-lit half of the 

con~ners . If the digr.;incs were erased an<i the dishes re-versed 

the scorpiqns acain burrowed in the lichtest half of the dish. There 

is, however$ a s·t:.rong local belief that the scorpion has a knowledge 

of the ma.[;netic poles and will dig in such a position that the entrance 

of t.b.e .burro' faces either due east or due vrest. 'l'hc question 

therefore arose as to whether the light orientation shown by the scorpions 

was not really a ma.e;netic orientation. The experiment 1-tas repeated 

so that the light source, originally roughly from the east, now came 

from the north. The samo patteJ:·n of light orientation \>Tas f:m.nB i n 

both casos. 

I t should be noticed however that a photo-reaction by the 
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scorpions might still produce an east-west orientation or the burrow 

mouthsJ' for, if digt:;ing is initiated in either early morniug or towards 

sunset, then, if the scorpion 1'aces the 1i3}lt, some burrows will face 

e st, othel'S west. .lo check thiiS point observe:l.iions wor~ l:l:1de in the 

field. '-uaclrants were .toarked out and the ground worked over carefully 

so that no burrow openings should be mi>:lsed. As has bean explained 

above, the ope.."ling o£ a .-scorpion bunow is oval oo that, as each burrow 

wo.s founc:, a line was taken along the major axis o:£ the oval and the 

angle between this and the north-south line noted. A.a can be seen 

.from fig. l, no striking orientation is apparent in a sanple of over 

50 blll'rows oxamincd. A 7-2 test shows .t.bo.t the cha.nce1 of the distri-
b~ i·~ 

bution ~ ran om ~ > 0.1. 

I t h:1s been a:ssumee. that burrowing occurs during the hours of 

&ylit:;h:t. lio ob!lerv-tiona of the initiation of digrin~ have been 

.made in thG fieJ.d, but it has boen ascertained, by sprinkling powdered 

chalk at tho entrances to scorpion burro~s* that exca~tion mainly 

occurs at night, thout)l it my cOJl::.lence at sunse·t. I f' t-his is t.rue 

ltloo for the initiation ot' a new burrow, the.n cleaxly the observations. 

in the labore.lio:ry .tJ.Orit .furth~r interpretation. 

Behaviour in small containers ohoioli){i tw possible aspects of 

the choice o:t: a digcin€; Ji te a the animals not only dig on tho lighter 

side, bllt also in col"l:lcrs. liowoverJcure must bo taken in interpreting 

tho dietine in these small containers as siMply burrow cons·;.ructions 

it :ma.,/ rathor be in the nature of an escape reaction. Certainly newly 

caught scorpions when pl ced in ama1l ilishcs or la.r~e terraria move 

tovards the light. In largo terraria i f the anil:lals are left 

uncU.sturbed, the z·espon3e presently ceases a.nd when burrowing commences 

it is not invariahl? in the l>oat lit area. 

But in large terraria the burrows riavert.holess are dug in a 

corner,. in the curve of an earth clod or in o. gra~Jsy niche 1 never 

out in the open. TL.is distribution of burrowo is f'ouncl also in tho 

field wi.ero thO<y we always at tl.o edge of a clump of grasJ or under 

a.n overhangine piece of i->ush. This is illustrated in 1'ig. 2., 'Where 
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Fig. 1. 
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Orientation of burrow mouths Hith respect to magnetic north. 
The convention adopted in measuring the inclina·t.ion i s that a 
burrow f'o.cing north or south is at 0°, one £acing east or west 
i s at 9()0. Abscissa therefore is degrees. 



Fig. 2. Diagrammatic representation of piece or veld i11 which five 
burroHs of Q, la.timanus \·rere situated; the stippl ed areas 
indica ·te plant cover and the black oval shapes the scorpion 
burrous. It is clear that these latter are, in the main, 
under cover, thus contrasting with the entrance to a burrow of 
some lizard, 'Which is indicated as a round shape in the t op 
right-band corner • 
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the tistribt.ltion or five burrows 1n an area. .~ val.4 l.S X 1.2 sq.a. il 

ehown. The adaptive lignificance of this distribution, be.eed perhaJ* 

on thigoMpaudo behavioua-, ia clear in ao far as 1t aaaista 1n eoraeeeliag 

the •atrancea ot the burrows froa both ~to:ra ancl ~. 

~,tn Paftrn-• 

J. DWDber of prel1Jd.na:r;y expera.nta wre run to see whether 

edclence for a preferenc• for a partioular type of soU coulcl be: ~OUDd. 

Long rectdgul.ar tl"ousha were tilled, halt vitb cleain blJiJder•'-aaJMi, 

halt with loaa frca the habitat ot the ecorpiou. All ~ta 

were conclucted ia the dark, the aoil empt1e4 A-om the diahea after each 

obaerYation and the diahel th•selwa washecl. Each aoorpion \1'a8 
I 

allMted two hCNJ"s in .,.h a ohoice chamber ~~nd the polition in which it 

had c.--need to burrow,_ it at all, 11&8 then noted. The BIUl W 

~ned aholfed no clear indication ot a preference for one type or aoU 

rather than the other, but there ware . IICID& 1Jadie-ationa tN-t in41viduala 

lhowtd personal preferences, eome digging -more ft'eC~Q~ntl7 in 'the aan4, 

others lllOre t.requeDU.y in the loaa. In the aosence of a olea:r-out 

•fteet, the :matter vas taken no further although ol-.rly the subject 

11 ~ ot det&1led atuq. 

Fine]ly there mwst be mentioned a pattern vhioh appears to 

baw arisen in _association w1 th burrowing. rus 11 the waabing pattern. 

Baers (l9S4a) retera to a yery aim11ar habit in the Jamaican ecorpion, 
t' f•Ugroidl• 3;Mnl•p• TlleO. aDC1 recordsJappanntly ~or th$ tirat ua_,. 

that acarpiona will olean tbemaelvea vith an oral eecretion. In 

0. laYMPll the cleaning baa often been watched, occuatng met tl"equent.J¥ 

at night but alao during the dq and more apecitically either' wbtn the 

an:t•l baa co-verecl 1 taeU v1 tb JDUd cluring its burrowing acti 'Vi tJ or 

the u:periJDenter has painted it with mud or other nmah. 

firstly the tvo fingers of one ped1palp are oleaneclJ tlaq 

are tue11 betlteen the two chelicerae which move alte:n1atel7 ill aiM1 out, 

the claws opening and oloaing all the wbile. On tbe •dian aDd veratr.l 

nrf'aa• of each chelloe:ra~ on its second sepent (fig. )) a large aea 



Fig. 3. Ventral viev of the left chelicera of 0. lp.tirnanm! showing the 
hair-covered reg'ion, ha!:.,, used in washing. 
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of fairl3 long ,aott llair C&r1 be seen. It 1.a this lw:1r that ia 

use4 to acnb th& pedipalp clava. !he ohelioeral ja~ will remo-
1.-rse or hard pi.eea of aoU \lith their ~"'• J.s \he ebeltcerae 

•ve iR ani out# a clear to whiteiah aoret:lon appear• at the opeu'nc 

ot the preoral ca"fiti ud 11 pullheci on to the parts that are to be 

washed by the action et the obalicerae. 'this ieefttioD ia Ver-t lJ.ke 

that \1hich appears during feeding and in tact Baerg 1ap.Uea tbat it 11· · 

the ,.... Whether this is t:rt. o-r not the ollalic•u mo-.nu of · 

vashing and .teedJng are "'frrY .U.Uar. Moreover in tee4ing J'hytbld.o 

M-...nta are -.de by the t1rst and second pairs or leg•• These ... 

1101'11•nta, albeit only on one side, a:-e al110 to be · seen in vallbing 

which~ retleot a genuine relation beiween the two patterns. 

!he be.se of the first leg as well aa those of the eeconcl aDI 

thircl get coverecl with the liquid, but it is not clear whether tbis u 
just ineiciental to the main oral w.ahing operations or whether the legs 

are actually being washed (# beJ.n.g used to wah an.v other parts. the 

toot of the first leg has been seen rhytbmlcal.ly atr~ the uteriar 

edge of the Oox&e. of t.he first anci second legs, but uac~ what part 

'tibia pl.qa in cleenS.ng 1a unclear. l'avlovalq an4 Zarin (1926) ata;te 

that 1D ~ 800l"pioll8' these tvo pdra o£ lobes eontain gl•nd• that are 

associated 1n 8CIDe w8:y wltb. teecling, but they give Do indication at .U 

where they open. It 1s possible tbat, if such gl&Dds are present in 

Q, lAt.1eftUI, it ia their secretion that is used 1n wa.abina and tha 

110-oaaDt o:t the foot in stroking the ooxa.e of the firat and second lege 

1a •1 ther apreac11ng the tl.uid or st1mulating 1 ta production or release. 

the hmer aurtace ot the hand is norllally washed tbo'rougb:q, 

thou(th the outer part 1a oftAn left partially d1rt7 • lach of the 

t:t.ngen, however, is Jl.Ol"Mily polished so Ulat even in the tiJV' aeccm4 

instar •n1wls it is quite clear when they have washed of'f the dried mud 

tlaat has been pain tea on b7 t.lle experimenter. l>ariDg the washing ·of 

the ventral part or the hand the scorpion often geta into the moat 

l.udicrOWf poses (fig. 4&) aDd the ventral part of the hand sweeps aero•• 

the anterior part of the dorsal. carapace, thu.l waehing the region of the 

•Jell (1'1g. 4b). !his operation does not,. however, &l.waya occur, eve& 
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Fig. 4. (a ) A fellleJ.P n 1 +~ 
\ ~ ¥•O._w.l'pMus vrashing her pedipalp by brushing it 
between her chelicerae • The first three ~ega of the left 
s i de are bent beneath the anilllBl and assist in some vray 
with the operation. 

(b ) The anterior end of a female 0 .. l at;yrrulus as she uses her 
recently wetted pedipalp for cleaning the front of her 
carapace. 

. .. 
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vbell the doraal urapace baa been especially di:rtie4, 80 tba~ th18 

V&ahing flaT well be pur&cy incidental to the cleaning of the claw. 

Besides · the baada; the 110re distal segmanta of' the ·lega aJid. 

the an.terior region •£ the carapace, no othw parts haw been obteneA 

Baerg~ that the tail 711ay be broUght down to tl1e JIOU.th, 409'81"84 

with fluid and thaD used for \pcmge-batbile' tbe but. 1'hoqb 

incli~duials of Q. ws•mw Jlave, been earetUlly watChed and thef.r ta1l.a 

stained so that an¥ U88 of thea u sponges would be apparenti DO 8UCh 

behaviour has ever been observed. In lbpleot.• trl•aemH tc !her., 

bo-weTer, the vaahing behaviour has·· been found ·te be al.mDst 1dtlnt1cal 

VitiJ. that dellcribed for£, iptuleM• 'fhe ehel1Ce:L"ae JDOft V8'Z7 &Ctiftl.7. 

the ~ee legs ot the one lide are aU b&nt so that the feet are cl.o• 

to the mouth region and are move4 · rhytbmically, wl:dle the tail. toUche6 

on to their ....... on to the chelicerae and tb.en vipea clear the region 

of' the carapaoe. 

eonttnue the alternate ehelieeral mowmenta for aail8 time~ oocaaionaJ.l7 

•ving tts legs as well. lt is preStlllled tnat this la ooncerne4 'with 

cleantng the chelicerae tbemselV. of cUrt, either dropping er awalJ.ovinc 

it. lllen a acorpion cleans her pedipalps ·of' Geatetner ·Correcting J'J.uid• 

particles of it are clearly seen belov her chelicerae af'ter the eperat1on, 

·ao that 1 t would appear that at least some of' the dirt is let tall. t:r• 

the cbel.ic.-.1 brlatJ.es. 'Un£cirtUMtely the· faeces ba'¥8 not beeil esuineti, 

~ tllat it. is not el~ \ihethe~ t.n7 · 1~ ~--4 as wan·. · .· ·· · 
It aay be noted at thia point that the anat..ow_r of ~ stings 

et o. 1et.1•m1• and llrglu'tll tits in well :with the dif't.-en.t washtnc 
teohnique usecl b)r the tvo uh•J s·, e-specially tbat surface which is 

~gtcall.y ventral and topographical.ly ventral cluring washing (fii. S). 
. . 
In 0. lat;'ppng the sting is rounded and covered with fairly long 88D&S017 

laah'a, Wh.ilA in ltoW.tctef 1 t ia flattened ~ tl?-e protuberance ll aDI1 

almost -.tlrel¥ Without &e:nsol'y hairs. It ia interesting tO note tha" 

the fora or· the atlng of Uropltgt,a is a qstematie oharac:ter usect t. 



Fig. 5. ·The sting of (i ) Oo latimanus and (ii), below, that of 
Urolifl:ectes tria.ngu:l,i fer shovring hoH. the tubercula, h. on the 
latter appears to increase the surface on the sting which can 
be used for washing. 
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~ £2, ~~ (...\..() t, '-' .;.z"v''. "-J \ H : I ' t .J 

aeparateti.:t-l.r~ •tber-·aenen; ·ot·· th& Bnthida~and to recognise haw 

aa appeaent'11 a&anillglesa qstematic obezaoter has in taot 11gni£1cane.e 

in. the l.U'e of the uial. 

De ai-d$ the I'Mor4 of Baerg quoted above, t.hel'e are aeveral 

ret~ea to eases o~ waaldn& :among arachaia.t. Bristow U954) 

ate.tes: that spidertt dean theaselvaa. uaing their chelloerae aJl4 

prellabl7 s.- oral eecretiO!l. le.v:re:DOe (per110nal. COIBn)icatioa) 

says the same is true of e&l.fug1cltt. libile -r own o~tione llhov 
o....-

that the peclip&lp, Ba"P yjtiApfcJI hr'tf,_ ~1 clMDI it(l 

peaipalps betwe.n 1-tt chelicerae. 

It ia clear that there ia fQ1De J18&s.\11'e o£ aJm1lar1ty betweea 

all these ca:~es of araelm1d vashing and this 111ght be aSOI'ibe4 to a · 

o--.n pqlogenetlc mgin. It aeeaa more proba.bl.e ~ that it 

that have been reported to be cl.-ned • . in the IIOorpiont&, the tiDgeriJ 

of the pecU.psl.ps# that part of the dorsal carapace on \ddeh the eyes 

are aituate/, the aeuory lega1 . and in the apiden tbe t.ips ot- tbe 

teet and pedipalpa- are all sensory u-eas which,. if lett eoftrttd vitll 

dirt, Jdgbt well be usel••• The ~act tbat the oheliee:l-ae are the 

struetures used for the Cleln:tng operationa •r well be ctt. mereq w 
tAeil' nearDN• to tb~ mOuth and source ot a 'olte»'na tlul4', .­

altenat!wl.T, as has been adumbrated above,. to the adapUbilit,y .r· 
the feeding pe.ttenl, in whioh these st.ructure-• are .CJonearne4, to tbl 

purposea o~ clAQ1ng the animl. 

/1 lc· , C l-

---------
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3. mpm. l!!IRID!l AND IVAjllATIQI OF THE I{(RION, 

The process of capture of prey ill the scorpion in10l:ves the 

uae of the #ting and ·WAOat Scorpions are ·~ to be oamd'bel-. 

iatt.c, eating theil! at&s and erwen their yoq onea-1 for long ~oda, 

saaet1Dis as l.ong as a year, these aniJ18Js JIJIJ,y go 'fd.thou.t feeding, still. 

rtmning e.bout ancl 1tezhibit4ng all 81gns of ure.• The• ~ aspecta 

or asoorpion biol<Jgy are tboa. traditionally of 1nte.l"eat b. aJV conaider­

e.tion ot the teed!Dg habits of the scorpion. !'hey are treatecJ ~t •~ 

length bg Fabre (192)) and have been referred to fairl3 conatentJ.y by 

~o:rpion observer• before and since. In the ca• ot o. latiMPJM ~ 

one of the three ea.n be embroidered to 8,f1'J' extent, ~ sti.Dg u Mldoll 

used in the capture Qt prqJ ard mal s eat one another only in eZhpti~ 

axt.d rather unnatural conditlona; there seemed li ttJ.e profit to bl 

pined &om expe:rilDiimts ~ leaving the animal.e in the laboratGrJ without 

food tor ar:rt time longer than a week or two, llo'we'Ver 11 varioua le:ss 

spectacular behavioural ebaraeteristios concerned with feet11ng were 

DOticed, and thq appear important and interestiJW., if only1n tbat t.heJ 

are "mtural" and l'l1lq lead to further anal7sis of the behaviour concenaei, 

tJm ot h•r Tgtsu. 

lfumbera of recorda ot the animl s cau&ht and -~ by -.rlou 

types or scorpion make it fairly clear that, in gDeral• ...pio.na tell4 

to feed on ether arthropods a:l.mQst exclusi vel.f' • lnotber point that 

coaas oat fairly Jaarkedly 1D these records is that difter.nt ·apeciea ot 

.scorpion have different arthropods as their staple diet and prefer the• 

to othera (see Lankester, 1883), Pocock (1893) CODDenta on this tact, 

~ •tbis dif£erenee ot instinct in the chcdce or food ia l'ellarkabl.e, 

aeeing how slmil.ar these two :scorpions (lup;CllJWw cceth,iw (L) all4 

A:ndrocWD11A awrtnH a (t.)) are in other pa:rticul.an, both oi' babi t a.-1 

atructure.• Sehul.t• (1927) rem&rka hov the c11fterenoe of food prefer-

ence tallies with the aifterence or a'V'ailabllity of potential prq ill 

the di£ferent babi tats of the scorpions eoneerned.. 

SUch di.f':te:renees oi' food preference were quite elear amen$ the 
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ftrious species of seorpion that were kept in the laboratory at Ol'1e 

time or another. lJrcmJ.octcs tritP®ifer Thor. , f'or instance, woul4 

~t ~ eateh any of tbe normal prey of ~. lctYawll, living 

eatireq on one partioular specie& of termite. !heugh o. la+4pn1JA 

would SOIDfltimes catch and eat this termite, or othera refused by 

ll, 1§ggpjlttc, it was by no means keen em such tare. 

··-The preferences abown by o, lit:IMlPll itself are -ot some 

interest. .lli:~t o£ the arthropods taken in order of their apparent 

preference ha.s been dete:nDined .ma1nly by two factor at the "avid1 tT' 

with which an animal is caught and eaten~ and the number or cases 1a 

which a high-listed an1nal is caught after a lieorpion has just 

previously re-fused a lowr...J.isted one. Due regard -was~ of course. 

paid to the state of hunger of the scorpion being used,. but w1 'tal a 

~arge number of observations spread over two yeara, d1aerePf,llC1es 

arising Lt-em the physiological state o£ the ardmal s tended to be evened 

out. 

A. list of the prey in order o~ their apparent aeceptablli ty 

to g. lat1•Pua rtmfJ tbusl• crickets• locust n;ymphs, winged t~tes, 

eoekroa.ches,: spiders, larvae of .some sub-terranean beetle .. a local 

tenebrionid adult. various diplopoda, moths and pieces of small. 

terres.trial anneli4. .lJl1als which were never taken were woocl-lloe,. 

saall crabs, diptera and ~il" .maggots. W3aile, and bairf lepidopterous 

larvae. All o:f tbe prey tested were o.£ rougbl.y the same order of 

size~: so that should not have influenced the selection. It would 

seem ini'U.slly that the degree of movement might \olell have ~ ini'l.U$DC•, 

the animals at the top of the "selected" group being on the whol.e more 

aetive than these lower down. Jt is howe-ver e.lear that this would no"t 

explain the manner in which the very active· dipte:ra and also the 

crustacea wre ignored. It is possible that 1 t is not the &nlOunt of 

movement, but the type of JDO'V$m&nt that is selecteda either the 

.-rrat!e jumping of the cricket end loeuat or the f'airly fast but smooth 

rwm1ng or the cockroa6, beetl.e,. etc. being preferred:, tlblle the 
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jerld.aess .of the ny .without .w:lllg• or the crab11J souttlilli is ignored. 

Gn the other hand it is possible tba.t the for& or scent of the; 

~poi allows it tQ .be rec~gnise4. Farther disoussion o:f these 

pointa ~t await the olosw observation of bow the sco~ion appear.s 

to percei 'V1J 1 t& prey • 

. h;geptJ.cm of Pla; 

!rhere bave been~ ~stions regarding this subject. Ae 

·1• aent:Loned j.n the sect1~ on diggj.ng, Scbul.tt~e (l.9Z7) believea that 

~ts tbat are the prey of scorpions vander into their burrOW to 

lrl.&t .,nd are eaptu;reclt that there is re.ally J!lo •perc$i,ving" in as t~ 

as it llle411S .•r"ogni~ng a preyW • but that the seerpion eata wat 

falls into its claw. Such a suggestion in regard to .Q. laMmnYi 

ia elearly in eonf'Uct with the fact of F•Y selecti-on deseribed above. 

However, it is not wholly at variance with the opinion oE Cloudsley­

Thompson (1955b), who states that •.scorpions do not usually p to seek 

their prf¥1 • but the .insects which serve tor this purpose come to the 

scorpion's lair to hide.• lalkester (lss,) holds that Andrgctrupw 

austral,;lt comes . upon its prey "by stealth". . Probably ·due to the dis­

turbance of my :toot~teps, no capture of prey by. 0. lat·~apug was ever 

witnessed in the field. Only. obseryations in the laboratory can 

therefore be quoted here. 

lormelly the scorpions were fed on the insects whiCh were 

:repor~ed ~lier to be ~t the top or the list of preference• aall. 

locusts, er1ckets• termites, beetles and diplopoda. In the fie-ld, 

either besid~ or lnside the burrov, the rem.nants of some. ot their 

nonml prey indicate that the insects preferrect ~ the .labcn-atory are 

not very different :from the normal ( ~eletons qi" mole erlckets, 

beetle~, diplepc;,da and locust• were f'ound)1 and Ulat the labore:t.r;r 

behaviour may therefore not be abDOrmal. 

The .tood was dropped into the scorpion dishes or tezoraria 

and the scorpion usually took it vithin the fi:rst five minutes, em 

at least the first hour ~£ its ~iDe put there. Occasionally,, 



hewev~, the intended prey would remain vi tJl a scorpion for as loD& 
\ .. ' I 

as a month,. e;pparently perfectly iaune froa attaek. 'lbe sue 110rt 

of behaviour has. been observed 1n analtea, and the aubjeet ay preve 

of interest in regard to problems of habi tuat1on. 

1'he seorpion was usually walking about or washing when 

prey was put in at night, though often~ the day it was merely 
(p._S7) . 

sl tting or standing with "stil te4 pose" j. lf the prey- stayed atlll 

ldlere it vas droppeclit was frequently ignored, but sometimes the 

scorpion would come forward,. pick it up with its clava and o.!ter 
' 

crunohing it several times, bring it up to the alternately graapin& 

chelicerae-. These would then start to tear the animal to pieoea 

before the .food was passed into the preoral. cs.vity. 
. . 

If the prey ia moving, 1 t is almD~ octain to be caught, 

a£ter a abort time. If, however,. the acorpion has fed tairl.T recen.tlf, 

the prey 1M:¥ b& pa.rtJ.•ll y crushed and thea releasecl. The liiOftment 
. ' 

of the prey may, moreover, be entirely ~ed by a fully fed .-corpion, 

so that it is not true that in all cases the mo'V81!81lt o-.1' an ani·•' 

the alze of normal scorpion-prey evokes a capture response. 

Gi'ten when the prey runs er jwnps awe3 t.rGD the clutching 

pedipalp.s o~ the seorpion the latter will give ehas•, rushing this vq 

, and that in Jhort spurts wi thou.t apparently any clear knowledge or the 

whereabouts o£ the prey. lt is in such cireumsta.ncea that behaviour 

that has been called "aeeking" is seen. The acerpion moves forward 

with wide~d pedipel.pat the clava o£ which are open. lt stope, 

then lifts and lowers both pedipalpa in a alightly jerq mctftment. 

SoDBtbeta this may be done seTeral times in fairly quiek •~oesaion 

and the wb.Ql~ bod¥ -.y beeome involved. If the prey ms.kea ~ alipt 

lllOvement a~ tbis point _the soorpion will imme~ately daah to:rward <1ft 

turn and run in the direction •f the 110vement. This behaviour givea 

the ilapt'esaion that the seor¢.on was searohing for its prey with ita 

pedipal.pa lllld.ch were being used as lllltennae. 

Support tor this comes freD the i'a..ct- that the reaction aD4 

also the actual capture of escaping prey i ·a carried on quite ef£ie1ent.l¥ 



21. 

by a scorpion that lms had both the median and lateral eyes completely 

blc.cked out. (As evidence for the fact that this blacking-out had 

been done properly, is the fact that tho scorpion ' s reaction tmvards 

light had disappeared a1·tot.;et.her). 

As Hill be shown later, 0. latimanus show.s no reaction to 

noise, so that there uas no reason to suspect that it was catching the 

prey by the sounds being made. I t is cl ear (p. 38 ) however, that 

the scorpion is abl e to react to vibration on the t,rround, while from 

the violent s-tridulation evoked when an animal i s blown at, i t is also 

clear that it can sense air currents. I t was suspected that the former 

stimuli, those through the ground, vrere perceived by way of the pectines 

(see Cloudsley Thompson 1955a),While the form of the trichobothria on 

the pedipalps and the manner in which they could be seen to move when 

any vibration of the air was produced near them, indica ted that the 

pedipalps :might uell be responsible for the latter reaction. 

At f.'irot removal of the pectines was not very successful , the 

animals usually dying within a week or two of the operation. If, 

however, the base of the pectine is ligatured with fine hair before 

amputation, practically no bl ood is l ost and the scorpion suffers no 

apparent Ul-effects. Such an animal, however, is quite capable of 

catching and begi nni ng to eat a cricket within 30 minutes of its being 

offe~d. 

Testing the trichobothria is more difficult. I t is necessary 

t o scrape t hese out carefuLly, one by one1 for if the whole pedipalp 

be covered with a thick layer of vaseline, or painted with Duco, 

Gestetner Correcting Fluid, etc. the scorpion vlll pay no attention 

to potential prey, but merely sit and \-rash its claws. An animal t-rithout 

visible trace of pedipalpar hairs appeared to catch its prey with no 

more difficulty than did the control . From these experiments it is 

clear that neither the pectines nor the trichobothria alone are 

essential for prey catching, but the possib5~ity has not been excluded 

that if both are eliminated the prey-catching ability may be lost. 

A second behavioural trait must also be taken into account. 
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So far, all the evidence that has been considered relates to the 

scorpion obtaining it~ food by perceiving its movement and then 

capturing the animal. Accounts of the scorpion feeding, such as those 

of Lankester (1883), Pocock (1893), Snodgrass (1948) and Vachon (1953), 

take it for granted that the prey is alive, while Glauert (1946) and 

Rayment (1955) state positi-gely that scorpions (of Australia anyway) 

will not accept dead animals as food. However, O. lat~, as 

Centruroidfl::Z ntte.tus Say., reported by Smith (19~), feeds fairly 

willingly on ravr lean beef. I t is true that this is taken more readily 

if it is moved so as to simulate the movement of live prey, but it vill 

certainly be taken on some occasions when just l eft lying in the scorpion 

dish. It seemed that the scorpion might be reacting either to the 

smell of the meat or to its water content. Both of those)but mor e 

particularly the lat terJ were supported by the fact that a scorpion 

would not normally react to an insect lying still upon the ground, walk-

ing over it 'd thout ever stopping to try and eat it • The same 

scorpion would, howevt:Jr 1 stop, "investigate" and then begin to eat the 

insect as soon as i t uas cut open and the body contents exposed. 

To test these two possibilities, the scorpions were given 

little blobs of co~ton wool soaked in various liquids. As a preliminary 

test, blood-soaked wool was tried& the scorpion picked this up as 

r eadily as ever it did the piece of meat so that there is no question 

of the good beefy appearance of a little piece of steak being the re-

leaser. There is no reaction t..o the colour o£ blood, since this was 

disguised by dirt. Given a piece of wool soaked in pure water, the 

scorpion took it a s readily as it had the blood-soaked wool, and the 

b~viour eliei ted by this was virtually indistinguishable from that 

with the blood. I t was clear that the scorpion would react to the 

water content only and that the reaction could not be distin~uished in 

any way from that which mit)lt be evoked by so1ne smell . 

A scorpion was then allowed to drink from a pot of water and 

when the animal had "finished", it start0d to walk away. When put back 

beside the \-Tater, it lef t once more \·rlthout drinking further; ,.men 

presented with blobs of cotton wool soaked in \o!ater or red ink, it 
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ignored them. A piece of raltr beef was then placed before ·tihe animal; 

it ignored th.is as rrell. The observation viaS repeated a number of 

times and in no case did the scorpion ever treat. the meat in a manner 

at all diffe:t•ent from that shmm towards the toJater- or ink-soaked 

cotton \.YOol. From this, it appears that the eating of ra-vr meat is, 

in Q. latiroanus, possibly a way of drinking vrater. 

Support for this viel-t was obtained when a group of 20 

scorpions was starved of both food and water for three weeks. One 

lot of ten Yare then given tfcater to drink and both lots had pieces of 

ra1·r beef put in euch an.ima.J.'s dish. Where the scorpions had just, 

taken their fill of Hater, not one ·oi ece of beef was .eaten, whereas in 

·the "thirsty" group seven out of the ten had eaten their meat within 

an hour and a half. In p,. latimapll§ it appears that the'foeding re­

action ,v1hen directed towards food other 'than living and moving prey,is 

possibly in all cases merely a "drinkint' response, 

It is, hovrever, true that o. la;timanus does react to smell, 

and this apparently be way of its pedipalps and legs (pp. I 'c7- '7o) 

and indeed Pocock (1893) reports what he suspects is evidence for such 

a sense in the pectines of a scorpion. He reports that an adult 

fa,rabu:Y"uw 2a.wnsi~ was ttalking over a fragment of dead cockroach, when 

half-way across the scorpion backed and began to feed, an event that 

Pocock attributes to the sensory information from the pectines. Though 

no such behaviour has ever been td tnessed in the adult Q, latima,n:· ~, 

the young, second instars particulm•ly, often l-talk on to a piece of meat, 

stop when the first pair of legs is over the food, put down their 

chelicerae e.nd begin 'to eat. There has been no evidence, however, that 

this behaviour involves the use of the pectines and in fact it seems 

that these structures were still too far back to have been affected by 

the food. The possibility of a pectinal sense of smell has 1 hol>rever, 

still to be disproved before Pocock's observations can be explained as 

being due mer~- to a coincidence. 
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K1 1 1 ing the Prey 

0. latirnanus uses its sting very inf'requenUy when dealing 

with prey. Normally i t will catch at the animaJ. with one claw, then 

grip further along the body with the other • Holding the prey still with 

one, 1 t will move the other claw along the animal's body, crunching 

here and there, frequently concentrating on the head.er other half 

fl£11"ti=• At this pi)int the pr ey is very often turned round in the 

pedipalp so that the head is nearest the mouth of the scorpion. 

Waterman (1950) mentions that Tityys trinita.tis (Poe.} also appears to 

prefer eating its pre~ head first , so that the trait may be more 

general than the l ack of reference to i t would suggest. 

If there is to be a:ny stingine a·~ all by Q, 1at~l]M,~, it 

is usually only when the pedipalps have a grip on prey ioThich nevertheless 

continues to struggle. The scorpion brings i ts sti..11g fairly slowly 

over i ts head and inserts it careru:uy in some relatively soft point., 

moving the whole organ about until a sui table area is found. A sharp 

upward thrust of the lance of the sting occurs, and this i s occasionally 

repeated. The sting ic then r eturned to i ts normal position behind 

and over the bo~. The effect of the sting i s not very obvious on the 

prey, but it does seem, to some extent, to reduce its struggles. 

Usually, how$Ver I wen the chelicerae have already begun to tear the 

head of the aninnl to pieces, the hind part is still moving violently. 

This reluctance to use its sting in ldlling or pg.ralysing prey contrasts 

strongly idth the classical picture as presented by Fabre (l <.J23) 1 

}3uthus occitanus (Am. ) plunges i ts sting into prey immediately it is 

caught. Schultze (1927) however reports that !i~t@rometrus longimanus 

(Herbst.) behaves in a manner very like that of o. l atima.nusa in fact 

he says that he has never known this scorpion "use i ts poisonous stinger 

at a:n.y time in procuring or subduing the insect~ serving as its food." 

I t would seem that the major ity of Scorpionida, with their thin tails 

and relatively large and strong pedipa.lps, resort more to crushing 

their prey to death; the Buthida.e with minute, weak pedipe.lps and 

thick, strong tails, use their stings to a far greater extent i n obtain­

ing their food. I t vrould appear, in addition, that the toxicity of 



the scorpions which are not prone to sting is less than of those 

which are. Baerg (1925), comparing the toxicity of Centruroides 

nprgaritatus Gerv. and Ooisthacanthys J-epturus Pal de B., remarks 

how the latter, with almost nm poisonous effect in contrast to the 

former, will only use its sting if the pedipa.lps are immobilised, 

while 9 1 roargari ta.tus needs no encouragement to sting. 

Eating 

The superficial behaviour shown in this pattern of activity 

has been described by Pocock (1S93) for Parabythus ca,pensis and 

Euscorpius carpa thicus, while earlier, 1883, Lankester had written 

of the feeding behaviour of E, italicus (Herbst) and Androct.qnus 

australi§• Various workers have since repeated the observations 

and a paper by Snodgrass (1948) summarises ,.rell what is lmo1m o:f the 

process. 

In 0, 1atimanu~, as in other scorpions that have been 

observed, the pedipalps hold the food, sometimes both limbs being used, 

sometimes only one• These put it within reach of the chelicerae 

which make alternate grasping movements towards it, opening and 

closing the claws at the end of the appendages so that, when the! 

come in contact with the food, they effectively tear pieees off it. 

These pieces are pulled in towards the preoral cavity and at about 

each tenth cheliceral grasp a large burst of whitish to transparent 

fluid is poured over the food particles torn free by the chelicerae. 

This fluid appears to come from the mouth and Snodgrass (194S) 

suggests tha·t it is from the salivary glands, while Kastner (1931) 

thinks, with apparently as li t tJ.e supporting evidence, that it arises 

in the mid-gut caeca. Whatever its origin, the observations on 

· Q....latimanus agTee \dth those on other sborpions that it and the 

particles ar.e drawn back into the preoral cavity. According to 

Snodgrass this suction is due to the muscular pharynx. I n 0, latimanM§ 

however, it would appear that, whether or not the pharynx is sucking 

(and there would seem to be no rea son why it should not be) there is 

an additional mechanism coming into play. When the scorpion is 



being va tched from above, conspicuous and rhy-thmical movements of 

both pedip:Ups can be seen. These move slightJ.y out1rrard and then 

in again in unison, If, as sometimes ha_Jpens, the scorpion con-

tinues to hold the prey in one pedipalp, its claw can be seen to 

move rhythmically up and down as the scorpion "chews" tJ1e food 

already in the preoral cavity. S,:>metimes it c.an be seen that the 

first legs are also moving rhythmically and in unison. When the 

procedure is watched through a glass plate on which the scorpion is 

si·tting, it is quite clear that there is a definite association of 

the movements of the pedipalp base a..11d of the first leg with that 

of the f'luid. Very often the movements do not affect the distal 

part of the leg, since this is fixed to the ground and only the 

pedipalpa.r movement could be seen from a dorsal vievr of the scorpion. 

Since the base of the first leg partly overlaps that of 

the pedipalp, the details of the movements are not very easily 

observed. Fig. 6 is an attempt to represent the movement: that 
0... 

of the leg base, swinging on ttM- pivot, #I moves anteriorly and 

medially and then back again. The pedipe.lp coxa~ .<'6f ~ lilt:. 

moves medially and then out laterally again. 

To see these movements in respect to the process of feed-

ing, where they clearly play same part, it is instructive to look 

at a cross-section of the preoral cavity of the scorpion, fig. 7. 

The dorsal uaD. is provided by the soft but muscular labrum 

(rostrum of Pavlovsky and Zarin, 1926), the l ateral valls by the 

medial portion of the pedipaJ.p coxae, and the ventral walls by the 

xoodial processes of the first and second legs, those of the l atter 

lying below those of the former. The surfaces of t..'tJ.e labrum, 

pedipalp coxae and coxae of the first leg, which go to"t.tards forming 

this cavity are covered with long fine hairs, all directed in 

towards the .:>uth at the ventral and most posterior point of the 

preoral cavity. It is clear that movement of the walls of this 

cavity, vdth its directed hairs, could vrell be used either in sucking 



. Fig. 6. Dia.&T a.mma·tic repr esentation of the anterior, ventral region of 
0. latimanua, i ndicating by arro\.JS the approximate movements 
of t.he limb bases during feeding • .;i..., coxa of the firs·t leg; 
i;!;., coxa of the second leg. 



Fig. 7. Diagrammatic representation of a cross-section through the 
preoral. cavity of 0, latima.nus, indicating how its volume 
changes by lateral movements of the coxae of t he pedipalps. 
~., dorsal carapace; £., chelicera; ~., labrum; 
m., pedipalp coxa; i,ii., coxa of the first and second legs 
respectively:, 
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.to® par-t.iclos and digeat:t:V& juioos hnck touards t.J:le tlOU.th by the 

expansion ot tho cavity or in tho expulsion of both clit~Gti ve 

juices and piecctJ or wasta food i'rOtl the cavity by roclucing i tn 

vol'UJX}. Tho sidellays or medial mo"UUel'!ent of tho podipalp coxae 

is e'Vidontly aasociatod u:l:th enl.areint; the cavity or reducing it. 

The exact result of tho xoover.Kmt of tho ba.oo of the first l.eg baa, 

howevor, notl' been deduced. It my net d.tre.etly alter the volume 

or tho preoral cavity but my clislodre solid particles 'Which bave 

dropped dow on to 1-ts hair-covered surface. 

This oholicoral eho1nng, fluid eXpulsion and then retrac­

tion vi th its a :.;soeit.. ted pedipalpo.r and pedal move::aents may continue 

tor a:l long as ·threo hours, but i s interrupted at interval~ for the 

rejection o£ some partiele~. 

Rejee'Y.gn oi lfaptg Par:f49l&@. 

· Alter tho scor~ion has torn a. eortain arliOUJlt of' material f.ratt 

the an.imsl tllat it is ea.t.inc, it u1ll atop f'urthttr Waring eh£:iliceral­

oovements but will continuo sooking fluid 1n and out of the preoral 

cnvi ty • A tlmall pellet &f chi tinised remnants is evontuall.y partially 

extruded from tho mouth. Tho SCOl'pion my move sllghtJ.y to tree 

i tsel£ ~ this~ but uoually hooks 1 t with both of tJ1e front legs 

and i>Ushes i ·t fJ.\IaY tiith thes9 lilnbs. Very often g. la'Y.J»fius will 

only eat~ ot an i nsect to f orm a single pellet but 'fJIJ.Y oocaaionall y­

g.o back and chov ar,ain at the prey after the first pellet has been 

ejected. In one caoe six pallets were left frcim o single cricket. 

those pellets a:•e very .r:t.:rru.y stuck toBethar o.nd it is 

difficult to get them undone vi tbout adding further to the diointegra tion 

of the reDI!Dts. lleine shaken up in warm alcohol usually trees mny 

of tho fra.~nts and tho rest of the pellet can be pulled to pioees 

w1 th a li vtJ.a care and a needle. Almost no entire struetl.n"$S arc 

over present, cxeopt the l:IOndiblcs of beotlos; even the Geg::Jents o£ 

legs anu an~ are ex·ushod or opli t open. Much o£ the general 

exoakeloton the. t eovored the 'bodT of tho pray is shredded very finely, 
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and, out of context, quite unrecognisable. Looking at the pieces 

f'.reed from one of these pellets it is very clear how mistaken one 

could be if one believed that all scorpions habitually suck the body 

fluids of their prey, as Rayment (1955) assert s. 

ln~diately after ejection, a pellet containing remnants 

of a cricket may l-leigh as much as 151- of the insect before its death. 

Pell ets containing winged termites appear to contain a slightly l ower 

percentage of the whole insect, i.e. ,., - n;t. Lafon (1943) reports 

that in the case of~ la.rve.e the cuticle contributes 1/$. of the 

t otal weight of the insect . The type of cricket fed to the scorpions 

appears to be sclerotised to rouePiy the same degree as is a Tepebrio 

larva, and it l-tould seem reasonable to expect about the same percentage 

of the body weight of the cricket to be made up of cut.icle . The 

chewed pellet, ~IDich appears on micr oscopical examination to consist 

almost entirely of the exoskeleton , tallies very roughly with the ueight 

that might be expected for it, if it consisted of the cricket cuticle 

Alone. In the alate termite, \~~here the degree of aclerotisation appears 

superficially to be less, and ~ere ~ere is certainly a large store of 

oily material, the weight of the pellet as a. percentage of the t ot al 

termite is much l Ol·ter; again this is 1..fue.t Hould be expected if the 

scorpion had cleaned the exoskeleton and throun it out as a pellet. 

Irrelevant, but perhaps of some interest in a comparison of 

feeding methods of arthropods, is the fact that the onychophoran, 
-p.....,..u..U.. 

Pn~g;thQPG.tus cintipes Wcu:•cl )lie s•:•n, le~ves approxil'llntely the same amount 

of' reject from an alate termite or cricket as does o. J,p.tima!Uaa,though 

the method used, that of injecting digestive juices into the i nseet boqy 

and sucking up the resultant ttb~oth11 , is very different from the 

thorough chewing that the scorpion gives its prey. 

Baerg (1954) repor·ts that the scorpions under his observation 

frequently drank from t.ret cotton l·rool or drops of 1-rater l-Thlch he placed 

for them. He l>tri tea of this us a rather rare observation, saying that 



until 1933 it was not realised that scorpions drank at all. True, 

Pocock (1893) says I!. capensis and Euscor,pius carpath;i.gy,s do not 

drink. I n 1927, houever, Schultze stated that his scorpion, &terometz:ys 

lfhad t o be g1 ven a certain amount of \later every day" , and now most 

l-torkers on scorpions recognise that these animals must have Yater 

available if they are to live healthily for some time. o. J.a,tiroan® 

is no exception, and can reailly be oeen to drink, especially if left 

for a few days without access 'to moi sture. 

Perception Qf Water. 

When water is put into the dish of a desiccated scorpion, 

the animal will usually go t owards it within a few minutes and start 

drinking. If the "1ater is spilt on to the ground the scorpion will 

go to1orards the spot and 'Will try to pick up the dampened soil. 

Occasionally, the \Tater has been put to oue side of the scorpion and 

it has been noticed that, as the a.nimBJ. passes and its pedipalp moves 

across the area in which the uater Has spilt, it '\dll react to the 

water, turning and trying to drink, This aroused the suspicion that 

some organ on the pedipaJ.p is sensitive to the presence of water. 

Such an hypothesis ~·ras supported by the behaviour of a 

scorpion that had been found in the field and had only one pedipalp, 

the stump of the l eft one bei11g well healed. After she had been td th­

out water for a few days, this was then put on her right side. She 

quickly turned to it, ·whereas i f it we:~·e pl aced on tho left aide, she 

often did not find it for a long time, sometimes ualking directJ.y away 

fi-om it, though i£ one of her legs came in contact with the wter, the 

scorpion 11ould stop and drink. 

Support for the thesis tr1at the hygroreceptors are situated 

on the pedipalp ola'YTS ami the legs ma.y be obtaj,ned by touching a wetted 

paint brush tip on to various parts of the body of a desiccated scorpion. 

On the body, on the tail, or on the first four segments of the pedipalp, 

this touch caused no reaction different from tl~t of the control,to the 

touch of a dry brush. On the band or cla\.rS of the pedipa.lp, or on a:n:y 

one of the legs, the vret brush elicited part or all of the drinking 
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reaction, ~epending on whether the '\lretted area '\ITas accessible to the 

chelicerae or not. Somet imes, though no uater (or in other cases 

almost none ) was taken up, the animal would chew :1 t s chelicerae 

alternately for a minute or tvro. Very often the scorpion would act 

as if it ~rere trying to rea.ch water that Has just slightly Above i ts 

head, but as ;;et no expl o.nation can be o.ffered for this. Certainly , 

hm·rever, water on the pedipe.lps antl legs will elicit a. drinking reacti~n. 

Attempts t o place water on certain of the pedipalp3.r hairs 

only_, gave no clear -cut results, as the animal 1 s movements dialodged 

the drops. A couple of scorpions had as much as possible of their 

pedipalpar hair re noved by cauter-.f, but they both reacted as did the 

control to water on their hands. It is, of course, possible that 

hygroreceptors in the form of hairs were in each case missed,. though 

this seeiD.S unlikely • It is also possibl e that they were missed not 

as an oversight, but because they vrere too short for the cautery to 

burn ,rl, thout burning the scorpion' s hand; certainly there are a number 

of minute, fine hairs on the claws as \.fell as in other places. However, 

it is well to remember that Blumenthal (1935) has described minute 

pit-sense organs on the tarsi of spiders and that in twenty-two species 

he has experimental evidence that they function as hygroreeeptors. 

No serious effort has yet been made to investigate the possibility o£ such 

organs occurring in the scorpion, but it should cause no great surprise 

if they are discovered on t.he claw and legs of 0, 1atilna.nm:!. 

Drinking Behaviour 

Sch.ul tze (1927 ) describes hm-1 lleterQme;t.ru&! l ongimanua drinks 

by taking up 1~'B.ter in her lilaJidibles fi>om grooves in pieces of the bark 

of trees or "reachable par-ts of its l egs." He says further that a 

scorpion would sometimes sip water from between the fingers of i ts 

pedipa.lps, holding the latter cl ose to the chelicerae "in the way a man 

holds a glass in his hand and brings it towards his mouth." 

O+iatimanV§ ~ often dip her claws into the water, 

apparenUy deliberately and will chew wit h aJ.ternate chelicerae at the 

'-rater held between the fingers. Hov1ejer, this normally stops after a. 
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few seconds and the chelicerae themselves are dipped into tl1e water 

and continue their chewing movements. Soon this also stops and the 

scorpion sits in the attitude show by that of the animal of fig. 8 

There are occa sional movements of the whole pedipalp, and it would seem 

that the sucking pump and possibly that of the preoral cavity (see 

page :2.b ) are drawing the watel' into the scorpion. 

It seema possible that the pedipalps of the scorpion are 

used in drinking in cases where it is impossible for the chelicerae 

to get anywhere near the source of \later, and that, where a free water 

surface is provided, the pedipalpar drinking occurs only in the prelim­

inary stages of the behaviour. To test this the scorpions were given 

glass tubes of 3 mm. diameter in which a little t.rater was placed. It 

was impossible for the chelicerae to touch this \later but by using the 

pedipalp fingers, the scorpion iould have managed to get some of the 

liquid. Under such conditions the scorpions juggled vri th the tubes 

for ten minutes or so: trying to push their chelicerae into the narrol-t 

aperture. Not one made the slightest attempt to insert its fingers 

and then to drink from them. I f the explanation of the pedipa.lpar 

movements in drinking is correct, no evidence to support it appears 

from this observation. It seemed possible that the test might be con­

sidered a little unfair in that the scol'Pion could obviously sense the 

water but could not push its chelicerae through the glass, i.e. the 

test was too ,.unnatural" • A small empty snail-shell was therefore 

used, a wadge of wet ~ed being pushed fairly .far into it, so that the 

scorpion could not see it. The desiccated scorpion ~ras certainly aware 

of the dampness -vii thin the snail shell but no attempt was made to pull 

the weed out, so that the 1o1ate1~ could be sucked up f'rom it. 

It seems zoore probable that the pattern of drinking behaviour 

is derived f'rom the feeding pattern wherein the pedipalps play an 

initial role. This has been retained in the drinking behaviour, albeit 

it seems to have no especial value i_~ obtaining wat er unavailable to 

the chelicerae. That the t'-10 patterns are closely similar or almost 

identicaJ. is not surprising in view of the fact that both largely involve 

the sucking up of fluid. 
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, 
o, latimanua seen drinking i'rom a tmter dish. The 
chelicerae are being inserted into the t-m.ter and 
drinking from the claws of the pedipalps has already 
occurred. 



I have found only two references to this behaviour in the 

scorpion, one by Ia.nkester (188.3), the other by Pavlovsky and Zarin 

(1926). The former states that he has not witnessed the actual event 

but describes the faecest the latter describe the mechanism of the 

event but do not say how the details of their report 1-1ere acquired, 

nor do they mention the overt behaviour of the a.n1ma1 during the process 

of defaecation. I n Q, lattpwnue the behaviour has only been v1i tnessed 

on two occasions and the mechanism has been ignored altogether, posing 

too complicated a technical problem for so small a reward.-

Both occasions on Hhich the behaviour l-Ias watched were during 

the afternoon, though this is in fact merely coincidence, indirect 

obs~rvations shoving tlw.t it may occur at ~ time of the day or night. 

The scorpion held its tail down on to the ground, so that the anus 

was in contact with the soil. The faeces consist of a long greyish­

white thread, about 1 mm. in diameter, soft, and about 20 mm. long on 

the average. As the thread came out of the anus, the scorpion tvalked 

forward, moving its tail slightJ.y from side to side, though this walking 

.forward during defaecation does not invariably occur, as in .I:J:Bey cases 

the thread is not spread out in a long line. A trail of clear brol·tnish 

liquid followed at the end of the thread and, .for some distance after 

this had ended (about 70 mm. ) , the scorpion still held i ts anus dovm 

on to the ground as it walked. An examination o£ numerous f'resh faecal 

threads showed that a .fair amount of liquid is invariably extruded with 

the thread. 

As described by Pavlovsky and Zarin (1926), the .faecal matter 

of the various animals they studied consi sts of "bright-white 

irregularly cylindrical lumpstt Ylhile le.nkester states that in Androc:tQ:B.Y&, 

australis it is "white and opaque", consisting of a 11 fine moist powder." 

From the namer in which the obser:a.tions vrere made by the workers 

concerned, it seems probable that the former are speaking of the 

appearance of the faeces wi tllin the intestine and the latter of their 

appearance some hours after they had been shed. If this is so , the 
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tt-~o descriptions would fit very well the superficial appearance of 

the faeces of 0. lg.tima,p.us . If tho faeoaJ. thread is more closely 

examined shortly after it is evacuated, it is quite clear that tb.ere 

is a IOOmbrane-llke covering around the actual faecal material. If 

this membrane is broken with a needle, the fine whit ish eontents of 

the thread are freed; these opntents dry to a fine powder in an hour 

or tvro. 'Within the intestine the faeces do appear as lumps, but 

this is dependent merely on ~he fact that tl1e thread is folded upon 

itself in the gut; if trouble is taken to dissect it free of the gut 

wall, the \mole i~ seen as a long faecal thread covered by a thin 

membrane. 

The nature of this roembrane has not yet been established in 

as far as ire ha·ve no knovrledge '~here it is formed or 1.mat are its 

fwlctions. It id appro:x:imately 12 r thick and stains blue ui th 

Both of these characterist ics are similar to those of the 

·',.'_/' ·· peri~ophic membranes reported for other arthropods, e.g. that of 
_..../" ,. . 

l~"'" " ' .... :.,.~~ t Onychophora (Mlnton and Heatley, 1937). As yet I have found no record 
'.,.~ ~) 

,1-~~ ... r<'·. \, · of such a stJ:'UC ture in the ara.chnida • However it certai nJ.y does occur 
~ v ,,,~ .r 
')-·-'· ,_,. \ in most insects, the Onychophora and some Crustacea, so that there 

p' 
·j appears to be no obvious reason vlhy it should not also occur in the 

scorpion. 

An attempt was made to discover how often "the scorpions 

defa.ecate,. although this was with some misgivings as Lankester (1893) 

reports that,in the fo~ montlls that he kept some specimens of 

Androctonus australis_,these did not defaeoate at all. From Table I 

it is clear that such is not the case in o. lAtinnnu~ or Qpistll§.Qf.W:thus 

vaJ.idus Thor. The maximum number of days between the scorpion~ having 

a meal and defaecating is eight~ vrndle on two occasions an animal de­

faecated ti.rlce within twenty-four hours. The normal pattern appears 

to be the following & the scorpion feeds, waits a couple of days, 

defaecates, and may repeat this after another two days. In many 

cases, hom~ver, there is a defaecation a few days after a meal, and 

then, on the follot-ting day, a second evacuation. This might be 



-------------------~ 

explained as a case of incomplete e.limina tion of the peri trophic 

membrane and its contents at one att eopt. Certainly there is 

no daily elimination of a peritropic membrane, a.s is recorded for 

the Onychophora (Murton, 1937). 

34. 
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4. STRIDUlATION 

During the course of these e~erimental studies upon .Q. 

.:J,.~timnu~ the animals wet'e often hurt, frightened or annoyed. This 

nor.mally re~~1ted in their producing a hissing sound rather like that 

made by rubbing the flat part of a comb across a stiff brush. The 

stridulatory reaction was aJ.so easj~y elicited by blowing gently at 

the anim.l. 

Pocock (1896) records the observation of Mr. G.A.K. Mlrsball 

that the "hissing" of the scorpion, 0, glabrifi,ons .Pet . "appears to 

be caused by t.~e moven~nt of the mandihl.es alternately backwards and 

fon·rards." 1'his i s also true of 0. J,atimam'l§• A study of th~ 

structure of the chelicerae of Q. aJ,abri.f)'ons led Pocock to suggest 

that the noise was made by the movement of a ro\-T of chitinous platelets 

on the mesial. surface of the basal segment, rubbing against a similar 

row on the opposite side (Fig. 9a::QJ.) He recorded the presence of such 

structures in a number of other species of QpisthophtJ.1a3..!mY! .;. ~.c&lrinatus 

(Pe·t. ); 0. ni]idice.ps Poe.; Q... J2JmPf.!J~; .Thor.; Q. breVic~;} Poe. and 

also 0, latinnn'U§ . He further sta·ted that in t1-1o species, Q, w.bJ,ber&j. 

(Thor.) and ~ (= 0, palli@l'e s Koch? ) this apparatus is 

absent, but there is present a patch of bristJ.es on the dorsal surface 

of the ba.sal joint of the chelicerae. Pocock bad not ed the presence o£ 

a simll ar patch of bri stJ.es in Heteroznetrus, had concluded that they vrere 

stridulatory, and therefore assigned the same function to the similar 

bristJ.es in ~istb.ophj:halg. The bristJ.es, be says, covJ.d be "thrown 

into a state of vibration by scraping against the front edLe of the 

.carapace, as t..~e .ma,...-ndible is forcihly -withdraw beneath it •• " In 

0, ca.pens;i.§. Koch, Pocock mentions that both o£ these two possible 

st.ridulatory mechanisms are present t ogether. It appears that since 

1896 no further studies have been -made on sound production in these 

animaJ.s, except for the addition of other species in which anatomical 

observations have sugeested the possibility that stridulation occurs in 

the sa~~e Illal"'..ner as proposed for the a.nimaJ.s mentioned above. 
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Fig. 9. · (a) Dorsal vievT of the lei't chelicera of 
0, 1a ti l!JBAWl showing stridula tory appara. tus. 
~~ arthrodiaJ. membrane between the first 
and second segment; lit. 1 speciaJ.ised 
stridulatory bristJ.es; :QL., median platelets. 

(b) Representation to shou the relationship of 
parts of the stridula tory apparatus to each 
other • lzt• , bristles; .Q. , chelicerae; 
d.cg., dorsal carapace; w., labrum; 
J41., median platelets; ;mz., coxa of pedipaJ.p; 
m.' stria ted area on the undersurface of 
the carapace. 
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The Stridula tor:r Mach@sm of 0. l a ti.mMus 

As reported by Pocock, t.hcre is a. row of small chitinous 

platelets on the :mesial surface of the first segrlEmt of the chelicera 

of~. There were three tc seven of these pla ijeJ.ets in 

the animals e:xrunil:led, thoaeh the mode was clearly four {see Fig.lO). 

The shape and size varies quite considerably wi th.i.n the species. 

There is also a conspicuous patch of specialised bristles on the dorso­

w..esial surface of the first chelicera.l segment (Fig. 9a,k)1 clearly 

similar- to that described for Q, wahl,Jlergi and Q, PalJ,;idiminY.§. In 

addition there are~ on the inner surface of the carapace, on either 

side of the deep median furrow, two patches of striated chitin (Fig, 

9b • .e,k) • These striations are at right angles t.o the long a.x:i.s of 

the body, and ,.Jhen me chelicerae make their e~ tcrna:te movements, they 

move the bristles across these s·bria tions. The bris·tles are never 

moved forward beyond the edge of the ca:rapac€i as Pocock had supposed, 

In species in w:.ich there is little or no specialisation of the bristles, 

:na.msly .Q., ca;rinat·tls, 0, cawnsj.s and 0, nitidic§R4 no such st.riations 

are seen on the under ~;urface of fue carape.ce. Thus Q. l§. tg manY§. 

vrould appear to have two possible rtJ.echanisms of stridulation; clearly 
, , 

O"(bo"' ... . ..-( .tl ' '..., 1L ' ' 
either/could be use,d, , -~ l~\ · · ' ~~' 1 

, . ~ • • 
') • l 

; , . ~_, r 

.._./·!;. ·. . f r ~:- . I j. • • : • • • • - ' e I '! . ' ' . • ' . 
It is easy to demonstrate t hat during stridulation both 

s-tructures could ba involved i.n sound production. If' the mesj,al 

platelets of one side are painted lvith a thin layer of molten lipstick 

and the aninnls stimulated to stl~idv~ate, it is found that the lipstick 

bas been tra.usfel"''ed t o the plat elets of the opposite side, but nm1here 

el se . Sirn:Uarly$ if the dorsal bristl es are painted, the lipstick is 

t ransferred to the str iated area, showing that they a:rc rubbed against 

this during stridulation. These observations sho-vr clearly ·that the 

relevant parts are rubbed · against each other wile t.he noi se is being 

produced; they prove no'l:hl.ng about whether these parts are concerned 

-with noise product:lon. 

I f the chelicera of one side is held. Hi th a pair or forceps 

so that both movement a nd contact vd th the opposite appendage are 
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2 numt?~rs 6t platllds 
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Distribution of the number of chaliceral platelets 
in 0 , 1atlnymU@o 
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prevented and the animal is then stinrula ted 'by blowing upon it 

1igh tJ..y, the free chelicera is moved in and out ld th an accompanying 

hiss. Again if the mesial plo. tel ets are completely cut away, the 

scorpion 'Hill still striduil.a. te and the r>.oise · ~ounds no different 

from that of the normal ani..'rflale I t i s clear that the dorsal bristJ.es 

and stri ated areas on the carapace are capuble of acting together to 

form. an efZective stridula.tory .mech8.nism. 

It is less easy to obtain positi ve i:nf.onnation about the 

mesial platelets. The specialised brist.les cannot be removed without 

damaging the chelicerae, 'but it i s ponsibJle., wit hout upsetting the 

e..niJnal, to remove a:llnost completely t hat part of the carapace against 

which the bristles nor.!nally rub. After st:ch an operation the 

experl.!oontaJ. anilmls, ,,men stimulated, were f ound to mo·,·e their 

chelicerae a.s vigorously as normal ones, but the only result of these 

movements was a nt1mber of l"ather i!'regular and. barely audible cl i cks. 

It is impossible to remove the whole of the carapt.J.ce area against which 

the specialised bristles rub without destroying the insertions of 

certain of the cheliceral muscles and i t seemed possible that tile click­

ing no:tse might originate from ·!:.he small r emaining st.ridula.tory area. 

I f however the ~sial platelets are cut off. an anjrnaJ. from 'Which the 

dorse.l striated a.reu has alrea.dy boon removed, only the very faintest 

sound is produced. It would therefore appear that the mesial platelets 

do contribute to the general stridulatory noise, blrii that their 

con·tribution is relat;lvel y small. 

These ccnclusions me:y be checked on a dead scorpion. If 

the chelicerae are moved so that only the btistJ.es rub against the 

striated area, a hissing noise is produced. If the chelicerae are 

held so that only the '(?la.telets rub together, a clicking noise is 

heard. Once the tt-ro sounds are learned., it is possible to recognise 

the cl icking sound in the stric1ulation of o. normal animal. It i s 

orily definitely distinguishable at the end of a bout of striduation, 

presumably as the animal lo\-Ters its chelicerb.e . I t ha.s not been 

possible to determine whether this clicking is a uor.mol coropone~t of 
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of the entire stridulation, drowned in the far louder hiss, or 

whether it is normally made only at the end of stridulation. 

Stridulation in 0, nitidiceps. 

In this species, as already stated, the dorsal. bristles of 

the chelicerae are not basally flattened and lie only on the 

arthrodial membrane bet~en the first and second cheliceral joints 

(cf. Fig. 9a of 0, latilll§.nus, v:here the bristJ .. es are also ·on the 

first podomere). The carapace is not deeply keeled betvreen the 

chelicerae and there are no trans~erse striations on its ventral surface. 

The median platelets are however more abundant than in 0. la.tilna.nJat?, 

with a modal value of six. This a.n.im.l may, vri th difficulty, be 

prevailed upon to stridulate. The movement is simiiar to that in 

Q.. l atima.nus , but the noise is very much weaker. Like that of 

0. lati!!l.<UlUS it is not markedly reduced if the median platelets are 

removed, while it is very faint if the carapace is cut away. It 

therefore seems that in this species also the major noise of the 

stridulation, albeit of little volume, arises i'rom the dorsal chellceral 

bristles~though these show none of the stridulatory specialisations seen 

in 0. latinymus• 

!!1e Biological Significance of Stridulation j_n 0, J:atima.nus. 

As stated earlier, e.nimals in the laboratory may be 

stimuJ.a·ted to st.r5.dulo.te by various no:xious stimuli, but this casts 

no light upon the norna.1 role of t his behaviour. La.nkester (188.3), 

working vdth b.n§roctonw~ a.y~t~i..f:! and E:tmc17rpius ~; Pocock 

(1893) with f.arabu"thy.l? ~~and L._qg:r·,:ethic~, and more reeentJ.y 

Cloudsley-Thompson (l955a) -vdth A ... B.Y§tralls. all sta.t.e that there is 

no reaction £rom a scorpion to air-borne sounds. Since there are 

two reports (Becker,. 1800; Gaubert, 1889) that scorpions have a well-

developed auditory sense, it seemed deairc~ble to test the reaponse to 

sounds of the animals '!.mder study. Tested with tuning forks and a 

toy pistol, Q,.~ showed no behaviournl l'esponses. There is, 

however, soJOOtimes an orientatiob..response to vibrai:.iono of: fue soil 

and this may be accompanied by stridulation. However, ,.Jhen two 
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scorpions are on the same substrate only a centimeter or two apart, 

but separated by a strip of black paper to obviate visual responses, 

the one gi ves no response at all to the stridulation of the other. 

It therefore seems unlikel y that stridulation has any 

intra-specific significance in o. lati ma.nus : certainly i t has not 

been observed as a normal element in courtsr..ip or mating, i n the 

relationship of the mother to her brood or when one animal invades 

the burrow occupied by another. It is true that vrhen two scorpions 

meet in the open either or both may stridulate and retreat. This 

however is probabl y t.he same reaction as is shown in response to a 

l arge grasshopper, a spider, a human hand or a snake, and the stimulus 

probabl y has the general valency "unknown movement, perhaps hostile.11 

In scorpion to scorpion encounters, once the a.nilllal.s actually cone 

into contact, \ofu.ether in a fight or a skirmish of t.lu-eatening, no 

further stridulation occurs. 

It seems probable then that t he stridulation is a warning 

or a threat. I~s value in this connection was test ed upon such 

mammals as were available in the laboratory. The tests Here performed 

both w:i th normal scorpions and ·Hi th scorpions from 1-Ihich both the 

striated area of the carapace and the platelets had been removed so 

as to reduce s tridulation to a minimum. 

The mammals tested appeared to fall into four categories. 

The first is that in which the stridulation produced no aprro-ent 

reaction from the mammal , botl~ control and experi mental scorpions 

being eaten. In t • .is class came the white rats of the l aboratory. 

Normally these vTere so quick t.o ldll a scorpion that it did not have 

time to stridulate at all. Whether this would be true of wild rats 

is not known, though it is possible that, had the tame ones not been 

so used to receiving only " good11 food at the hands of the experimenter, · 

they would have been a li ttJ.e more circumspect in their a Jproach 

and the scorpion \·Tould have been given a chance to frighten them off. 

I n this cat egory also fell a tame mongoose, Suricata suricatta (Schr.) 

and a ui l d shrew (Swcua varillW! (Thomas ) ) • Both these animals 

killed scorpions vd th e;reat skill, the shre\·T being able to deal vd th an 
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individll81 almost as big as itself. 

In the second group, a rather heterogeneous collection, 

are those animals on whom the stridulation had no effect, but which 

did not eat the scorpions • Here belongs a porcupine, J!ystrix 

a;f.'ricaeaustralis Pet., l.d'lich was tested. This an1maJ vlaS very te.me 

and had been kept for some months in the laboratory • When a 

scorpion came near him he l.roul.d usually stamp on it, crunch it up 

in his mouth and then spit it out; but. he paid no apparent attention 

to the noise it Has making. The domestic dog also belongs here for 

it showed no difference in approach to normal and silent scorpions 

and ate neither. Though falling in the same class, the behaviour 

of a verve-t monkey, Gercopi thecus aethiops (L.) and the bush baby, 

Galago senegalensis E. Geoff., is rather different. While no differ­

ence in their reaction to a stridulating individual and a control could 

be seen, both msJTUDals crouched away as far as possible from the 

scorpions, though the monkeys would readily take locus·ts of the same 

size as the scorpions. 

I n the third class come those animals on whom stridulation 

clearly had an "intimidating" effect, a1 though the silent controls 

'\<Tere eaten. Only one animal tested, the hedgehog E:rinaceus frontalis 

A. Smith, belongs to this category. The beast had been feeding on 

beetJ.es, locusts and diplopods l·rhen an entire scorpion l.J'a.S put into 

his rtm. He trotted towards it and it stridulated. He immediately 

shuffled backwards and turned away. T1-ro further encou:llters produced 

the same result. This response \/aS not due to the animal being 

satiated as it readily accepted beetles as food immediately after these 

observations were made. The experimental scorpion was then replaced 

by a· silent control. At the first encounter the hedgehog sniffed 

towards the scorpion and then, in spite of the waving of claws and 

sting, and the stridulatory movements of the chelicerae, he crunched 

up the scorpion, finishing the \·mole meal in a minute or t-v1o. After 

an interval of half an hour, the hedgehog was fed a few more beetJ.ea 

and then another normal scorpion. There was a noticeable hestiation 



41. 

as he sniffed at the stridulating animal, but he attacked it despite 

the noise. '!'hough there t-tas a week's interval before the next 

scorpion was offered, he took it also regardless of the hissing. 

After a few scorpion meals, the hedgehog dealt with scorpions almost 

as quickly as did the rats; it was quite cl.ear that_,aJ.~ugh the 

stridulation might be an effective protection initially against 

hedgehogs, these a.ninnls quickly learn to disregard the stridulation 

once they have sampled scorpions as food. These events rec~ the 

behaviour of Ha.ll Carpenter• s (192J. ) monkeys tovsards the threat 

display of mantids. Crane (1952) states that the effectiveness of 

mantid display aeems to be due not to a "true intimidation" but 

"si mply to the momentary respite gained vmen the attacking predator 

pauses at the sudden apparition - startled, at most, but scarcely 

truly warned off or "afraid"~ This was tmdoubtedly true in the ease 

of the hedgehog and 0 . 1atima.nl.zlS. The fifth scorpion offered to the 

insectivore was placed a t the entrance of a burrou brought into the 

laboratory for the purpose • The back end of the burrow was open so 

that the scorpion could be prevented from disappearing down it before 

the hedgehog had a chance to investigate. The hedgehog came sniffing 

tovrards the burrow and as the scorpion stridulated he hesitated and 

then dashed forward& just too late to catch the scorpion uhich had 

shot dmm the burrow. As Crane says, the threat display "gives the 

insect an opporttmi ty to slip out of the way or fly to safety •'*' 

In the last group come animals which obviously react to the 

stridulation although they make no attempt to eat either normal or 
I 

silent controls. Falling into thi~ cat egory is the domestic eat and 

a small striped polecat, Poecilogale albinuca (Gray) . Neither of 

these were ever seen to eat either the silent controls or the corpses 

of recently ldlled scorpions, though both would sniff at them and the 

polecats vrould turn dead scorpions over with their noses. On several 

occa sions both nembers of a pair of the polecats t.rere observed to be 

"frightened off' by the stridulation of 0_. latimanus, sniffing jtoi..rards 

the anj maJ , then starting back and finally running otf, usually after 
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about the third ou·tburst o£ stridulation. With domestic cats 

the outcome of the experiment was clearly affected by the individuals 

used. In one case the animals tested were in their own home with 

an experimenter from whom they bad never had any physically painful 

experience. They failed to show any shock reaction to the 

stridulation; such a result is not unexpected as the animals would 

not be "on their guard" or expecting to be offered dangerous food• 

In another instance~ hovrever, a cat strayed into the laboratory. 

Both terri tory and experimenter were unknown, but the cat readily 

accepted meat. Towards a scorpion however its behaviour was different. 

When the creature stridulated, the cat gave a violent start back and 

later, t.rhen he backed up on the arachnid, leapt into the air in a 

typical shock reaction at ~~e sudden hisses. In neither case did 

the cat make any further attempt to investigate the scorpion, although 

he sniffed at and then ignored a scorpion corpse. 

'lith the ten different t ype4 of mammal tested, the stridulation 

unquestionably uas of protective value to the scorpion in three cases. 

When the different reactions o£ domestic cats are considered, i t may 

vrell be that the figure in nature would be higher • It certainly seems 

legitimate to conclude that the stridulation is an interspecific threat 

display. 

Stridulation in Parabuthus planicauda Poe. 

Despite the statement of Hewitt (1918), this species does 

stridulate, but it can only be induced to do so 'With some difficulty, 

and, indeed, many specimens will not stridulate at all. When strid­

ulation does occur it is eff ected by a movement of the tip of the tail 

vhich is scraped forwards about four to eight times across the first 

caudal segment and the tergi te of the last segment of the mesosoma., 

sometimes catching the second caudal segment as well. This produces 

a shrill grating sound. In 1927 Ie.wrence observed such behaviour in 

living specimens of I:. f'lavidus Poe., P. granula tus (H. & E.) and 

P. brachystylus Lawrence. In these species the tip of the sting is 

scraped against the first t\fO segments of the tail which are characterised 
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by the presence of 1.-1ell marked transverse ridges. Such ridging 

is hot-rever absent both on the tall and the last mesosomal tergite 

of P, J.?lanicauda., though these areas are clear ly more granulated 
( H.!l.f-4-) 

than is the rest of the tail a.nd mesos~ 'fh.e form of the sting 

is fo.ra.bu...thM differs from that in Qpistbophtb.almus in what is 

probably an adaptive modification to this method of stridulation. 

The sting of P, planicauda bas a stouter curve, which tapers lass 

towards the tip and the openings ·of the two poison ducts are slightly 

further from the tip than those of Q. latJmanus• Doth of these 

features may well be modi£ica.tions which allo1.<1 vigorous scraping to 

be done without damage to the lance of the sting or the openings 

of t he poison ducts. 

The Biological SignifiQapQe Qf Stridulation in Pa.;rakuthJOS 

It would seem reasonable to assume that, as in Opistbophthalmus, 

stridulation in ~~~ is part of a threat pattern • Lawrence 

(1927) described how, in P, brachystylus, the sting drips venom as 

the scraping action is performed. He suggests that the function of 

the tail scraping is not to produce a noise, but rather a "purely 

mechanical method of stimulating rapid a..~d continuous contraction of 

the muscle surrounding the poison sac and so ensuring a l iberal 

secretion of poison," There is no evidence against this hypothesis 

a.ny more than there is evidence that the scraping is a threat behaviour 

pattern. There are, ho\orever, several considerations that speak against 
\> \AA\.' w.-")Q. 

Lal-trence's theory. FirstJ.y, the poison sacs, of P, ~w a1J3Way, 

are supplied in no lesser degree i·li th muscles and nerves, than are 

those of 0. latimanu_§ and, though the sting of o. l ati1:8nUB is used 

conspicuouSly l ess, there appears no difficulty in producing a poison 

flow \&len i t i s used, without recourse to such peculiar stimulation, 

Secondly, there seems no physiological reason why scraping the sting 

tip shottld cause either the poison sac muscles to contract or their 

nerves to be excited: · such stimulation of a sting recentJ.y amputated 
~\!MM~~d 

from P. ~ sho1.-rs no poison production. Finally, in 

teleological terms there is no obvious advantage in such a pattern; 



Fig. 14. Dorsal view of the last abdorlinal segment, ab.l. 
and first !'our metasomtic segments, t . l-,2., o:f 
P. ple,pieauda, shO\·ling hol-r the t ergal granulations 
are concentrated in the formation of st.ridulatory 
areas, .i!.aK• 
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indeed such uastage of venom would seem to be positively disadvan­

tageous, On the other hand, it would a:;pea.r more likely that the 

venom flow is an incidental consequence of the general excitement of 

the arrl..lml in a situation 'Which has led it to stridulate, a theas 

which receives support from the fact that, withol;lt any scraping, a 

similar dripping of venom occurs in 0, latimanu@ and 0, nitidice'[lS 

when these animals are highly excited. For these rea sons, it is 

suggested, albeit in the absence o.f direct evidence, that the tail 

scraping in ParabuthU§ is a true stridulation whose significance is 

that of a threat. 

A Oomparison of the Behaviour of Opisthophthalmus and Parabuthus 

As has been shown above, these two animals stridulate in 

very different ways, It is clear, however, from observations upon 

their general behaviour that the difference can be reearded as but 

one con....-sti tuent of a complex of structural and behavioural differences 

as so cia. ted with attack and defence. 

f~~UthU§ is the more poisonous of the two animals (Grasset 

e~ al, 1945), Ita tail is thick and conspicuous by being a slightJ.y 
ry'\..({ J " '')'I,... -~ ,·. 1 i ' 

· '= '-~ lighter colour than the body; the pedipW.par claws are small and weak • 
. '-'' ,. 

·'!!"]/ v~: .In Qeisthoi&thalmus, on the other hand; th~ claws are powerfully 
~... ~\ 

developed l-lhile the tail is of the same colour as the body, ~d .not 
,, .. o ~ , . \ 1 C·· 

conspicuously thickened. 

Behavioural· diff'erences are just as marked, as rtJB:Y be shown 

by two examples. The first, illustrative of offensi ve behaviour, is 

their respective methods of' feeding upon a cricket. As has already been 

described, Q, latimagY§ catches the animal in one claw as it moves past. 

The cricket is then pulled in f'ront of the scorpion's mouth and the 

other claw is moved along the body of the prey until t.l}.e head is between 

t he fingers of the claw; the head is then crushed once or tuice and 

the corpse moved to the chelicerae which have aJ.ready started making 

chewing movements, The sting is not normally brought into play at all. 

In 1?. planicauda the picture is very different. The cricket is again 

caught by the pedipalps but almost immediate, .... the taU is ~ma ...., -··""'""'b .over 
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the head to sting the prey. At the SaLle time the chelicerae are 

extended toHards the cricket and, far sooner than in Q, l atimanus , 

are cheiving the body. Further, contrary to the behaviour of 

0, la.timapus, the claws tend to relinqtdsh the cricket, leaving all 

the manipulative part of the feeding to the chelicerae and the first 

pair of legs. 

'.rhe second exanrple, illustrative of defence, is when the 

third leg of the anilllal is touched. In this case 0. latima.nus 

immediately svrings round and presents the source of irritation with 

a pair of snapping claws. P. planicauda.., however~ does not change 

position at all but,with remarkable agility, whips the sting towards 

the area stimulated. 

Thus in Q, latimanus the claws are the main weapons of 

attack a..11d defence, in farabuthw; the sting, M:>reover, the tio~o 

species, in their stridulation, are emphasising their two different 

quarters of offence, the posterior one in farabuthus, the anterior 

one in Opisthophthalmua. 

As has been mentioned earlier, stridulation is not easily 

elicited f'rom P. planicauda._ though this difficulty does not seem to 

arise in the other species ui th caudal stridulation. In the 

laboratory, stinrul.a tion of P, plan;icaud.a. often produces repeated 

strokes of the tail ivlthout stridulation. If these are watched, it 

is seen that they are entirely similar to the stroke of the tail 

that ends in stinging. That is, they may be regarded as intention­

stinging movements. L"'l stridulation the stroke is very similar to 

this movement, but '\here the tip of the sting is lowered slightly 

so that it touches on to the tail and last mesosomal ter gite. It 

seems therefore highly probable that the stridulatory movezoonts of 

P. planicauda may be thought of as rl tualised intention,stinging 

movements a indeed on one occasion, -when the instl"Ument being used to 

stimulate the scorpion was in a suitable position, the stridulatory 

stroke did end in a stinging stroke . 

It thus seems reasonable to suggest that in Pafabutb.us 



generally the stridula-tory strokes are derived from stinging­

intention movements \.f·:ich have been elaborated as a s·t.ridulatory 

sign stimulus. The stridulation may thus be regarded as an 

example, at the in---tra-specific level, of a phenomenon already 

well attested at the inter-specific level, the evolution of a 

sign stimulus from an intention movement. 

StridulgtiQn !n Oth~r_~cQtpions. 

With the idea in mind, suggested by the beavhiour of 

~buthus, that a stridulatory movement has been built upon an 

intention moveLlent, it appeared worth examining the known cases of 

stridulation in other genera. Q:onsid.eration tdll be gi. ven to 

_Qpi.sthopb.thal.mus later. 

There are three other species wherein some details of 

stridulatory behaviour arc known,. namely ~teromt.rtu:; swammerdami 

(Simon), Pwdinus ;i.mperator Koch, de~cribed by Pocock (1896), and 

the Brazilian Rhopal~ borelli Poe. described by Pocock (1904)1 

In both Heterometrus and Pandim the stridulatory areas 

are on the coxa. of the pedipalp and of the first leg. In both 

cases the a~para.tus consists, to use Pocock's terms, of a "key­

board11 of basally-f.l.a.ttened bristles, recalling the specialised 

chelicera! bristles of Q, 1a:t:iman:us, and a nrasp11 , analogous to the 

striated area on the ventral surface of its carapace. There is 

however a striking difference between the ttvo genera. In 

He;terorootrus the key-boal'd is on the pedipalp and the .rasp on the 

first leg, while in l)mdinus the position is reversed. Clearly, 

although the two genera are fairly closely related, the stridulatory 

apparatus has been evolved independently. 

1 
Vachon (1949) records that caudal stridulation occtn"s in 

Androctonus. No details of the behaviotn" are given, ho-t.rever. 
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Heteromet:t:us unquestionably uses the stridulation as part 

of a threat display 1dth the pedipa.lps. When the animals are 

"goaded into fury' they "beat the air lvith their great pincers", 

stridulating at the same time. There appears to be no information 

on the behaviour of m_din~, but Pocock assumes that it s·&ridulates 

in similar circumstances to ~ It would seem reasonable 

to suggest that the basic threat display of these animals is a 

clutching movement directed at the potential enemy. This behaviour 

can be seen clearly in .Q.. lat.j.ma.nug and more particularly in 

o. nitidiceE~ where the pedipalp clat.rs grab fiercely at the source of 

stimulation but, in point of fact, let go should they actually catch 

hold. It l.rould seem that the stridulatory movement of b,ndinus and 

Het9rowetrys has been elaborated upon the pedipalp aetion of. intention 

clut.ching. 

In !!bQWurt~ the key-board is formed from striations upon 

the pectinal teeth,. while the mesosoma1 sterni tes overlying the 

pectines have a granulated area which acts as a rasp • The stridulation 

appears to be effected by the movement of the pectines over this area. 

Sound prod.tlztion in Rhopalurus was recorded 'by Burchell in his diary 

(Pocock, 1904} and it seems likely that once again it is part of a 

threat display, but new observations on the animaJ are clearly needed. 

Before co~sidering the possible origin of this type of 

stridulation, it is necessary to digress to consider ·bhe functions 

and movements of the pectines. These structures are concerned, in 

f!Ollle way, '~'ith sensory information either about the character of the 

substrate or vlith the detection of ground vibrations; possibly v1ith 

both. Their activity in o. lat*nJ.m has been observed by allot-ring 

t.he scorpions to 'I..Jalk on smoked paper • In nor:ma.J.. welking the pectines 

are held down d.nto the surface, though the pressure they exert varies 

rhythmically (Fig. lla). If', however, the a.nit'·naJ. . is dist-urbed, the 

pectines are im.ruedia tely lifted and, if the animaJ. :runs away, they are 

held close to the body, leaving no trace upon tne paper (Fig.llb). 

l1oreover in P,, Pl.fi!.!1\C~u~ where the pectines are long and fairly easily 
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Recorda made by O. laMmemm velking across smoked 
paper. 

(a) Hoa~d fliom an undisturOacl individual ~ 
the rhythmic strokes o£ the pectines on the 
substratum. 

{b) Record left by a frightened a.nimal that uas 
running away l eaving almost no pectinaJ. track. 

a 
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visible, they may occasio:nb.lly be raised, partly lo·wored e..'ld then 

r-aised again bef·ore 1-et.!'eat. This move100nt of the pectines precedes 

.fiight and Ifl8:Y be regarded as e. :movement made ,.men there is a 

con:t:J.ict situation bett-ter:Jn the drives of .fight and flight. It seems 

possible that the threat st:ddul<>:tion of Rh.opaltU'US has been developed 

from such a movement of the pectines. A partial parall.el ma:y be 

seen in the intimidation display of certain ma...11·t.ids such a.s 

§.,tp..@tol!t~~' which Crane (1952) ha.s interpreted ~.s arising from a 

conflict of opposing elements of escape pattern - namely those of 

flight and of remaining motionless. 

Genera1 Cqps~dm;ations• 

Pocock (1896) says "sound producing organs in the vast 
th-y-

majority of the .A.rMJopod.<J are developed exclusively uhere friction 

occurs betvreen two adjacent surfaces... Among the sc_orpions we have 

considered, the adjacent sur.fa.ces used for stridtilation are very 

di.fferent and the problelll, once the possibility of stridulation 

between rela'W.vely moving surfaces is accepted, is one of determining 

as far as possible the factora whi-ch may have led to ·lihe selection 

of pa.rticula1· regions for the G.evelopment of stridulato1-y organs, 

both in behavioural and anatomical terms. 

To turn first to behaviours in all four cases t-rbich have 

been exa.min.ed, stridu~ation appears to be associated with threat and 

from an analysis of the characteristics of threat \ore may learn more. 

In presenting this analysis, I t.rould like to express rrry gratitude to 

Dr. R .F. Ewer, with whom the general theoretical ideas outlin ... ed 

belovr were developed. 

Threat consists essentially o£ an attack t-thich is not 

pressed home, ritualised to a greater or lesser extent. Threat, 

rather than full attack, might r esult from the fe.ilure of the threat­

ened object t o provide the stimuli adequate to eJ.icit the full pattern, 

but is mueh more likely to be eaused by the simultaneous presence of 

stimuli tending to evoke fiight • If this is the case, there are then 

three possible origins for movements which may become ritualised into 
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a threat display. 

(i) The intention movements of attack itself. These 

are au:hochthonous, and by virtue of their origin, will involve the 

organs normally used in attack. Ritualisation of such an intenti on 

attack movement 1-1ill therefore normally serve to display, or call 

attention to, the normal offensive l-reapons. 

(ii) The intention movements of flight. If a conflict 

of fiight and fie:;ht is considered to be an essential part of the 

threat-evoking situation, then movements based on intention f'light 

will be autochthonous to the threat situation, but they will not be 

specifically related to the weapons of offence. 

(iii) Allochthonous displacement activities, arising from 

the fight-flight conflict, but not directly related to either of 

its components. Mbvements elaborated from such displacement activiti es 

will not necessarily involve the offensive weapons, but rray do so if 

the displaced activity i s one in which the weapons are used for some 

purpose other than attack. 

A.n analysis in these terms serves to throl-t some light on 

the possible origins of the various stridulatory movements in 

scorpions. In P. plan!_cauda the stridulation appears to be based on 

a stinging intention movement, and belongs therefore to the first 

category - ritualisation of an autochthonous intention attack movement. 

The same appears to be the case in fandinui and Heterome·tru§ "t-lhere an 

attacking movement of the pedipalps had been exploited to develop a 

st:ddulatory movement, -which is again autochthonous. As a result, 

in all ti1ese three genera there is a close anatomical association 

betueen the offensive 1.-1eapons and the source of the noise, the noise 

directly drawing attention to the organ of offenac. 

Rhopalurus belongs to the second category. ~le have no 

information about its offensive behaviour~ but the stridcla.tory 

movement seems to have been elaborated from an intention movement of 

glight in the conflict situation typical of threat. As is to be 



expec"'ved1 ·the movement involves structures \.mich can hardly be 

visualised in -the role of offensive 1-Ieapona. 

Finally there is the case of Opisthophtha.J.nnyj:. ::Pocock 

believed thc~t in some species of this genus ·t:.wo dist.inct stridul.at.ory 

areas were pl'esent, but the present obse1-ova.tlo:ns oh-living spec~ns 

make it very unlikely that ·the mesial. platelets.have aJlY real strid­

ulatory function. They have a remarkable resemblance to the "modified 

leaf-l ike hairsft found OJ.!. the first l eg of the peili..,tW.p l§mou :mr.a­
g;atyp, and it -will be shown below that they are chemo-receptors (p. 55 ) 

l·tf obse:rvatiOi.iS on 0. n.l.tidioeps shovr that the dorsal. brisUes of 

the chelicerae, ewn in the absence of exry obvious an&tomical. special-

isation 1 do produce a sound and it is likely that, upon this potentiaJ., 

selection has worked to produce the striking stridulation of' S!,. latima.nus. 

The s~ridulatory movement of Qpistho:fhthalmus is an alternate 

extrusion of the chelicerae. I.n o. J.atima.nwa, at least, alternating 

chelicera! movements occur in other patterns of behaviour such as 

feeding, washing, burrowi~g and courting. But these movements are not 

accompanied by stridulation. It follows that the stridulatory movement 

is specialised, the chelicerae being held dorsally against the key-

bom"'d of the carapace. Nevertheless, there is good reason to believe 

that the stridulatory movement is derived, since it i s invariably 

accom~nied by a functionally useless opening and closing of the 

cheliceral cla1-rs. One characteristic of tlle movement i s that it has 

a slight transverse component, reflected in the fact that the mesial 

pla.teJ.ets do strike against each other. Such a transvel'se movement 

of the chelicerae is made in tearing food apart, a..~d it seems probable 

that the stridulation has been el aborated from this tearing movement. 

I t is not possi ble, as yet, to decide whether this should be regarded 

as belongi ng to the third category - an allochthonous displacement 

.movement resulting i'rom the fight-flight conflict - or as an integral 

autochthonous part of the attack component of threat. I t is true that, 

i n this species , the pedipalps are used in attack, but the chelicerae 

perform the otridulatory movement, which would seem t o indicate that 
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in this ease l·re are dealing with an allochthonous c'Jisplaceme11t 

moveroont. It must 1 hoi.rever, be borne in mind tJl..o.t in attacking 

prey the chelicerae begin to make chewing movements bef'ore the prey 

is brought within their reach. It is therefore possible that the 

stridula.tory movetlent should bG regarded as derived from an itl ..... tention 

mover.wnt of attack. 

S:tridulatory movements in scorpions J'lla.Y thus be regarded 

as derived, uith VB.rying degroos of ri tuclisation, from intention 

movements, or in some cases, possibly from o.ispl2.ce.Y"Cent activities; 

though it, is f'reely admitted that these subgestions involve much 

that is speculative, for our knoHledce of the habits of the living 

animals is still verj~ fragm~nta~J• 

The general idea outlined above, namely that the intention 

movements of attack '!I!ay become ritualised in such a manner as to 

call att.en-tion to the offensive Heapons, can be applied more generally 

than to scorpions alone, and two cases of threatening sounds produced 

by me.mmals kept in the laboratory show clearly hOl-T this idea may have 

general validity. 

The first exa.rnple is that of tho porcupine, 1-1hose threat 

behaviour can be interpreted by this h:>.-pothesis. The shaking of the 

hind end and particularly the rattling of the special no .... se•producing 

qui.Us of the tail, may have been derived from the in .. ention 

movement of porcupine attack, the a.nilnal thrusting itself tail first 

at an assa.i.la.nt and moving its hind-quarters this 1vay and that, so 

t hat the foe has li ttJ.e chance of being missed. 

Th.:.t'eat may also be accompanied by a &.trunting noise mde by 

movil"::g the javrs. In this, all tr.tl'ee stages in the development of 

a ritual threatening sound may be seen. When the animal is thoroughly 

stal•tled, 'it Hill bite whila at the same time making this grunting 

noise; 'When less disturbed, the beast may snap viciously with its 

mouth ·Hhile making the same noise, bu·c will deliberately miss· a hand 

held out for it to bite; finally the porcupine may just make the 

grunting noise which, 1-mile retaining its value as a threat, has become 

r educed to jaw movements, themselves incapable of harming an enemy. 
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Tne SGeond e:xt~e or hou tl.l~ hy-,pothesis can lJe applied 

ill t!Joon froul per t:Joual obau.t"Vd ti-ou (Jf the tbl.'Ol.<.1. display of the vhi Ge 

rat. Tlds conai::.ts o1' ~ lou'l t:h~t.tet·illli of the tooth a~ t:.i~ l.>at 

turns to i'ace and in oor.~e cases at.to.ck LL.e enelJ.C'. That this is a 

threat io sb.ow by its effect on t.lw onemy, in this ease the pole 

These small earnivoros are very eager to attack 

until they have beon s'..lbjeoted :for so-~ til:le. to this gDa.shing of 

te0th and feint attack. I·t scc."'lS clec:r from the sharp quiok bites 

w.i tl1 l>it1icb. the rat. atto.c:F~ tho skunk that the teeth-chattering could 

troll 'bo all in..-tention roow.oon~ :for ttds t~>po. of biting. ~e sound is 

oorta.inly the p1rt o~ a. behtlviour pattern that c:allo a.ttent.ion to the 

praoonoe snd in-tcn:t:ton o:t tile ra.to 

These idees concoo:tling tile othalomr of sound prod.ootion in 

n.ni.Jw.lc m:e in elose n£teemnt with preeent eonoepts o£ the rOle of 

intent ion novomentc,.;ill visual eoDJimieation \lGtt.:re-~ an.imals" and haw 
J 

also 1>~ developed by J"acob:t (1~5.3) in his extowi~ study of noise 

production in grasshopp.or.;. In this lattor group .the ri tua.lisation 

ct the stridulatocy movemnts in ~, .trequentJ.y lllakins :recogni tiob 

o:f the or-iginal mo~nt a :uatter o£ gre&.t ciifi'ietil.ty. The interest 

of scorpion strid'tl.JAtion lien in the relatively simple analysis which 

ea."l be made of tho bcbavioiral origin of the stridulatory movements; 

a eiMpJ.iei ty lmich cmha.nces o.."ll t s £'ai th in the validity of the eenoral 

· thesis that stridulat.ory t:.oV3tllents are derived movements and broaa:ty 

) ccmoo.rable in origin vl tll the move;!lents of visual com: 'unicntion. 

of a- u"tr·idul •.t.o.ry I'!Jel~l.;ll'lis:a, it iu necessary ·to elucidate not only the 

behavioural oo:JJ s of sueh rut event, but onquire iilto the origin o£ the 

v·eci~ anatonica.l stl'Uutures iuvolved; ·that :ts whet~lGl' there a,_'P() aiJ:3' 

prooduJ_:roo:W.ous j?ur :sooh a .funct.ioh. 

T'ue 1irDt. oa>.>v l'io be eutl."'Siuer·ed i~ t.oba.t o£ the scorpiouicis 

fql)~-!lWi anu l::tQ.t'Qd£kllLi \WC:Ce noise produc·tion occurs by tho relative 

.r.lOV$\OOnts of ·the eoxc.o of tho pedipalps and fir$t pe.ir of logs, but 
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vrhere the key-board is on the pedipa.lp in Hetergmetrus and on the 

leg in Pandinua. A study of the detailed structure of this region 

in o. latimanus, another scorpionid which sho\-rS no speciali sation in 

this direction, appears to throvr light upon the uay in which theft 

two distinct mechanisms, phylogenti cally unquestionably of separate 

. i h . J or~g n, may ave ~sen, ~ 

Consider the interface of the pedipalp coxa and that of the 

first leg in the thr ee scorpions under discussion. They can be 

represented diagrammatically as in fig. U i n wl::.i ch the material is shm-m 

as if the pedipalp had been pushed up and bacbrards, so that the mid-

point of the diagram i s that at which the base of the pedipalp coxa 

and tho:t of the first leg meet • Fig. l2a shows the distribution in 

0 , latiman1.12 of hairs on the pedipalp and coxal surfaces which come 

in contact, vrhile Fig. 12b and l2c Show the arrangement of the strid­

ulat ory hairs and striations in Heterometrua and Pandinusfrespectively. 

I t can ea sily be seen that in Q, l~tima.nus there are two areas of hair 
~ 

(i .e, potential material for the evolution of s ·tri..;J.atory bristles) 

on the pedipa.lp-first leg interface , the more mesial one on the pedipalp 

coxa, the lateral one on the coxa of the first leg. Thus in an animal 

\.Jhich shm-Js no structural adaptations for pedipalpar stridulation, 

there is the potentiality for evolution of stridulation either along 

the direction taken bs· fandinus or HeterQmetrqa. 

Furthermore it can be seen tha t the dis·i:.ribution of bristles 

in Heterometrus and E- andinus support such a theory; the bristles in 

Het erQmetrus are on the coxa of the first leg and the whol e stridulatory 

apparatus is markedly more later al than that in ;Pandi~ where the 

bristles are on the pedipalp coxa. 

The second case to be considered is that of Rhopalurus . 

We know very little about the behaviour associated with the stridulation 

of this animal or'of the anatomy of closely related species, 

However , a casual but relevant observation has been made on the anatomy 

of E,. planicauda, another buthid but one which certainly has never been 

heard to make any stridula tory sound 1.d th its pectines. The first 

abdominal sternite has a small granulated patch of chitin just beside 



a 

s.br. 

p.h. 

s.g. 

b 

s .. 

c 

Fig. 12e Basal segments of scorpion pedipe.lp and first l eg, 
showing the position of unspecialised and stridulat­
OJ7 hairs . 
(a ) Q, J..atimanus 

· (b ) Heterometrus ma.urus (L. ) (modified to illus­
trate Pocock ' s account of the eondi tion in 
H, swa.mmerdami) 

(c ) Fe.ijdinm~ imperator 
.IWl.., patch of unspecialised bristJ.es; Ll:!t., 
stridulatory bristJ.es; ~, stridulatory gran­
ulations. 
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the opening to the book-lung (Fig. 13a). In such a position it is 

clear t..hat the main body of the pectine must sweep across it as the 

appendage is lifted and lowered and, though the area is less extensive 

'Y.. than that shown for R, borelJ.i by Pocock (1904) (Fig . 13b), yet it 

Q 

/ 
I 

seems very similar. Furthermore an examination of the back of the 

pectine, that is the morphologically dorsal or posterior face, shows 
1 

, 

the presence of a row of about 15 small l umps (Fig . 1.3c). They are ' vl ---
only on that part of the pectine which would come in contact with the 

sternal granulations as t.hey are smmg past the belly_,so that~ 

although P. planicaud.a shot-rs no sign of the longitudinal striations 

on the pectinal. teeth comparable 'With those of R. borelJi, yet there 

would appear to be an analagous arrangement relating to tile contact 

between pectine and sternum. 

As yet nothing definite is known of the function of this 

anatomical arrangement on f. p1anicauda,. It was remarked earlier 

tha. t the animal may often lift and lo\rer its pectines rapidly just 

before flight, behaviour which was described in an attempt to derive 

an explanation of the stridulatory movements of R. borelli. T.ere is 

however a further piece of pectinal behaviour which almost invariably 

occurs and -vrhich appears to be relevant. P. planicaud,a normally 

walks in short jerks of activity and_,at the end of each_,it will l ift 

its pectines from the substratum {Fig, ~). With each occasion that 

the pectines a.re lifted there is a slight though unmistakable forward 

jerk, as if the animal were ridding its pectines of dirt collected over 

the last bout of ground-sweeping. I t is virtually impossible to get 

direct eV'idence on this point, but it seems very probable that this 

stroke of the pec·0ines involves their being brushed across the gra.nula-

tiona and that the significance of the " pseudo-stridulatoryt' area is 

that of j erldng the pectinal surface free of adhering dust particles . 

Support for the thesis is the fact that the behaviour is very much more 

marked after the scorpions have been made to walk on smoked paper on 

which they invariably collect a large amount of roa.tel'ial on their 

pectines. 
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Fig. 13. (a) Lower left -First abdominal sternite 
of P.pJan1caudA showing the "pseudo­
stridulai>oryt' area, JI.•, in a position 
i n Hhich it will be covered by the 
s,.reep of the pectines, as indicated by 
the dotted line. 

(b) Upper right - first abdominal sterni te 
of Rhopalurus ~ showing the strid­
ulatory areas, ,i., (after Pocock, 1904) 

(c) Upper left - dorsal surface of the 
pectins of ~ showing the 
row of littlo l umps, 1., which contact 
the psoudostri dulatory areas on the 
abdominal stcrni te. The dotted line 
i n Fig.l.3a sl:.ous how this rol.J" of lumps 
is limited to that part of the pt"'Ctine 
which contacts the sternal gran~tions, 
g., as the pectine swings past the belly • 

(d) Lower right - dorsal view of thre9 
pectinal. teeth of R. borel 1 1 showing 
the lo:ngi tudinal stridulatory surface 
(after Pocock). 
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La.stJ.y there i s the case of' Opisthophthalmus where 1 as 

has already been pointed out, unspecialised brist les occur on the 

chelicerae of o. nitidiceEs• In this animal the noise production 

is weak compared with O, latimanus 1.fuere not only are the bristles 

specialised for stridulation, but a granulated area is developed 

upon tho carapace, I t is therefore highly probable that in this 

case also the anatomical foundations of the stridulatory mechanism 

exist in forms which do not actually stridulate. 

The Cheliceral Platelets as Chemo-receptors. 

The superficial similarity of the cheliceral platelets 

to the leaf-like organa on the first leg of the pedipalp Damon has 

already been mentioned and suggests that the platelets have some 

sensory function, Their close anatomical association with the 

mouth and all the organs concerned 1.d tb mastication of food points 

to their being used to taste the f ood before it is taken into the 

mouth. This possibility has therefore been tested upon Q,. latimanus• 

The tests undertaken were very simple, Live prey, treated 

with a bitter solution, uas offered to normal animals and to ex:peri• 

mental ones from which the pl atel ets had been removed, The behavlour 

of the two series of animals was observed. Preliminary trials sho"red 

that tincture of quinine Has unsuitable as a test solution owing to 

i t s smell, but Tinct ura Quassiae (B.P. ) ,which is almost odourless, 

proved to be sat isfactory. 

The tincture of quassi a invariably killed the prey- locust 

nymphs and crickets - and, since it is difficult. to prevail upon a 

scorpion to accept dead insects, the following procedure was adopt ed. 

The scorpion \Tas offered a live insect,; shortly after feeding 

commenced a few drops of the tincture were dropped on to the food 

being torn off by the chelicerae. I t is necessary to be careful in 

this, for chemo-receptors also occur on the pedipalps and legs and, 

shoul d these be wetted with the tincture, it is not only the pl atelets 

that are bei ng tested. 

Normal entire scorpions treated in t his wq i lllllediately 



.. 
56. 

released their grip on the insect and pushed it as far as possible 

f'rom them. They rejected the pellets of food which they had 

already i n their oral caviti es and, extending the chelicerae :fully, 

rubbed them together and into the sand at their feet. This 

behaviour often vtent on for as long as a minute and the scorpion 

could not be persuaded to take up the treated corpse . I f , after 

ten minutes or so, a clean, freshly killed insect uas offered, the 

scorpion would accept thi s , shoidng clearly that it was still hungry. 

Nine animal s lac~ng the rovts of platelets were tested. 

I n six cases tl1e animals paid almost no attention to the addition 

of the qua.ssia, merely moving the f ood about a little with their 

chelicerae, behaviour vrhich was also observed -when insect Ringer 

solution \·ras dropped on to the food as it vras being eaten. Clearly 

there was no unpleasant sensation here as there had been in the case 

of the control s . TioJ"o of the r emaining experi mental animals rejected 

the food but took i t up again later. This uas probably the r esult 

of direct stimulation of the pedipalps by the fluid, for there was 

none of the cheliceral rubbing characteristic of the con·l.irols under 

similar condi tio.:1s. The last of the experimental animals rejected 

the treated food just as did the controls, pushing away the insect 

and trying to clean i ts chelicerae. 

On being killed, this animal was found still to possess 

one of the cheliceral platelets, overlooked in the operation. Thi s 

rejection was indeed what should have been expected in the circum­

s:tances, and the case ohly adds support to the thesis that the 

cheliceral platelets are chemo-recept ors and can serve to i nform the 

scorpion that the food it is che\·dng is " unpleasant." 
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5. THER!;iCFEGTJLATOHY BEHAVIOGR. 

In discussing the possible functions of the pectines of 

the scorpion, von Ubisch (1922) sug()-ests that they serve "um den Stigmen 

frische Luf't zuzuf'uhren" by their fanning movements o.r, alternatively, 

tti.ey prop up the mesosome. so that fresh air can reach the stigmata. 

Both of these suggestions imply that under conditions of respiratory 

stress a scorpion will art its mesoso:ma clear of the ground so that 

the book-l~s ~ve free access to air. AJ. though von Ubisch did not 

apparently observe such behaviour, the recent report of 11 abdominal 

elevation" in the Austr alian scorpion, Urodacus abruptus Poe. (Southcott, 

195.5) lends colour to such an hypothesis, although work on t.he functions 

of the pectines makes i t seem very i mprobable that they actually serve 
(i<~ !54) 

as "respiratory fans". Southcott gives an illustration; of a female of 

u. abruptu.s in the attitude t;ypi~.l of t1abdominaJ. elevating behaviour" 

and from a comparison of this 'd th some of the stances observed in 

various local scorpions it becomes clear that such behaviour occurs 

also in th.0 latter. .Qpisthophthalmus latimanus, o. nitidiceps, o. 

~usterys.~ech., Parabuthus Elanicauda and Uroplectes tria.nsu±ifer 

all shovr the pattern to varying extents and it was felt that with so 

many species available for study, it woul.d be profitable to follow up 

Southcott's observations. Preliminary tests indicated that the 

biological significance of this phenomenon appeared to be the same 

in all these species and the results described below refer particularly 

to 0. la. tima.nus l-lhich has been most intensively studied. 

In tkis andxruil the pattern generally does not consist of a 

simple elevation of the abdomen but more usually of a raising up of 

the entire body of the scorpion by a straightening of all the legs. 

Fig . 15 illustrates semi-diagrammatically the differences between (a ) 

the normal resting stance of 0, latimnus, (b) the stance in which 

the whole body is lifted clear of the ground, and (c) the more extreme 

••abdominal elevation". There is indeed no sharp distinction between 

these last h.ro, and other rather rarer variations occur, e.g. that in 

which the abdomen, l i fted clear of the ground, is supported by the tail 
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Fig. 15. 

d 

Semi-diagran~tic representation o~postures 
adopted in thermoregulation by 0 9 latjmsmyp 
(a ) Resting stance, venter to the substratum 

and legs folded. 
(b ) Stilted pose in 'Which the whol e body i s 

lifted a\-m.y from the substratum by straight­
ening the legs • 

(c ) Stilted pose in which the mesosoma is 
sharply el eva ted. 

{d) Rather rare stilted pose in which the tail 
appears to help in propping the body a-vray 
from the substratum. 



.. Fig. l5a. Urodacus abruptus in a "stilted" pose. 1 
Photograph by Dr. Southcott. 
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(Fig,l.5d), All of the~e different stances have in con:mon a 

straightening of the legs; they will collectively ..be referred to 

here as "st.il ted poses" and the behaviour itself as "stilting". 

l n none of tha spec.ies studied here, nor in ~cto~ til!J:ltraJ.~~ 

(Gloudsley-Thompson, l9.55a) i6 there e:ny indication that the 

pectines might be used to prop up the abdomen, as von Ubi sch has 

suegested. As in u. abruptus1 stilting occurs in both sexes of 

Q, lat:tmanus and it has been observed in all instars except the 

first, where :i.t might well not be :recognisable. 

Ftlnct~on of th~ Stilting 

Working alor..g the same lines as von Ubisch , Southcott (1955) 

states that stilting occurs in hot and humid condi tiona, . and concl udes 

that "it would appear most likely that the stance • • •• i s an effort to 

lift the stigmata free from the humid l ayer of the air and soil, \.Jhen 

the scorpion ' s meU!bolism is incr eased by a hot environment,'• 

Cl oudsley-Thompson (l955a) has pointed out, with reference to the 

postulate of von Ubisch, that a scorpion has normally a very consider -

able respiratory margin of safety. For tllis reason it seems 

improbable that respiratory adaptive behaviour as such would be of 

impo~tance i n the life of a scorpion. 

Ho\-rever the effect of respiratory stress appeared to be 

worthy of further e:x:perimenteJ. investigation. The problem had already 

been studied in A. australJ.~ by Cloudsley-Thompson (l955a), using 

streams of gas composed of nitrogen and carbon dioxide . Observation 

or o. latizna.nug has, hot-rever, shown that if a stilting animal is 

disturbed by a sudden draught of air, it drops its st:i.J.ied pose and 

\-ril l often not resume it for some time , I t was therefore considered 

desirable for observations to be nnde in still air. Furthermore, 
«li~ 

sincejrespirator y stress, such as ~~t used by Cloudsley-Thompson, 

might itself inhibit an adaptive response, a series of gas mixtures 

was used z :na.m.ely, m:l:x:tures of air 'With approxi.!llb. tely 20 or 75'/o 

carbon dioxide, and air 1-1ith 60 or ~ nitrogen. In none vf thesa 



tlixtures -vrero there the slightest signs of stilting. Tr.J.s was 

not due to the inability of the animals to stilt, for, if other 

suit.able stimuli were appli ed, the sooxpions would stU t in these 

gas JTdxtures. J.breover stilting lvas more easily elicited by 
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these maans in those gas mixtures containing the lower concentrationa 

of' carbon dioxide or nitrogen, a fact speaking against the import­

ance of s-tilting in respiratory stress. 

As a oheck, observations were made on scorpions lvhich had 

had the openings of the book-lungs b~ooked. This was done in one 

of two ways: either the roososternites were smeared with vaseline, 

or the openings of the lungs were painted over Y.ti:l:h Geste·tner 

Correcting F.l.uid or Samsonite. Observations l asti ng over 12 hours 

showed no stilting by a:ny of the animals, though the fact that two 

of the animals died shorUy after i ndicat.es that their respiratory 

system had probably been affected by t.he treatment. Controls vlith 

thei r backs painted all survived. 

These experiments, together with the observations of 

Cloudsley-Thompson (1955a ) on A. australis, make it unlikely that 

stilting has an adaptive significance in respiratory stress. To 

comprehend the pheno.roonon. it is tl:lerefore necessary to turn once 

more to observations of the conditions in which ·!:.his pattern is shown. 

Southcott (personal conmruilication) states that in summer he 

need only pour a lit tle ·Hater into his scorpion culture dishes to 

elicit stilting behaviour. Unlike u. abr s>tus, o. latimanue shows 

no such direct relationship betvreen the humidity and stilting; it 

may occur v1hen the scorpion is standing in a pool of water or • 

convel'sely, in a desiccator. The character of' the subst:r·atum, 

whether it be smooth or rough, vrhether or not it be covered wi tb 

chemicals dist.a.stefUl to the scorpions, does not determine l.Jhether 

the aniroa.ls will stUt. 

Hovrever, a1 though the pa·ttern may occur at any tine during 

the day or night, it is oost :frequently seen during the a:rte:rnoon. 
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This suggested that temperature mir)lt be a factor of importance in 

determining the onset of stilting. Confirmation of this can be 

obtained by observing the behaviour of animals in a dish of soil, 

the dish being warmed or crfJ-ed as desired. Belo111 lgq:} stilting 

in not normally observed and if the soil on which a stllti11g 

scorpion is standing be cooled below this temperature, the animal's 

r:JOSe gradually reverts to the normal resting stance. Bet\veen lS<C 

and ~ animals me.y or may not be found to be stilting, but at a 

higher temperature any animal that is standing still will usually be 

stilting to some degree, or may be reared up against the side of the 

dish, a condition amounting in effect to a stilted stance. 

As mentioned earlier, o, l atima.nus does not stilt in direct 

response to the presence of 1;1ater. Unlike the condition in .!J, abrupt:u§ 

there is no indication here that, ldth a higher humidity, the stilting 

behaviour is elicited at a lower temperature. This point was studied 

by trials on pairs of animals, one animal being kept in a dish at 

!~0-6CJfo RH; the other at 85-90'/o RH. I.f anything, there was a slight 

indication that the animals reacted a li t tJ.e more quickly and at a 

slightly lower temperature ,.1hen at the lower humidity. 

Once it i s clear tha. t stilting is not concerned with 

respiratory adpptation but is elicited merely by a high temperature, 

it is reasonable to ask Hhether the stilted pose ma:y not have soro.d 

thermoregulatory rW.e. Drawing on the techniques used by Colbert, 

Cowles and Bogert (1946) in their e:>..rperiments on temperature adapt­

a"l:;ions in alligators, the follovring arrangement was used. T\.ro live 

animals were fixed so that one, the experimentaJ. animal, could be held 

in a stilted pose, while the other, the control, could be restrained 

in the hormal resting position. In the absence of more complicated 

apparatus, abdominal temperatures Here determined by clinical thermo­

meters Whose bulbs were inserted through a small l ateral incision. 

In these experiments the scorpions were placed upon a copper plate lying 

on the ground. The plate was initially left in the sun to equilibrate. 

A small shade was then : laced so as 'to screen ·the ar ea of plate upon 

which the tvro a.nimaJ.s ,.rould be placed and the scorpions '-tere then 
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quickly put in posi tiol'l and their abdominal temperatures recorded. 

After ten minutes their temperatures had not changed; the shade was 

then removed so that the sunlight fell on the animals and the 

observ~tions ou their tempe1•atures were continued. lTeliminury 

experiments showed tohat the orientation of the animals to'l-ra.rds the 

sun wa::: not cri tic£13. anu in all those reported below the scorpions 

were orianted ldth their longitudinal axes at right angles to the 

sun1s rays. 1 

A typical result of such an exper~nt is shown in Fig. 16. 

Both an1mal s were initia.lly in the shade, their abdominal temperatures 

were recordeds the screen '-ra.s then removed and the temperatures of 

their bodies noted at intervals. As can be seen, the temperature of 

the control animal rose rapiCtly, while that of the scorpion held in 

a stilted position hardly rose above the. Llinimal temperature calibration 

of the thermometer • 

The question nmo~ arises as to hot.r the s'liilted pose prevents 

the large increase in ab<lominal teraperatm•c found in anjma) s held in 

the resting position, Three possibilities have been considered, The 

fir~t is that the space provided between the body and substratum by the 

stilting allows evaporation to occur from the openings of the book-1Ut"1f;S 
' ' 

and that this cools the scorpion ' s body. The second is that the 

stilting merely lifts the body away from the substratum. so that 

absorption o:f: heat from this source is curtailed. Thirdly it is 

possible thut, by raising the abdomen, air currents are permitted to 

pass beneath and around the scorpion 1 s body, thus cool ing it to air 

temperature. These explaiJations are not, of course, mutually exclusi ve, 

The first suggestion, namely that stilting keeps the body 

temperature low by facilitating evaporation f'rom the book-lungs has 

1 
I t must be noted here that the initial temperature of each of the 

scorpions, 9l -93Df (33- 3400 ) reflects, in the main, only the minimal 

reading on the thermometers used. 
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Effect of stilted posture on the inter~ temperature 
of Q. lntima.n'U§. Abscissa - t:iloo in minutes& 
ordinate - body temperature in . CC. Open circle . -
experimental animal; closed circles - eontrol in 
resting position. 
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ao1:00 lXaSUX"' uf JUf.l.P0.1't in ·!:.he i'a.ct thc.t in insect!) a l..ich percentage 

o! the eool.ir-t:o ·~ich i.l ei'£octed oc--:.:ur~ by' \«cy" of tho re5pir~rtoey 

ope.~ (Wia).Qswortb.~ l~). The point io~ howe~r, ea:rlly irl".rest­

i£,a.t0d in t.ho acorpion and Fig. l7a ~ow ·l"b.e result of· such a.n 

oboo:rvation on o. lat~. 

'l1lo bQok...lungs or 'Ulo experin'>nta.l OJ1ima1 t.fOre painted over 

uith Samsonite to provo.ut cvaiJOro.tion, initlally both experimental 

anti control an:1.malo wro shaded i'rom clireot. sunlight and it cau be 

soon that., 'When tho shn.de w'tl.S :t>emov~d, the body ·ter.tpe.raturo of' the 

e~ntal, stilting a..n1ml bnrdly oJ.torod, clthout)l t.ho.t o£ the 

e:mtrol rose ~pidly. Certainly a..v ovo.portl.tion from the book-lUtlgs 

contrtbtlte&. only &lightJ.y' if at Clll, to tb.o o<Y.'llinr; etf~ot or tho 

s-:..anoe. 

Such a conclusion, thouch l'lOt 1!1 koepi:~ -wit..>t that expected 

from. an inooct, is aupportcu by tho firlrling::~ of fiin•y (l95l) with 

r.x')del Ui:3<~3 and locusts,. nruX".J.y U:1at cooling by evaporation i3 likely 

to be lesn important the.."1 heat loas by r-..~.diation an.cl eonveot.iol1 in 

determining the body tcuperature of torroatriul QX't.bropodD IJ.aCGd in 

direct sunlil?Jl'! .• 

Tho SOCOnd tme~Gstion, that s'tllting decreases heat CO!AdUCtion 

tllld radintion trom tho grounu surface, is not oo ocsUy investir.atod. 

Pan-.:r (1951) roports that the te~t.urc of a. ~ black dioo a:xpoG&d 

to direct simlight \rUl fell by as r:.u.eh no 1200 if it is .t:.~Jed to a 

beieht o£ one imh a'txM> the sub:stratmn. He eonoi~rs that a.t such 

st!all dist.Gnees from the e;rou..'ld the steepness of t.he "te.:q-..oratu:ro 

profile" is probably doo to a l'apld fall off of rnc!iatiou ef!eots ~ 

the su.bst.:ratum, and that convcct).onal losoes arc likely to be U>w. 

To tost the importanct;t o:f conwotional loss it is nccaa:ary to cl.in.Ull4te 

aG tar as pousible all tl.f.orced eouvection" (Digby, 1955), tl.~at ia, all 

air curront3 oauaod by factors other than the pl"esonce or t.be seorpion 

it$91£". On the StlgGestion o! i'roi'es30r n.w. Ever,. this vas dooe by 

oovoring tho animal, its stand and tho themometcr with e. t-.e:U- jar; 

both expo:ri.montal and control seorpions we1 .. o then oxpooed to direct 

m.mlight. 
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Ef'fect of' stilted posture on the internal temp.. 
erature of o. la.tiJna.nw!. Abscissae and ordinates 
as in Fig. 16. 
(a) Comparison of' animal in normal resting stance, 

closed circles, and experimental scorpion with 
book lungs sealed and in stilting stance, open 
circles. I nitially both animals were shaded, 
but exposed to sunlight at time o. At time A, 
both a:lUma:ls -were again shaded. 

(b ) A continuation of' the above experiment. Both 
animals shaded init ially. At time B, a glass 
bell-jar \·ras placed over the exparilnental 
an.imal and both exposed to sunlight. At ·time 
c • the cover was removed from the experimental 
e.ni.ma.l, the control only was shaded from direct 
sunlight. 

b 



As can be seen from Fig. 1 '71:r,. the temperature of the 

control a.ni.roo.l again rose rapidly, but on this occasion, after a 

short lag, so also did that of the experimental an·i maJ • The glass 

cover was then removed from the latter Hhile the control wns shaded 

from the sun. The body temperature of both animals then fell quickly. 

To check that the effect of the glass cover over the scorpion 

was not that of concentrating the f>'Ull's rays but was indeed decreasing 

the cooling of the a.nimsJ. , the simple test of l ifting the cover an 

inch from the substratt1Ili. "1.-Fd.S made. Under suc!1 conditions the temp­

erature of the stilting scorpion altered as li tt.le as if no cover 

were over the aninal at all. 

These results indicate strongly that the temperature control­

ling effect of the stilting behaviour is due mainly to an enhanced 

circulation of air &.round the scorpion. Since the above effects may 

all be imitated using recently killed animals held in suitable positions, 

there is no suge;estion that the cooling phenozoonon is due to aey "vital" 

activity of the animal. This incidentally supports Parry's assertion 

that in dealing with arthropods of a fair size, it is legitimate to 

work with models of reasonable size and shape. 

These results with 0. latimanus, while not eliminating the 

possibility that stilting may lo\·Ter heat uptake by radiation from the 

su.bstTa ·cum and by natural convection, suggest that the expostn'e of 

·the whole body ·surface to local air currents is a more effective 

mechanism of "temperature con-'vrol. It seems likely that this may be 

of general importance in the temperature r egulation of other arthropods 

such as ants and certain tenebrionid beetles 'Where patterns aJP.n to 

stilting are known to occur. The precise ~ortance of l ocal air 

currents '.ras not directJ.y studied by rarry in his work w.i th models. 

Digby (1955) who investigated tile point v.ith controlled conditions and 

live animal. s, reports that., -vri th uind speeds of 20-30 em./ sec • the 

animaJ. 1s temperature e:Jroess (i.e . the diffe1·ence between that of the 

a.ni:maJ. and the surrounding air) varies inversely "tori th the square root 

of the ,.find speed. Bal0\.-1 this wind-speed the natural convection of 

the animal itself becallle of more i mportance. As Dlgby points out, 



it is unfortunate that t.re knot·l so li t"tle of vind speed and other 

microolima.tie factors close to the ground. 

Once it is clear that the adaptive significance of the 

stilting behaviour pattern is one of thermo-regulation, two further 

questions arise : firstly, t.fuere are the thermo-recep·oors situated? 

and secondly, what are the circumstances in t·Jhich the pattern is 

evoked in naturaJ. condi tiona? 

±hermo-receptgrs. 

Nothing appears to be known of the location of thermo­

receptors in scorpions, nor in fact in other arachnids. I t ap-pears 

desirable to point out initially that stilting is not simply a direct 

response to the temperature of the substratum, that is, the animal 

does not lift its belly auay from the "burnine" ground. This can 

be shotm by placing the scorpion on a copper plate -vd th running cold 

water beneath and then directing a heating radiator on to the animal ' s 

body from above. Although the substratum on which tbe an:imal stands 

is very much cooler than the air above it, the scorpion \-Till raise 

its abdomen into the warmer layer of air • 

I t can readil y be shown that the stilting reponse to high 

temperature persists after the Ill ctines have been removeds similarly 

removal of the pectines does not a1 ter the preferred temperature when 

the animaJ.s are studied in a gradient. Further operative procedures 

are impossible and the point w.s t herefore e.iamined by observing the 

response of scorpions to a red-hot cauterising needle held near 

different parts of the body. These experiments showed that the 

poison bulb of the sting is very sensitive to a local heat source; 

the pedipal.ps are also sensitive though seemingly less so than the 

sting; the sensitivity of the l egs is still less marked, while no 

evidence was found for any thermo-receptors upon the back. 

I t would th..p.s appear that thermal exteroa<eptors are 'tddely 

scattered over the scorpion 1 s appendages and therefore any attempt to 

eliminate them experimentally is effectively precluded; thus it 

cannot be determined whether the stilting response is mediated by lla.Y' 
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of these thermal receptors. M:>reover i t seems possible that a 

postural thermoregulatory reaction, such as this1 may well be 

controlled by central thermoreeeptors1 responding to general body 

temperature, rather than by thermal exterocepwrs. 

SoJOO measure of support for this suggestion comes .from a 

consideration of observations on a number of 0, latir~us which 

were heated until they adopted extreme stilting poses. Then, with 

as li ttJ.e disturbance as possible, they were moved to cool dishes 

in conditions \-There controls sholored no sign of s·~ilting, Here four, 

of seven animals used, reverted to the stilting pose for at least 

three minutes and only later relapsed to the normal resting postUl~. 

This indicates that '~hen scorpions have been uell heated they may 

sometimes stilt in a cool dish where exteroeeptors \vould not be re­

ceiving stimulation from the environment, 

Stil t;i,ng in ielation to Life in Natural Condi t ionsa 

In attempting to answer the question "When does 0, latima.n~ 

stilt under natural conditions?" it is desirable to consider first 

some other aspects of the biology of this scorpion, 

The animals in laborat ory terraria spend many hours of 

daylight at. the entrance of their burrm-rs or two or three em. dow 

them, A limited number of observations were made in the field and 

these confirm the fact that 0, l atima.nus is not confined to the depths 

of ita burro"r during the day, It seems probable that this 11 door­

keeping11 which occurs during the daylight hours is connected with 

feeding, Certainly a study of food fragments in and around their 

burrows shows that O, 1atinnnus feeds upon insects which are active 

during the day, Further, a scorpion a t the entrance to i ts burrow 

will grab viciousl;y· at a stick which is moved carefully and 

/ "temptingly'' tov1ards it, 'While a parti ally immobilised grasshopper 

placed near the entrance of the burr ow will be hastily dragged down 

by the tenant, 
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· Using a temperature 11orgel" it has been established that 

the temperature preference of 0, la ti.man&lS lies within the range 

:32- .3SOC. The soil temperature at the mouth of the burro't·TS may 

rise as high as 7000. So that it would seem that 0, 1at~manus must 

be able to tolerate temperatures considerably higher than its preferred 

one if it is to sit in its burrow mouth 'and catch prey \IDich comes 

within grabbing distance. Theoretically the stilting pattern would 

be of eonsiderable use in such circumstances; in pr actice it has 

very frequentl:~· been observed to occur in the .labor a tory terraria 

\-There the scorpions are door-keeping during the warm part of the day • 

Obsel"Vations in the field are not possible as only the pedipalps of 

a door-keeping scorpion can be seen clearly, 

}lehaviour Rasorted to when Stilting become Inadequate, 

It has been found that the lethal temperature of 0. l atiD"@Uf! 

lies roughly in the range 40-4ifJC, I t appeared of interest to find 

out whether, if the temperature of its body approaches the lethal 

temperature, a scorpion will toorely continue to stilt or whether some 

other pattern is evoked, The ansvrer to this question involves a 

consideration of responses to directional light, 

Many scorpions show a marked photonegative response to 

directional light, This is true of An<lroctonus austraJ.jp, ScorpiQ 

mayrtlS and ButhWJ occita,nus (Sergent, 1947) . Of the species studied 

here it is also true o~ l'arabuthus £±anicauda, but o. latimanus and 
h.--

0 , litidiceps show a very striking photopositive reaction, Fm-ther, 

in agreemnt 't>d th the observations of Sergent upon the various European 

species nentioned above, o. latiwnus shows t<~ell-marked thigmopausic 

behaviour. A combination of these two elementary behaviour patterns 

would serve to direct 0, latimanu~ to the entrance of its burrovn so 

long as no other pattern interferes the scorpion could be expected to 

remain a t t..lle mouth of' its burrow, facing the light but not leaving 

the contact provided by the ualls. As has been emphasised above, 

should a scorpion maintain this position upon a hot day the environ-

mental temperature might well exceed the lethal. temperature for several. 
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rel eases an escape reaction. 
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The problem Ha.~ studied by placing i dividuals in long 

glass troughs ,m.ose .t:l.oors were covered ld th. soU. All the sides 

of the trough were blackened except one, through which ther e shone 

a light. The temperature of the trough cov~d be changed as 

required. In such a piece of apparatus at r oom t emperature, the 

scorpions showed a marked preference for the end of the trough 

nearer the l i ght source. As the temperature i s raised, the scorpi ons 

t-rill stilt, but they remain oriented tovtards the light. Then uith 

a. further i ncrease in temperature there is a sudden rever sal of 

the sign of the light response , the scorpion turns away from the 

li:;ht and moves rapic11y to the other end of the trough. I f the 

temperature is then allowed to fall , the scorpion presently reori ents 

itself tm-rards .the light. 

Often j ust before the rever sal of photopositive to photo­

negative behaviour ·occurs, there are signs of a r::eneral activit y a 

i'.requentJ.y these movement s belong t o no obvious pattern, somtimes 

the animal vr.i.ll abrupUy if ineffectively begin to burrow. The exact 

interpl~eta:t.ion of this latter is not at the moment clears it might 

be regarded a8 an attempt to construct a bl.n'row for protection, a mere 

effort ·to get atva.y from an unpleasant stimulus or a displacement 

activity arising from a conflict between opposing photopositive and 

photonegative drivea. 

I nterpreted in terms of its normal life, these observations 

imply that as temperatures rise and general activity of the animal. 

increases , the light reaction vlill not direct the animal in such a way 

as to cause it to leave the safety of its burrovl, but rather i ts 

reversal of sign v1ill result in the scorpion retreating into the 

deeper parts which, as rough measurements in the field have shown1 

may be more than 2000 below the soU tei:Iperature outside. I t would 

seem that this revera of light behaviour is the basis of an escape 

from a potentially lethal position. 



68. 

It is interesting to note that the protective be~viour 

pattern of this scorpion in relation to high temperature has two facets -

a statio post.'I.U'al behaviour pattern wl1ich permit s a certain degree of 

regulation, :f'ollo\-rod by a. dynamic locomotory pa·ttern which allows the 

animal to evade the difficulty by leaving the potentially lethal 

environment. 



6. DEVELOPMi:NTAL BIOLOGY 

Scorpion eggs can be separated into two kinds : apoikogenic 

are those vrr.d.ch , having yolk, are more or less self-sufficient as far 

as material f or development i s concerned, while katoikogenic eggs, 

l acking appreciable amounts of yolk, are characterised by various 

interactions of maternal and foetal tissues elaborated so that the 

developing scorpions can be "fed" during the time spenl inside the 

mother. 

The embryolot,zy of the scorpions vri t h yolked ege;s appears 

to have been well covered by the worlcs of Brauer (1894, 1895) , 

Percyaslazewa (1907), Pavlovsky (1924, 1925} and Abd-el-Uaheb (1952) 

so that although I have .made observations upon pa.rtu.ri t ion in two 

spedes of scorpion t.Ti th such eggs, namely Parabuthus planicauda and 

Uroplectes triangulifer, no study has been made here of the pre­

parturitional stages. 

In the case of the katoikogenic t ype, three genera of 

scorpion occurring locally have this kind of development, Hadogenes, 

Qpisthacanthus and Opisthophtbal.mus • I n spite of the work of 

Pavlovsky (1924, 1925), &thew (194S, 1956) and Vac~·10n {1950), there 

are still several problems which appear of interest. Certain 

questions relat ing to the function of accessory maternal and foetal 

structures are considered here. These structures are the "biberon" 

which i s .ma:ternal in origin, the ndorsal .flaps" which are foetal, 

and the "labral lobes" vrllich are a complex developed from both mother 

and embryo. The first two are common to all scorpionids; the last 

i s found only in Qpisthophthalmus and, since all. three structtn'es are 

thus represented i n Q.. latima,nus ., the investigations described below 

will relate to this species. It Se$mS desirable, for cJarity, to 

start with a brief survey of the development of this species. 

OutJ.ine of the Embryology of 0, latimanU§ 

The initial stages, that i s f ertilisation and cleavage , have 

not been followed in 0 , l atima.nus• There seems li ttJ.e agreezoont about 
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the time of £ertilisation in scorpions, in fact Piza. (1950) reports 

that one female scorpion in his laboratory produced t\vo separate 

broods lvit.hout any possib:i.li ty of zoo. ting bet,.reen pa.rturi tions • I 

have made a similar observation on an unidentified species of 

.Qpisths\canth,3aY!. Piza makes various suggestions aa to how this could 

have occUI"l~ea, but has overlooked the possibility of simple partheno­

genesis. Campbell (1883) and Damin (189.3) both report parthenogenesis 

in spiders and ther e is no obvious reason why it should not occur 

among scorpions. Further a mala scorpion will court and mate 'With 

a female that is already pregnant. If, in such conditions, the 

female is successfully i mpregnated, and there seems no rea son to 

believe that thi s woulc.l not occur, it raises the possibility of either 

delayed fertilisation, as in the Onyehophora, or delayed implantation. 

Whatever the time of £ert:i~i sa tion, it is generally agreed 

that the union of egg and sperm occurs in the tip of a small out­

pocketing on the tulmlar ovary of the female, this outpoclteting being 

called the embryonic eli verticulum. Very shortJ.y after the egg starts 

cleavage a long process begins to extend fl'on the tip o£ the divert­

iculwn. This process, the appendix (l£..urie, lSC)l) or more aptly, the 

biberon (Vachon, 19~ coroos to lie fre0ly amongst the liver lobes of 

the mother and is considered to function aa a channel :for nutriment 

from the mother to the :foetus • 

ln. Q, latinnnus, by l-ky, the shape of the transparent embryo 

is fairly distinct• it is attached by its anterior end to the top o£ 

the diverticulum at the point v1her e the biberon begins and there is no 

sign o£ external body segmentation. 

By July the embryos have increased in size from the .3 mm. 

of liLy to 5 mm. and, though still trans~rent, show signs of a 

developing f,'Ut , recognisable as shiny translucent globules and stretch­

ing f'rom the point of attachment of the embryo back into the tail. 

A globular portion in front of the "mouth" presumably r epresents the 

pharynx (Fig. 18a), Incipient segmentat ion oan be. seen in the hind 

part of the prosoma and in the tail r egion, 'YthUe ther e are tvo 
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Fig. 18. 0, latiman:ua. embryos dissected out of 
their embryonic diverticula.. 
(a ) Lateral viev of an embryo in July. 

The gut and perhaps the pharynx 

c 

can be made out, stippled. Anter­
iorly a slight projection on either 
side, ~., is concerned with hol~ 
ing the biberon in position. Lumps, 
51.1..., along the side of the animal 
are presumptive dorsal flaps. 

(b) Dorso-lateral view on a later embryo. 
The ganglionated nerve eord, L£.,., 
and the heart, h·, both show the 
segmentation. The dorsal flaps, ~' 
are well developed, the first two 
pairs being especially large and 
turgid. The limb" buds al'e apparent 
and the beginnings of the labral. l obe , 
LL,, can be seen through the dorsal 
naps. 

(c ) Ventro-lateral view of an embryo at 
tho same stage . The dorsal flaps are 
numbered and the gut shows clearly 
enough to establish that there is no 
connectioh betHeen it and the dorsal 
flaps or labral 1obe. 
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prominent l umps on either side of the prosoma. These mark the 

first t'l-ro pairs of 'What vtill be called the "dorsal fJ..a.ps1f and 'Which 

l ater deve.lop, a pair to each segment, all along t,p.e length of the 

masosoma and alznost all the way along the tall. At this stage the 

i'irst indications of another structure can be made out as a hump 

forming on the presumptive dorsal surface of the pro soma. This 

gro'l·TS out as a process \rtdch will be called the "labral lobeu because 

in the young nymphs its vestige can still be seen as a protrusion 

of the l abrum. 

By October the segmentation of the body is fairly clear 

and can be readily recognised by reference to the dorsal flaps, 

which have becom fairly large, though the first tu·o pairs are still 

very much more marked (Fig. lSb). The tip of the labral lobe 

projection is just beginning to make contact with the wall of the 

d.i verticulum. 

Daring November the limb buds begin to sho-v1 clearly and 

by December the segmenta. tion of the legs and the claws of the pedi­

palps is obvious., At this title the dorsal flaps have enlarged even 

.1\D."ther, the first two pairs spreading fortvard and around the .front 

part of the embryo, 'While the whole embryo has gro"t-m so as to occupy 

almost the v1hole diverticulum. 

There are ttro layers of ti:Jsue formi ng the uall of the 

anterior part of the diverticulum and by early January the tip of 

the labral l obe has broken through the inner one and the outer is · 

slowly being extended by the ~owth of the lobe (Fig. 19). later 

root-like processes appear at the end of the labral lobe, formed of 

maternal tissue only (Fig. 20). 

I t is at this time that the body of the embryo begins to 

darken in colour and is conspicuously different from the Hhi te of 

the mat ernal uterine s tructureit 

The dorsal lobes begin to shrink early in January and aS' the 

details of the embryonic body become clear, they show up merely as 
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Fig. 19 .. 0, lat:i.n;anus embryos in early January. 
(a ) Entire diverticulum 
(b) Vent.raJ. vievT of the embryo dissected free of 

the diverticulum and showing the labral lobe 1 

U..,, s oon after it ha.s extended beyond the 
diverti culum. No root-like processea are yet 
visible on it. Same retraction of the dorsal 
flaps, especially the more anterior ones, i s 
evident. lh 1 the biberon. 
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Fig. 20. (a) Left hand figure. Ventral v"'lew of O.latlmanus 
eml:xt'yo shortly before birth, i.e. late January 
or early February. 

(b ). Right hand figure. Dorsal vietv of the prosomal 
region of the same embryo. 

:Q., biberon; ~·' dorsal flaps which are d\r.i.ndling 
rapidly; J...ll, second lobe of the "labral lobe com­
plex" , lying iu.unedia tely behind the pair of median 
eyes; I.:aS.a, remnant of the diverticulum uhich has 
been dissected away; .:.11J, ., remnant of the labral 
lobe -which has been cut away in Fig.20b; ~' root­
like processes developed on t.lJ.e labraJ. lobe. 
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smnll flaps on the back of the foetus. The size of the embryo is 

not-T such that it stretches out of the diverticulum and into the ovari­

uterus itself, sometimes the tails of a number of animals may be seen 

lying side by side in one tubule. 

By mid-February most of t.he young scorpions are ready to be 

born and. 111hen this occurs each slips completely out of its embryonic 

diverticulum, leavinG the entire biberon attached to the tip of the 

diverticulum, vlhUe the inner core of the labral lobe, that is the 

foetal contribution, is pulled i'ree, the knobbled maternal covering 

beir1g left attached to the diverticulum. 

Qrganisa.tion and Form of the Embryonic Diverticula. 

In a pre~nt g. lati~ there are normally 16 to 20 

embryonic diverticula m fu developing young inside, though along 

the ovarian tubules there may be diverticula in -v-arious other stages 

of development {Fig. 22a.), as has also been reported f or 5iol'marns 

a.ustralasiae Fab. by Ffiugfelder (19.30) and Heterometrus scaber (Thor. ) 

by Ml:theu (1956), Both of t.l-}.ese t-rorkers report that vel'Y small 

diverticula, without exzy sign of biberons, occur among the series of 

developing embryos. In 0 1 lati~ these fall into three size groupd, 

a condition which is reported also for Het~rometryt1 by 1-h:thew. I n 

small females thAre is no dif~erentiation of the diverticula into size 

groups; in later instaxs there are more diverticula and they appear 

to be of t.wo sizes, while by the pre-adult instar all three sizes have 

appeared. 

Contrary to the apparent randonmess in I schnurus ochropus 

(Vachon, 1950), there is a definite arrangement of both diverticula 

nad liver lobes in 0, latima.nus. This symmetrical organisation 

(Fig. 21. ) presumably ensures that each o£ the embryos and its 

associated structures is adequately covered by the lobes of the 

mother' s liver, !ro:m which the emb!"Jonic nouri shment appears t o be 

derived. 

The embryonic diverticula themselves are al"torays ei ther 



Fig. 21. Dissection of a pregnant O. la.tima.nus from tJle 
dorsal surface, the layer or livor lobes, JJ....,1., 
which covered the embryos, has been removed to 
expose the embryonic diverticula~ ~. 
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{a ) Ovariuterus and diverticula of a pregnant 
0. latime.nus. (il. , degenerating diverticulum.; 
~., diverticulum with developing young i nside; 

a.J-5 ., small diverticula at different staees or 
development; JZ:a£.•, common vagina 

(b ) Single embryonic diverticulum of Iscb.nurus OQhropus 
sho\-r.L."lg the differentiation of a 0 casque11 , ~·, 
a feature which i s not marked in 0, 1atima;mJ.s .. 
. A coiling effect, iJZ•, is apparent \d thin tbJ> 
biberon, a further difference from. Q~ ~ 
(after Vachon, 1950). · 
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white, or , as they are stretched by the developing embryo, slightJ.y 

transparent. I n shape there is less differentiation here than 

appears in t.he other scorpions which have been studied. There is 

no definite !teasque" about the prosoroal region (Ve.chon, 1950) and 

the tail of the embryo is not marked externally by a narroHing o£ 

the diverticulum as is that of I. ochropus (compare Figs. l9a and 22b ). 

Internally the diverti culum. is lined \.lith a thick layer of 

what would appear to be g~andular tL:;sue. I t is ll'.s.rl!::ed with deep 

longitudinal f'urrows and, though no hi stolo§ical studies have yet 

been made upon them, they l>tould appear to be of some importance in 

relation to the fUnctioning of tho dorsal flaps mentioned above, 

In addition, degenerating diverticula o£ previous pregnancies 

may be observed. Mlthew. i n fact, states that from these l atter he 

is abl e to estimate the number of past preune.ncies. I n o. latima.nys 

the matter is more complicated, since there are tHo distinct kinds 

of degenerating divertic1.U.a• those ·which are like the diverticula 

illustrated by Pf'lugfelder and !itthew, and 11hich stay at'tcched to the 

tubule of the uterus until they are almost too disintegrated to 

i dentify, ~nd those 1mich appear to co~ free of t.lJ.e tubule at an 

earl y stage after development cease~ in them. These 1a tter may be 

observed ly:L11g freely in the ventral part of the body cavity and 

sometimes shm-r very. littl e sign of disintegration, as if they had just 

recentJ.y been libE>.rated f'rom the tubule. The significance of this 

i s not clear at the moment . The regularity of the positions of those 

diverticula vThich disi ntegrate while still attached t o the uterus 

suggests that they are the remnants of successf\il. past par Guri tions. 

This is supported by the fact that no remaants of' embryos have yet 

been discovered in a set of them and that the '*teat" of the biberon 

is left clear and Wlencumbered by embryonic materials J.hthew (1956) 

gives the same interpretation to similar structures in II. scaber. 

I t seems possible that the second condition could arise as a result or 

abortion but the fact t..hn.t there are normally a large numbel' or ~c._ 

freet diverticula, about 15 or so, makes thi.s seem sligh.tJ.y lless probable. 
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Hot-rever, in a mmber of post-partum f emales of R .. J..Q.t:b~ which 

were dissected., single, apparently fully-formed young vrere found 

still in their embr"Jon~c diverticula lvhich lay freely vd thin the 

liver lobes of the parent. This observation seems to support the 

view that the formation of free diverticula is associated in some 

1-say wi·~h soroo type of abortive event. 

The Biberon• 

Anatomically this appears very similar to that found by 

M:l.the-vr in H, SCaber and shows none of the differentiation into 

Endknopfchen, Kerper. and Stiel described for Hormurus a.ustralasiae 

(Pflugfelder, 19;30), The diameter, 0.3 mm. in a late embryo, is 

almost uniform along -the length, but, totvards the diverticulum, the 

biberon narro-vrs while it ends distally as a slightly rounded point. 

From ·various published accounts of the histology of this s-tructure 

(Pflugfelder, 1930; 1-hthevr, 1948; Vachon, 1950) it is lmow-.a to contain 

a nu,.nber of canals 1-Thich form its core and which anastomose to 

different extents at di£ferent points along the structure; the outer 

covering appears sli~tJ.y more porous bearer the distal. end. 

The manner of attachment of tl:.e embryo to the "teat" of the 

biberon cannot be made out during the early stages, but it is broken 

fairly easily; sow:ltimes when a. diverticulum is opened and dropped 

into formol or saline solution the embryo becomes free: occasionally 

when a diverticulum is opened, the embryo is found to be already fi"ee. 

J.hthew1 s view that the embryo merely holds the tip of the biberon in 

its mouth and is capable of letting it go, \·rould seem to apply to 

Q., latJ,manus even before the struct ures responsible for holding the teat 

have become significElll.tly differentiated. Later on (Fig.l&) tvro 

oval lumps can be seen on either side of the attachment to the biberon 

and, vmen the other appendages develop, it is clear that these are the 

chelicerae. It 'vould appear that here, a s in I, ocb;:opU§ and H, scaber, 

the chelicerae hold the biberon in place; a remnant of the precise 
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structure concerned in 0, latiroonus is recognisable in the first 

instar nymph as a hard pad on the second segment of the chelicerae, 

(Fig. 23a). I t is clear .from it.s position that t he chelicerae 

must have rotated through a right angle at the end of the embryonic 

period; a similar rotation has been found to occur in m. ochropus. 

Ever since the biberon lofas first observed, in 1828 by 

MUller, it has been recognised as the means by \ofhich the scorpion 

embryo obtains nourishment from its mother, laurie to~as of the 

opinion that the young took the end o.f the biberon and "masticated" 

it, Hhile Vachon (195.3) believes that nourishment is dravm down the 

biberon by "osmosis" and MltheH (1947) by the suction of the embryo 

at the end o.f the tube, The latter reports that in Hormur~ he has 

observed the sucking movements of the embryo and says that vi tal dyes 

are talten up into the biberon, In 0. la timanll@ no movements which 

were unquestionably 11 sucking movement s11 t.rere observed, It is true 

that pulsating movements are made by the embryo, but in most instances 

they vrere clearly related to the beating of the heart. 

With a view to r epeating the staining observat.ions of &thevr, 

the follovdng techniques were tried, A tergite of the mesosoma of 

a pregnant living scorpion lofas cut so that it could be flapped open 

and the liver lobes pushed aside to expose the embryonic diverticula. 

One of tvro courses vras then follm.reda the diverticulum was freeS. from 

the liver lobes and then slipped into a very small tube of vi tal stain 

that vras in ·.roduced amongst the liver lobes, or alternatively the 

vrhole diverticulum was cut free of the maternal ovariuterus and placed 

in a watch-glass vTith the stain, There was no observable difference 

resulting from the two different metLods used so that, after the first 

fevr trials, the latter procedure l.Tas adopted. 

Putting the diverticulum and enclosed embryo into a vital 

dye in Ri nger solution certainl:. does shovr an uptake of the dye in the 

biberon, starting at the tip and creeping along. Very little dye is 

taken up by the diverticulum, but here at;ain it is a differential. 

take-up, that part enclosing the tiny embryo, or later the prosoma, 
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Fig. 23. (a ) Ventral view of the anterior region of a first 
insta.r nymph of o. lati:manoo to show the labral. 
l obe, Lla,, in rel ation t o the ehelicer ae, Si.• ; 
the coxae of the pedipa.lps, A,. ; the first and 
second l egs, 1 and ll respectively; and the mouth, 
m. The hard plates on the chelicerae, h..i•, 
a r e sholtn:t and the contents of the l abral lobe 1 
whieh are r etracted as the nymph grows , can be 
seen, £aJ2.&. 

(b ) Ventral view of the anterior region of a second 
ins-tar nymph to show the vestige of the l abral 
lobe, l.l.r., attached t o labrum. ~., ~. 
and c ,C, are respectively the f'i:r·st , second and 
third segments of the chelicer a & a. and IJ., arc 
the first and second segments of the pedipalp. 
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absorbing d:fe far less readilyr a state of affairs rece.lling the 

differentiation of a "casquetr a.t the end of the diverticulum of 

I. ochropys (Vachon, 1950). 

When a diverticulum from which the em~o has been 

removed,or just the cut biberon,is put into the dye, the same 

differential staining takes place, so that it is not &pendent 

entirely on the presence or activity of the embryo, To be certain 

that the phenomenon "toras associated only with living tissue, the 

diverticulum with or without its contents l-ras either heated to 8~ 

for 10 min~tes or placed in concentrated formol for the same time . 

Both the c ontrol, which had been left for 10 minutes in Ringer, and 

the experimental. di 'Vel'ticulum were placed in the vi tal stain, 

After a few minutes it was clear that the shade of stainin..-g in the 

experinental case was very different from that i n the live one, but 

that differential uptake ~r the stain still occurred in both cases. 

It was found, in fact, that biberons left for five months in alcohol 

still shOl-ted the typical sel ective stainiiVg reaction of the fresh 

biberon. It is therefore clear that, aside :f'rom any possibill ty of 

an active uptake of the stain at the end of the biberon, there is a 

mere anatomical basis for this, as indeed is indicated by its histology. 

The present observations suggest that Mathew' s conclusions are not 

based upon critical evidence. If the embryo plays an active rOle 

in food uptake, some technique other than that of simple immersion in 

solutions of vital stains is necessary to demonstrate the effect. 

It has been shown above that the differential staining of 

the biberon is independent of the presence of the embryo in the 

diverticulum. There is, however, the possibility th.at activity by 

the embryo in ingesting ma. terial from the bi beron could still be 

demcnstrated b.Y the use of vital Qyes if attention was concentrated 

upon the movement of dye out of the biberon in the direction of the 

embryo. To study this problem the following sim;;le technique was 

used. 

The bottom of a shallow 1-ratch glass was lined 1d th coloured 
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plasticine, the colour contrasting with that of the dye to be used. 

A cylinder of glass, about 5mm. long with diameter 4mm. and the edges 

smoothed over, was stuck well into the plasticine, forming the dye 

chamber. Dye was pipetted into the chamber so that it lay just short 

of the top of the cylinder and a ibittJ.e Ringer solution was poured caref'ully 

itj.to the watch glass. The ani.mal to~as then placed in position; either 

the bi heron or the body lying in the vi tal stain and the remaining part 

hanging over the outer edge of the cylinder• M:>re Ringer was pipetted 

into the vratch glass until that part of the embryo in the outer chamber 

was almost covered and the Ringer level \vas just short of the top of 

the glass tube. A binocular microscope was then mounted over the 

preparation and any stain passing into that part of the embryo lying 

in Ringer could easily be seen against the oontrafng pl~sticine colour • 
i\ 

Any straY trickles of stain l:mich came over into the Ringer could 

easily be pipetted up and more Ringer added. 

Using this technique it has been found that, when the 

biberon lies in the dye, while the rest of the diverticulum, including 

the live embryo, is surrounded by clean Ringer solution, not only does 

the dye enter the biberon but it passes down this structure and can 

be seen within the diverticulum in the region of the head of the 

embryo. If, however, the embryo has been removed, ~ dye makes its 

wa:y into the diverticulum. 

These results strongly suggest that the passage of dye, and 

by extrapolation of other lDa.terial in solution, do\.Jn the biberon to 

the embryo depends in some vra:y upon the a.cti vi ty of the embryo itself 1 

but the precise manner in which the embryo dravs material. alons the 

biberon has still to be elucidatedl clearly such a technique as that 

described above could assist in further studies of the pt"oblem. 

The La.bral lobe, 

As was mentioned earlier, this structure vtas observed by 

Laurie (1S96) in museum apecimns o£ Opisthophthalmus. In one 
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animal, 0, capensis, he obtained both the late embryo and a brood 

of ne'lvly hatched nymphs, while in the other, an undetermined species, 

only the brood of young themselves was available. In neither case 

is arry detail of the mate1~na1 contribution to the foetal structure 

mentioned, but Laurie states that there is variation in the foetal 

structures of the eymphs of the tt.J"o species. I n 0. eaJ?ensis there 

are two structures, one arising from the carapace and the other £rom 

the region which "tdll produce the labrum, It would seem very likely 

that this latter part of the 0, capensis "labral. lobe" should be 

homologised -vrith the entire labral. lobe of Q, laW,ma.nus, since it 

is clear both f'rom its position in the embryo as well as the subsequent 

history in the eymphs, that here the lobe is produced from the region 

of the labrum, Even in the second instar nymphs of o, latima.nas it is 

still present as a slighUy pointed structure which only becomes 

visible \·Then the bases of the pedipa.lps are parted {Fig, 23b), 

In the undetermined species the "labral lobe complex" 

corresponds more closely to that of 0, 1atimanus in that there is 

only one lobe,J ~Thich arises from the area of the presumptive labrum, 

The second lobe of O, capensis is represented by a small and back\-ra.rdly 

pointing projection just behind the median eyes. In 0, latimanus 

embryos this can be seen as a small stub (Fig, 20); even in the first 

instar nymphs the remnants can be ma.de out quite clearly (Fig, 24), 

A second difference bfween the labral lobe compl ex of 

0 , capensis a..11d 0, latim.nus is that the two lobes in the embryo of the 

former penetrate the thick walls of the diverticulum and lie free 

among the tissues of the mother, that is without any sign of a maternal 

covering or of the knob-l ike processes associated with this tissue in 

Q, lati.Joo.nus (c£. Fig, 25, reproduced from that of laurie (1896)). It 

seems possible , however, that this might be a fixation artifact, 

Ie.urie reports that internally the labral lobe complex is 

filled with trabecular tissue, probably also containing blood vessels. 

He states that there is no connection betueen either of the labral 

lobes and the gut of the embryo or rzymph, In 0, l atimanus exactly 



Fig. 24. First instar nymph of Q, la:timanus showing the 
labral l obe 'l..r.i. th contents partly retracted, r.a,pel.l . , 
and the transpe.rent coverine lc:f.'t, t.p.l.l. 
Behind the eyes, the small lobo constituting the 
second part of ~~e l abral lobe complex i s still 
visible, J,_.1.2., as are vestiges of the dorsal fla.ps, 
d. f .v_. 



Fig1 25. Lateral view of un embryo of 0, C@<Pensis sho"r.i.ng 
tuo lobes, l.l.s., constitut ing tho labral lobe 
complex, The biberon, R•, and dorsal flaps , ~., 
are recognisabl e {after laurie, 1896) 
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the same is true& the tissue filling the chitinous covering of 

both labral lobe proper and the project.ion from behind the eyes 

appears to be in contact CTi th the muscle blocks of the pro soma 

and 1.d th nothing else. 

With rega.!'d to the function of the labraJ. lobe complex, 

Laurie proposes that it is the same as that suggested f or the 

biberon, namely the absorption of nutriment for the embryo from 

the sU!'r ound.ing tissues of the zoother. Thio is an entirely eeason-

able assumption 'With regard to the labral lobe of 0, latimnus, 

and it seemed worthwhile looking at the behaviour of the structure 

in solutions of vital dyes. 

The maternal covering, with its root-like processes, shows 

a marked uptake of stain relative to the rest of the em~o or 

di"..·erticulum, the biberon of course excep·ted. There is no sign 

of differnt.ial staining of the labral lobe as there is in the case 

o:f the biberon, so that, presumably, the co·.rering of the tmole 

structure is equally permeable to or active in absorbing dyes. I f 

the maternal cover ing is removed and only the foetal eore left., 

thero is no absorp:tion of the dye, the labral lobe behaving just like 

the rest of the body covering of the enbryo. Hot..f6ver, the intel'-
t 

. 
pr~tion of this observation is unclear t either it could :rean that 

the e1I.lbryo uas so "upset" by the removal of the maternal cove' ing 

that the mechanism of absorption was put out of action, or it could 

mean that olil.y the maternal tissues are capable of absorption of 

the vital dye and that it is by their activity that it is transmitted 

into the labral lobe of the foetus. 

In the case of the nymphs there seems little doubt that 

the labral lobe is acting as a store of food. In tho netv-born yo'\ll'lg 

the whole of ·the structure is a deep, purplish black and gradually_, 

as the animaJ. gets older_, the coloured portion is retracted, leaVing 

an anterior transparent protrusion which is only lost with the first 

moult, (Fig. 24) . During this time the baby scorpion remains on the 

back of the mother and makes no attempt to f eed; in fact this would 
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be impossible because of the position of the labral lobe itself. 

If it is B.fuTeed that the labral lobe probably functions 

as an organ of absorp-tion or storage of food, the significance of 

the fact that the structure is peculiar to the genus Qpisthopl1thalmu.s 

is not immediately clear. Laurie points out that the biberon of 

0, capensis is relatively smaller than that of Heterometru.s while 

the young are larger at birth. He suggests that the labral lobe 

constitutes an a~iary method of feeding the foetus ·to compensate 

for the inadequacy of tl1e biberon. 

The la.I'ge size o.f QW.st.""lophthalmus embryos relati~ to 

'those of Heterometrus may vrell be compensated for by the smaller 

number produced. In Heterometrus, as Laurie (189.4.) himself has 

shown, there are approximately 35 young, vrhile in Qpisthophtha.ll!D.lS 

the maximum number seems to be about 20. Nevertheless anotJ:1.er 

inte ('v.reta.t ion of the occurrence of the labral lobe complex is 

possible. The argument must, hm·rever, relate to 01 latima.nus, since 

it, is only here that the details of davelopmcnt are knoun at the 

moment. 

Two points affect the a rgument : firstly the fact that 

the labral lobe survives into the second nymphai instar as a f ood 

store, and secondly the fact that the labrallobes only appear a very 

short time before the young are due to be born. It is only during 

J'anuary tr.a.t the labral lobe breaks through the inner l-mll of the 

diverticulum and sxtende the outer one,· while the f'ir st births observed 

have occurred in early February - though there are indications that 

others had occurred earlier in the field. Both of these points 

support. tlle thesis that the ma.in function of the labral l obe in 

OpisthophthaJ.ms. is that of providing a food store for the first and 

early second instar nymph. It is qu.ite possible that a significant 

amount of lno.terial, absorbed by way of the labral lobe, is utilised 

by the foetus before pa.rttn'ition but that the main significance of 

this absorpt.i ve structure lies not here, but in the nourishment of the 

young scorpions. 
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The question then arises, l·lby should o, latiilla!l1!§ need 

a more adequate f ood store for the neuly born young than do other 

scorpions? It seems possible t..luit the ansuer JJ.es in the amount 

of tl.me spoo~ on the back of the mother before the young start 

catching prey for themselves. The duration of this period is 

:not accurately known, but sco:rpions do not fVppear t.o leave the 

mother tmtil after the first moult. The duration of the first 

interrnovJ. t period in different species is very variable, from less 

than a t-reek after birth in Centnw.oide§ vittatU{! to at l east th:ree 

weks in .Q. J.a.timanus (see Table II for summary). The second 

instar nYlnphs are generally reported as st..."'.Ying \d th their parent 

for "a fevt days" after the moult, the ma:rlnW. period quoted being 

8-14 days in Centruroides ~sul.ans (Baerg,. l954a). In O, l a.timanus 

however the young remain vri th the mother for a .further month, Thus 

the young of 0 • 1atim,nus stay with the parent for a.t JreAS..'t: seven 

weeks~ while the abso1ute ~ period for other scorpions does 

not exceed four weeks - taY..ing ma..x:i.meJ. time before moult as a. 

fortnight (e.g, Euscornius) and maximal time ai'ter as a further 

fortnight (e.g. Q., insulaw ). 

Whether the association of the labral lobe with the longer 

period spent on the mother is valid or no, the question still remains 

'What is the selective advantage to 0, lati:many~ of this longer 

association \·r.ith the parent? At the momnt there appears to be 

no definite answer. There i s no observation of the mother scorpion 

leaving the young in the burrow or the shelter and going out to 

forage, nor is there any indication t hat the young are taught any­

thing by association with the adult scorpion. The only possibility 

which need be considered here ia one tmich has no evidence to 

support it, It may be that the young scorpions need a certain time 

after parturition for their exoskeletons to harden sufficiently to 

allow vig~ous digging and that where scorpions live in deep burrows, 

in fairly hard ground, as does 0. latima.nus. a longer time must be 

spent between emerging from the mother and leaving her to start life 



TAB L E II. 

Duration of the First Intermoult in Different Scorpions. 

Dilra"E~on of' 
Animal First Intermoult (days) 

Centruroides y}. tj&. t!Y! Say. 3-6 

Buthl,Y?. gcci~~ (A.m.) ? 

Sco~io ~uropae~ Linn. 

Ti tyus trini t.ati s (Poe. ) 

Q.1. insJ,llans Thorell 

Hetero~~ 
(Rbst.) 

Eusco!J?ius i talicus (Hbst) 

i@'te.,t.omtrus sc~~ (Thor) 

~. flarpa thicus (L.) 

~r~s (C.L.K.) 

0. l a t i man us Koch 

7 

7 

7-9 

8-10 

10 

10-12 

10-12 

l4 

16 

22 or more 

Authority. 

Smith (1927) 

Fabre (1923) 

It II 

~laterma.n (1950) 

Baerg (1954a) 

Kobakhidze (1950) 

Schultze (1927) 

Cloudsley-Thompson 
(1951) 

Mlthe\<J (1956) 

Berland (1932) 

C1ouds1ey-Thompson 
(l955b) 

Personal observ­
ation. 

----------------------------------·---------------------------
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alone. It seems almost ~possible to test this thesis .since 

the abili·!;ies of the adult scorpions of different species to 
~J_. 

burrovr may, and. ver'Y probably are, very differon~depend on whether 

they normally s.re strong 13!-rowers or not. Thus, for instance, it 

would mean nothing to report thtl.t a nymph of g. J.atime,nus \vhich had 

jus'(; left its mother could excavate a l4 em. burro1·1 while a 

comparablG Parabuthus pla.nicauda nymph could not dig more tJ.1an a 

hole 1 em. deep, for it must. be taken into account that adult. 

F. planicauda never do construct a bu:rroiT of !!'lOre than about l4 em. 

even in the softest soU. 

Dorsal, flaps. 

The dorsal flaps of 0. latimapu.§ appear to be homoloeous 

-with structures first described by Thorell (quoted by Laurie , 1896) . 

These are paired bladder- like structures on certain of the tail 

segments of the young of Hetero~tr,:wJ. laurie himself reports tha. t 

such struct'ln'es are also present in yotmg o. capensis, but that here 

they occur in the mesosomatic as well as certain tail segments, 

It is clear that within the genus Opisthophthalmus there is some va.r­
W iatiion in the occ~ence and for!ll of these outgro\.rths7 for structures 
('. 

iu o. niti.,9iceps (Fig, 26) which are clearly homologous with those in 
t"",.r 

0 , la,.tima.nu.,eJare nmch larger on the ~ two segtuents on which they 

occur. I t seems possibJ.e that foe-tlU diffei·ences such as this and 

the ~ganlsation of the labral lo'Qe c omplex may well be of systematic 

importance and could give clues to the true relationships of species 

within the genus as well as with other genera. 

Laurie simply states that the wall of the diverticulum 

covering the dorsal flaps is very thin \-Thile over other parts of the 

body it is thickened. Vachon (1949) howver says that the 

"diverticul~ aildominale" in Heterometru~ and Lychas, which are pre­

sumably the dorsal flaps, are connected \·rith the embryonic cut . 

Neither in embryos of o. lati.Jna.Aus where all internal structures can 

be clearly seen through the skin, nor in the f irst instar nymphs 

as seen in dissection, was there any sign of an association of the 



Fig. 26. Ventral view of an embryo of Q....lP,tidiceps dissected 
free of the diverticulum. The dorsal flaps of the 
segments near the hind end are very much l ar<.;er than 
those in the middle or .anterior end. 

l 



gut with the dorsal f:laps. This is supported by the observation 

of Mithevr (1956) on H, scabe;t that these structures are filled only 

ldth haemolymph spaces. 

Laurie suggests, as does Vachon by implication, that the 

function of the dorsal flaps is that of absorbine: nutriment f or the 

embryo. Both Thorell and ~thevr maintain that the function is more 

probably that of respiration, the latter arguing that the dorsal 

flaps could not bo for the uptake of nourishment since it has already 

been shoun that this is the function of the biberon. Although such 

an argument is clearly of doubtful validity, it seemed worthwhile 

attempting to investigate the possibility of both functions, i.e. 

nutritive and respiratory. 

In .first instar DJ'lllphs the dorsal flaps could not of course 

be cut off vTithout the animal's bleeding to death. If they vrere 

covered 'Hith grease, so as to prevent their being used for respir­

ation or uptake of water, the nymphs appeared to live just as well 

as did the controls. Light green dye in Ri nger solution 1.m.s placed 

on the dorsal flaps but no absorption of stain occurred. 

The embryos, stripped of their diverticula and placed in 

various vi tal dyes, took up the stains markedly less over the region 

of the dorsal flaps, so that there is no sugcestion from this and 

the anatomical observatio:JS reported above that the structures are 

concerned 'dth the absorption of nutrient material. from the valls of 

the eli verticula, and it seemed Horthwhile considering vlh.ether they 

may not, in the embryo, have a respiratory function. A fe1v prelim­

inarJ' 'trials using methylene blue as an oxidation-reduction indicator 

were ruade. The results of these, indeed, suggested that thG "dorsal 

£laps" might be sites of respiratory exchange, but it vm.s considered 

that the technique was unsatisfactory and the matter taken no further. 

To sum up, the evidence here presented suggests that the 

biberon is an organ of uptake of nutriment from the mother, that the 

labral lobes may be, at least in 0. latimanus, sites of nymphal food 

reserves _,while there is a probability t.hat the dorsal flaps are organs 
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o£ respiratory exchange in the exnbr-Jo, but possibly not in the nymph. 

Peyttn'ition 

There are few reports of the birth of scorpions and those 

lvhich do exist are not detailed to any extent. The diff~cul ties, 

very like those which ar-lse in trying to obse.~.·ve the mating of 

scorpions, s ·tem from the fac"t that the even·lis occur beneath the 

ani.:IrJBJ. . ¥creover i t is clea:dy undesir abl e to disturb the a.nimals 

by moving them to a more convenient observation site. le.st.ly the 

ev~"1t can not yet be triggered o:f'f by the investigator - a possibility 

uhich certainly exists i r1 the case of the mating behaviour. 

An atterap·t was mude to overcome this difficulty of observa­

tion by keeping ti1e pregnant sco11?ions on almost flat surfaces with 

covers which co~'J.d be rer.1oved w-l thout disturbing the animals much. 

The events coUld then be '-ratched at eye-l evel. In e. number of cases 

this proved partially successful and some details oi' the pr...rturitions 

of various scorpions have been observed in this laboratory. 

Table I II shoHs the time of year at Yhich the births of 

different -scorpions arc said to occur and also the geogTaphical 

position of the species on vThich the observations Here :made.. In 

spi te of the lirai ted number of records available, it seems clear from 

the table that i n the temperate r egions the births of ooor_f)ions tend 

to occur during either mid- or late surmner, while those in the t ropics 

occur either over a great number of months or the 1o1hole year. 

The tendency to give birth or breed in sumn:er is common 

a:mongst the birds and here also it has been pointed out {Baker 1 1938) 

·:;hat. ·tropical species tend to l ack a deZini te breeding season. In 

soma birds a·c least it ha~ been shown that day-length plays a consider­

able part in the dete1T.d!10.tion of the onoet of tha bl"eeding season1 

b11t so far the point has not been investigated at all in the scorpions . 

As regards the time of day at which scorpion births occur 1 

opinion seems divided. Earlier "rorkers (e . g . Fabre, 1923 and Schultze 

1927) supposed birth to occur only at night. In tact, Schultze 



impli es that if the parturition cannot be completed during a 

si ngle n:ight, no further births vrlll occur until it is once more 

night til!Bo I n the different troorpions which I have observed 

births appeared to begin at almost any hour of the day or night. 

I t seems improbable that the event is triegered off by a light 

change since some parturitions began during pitch dark while several 

started shortl y after noon. No information i s available about the 

possibl e effects of temperature variatio_.s, as this factor was un­

control la"ble . 

Parturition has been observed in five species of scorpion; 

in some cases only one birth was seen, in other s several. The 

animals concerned are Pa.rabuthus planicauda, Uroplec tes trianblllifer, 

Opisthophthalmus l atimanus, Opisthacanthus validus, and a second 

unidentified species of Opisthacanthus. Since a description of the 

course of events in P. planicaudB; covers almost all points relevant 

to the other scorpions, this will be discuosed first . 

Parabut.hus planicauda parturi tion. 

The birth of the first baby of a brood -was never seen,.-in 

P. planicauda and in the case of the parturition to be recorded here , 

about a dozen young l-rere already .free of their embryonic membranes 

before it -was realised what was happening. The mother had raised 

her body slif)l.tly in .front, but there was no sugt:,e stion of a n stilted" 

posture (see p . '57 ). The pectines were touching the 5Tound but were 

certainly not acting as "bracesn as suge;ested for Heterometrus J.ongi­

ma.nus by Schultze {1927). 

The young, about 1 em. long in their transparent membranes , 

came out either tail-end or head-end first , the former seeming to 

take less time for emergence - 3 to 7 minutes as compared writh 15 to 

25~. The young \.Jere born singly and though in the main all 

of the progeny are forced foru£Fd f'rom the genital opening, a1 terna te 

babies are pushed out to left and right. They lie inert f or a short 

time, generally about five minutes; then pulsations begin in the 

anterior part of each embryo and ru1ortly afterwmrds the chelicerae 



T A B L E III. 

'l'iloos of Parturition . in Different Species of Scorpion. 

xnm 
Time of pe.rturi tion 

Place Tiine Season 

Mid-summer 

Summer 

Later 
summer 

Mesobuthus egeeus 
(Koch) 

I3 1 QCCi tany,2 

ttSpe.nish scorpion" 

Late summer Euscorpius itali-

Summer 

All summer 

·All summer 

1
or year 

Summer 
seasons 

Centruroides 
Vittat~ 

c. insul§.AS 

Leiurns g_ui;ngue­
striatus 

Wamna.eu{!~ 
manAA 

·~ All seasons fietero~£trus 
sca.bet 

!All seasons ~ trini\ia.tu§ 

1Surnmer 

I 
!Summer 

I 
ISunmwr 

ISununer 
I 

i SWJll'ller 

Summer 

~hthali!lUS 
latima,nue 

Parabuthus ~­
cauda 

Qp,ist.hQ"Qhthalg 
nitidieeps 

!Jropl ectes 
trianguli:fer 

Opisthaca.n:hhus 
valid us 

Qpisthacanthus sp. 

TbilissiJt 15th July-
U.S.S.R. 15th August 

Provence, 15th July-
France 

Spain September 

I taly Late August 

Arkansas, September 
u.s.A. 

Authority 

Kobakhidze (1950) 

Fabre (192.3) 

Dufour (1856) 

Cloudsley-
1Thompson (1951) 

Smith (1927) 

Jamaica, 
B.W.!. 

December- !Baerg (l954a) 
June 

Khartoum, tpril, 
Egypt !ember, 

Sept- !Thornton (1956) 
October ' 

' 
Philippines July 

Trivandrum, i!ll year 
S.W.India 

W. I ndies All year 

Grahamstm.m February ... 
S.Africa I Mu-ch 

" 1J anuary -

!schul tze (1927) 

IM>.thew (1956) 

I 
Waterman (1950 ) 

!Pereona:L observ­
ation 

" 
!Februnry ! 

!January - earl~ 
!February 

" II 

It 

If 

lie. te December 

February -
1-hrch 

Mlrch 

It 

tl 

" 
Late Summer Urodacus abruptus S .Australia ~rch Southcott. Pri­

vate communication 
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begin alternate m:rvezoonts. Almost imperceptibly the embryonic 

membrane is pushed back, with little apparent movement on the part 

of the nymph and certainly no help from the mother. 

It may be noted at this point that Fabre (1923) states 
o~i_r~~ 

that, in But..h•us ~' the mother tears open the embryonic 

membranes herself'; Waterman (1950). reports the same thing in 

Tityus trinitatis. Cloudsley-Thompson (1955) regards this as an 

"unlikely hypothesis" and quotes several accounts in ttrefutation" 

of it, i.e, Mingaud (1905) Serfatty & Vachon (1950) and a Mt-, E.A.. 

Robins. In spite of this it seems that different behaviour ma:y 

vrell occur in different species 1 .ma. ternal help when the yotl.tlg 

eroorge f'rom. the chorion may occur only were the number of young 

per brood is small. In I 1 trinitatis, Waterman says that there 
. \,...... 

~\.IQM.~ 
are 28 young Vlbile Fabre records that in B, jMm«alO there are 30 -

40 embryos - though it must be remembered that tile number which are 

born are often fewer than the number of embryos present earlier. 

Where an arrlJnal may have as many as 105 young, as had a specimen 

of Centrnroide§ insulans reported by Baerg (1954a), elaborate devel­

opment of maternal care at birth would certainly be surprising. 

It is unclear "rhat acts as the stinrulus to start the 

young Para,buthus breaking out of the membranes. There appears to 

be no maternal action uhich could have t .J.s f'u.nction, though it is 

possible that they may be activated by being slowly pushed along 

the ground by embryos emerging later • By the time the last few 

are coming out, there is general movement both from the young trying 

to climb up on to the mother and the mother herself as the eym.xms 

become entangled in her legs. No attempt \las made to isolate any 

newly emerged babies f'rom all movemen1)for fea.Z of disturbing the 

mother. 

As was mentioned earlier, the young P. Ifi.anicauda. are 

pushed slightly for\-tard by the subsequent births and at the stage 

"When only the n;ymph t s tail remains enveloped in the embryonic 
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membrane, the little a.n1.maJ. is usually just in front o! the mother's 

mouth (Fig. 27). Here a pile of shed membranes accumulates and 

as each fresh baby passes the pile, 1 ts membrane sticks to that of 

the others; 

attachments. 

thus the young scorpion tears itself free of the last 

In two parturitions that were observed an object 

resembling an unfertilised egg lay at the bottom of the pile and 

roay well have served as the initial attachment to the ground. 

All the newly freed scorpions move slowly forward; if 

they attempt to go too far, the mother herds thenz back gantJ.y \Jith 

her pedipalps. Those babies which were initially pushed out to 

the right usually pass round uniier the right pedipalp and clamber 

up the first and second legs of the mother's right side Yhile the 

others go up the left side • Sometimes however a muddle has occlllll9d 

at the "chorion-pile" and a whole group will go one way. This 

path or . ascent or the mother appears to be very stereotyped and 

young Hhich start out on the \-~Tong path soon turn round and join 

the others. It may uell be that the ttwrong" paths are in fact 

more difficult than the 11 correct" one, but it should be not ed in 

passing that there can be an adaptive significance in the distinction. 

The shorter, and to our eyes the more obvious, course is that up 

the anterior end of the mother, either by clinging on to the hairs 

of th.e pedipalp bases or directJ.y up the chelicerae. No.rma.lly if 

the adult animal is stimulated lightly in these regions a feeding 

reaction is elicited; when the scorpions are being "persuaded" to 

eat dead food, the material is normally touched gen'tly against 

these areas. It seems possible that this shorter pahh, which the 

yout)g ~· Iflanicauda avoid, would often prove fatal if used. Support 

for this hypothesis comas from the fact that on tvro occasions when 

a young scorpion was held up against the mother in such a position, 

it l'm& eaten. 

Within half' an hour after the last baby had emerged f'rom 

the mother, the whole brood of 5G-60 young is up on her back 

(Plate III). 



Fig. 27. Representation of P e pla.nicauda during parturition. 
Young, still 'Within tlleir chorions, are iimDediate­
ly in front of the mother's chelicerae, ~· , Wile 
those vmich have passed the chorion pile' ~ are 
beginning to circle round to mount on to the 
mother 1 s back. 
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Plate III. 

· Plate IV. 

Female P. planicauda with her 57 newly born young 
on her back. There is no indication of an 
orientation of the nymphs. (cf, Plates Dl, Dla 
and IVb). 

Female 0. la tiroanus vii th her young upon her back • . 
The nymphs are orientated with their bodies at 
right angles to that of their mother's and their 
heads are towards her midline o · 
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Orientation of young of Cheloctonus anthracinu.s . 
Poe. on their mother's back. Here the bodies · 
of the young are. parallel with that. of parent. 
(From a photograph lent by Dr. R.F. Lawrence). 

Female of Opisthacanthua validus and newly born 
youngo Here the orientation is very like that 
inC, a,nthracinU§., possibly ass ociated with the 
fact that the two genera are closely related, 
possibly uith the shallovr shelters under which 
they liveo 
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Parturition in 0. latimantW 

About a dozen 0 1 l a.tig.nya females have given birth to 

their YOUll€ in the laborat ory and a number of these parturi tiona 

ha\oe been watched, in part at leaot. The stance adopted during 

the event$ like that in P. planicauda, is characteristic of 

scorpion birth. 

The young take even longer to emerge than do those of 

P. planicauda, and the tmole process, the birth of 10-20 young, may 

extend over a period of four ~s. In all the cases observed here, 

the young emerged tail first and in fact it is dif:fieul t to see 

from an examination of almost fully developed foetuses how it could 

be otherwise (see Fig. 28), They are not enveloped in a chorion. 

There is no elaborate organisation of the behdiour of 

the emerging young as there is in P. planica~; in Q. 1at;l.ma.nus 

the nymphs may cravtl be·~ween the mother • s front legs and mount on 

to her back; they may come out on to her side between the legs or 

they may remain clinging on to the ventral surface of the prosoma 

for some hours. It may be noted here that in £Ej.sthaca.nthus 

yaJ idus and in a larger and undertermined species of the same genus, 

the young remain attached to the undersurface of the mother and 

only a few come on to her back after several days, 

The fact that in one species the young climb quickly on 

to the mother's back, uhile in another they do not, deserves som 

attempt at analysis and it seems possible that it may be dependent 

on the behaviour of the mother scorpion after part.uri tion. 

In the case of the apoikogenic-typ$ scorpion the mother 

may eat unf'ertilis~d eegs which may be voided before or after part­

urit.ion and ma.y also eat:" the cove:.··ings shed by the young (Fabre, 1923 

and personal obse,rvation of Uroplectes trianrulifer and ~· planicauda). 

This seams biologically reasonable as this material would have been 

ted th · I th f katoi.b, · t · th was o e~se. n e case o :ogen~c- ype scorp~ons ere 

is no reason why eating patterns should be associa ted \~th parturition 

since thero are neither unfertilised eggs nor chorions to be disposed 



Fig. 28. Representation of the ovariuterus of 0, latimanyp. 
after the birth o£ six of her young. The biberons 
and la.bra1 lobes can be seen left on the empty 
diverticula., ~. From this figure it is evident 
how the young extend into the tubules o.f the ova.rl• 
uterus so that their tails, ,t., may lie side by 
side before parturition. 



ot. It is true that kat~'genic-type scorpions have also been 

kno\m to eat young l-ihich fail to reach the mother's back but this 

seems rare and may l·rell be associated with food deprivation of the 

mother,. as suggested by Baerg (1954). 

The second point is that in apoikogenio-type scorpions 

the eating o£ un.i'ertilised eggs may often be follO't.red by an attack 

on those young which have not fully emerged from their chorions ~ 

even 1Jymtils lmich were entirely free but had not yet reached their 

mother's back. Such a case of infanticide did in fact occur with 

the female proElectes triangLUifer mentioned above. 

It T.fJlJ:Y thus be assumed that in dealing with normal 

scorpion parturitions there is more danger of ·Ghe apoikogenic-t.ype 
Ito 

young being eaten by the mother than the kato~enic-type young. 

If this is true it gives some adaptive significance to the differ-

ence in behaviour o£ the young 0, latimanus and P, planicauda, f or 

in the fonoor case it is less important that the young should reach 

the mother's back and ~ a,ra:y from her chelicerae than in the 

latter. 

Hou the difference is actua..l-ly achieved is unclear. 

Scorpionid young, perhaps due to their more elaborate foetal. nutri­

tional system, are very fat and ra·ther inactive, whilst buthid 

nymphs are smaller and, though almost as fat, appear to be much 

more active, 

The n;J·mphs, when they are born, are, a s Schultze {1927) 

described the nevi- born young of Het§rometrus l,Qngimanus, Uextreroely 

sluggish, pllllllp and fat looking" and those of p, l51timanus are of 

a purplish-black colour, very different from the brown of the adult, 

The body is very large relative to the limbs and tail (Fig. 24). 

As mentioned earlier· a prominent labrallolle protrudes betvreen the 

chelicerae, which s-till bear the hardened yello-vdsh patch concerned 

with holding the bi boron. 
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A i'urther characterist ic of the early nymphs was noticed 

in this vTaY • A mother scorpion ·Hi th the second inst.ar nymphs 

(SIBs) on her back was picked up by the tail, the norroal we.:y o£ 

holding adults. Not one of the babies fell of£. A mother with 

her first instar nymphs (FIBs) was treated in the same manner and 

none of the o.ffspring remained on her back. When the feet of the 

FIBs and SIBs are compared, the reason fvr this difference is 

apparent, Thvse of the SIBs have a pair of claws ending each £oot , 

as has the adult, In the first ins-tar, hovrever, a tough membrane 

is stretched over the tip of the foot and no claws are visible 

(Fig. 24). The body of a Fm lacks the hairiness of that of an 

older animal, but the membrane covering the tips of the feet has 

many smaJJ. bristles instead of bei.'"lg naked, Vachon (1949) writes 

of the "absenc~ de ~"l.~iffes aux pattes a.mbulatolres et, en lieu et 

en place, l'existence d 1m1 organa adhesi.f rappelant les ventouses 

pedieuses des pulli de Thelyphonides.n He gives a diagram of the 

end of the foot of P!:trabuthys .Q.apensis, from which it appears that 

the structure could function as an adhesive orge.n. Ho,-Iever, in 

Q, la t i manrua it does not appear to play such a r~le. 

ReJ.a·~ions witlt the Pare;nt. 

I t has so far been assumed that the nymphs should be on 

the back of their mother. This behavioural ·t.rai t has been observed 

and recorded many times for many different species of scorpion 

(Vachon, 1949). 0, l atima.nus does, however, shoH three features 

which are not generally recognised. 

'Firstly the extreme flatness of the oother' s back may be 

noticed during this time. Drawings tend to minimise the difference 

bet1-1·een the thickness of the mesoso1n0- of a female that is carrying 

babies and that of a non-reproductive female, and this difference 

is difficult to measure, Nevertheless it is very obvious. 

Teltologically this flatness provides the young ui th a better chance 

of security on their mother' . .J back, I n practice this may be true, 
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but it see:ro.s probable that it is due merely to the uterus having 

been recentJ.y emptied of its load. Even before the young start 

the.i.r first moult, this shape, characteristic of a mother with FIBs, 

has begun to change. By the tiroo the SIBs are a month or two old, 

the female is almost back to her normal proportions. 

Seccndl~f, when an o. l a.timanus has Fms on her back, the 

spacial regvlari ty id th which they are arr anged may easil y be seen 

(Plate IV). The babies all lie with their long axis at right angles 

to that of their mother, their heads to her midline, and their tails 

nearest the h.1.se of her legs. A baby may climb into the wrong position 

but idll soon orient so that it lies as do the others. The older 

animals do not adhere so strictly to this orientation. Whether the 

arrangement is of some particuJ.ar significance where the FIBs are 

concerned is ur..clear. I ·t is however possible that the orctel"ing 

might have some vs.lue to the mother in terms of "feed-back stimuli" 

(Hinde, 1954) or protect:tve value to the young as the mother moves 

about. Again i t is unclear whether the subsequent loss of orientation. 

is purely mechanical, due to the increased size of the older animals 

and increased slope of the motJ1er ' s back making such a simple arrange­

ment impossibl e , or Clue to a direct bGhBviouraJ. che.nge, independent 

of change in form. Certainly if a single SIB is allowed to climb 

on to the back of a mother that already has FIBs on her, this SIB is 

conspicuously uithout orientation relative to the other babies. 

The last point of interest about .Q.....latimnus carrying her 

babies concerns t.he \.faY in \.Jhi.ch they reach her back. In the main, 

reports, if they give any indication at all of how the young get on to 

the mother's back, state simply that the babies climb up, {ldngaud 1905; 

Schultze 1927; Vachon 191~9; Waterman 1950; Cloudsley-Tho:mpson l 95l). 

I n Q. ]&tir%Jnus it is true that the babies ~olill climb up on their own, 

usually qru. te effectively. They do this by llay of the mother's l egs, 

pedipalps or chelicerae. There are, however, three records of scorpion 

. mothers that are more solicitous for the welfare of their young. 

Fabre (1923) describes hoH a mother Buthus gcci tanus rakes the sand 



and young scorpions towards her with her claws, while earlier she 

holds her clat.r flat on the ground to facilitate the babies 1 first 

ascent. Smith (1927) spea.Jr.ing of the yo'Ullf, of Ctntn'l!'oid~§ nt;tatus, 

says "they were assisted by the mother in getting on her back." 

le.stly Glauext (1924) t.Jrites of the babies on the back of Urgdic~ 

n,o;ma={l.Qll~~ that "should one fall off it is r eplaced by the 

mother who lifts it carefully vri th her claws if it is unable to find 

its Hay back unaided," tfuether the young p, lati~ can climb 

up alone or not, the mother makes violent efforts to assist each one 

of her babies on to her back, She vrlll turn round to a baby moving 

about on the ground behi11d her, take it in her claws and pull it 

tot-mrds her mouth as if she were about to eat it (Plate V), She 

then drops it a.nd encloses it in her pedipalps , dilirl.niahing the 

circle so that the baby is pushed on to the chelicerae or pedipalps. 

Occasi ~y a. mother t-r.J.ll ll.f't her baby further so that she almost 

puts it on her own back, Normally the baby will climb up from the 

circle of the mother ' s "arms" on the chelicerae or pedipalps and 

thence on to her back. Although the initial movements of this 

"picking-up-the-baby" are the same as those of feeding, namel y 

clasping with the claws Q.nd dratdng in tO\·Ta.rd.s the mouth, they should 

not be confused with the feeding movements. In f"eeding, as the 

prey is caught, the chelicerae begin their alt.erna te clutching 

movements and these characterise all preliminaries to the actual 

eating. Even t-rhen the clavrs are actively rejecting the food, .the 

chelicerae ma.y still be reaching for it. In picking up the young 

there is, hovrever , no sign tma tever of any movement on the part of 

the chelicerae o The claws appear to ~lose ge:ntly and never as 

fully as they might, considering the softness of the tissue of the 

young. 

Not only do the feeding and picking-up-the-baby responses 

seem very alike in their ini tiaJ. stages, but the stimulus field to 

which the scorpion resporl~ appears very similar. An initial part 
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of both res-ponses is tot.rards a moving object. The baby may 

keep still after the first movement wllich has attracted the 

mother•s attention and started her picking-up r esponse . If 

this immobility lasts for a long time, more than 90-120 seconds, 

the mother may begin to walk away. If the baby starts to move 

at this point, the mother \dll immediatel y turn round and pick 

it up. Othenrise she vrill leave i t until, when she comes across 

it l ater, i t moves. 

Usually the young SIBs climb up unaided. The mother may 

make several rather disorganised clasping movements which seem to 

indicate her inrention o£ picking-up the baby. The young, more 

active by this time, evade thei r parent and it would appear that 

the SIBs are too quick for her. I n addition to this factor, her 

"decreased interest" in them prevents her picking them up. This 

hypothesis is partl y borne out by the follo\dng observational 

If' a young SIB is given t o a FIB mother she ldll catch*iXJI 

pull i t to her and it will mount upon her back. This \.Jhole event 

takes less time than vri th one of her ovm FIBs. Give the FIBs to 

a SIB mother and she -vrill pick them up with only slightly less 

efficiency than does their o"t-m mother. This information can be 

tabulated thus:-

FIB mother 

SIB mother 

FIB 

Pick-up very quick, 

baby clumsy 

Pick-up fairly quick, 

baby clumsy 

SIB 

Pick-up very quick 

baby agile . 

No real pick-up, 

baby climbs up. 

From this table two i deas emerge. Firs·Uy, the younger 

baby offers more" pick-up releaser11 to the female. Secondly, as her 

babies grow older, the pick-up response of the -mother scorpion develops 

a higher threshold. I i' young scorpions, even FIBs, are gi~en to a 



mother \.Jhose babies have already deserted her, no effective response 

can be elicited £rom her at all. She vdll wave her claws in a way 

rather suggestive of picking-up but does not even take hold of a 

baby. 

Relations betvreen Parents and Young of Different Species. 

,o. ni tidiceps is a scorpion which is superficially very 

similar to 0, la,timanU.S• The former animAl has never been captured 

wi. th FIBs, but interchange of babies vras tried nevertheless, FIBs 

of 0 , lat.imanu§ were put before an 0 , nit1;4icep~ whose SIBs had just 

begun to leave her, She did not eat the strange babies but lifted 

and dropped her claW'S several times, stretching t ovrards a baby but 

never opening the claus o.nd takiug it. The baby appear to have no 

doubt that this 0 , nit~gj.ceps was "mother'. It walked straight to 

her, between her hesitating claws, •limbed on to the base of her 

pedipalps and thence on t o her back. Repeated trials gave the same 

result. From this a number of further conclusions may be dravm, 

Firstly the baby, though it was of a different species, was giving 

some sort of "l -am-not-food" sign stinrulus to the female and £rom 

the fact that her own young had already begun to leave her , it might 

be suspected that 0, nitidiceps does pick-up her young but that, in 

this particular case, the threshold of the response vras just too high 

for tl1e rel easing stimuli. This female shotved no signs whatever of 

picking-up her own brood but the threshold was not sufficiently high 

to allovr her to ignore completely a very young baby. Secondly it 

is clear from the babies 1 behaviour that neither the st-range colour -

0 , nitidicens is yellow and brovm compared with the dark bro1o1n to 

black of Q, lati~ e nor the rather different shape res·uJ.ted in a 

l ack of parental sign stimuli for the baby o. lat1m:mua• This yellow 

scorpion 'ms •home" and once on the back1 the baby viould not leave 

though the surface was more curved than that of its own mother. 

Since the only Q, nitidic2ps babies that were obtained were 

ones which had alrea~1' begun to leave their mother, it is hardly 
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surprising that they should not react favourably to the ••mother" 

situation presented by an 0, la.timanus female grasping towards them. 

When the 0, la tig:mus Fm mother managed to grab one of the Q, 

nitidice£9 SIBs, it tried to sting her. T'ne ~timanua SIB 

mot.her did not even succeed in catching one of the 0, nitidioeps 

young, another indication that her response threshold was higher than 

that of the mother with younger babies. 

Unfortunately the behaviour of a male o, ]&timan'W! 

towards the young of his own species was observed on one occasion 

only, HUes have not been found in the same burrows as the females 

tmen there are young present, so that there appears to be no necessity 

for the male to have behaviour patterns which would prevent his 

catching and eating one of his otm young, This, together with the 

numerous report s of scorpion cannibalism, make the baby 1 male 

encounter rather surprising, The male did not ea~ the baby scorpion 

that was put idth him, thougb the two animals were left together 

for two hours in a small dish, I t is true that the male l.faS once 

seen to catch the baby in his claws, his chelicerae uorking i n the 

normal way preparatory to eating. Suddenly he discarded the little 

animal and walked off, No apparent rea son could be seen for this 

behaviour, but the violence of the discarding movements suggested 

that they did not merely betoken that the male had decided that he 

was not hungry after all, This observation hints of some behaviour~ 

avDidance of cannibalism, a phenomenon which will arise again in 

connection Hith female s female encounters (p.l G:, 3 ), At the 

moment, hovrever, this is merely an indication that there may be sene­

thing of interest i n this lin--e and that the observation. is wor th 

checking. 

Analysis of Bel11ViouraJ_ Relations between Parents and YC?Ulli• 

It is profitable at this point to return to a consideration 

of the mother's pick-up-the-baby response. The striking characteristic 

is that while the baby nay be taken in the claYs, it is not eaten. 

Vari ous explana.tion.,s of this phenomenon can be offered. On the one 



hand, the young scorpion may have certain characteristics in form, 

smell or behaviour 't.fu.ich a.c·t:. as specific 11releasersu of the maternal 

behaviour. en the other, the behaviouraJ. responses of the mother 

following parturition may be modified so that no object will "release" 

a feeding response - i .e. the ttpick-up-the-bab:f pattern has tempor­

arily rep:Laced the feeding pattern. I t may be noticed that these 

two explanations are by no means mutually exclusive. 

The second possibility will be considered first. Two 

observations have been made which might appear to support this thesis. 

Firstly, during the time that the mother scorpion has FIBs ahe is 

r ather inactive and, though she eats pieces of cricket when these are 

given to her, she \dll not catch prey for herself. This is consider­

ed as inconclusive for two reasons& it is an observation on a single 

animal and, even· when they are in a non- reproductive condition 

S3orpions '1IJJJ.Y allow a cricket or beetle to roam around for weeks with­

out attacking or eating it. 

The second observation which might be taken to support the 

inhibition of feeding pa.t.tern concerns an observation of what 

appeared to be "displacement activity" on the part of a mother scorpion. 

This ammaJ had a single SIB on her back and another that was bEg.nning 

t o desert her. She had already stopped actually picking-up the SIBs, 

but at times still made vague clutching movements in their direction. 

This mother caught and began to eat a fairly large cricket. Continu­

ally throughout her IOOal the one baby wandered about her and, ld th her 

cla\·JS and chelicerae occupied_;the mother made no attempt to pick-up 

or hurt it. Three times, however, she began what '-tas clearly the 

behavioural pattern for digging. She scraped ldth her first legs, 

then moved backwards, hauling ·the loosened substrate with her first 

and second l egs. Then she walked forward into the place that she had 

cleared. It may well be considered that there was a conflict of two 

drives in the mother scorpion. The maternal drive had not quite dis­

appeared and the feeding drive was being actively stimulated. It is 

under such conditions that displacement activity might be expected to 
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occur. Tinbergen (1950) quotes various cases following al.ong these 

lines am.oll/gst the vertebrates, while Gordon {1955) has reported 

displaeemen.t eating in the crab, ~. Whether this interpr etation 

of the behaviour is correct further observation alone can tell. 

I t could be postulated that digging is a normal. functional activity 

at this stage , concerned with recalling t o the nest those young 

which have eJ.ready begun to excavate. independent· burrows from the 

vralls of their motherts home. (p. to+). This particular scorpion 

was on saw-dust instead of soil and, though other scorpions have 

fed on this wi tb.out showlng digging pat-t.erns, the strange substrate 

might have affected her feeding in some way • Even i f the observed 

behaviour can be interpreted as nothing but displacement activity, 

its occurrence cannot fully support the hypothesis of an inhibition 

of a maternal feeding pattern. Displacement activity could be 

explained qlrlte as easily in terms of the specific releaser hypoth­

esis. Clearly neither of the above arguments carry much conviction 

i n their support of the idea of an inhibition of the feeding pattarn. 

I n considering the first possibility it is necessary to 

recognise that maternal behaviour may have tvo expressions, possibly 

only quantitatively different. The f irst i s the response where 

the young scorpion is picked up and gathered in to,o~ards the mouth 

so that it may climb upon the back. This is the full maternal re­

sponse. The second is a simpler response "Whi ch speaks strongly in 

favour of some specific sign stimuli associated w1 th the yoUI~g. 

If a female scorpion has caught a cricket and this subsequently 

encapes, a.l-te "J;Iill start t,o hunt, 'd th outstretched clavrs for the 

escaped prey. She may catch up a passing SIB in her claws but will 

quickly release it., apparently ttrecognisi:r:.g" it as "non-food" • 

When she is feeding 8.-l'ld the young ones scramble around trying to get 

at the food, she Dl9.Y slowly and gently push them avay from the area 

around her mouth. This behaviour is quite distinct from the quick 

clutch 8,/ t an interfering insect or "ri thdrawal f'rom some larger 

intruder;. this behaviour supports strongly the first thesis suggest­

ed above . Additional evidence also vreighs in its favour. Schultze 



U927) reJmrks of HeterometrU.§ longimanU@ t hat the mother ''invar­

iably noticed the d:if'ference between an insect or other strange 

object touching her and the conta.c·t o£ her own young." In Q. 

l atima,nus I ha.ve t'requently noticed that a mother vr.ill pay no 

attention as the older SIBs climb amongst her legs, up on to her 

back and across her. A strange insect , even i f it be as small as 

a soldier t ermite, will be interfered 'dth immediately. The 

scorpion vlill .tp.ck violently if it tries to climb on to her from 

behind, and, i .f i t is :)ut on her back amongst the babies, she 'Will 

try to scrape it off l>rith a leg. So it would appear that the 

mother is both able to distinguish young scorpions from other arth­

ropods vJhen they are directly ahead of her and might be taken as 

food;a:m:t also small arthropods from her young when they move among 

her appendages. 

The second piece of addit,iona.l evidence for the presence 

of ~ specific releaser has already been mentioned on page 9 3 • 

When FIBs and SIBs are offered to the same female, the FIBs are the 

more effective in eliciting the complete 1'pick-up-the-babyt1 response 

than are the SIBs, i.e. some of the Effeet, at least, lies in the 

baby and not in the mother. The exact nature of the sign sti muli 

provided by the young scorpions to the mother is not lmown. From 

the observ-c~.tions on PaJ.amna.eus and Qpisthophthalmu.s on the mother's 

bac]J., it is possible that there are general non-visual sign stimuli 

whic...'11. indicate "I am a baby and not to be eaten." There may be a 

specific si gn which says "The disturbance on your back or legs is 

only a baby" but it seems probable that there is one signal serving 

for both messages un.G.er different conditions. I t may be that the 

specific nature of the signal vlhich says 11 I am a baby, pick me up" 

can be gathered from~ morphological or behavioura1 differences be­

tween FIBs and SIBs. llowever there are obviously a number of 

behavioural problems here a..nd a separate investigation, exploiting 

models, etc . is necessary to make a:ny r ea.J.J.y ~tisfactory contribution 

in this field• 



Baerg (1954a) reports a . case in O~ntruroide~ insuJ.ans 

and Southcott (private communication) mentions another in 

tfrodacus Jibrup:tllJ!, where the mother scorpion ate hel .. young. It 

seems possible that here some aspect of the releaser stimuli given 

out to the mother went \.Jrong. Baerg suggests that cases of such 

infanticide occur when the mother is starving and it may \rell be 

that such circumstances might aggravate any already abnormal co~ 

iition. However it seems possible that the root of the trouble 

111ig.~t vrell have been that the ba.bie8 did not give the correet 

releasers to ·~eir mothers. Perhaps the temperature was too 11ign 

and the young therefore moved too faot or ·the relative humidity was 

abnormally lo\-r and that their colour and smell -was therefore too 

faint or too strong. 

Fi:nally there is the opposite question of recognition of 

the mother by the youn:::, scorpion. Cloudsley-Thompson (1951) 

suggested_, f'rOI!l some observations on Euscormus iWJricus }hat a. 

thigmokinetic sense might be employed in the reaction of clinging 

to the parent's back. Such an unspecific response could easily be 

adequate if either one or both of t\vo things occurreds either the 

mother scorpion could stay- in the burro\·T or shelter u..."ltll the babies 

had left her back, or she could develop a specific "picking-upt 

response as has been done in 0, latima.nil§ and the animals of Fabre, 

Smi t.h and GJ..auert. 

MOulting seems to be a general ar~hropod characteristic 

and presumably occurs in all the amchnids. Certainly it has been 

recorded in scorpions, pseudoscorpiona, spiders, pedipalpi, apilionids, 

solifu.gids, limulids and ararines. It is uncertain whether these 

animals, the arachnids, continue to moult after they have reached 

maturity, as do the Crustacea and the Onychophora, or whether, a.s 

inthe majority of Insecta, moul.ting ceases, 5'huster (195.3) maintains 

that in Limulya the latter case holds, and says that here the animal 
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stops moulting 1-1hen it reaches adulthood. From the great variation 

in size of the adults of QJ&timanus (i.e. females l.:ith developing 

embryos) it would certainly seem surprising if they were to e;rov no 

further once they became mature. As yet, however, there is no 

observation that a freshly moulted female had previously produced 

young. 

Tin£ of mouJ,.j,ine;,. 

The first instar rwmphs are certaJ.nly found only during a · 

couple of months in the .middle of summer and by the end of February 

all have moulted once. At any time during the rest of t.he year any 

one of the nymphal stageEI (e:h.--cept the first ) mal be collected from 

the field. This means that there is no possibility of the state 

of affairs that Schultze (1927) describes for Jkrl;el~omet;w,s Wtt'numus 

occurring here. In this scorpion Schultze l."aised the anjmals · from 

first instar to adult td tl'..in thirteen or fourteen months so that 

there was an interval of about two months between moults. From the 

observations of the variety of nymphal instars available in the 

field at any one time, only two conclusions can be drat.m: either 

the nymphs are being born throughout the yea:r or Q, la.ti:rranus moults 

but once a year. As has been said earlier, there is evidence against 

the first of -~ese, so that the second must be accepted for the 

present. 

Support for -~his conclusion comes from the fact that fresh 

exuvia are found in the field only during December~ January and 

February. Furthermore, second inst.ar nymphs, that had their first 

moult in the laboratory at the beginnine of 195~, had shown no 

signs of moulting by December of that year. Similarly a nymph of 

a later instar has been kept for a.t l east six months without under­

going any moult. It is just possible tha.t the condi~Gions in the 

laboratory might in some way inhibit the norma~ moulting of the 

scorpions. This however seems highly unlikely as Ytopl~~ 

;triangul.ifer has been observed to motil t tuice within a month during 

its stay in the laboratory • 
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The length of time be·t\ozeen birth and the first moult 

in various scorpions has already been discussed (p. ~I ). As 

Cloudsley-Thompson (1955b) and lllal'lY' earlier workers suggest, the 

duration of an,y intermoul t may depend very much upon the season 

and certainly upon the temperature at to~hich the animals are living. 

Since the ]'.!Bs do 1.1.ot feed at all, they seem to be ideal material 

for ~~e observation of the relat ionship of intermoul t length, 

temperature and light. No study has been made of this owing to 

lack of £acilities in the present laboratory. 

First !:bult. 

Fabre (1923) says that the first moult is different from 

all subsequent ones in the.t it is "sans ordre" and that "en lambeaux, 

la cuticle eclatant de tc~tes parte1•. Schultze (1927) refuJ~es 

this asserM.on of Fabre 's• In the case of o_ ls,tirqanua; the ma.nner 

of the first moult is similar to that described by Schultze and 

the skin sPlits at one place only - ar ottnd the anterior edGe of 

the carapace - coming ofi' in a single piece. Only the skin of the 

pedipalps is turned inside out to any degree, the rotiJna.l slowly 

expanding out of the rest. The casts are very light and transparent 

and can easily be mounted on a slide by gen·tJ..y expanding them on 

a water surface and slipping the slide under them. Be.fore this is 

done they do indeed l ook as if they might be ragged 3Ilc1 it is doubt­

less this appearance that led Fabre to his col1clusion. Once on 

the slide, the labral lo&, the dorsaJ. flaps and the rounded cover-

ings of the feet can be easily seen. 

The shedding of the first skin takes about tHo hours , and 

in 0, lat~us is certainly achieved tdthout the aid of t he mother. 

At this stage the FlJ3s m seem to be firmly stuck on to their 

mother 1 s back by their feet. Once the event is over the whole 

cast is easily freed from the motherts back, From this it would 

seem possible that , ln o. latima.nus BXlY\oray, the ma.in and perhaps 

only real use of the «adhesive" organ on each foot of a FIB is 
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during the actual moult. One XIB vas wrenched f'.ree in midraoul t 

and this animal did not complete its moult . It may thus be that 

adhesion to the mother is neces~ary during the first moult and 

that the form of the feet in the first instar is t.~erefore of vital 

importance. However it must be remembered that there i s no 

evidence on this point and that the FIB 100ntioned above may merely 

have died coincidentally or due to injury through being pulled off 

its mother. Nevertheless it is during this first :noult, the.t is 

the only :moult \-!hen a number of young are together wi. th a larger 

animal, that the scorpions are in most danger of being trodden on 

by siblirvgs or parent. Whether it is mechanically possible to 

moult without being fi:rmly at tached to some sll.l:'face or not , i t is 

certainly tl"Ue tha. t it l.rould be safer for the moulting young to re­

main out of the. xno·bher ' s llay, a.n.d Oil her back. Without ·3Sl..:.ecially 

c onsidering the dangers of being trodden on by a parent, Heega.rd 

(1945) says "the ecdysis in itself i s a most critical period in the 

life of the arthropods, in 1-1bich the continued life of the a.nimal. 

i s at risk"• 

The ~chaniam of ~krn[ting in Scorpions, 

Since a 1:1hole brood of FIBs always moulted within a few 

hours, it seemed reasonable to try and f ind out something of the 

mechanism of scorpion mo·olting, using this material. It is known 

that many insec·ts swallow air shortly before moulting and that this 

in some way facilitates the actual splitting of the ~n. (1M~ 

lW" ~ JJHttJ. It was decided to check whether the same 

sort of thing occurred in the scorpions. 

Animals at different stages of the moult sequence were 

dissected under a light machine oil and a rough estimation made of 

the amount of go.a found in -the gut. Recently born FIBs were :round 

to have almost no gas at all ~~d the ~~ held for FIBs in broods 

t·ihich were not anywhere near moulting. FIBs disseCJtied in the 

middle of moulting or taken from broods in 'tffiich some animals had 
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already begun to moult, invariably had a large amount of gas in 

the gut. This supports the idea that scorpiotvs use air in some 

way to assist in splitting the old cu»iole. 

Immediately after the moult the boqy of a new SIB seems 

"blovm upiJ so nmch so that the claws of the pedipalps remain wide 

open and for some time cannot be closed effectively to a stimulus. 

Animals in this state still have considerable amounts of gas in 

their guts. About 2.5 minutes after the final liberation from the 

exuvium the appearance of a SIB starts to change in so far as the 

swollen appearance begins to disappear and the claMS gradually 

close, remaining so except when stimulated. The gas content of 

SIBs whose claws have closed is very markedly less than when the 

elaws were open or during the moult itself. From this it appears 

possible that the gas con.-tained in the {,'tlt is also used in increas­

ing the internal pressure to stretch the new exoSkeleton and that 

the muscles closing the pedipalp claw are unable to overcome this 

resistance. 

Attempts were made to discover exaotJ.y how and when this 

gas is lost after a moult. SIBs were placed under oil, either 

immediately after they had freed themselves from their skins or ten 

minutes later; the air bubbles were cleared awa:y from mouth and 

anus and the animals were observed over a period of one hour, during 

which the controls lost their swollen appearance. Except in one 

case there was no sign of either air bubbles appearing or of the 

swollen appearance disappearing. In the single case a few bubbles 

of gas appeared at the mouth opening, while one also emerged from 

the anus. The widely open claws did not close significantJ.y during 

this apparent lib/era tion of gas • Thus, although it seems possible 

that the air is lost by ¥Jay of the scorpion 1 s mouth, there is no 

proof of this; nor have we any idea about how the gas is taken 

into the gut of the FIB in the first instance. 

Although the above observations do not by any means show 
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that gas in the scorpion gut is used in splitting the old skin 

and expanding the new so:f't one 1 they do to some extent support 

the hypothesis. 

Second Intermoult and l1aturation. 

For the first few weeks after the initial moult, 

0, latiJPMYP SIBs stay firmly on the back of the mother, who is 

still not extremely active in trying to capt'Ul"e prey 1 although 

she will accept food when it is offered to her. For a few days 

further they remain on her back or wander about her feet. This 

apparently corresponds to a stage found in the field where some 

of the young scorpions are still upon the mother 1 s back wh:Ue the 

others are in li t tJ.e side passages around the end of the maternal 

burrow. 

Neither FIBs nor SIBs that are still living on the back 

of their mother have been observed to catch prey, nor, i n fact, 

could the former be expected to feed since the labral lobe still 

blocks free. passage to the mouth. Once the babies have begun to 

leave their mother 1 s back 1 however 1 even if they may still climb up 

again for short periods, they will catch and eat food for the~ 

selves. In this connection there is what may be seen as a striking 

example of how a behaviour pattern will emerge at the age at which 

it is to be used approaches. If termites are offered to the FIBs 

or those animals that have just moulted for the first time, the 

scorpions shoW reaction. 'l'hey just ignore the insects completely. 

I n the case of the SIB, about 20 days after the first moult and while 

still firmly attached to the mother 1s back, the r esult is different. 

The SIB t-rill advance on the termite and stretch out a claw towards 

the insect. Sometimes it may open and then pa.rtJ.y close this claw 1 

sometimes the claw remains closed. The baby then suddenly retreats, 

turns awa:y and sho1,S no further interest in the "prey". A fortnight • 

later the SIBs will clutch at a moving termite and stuff it into 

their mouths with almost no hesitation whatever. They have not been 
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seen to try and sting prey but termites do not really warrant sting­

ing in that they s truggle very little. 

A further point about recognition of food by a SIB is this; 

if a termite is lying dead or immobUe on the ground a SIB will pass 

it by without turning aside to investigate, but if the termite is held 

in the clal-rS or mou·t.h of another SIB it is immediately recognised as 

food though it is apparentJ.y just as still as the insect on the ground. 

It would not seem that it is merely the movement of the other SIB 

which has attracted the attention of the first~because one SIB will 

never ca·tch at the waving tip of another• s sting or empty claw. 

A second behavioural feature which can be seen to develop 

between the end of the first moult and the second is the intraspecific 

antagonism between scorpions. Fabre (1923) says that ,.men two 

scorpions are found beneath the same stone they are either mating or 

the one is eating the other. This appears rather e:xaggerated ·"men 

applied to o. latimanu!;1, although anta:goniam is still clearly ehown. 

Nevertheless when the young scorpions lie together on the back of their 

mother, there is no sign of mutual animosity. Once the first SIB has 

managed t o catch prey however7 a.ll this is changed. In attempting to 

wrest the body of a termite from another, a SIB "Till try vigorously to 

sting the holder of the booty. Soon, within helf an hour, there are 

signs that it does not even need a sclerite of contention to start a 

stinging match between SIBs. The SIBs begin burrowing individual holes 

fairly soon after the first f eed and here again the "anti-social" 

tendency i s seen. One particular shelter was the refUge of a number of 

small scorpions until the first feed. A single SJJ3 r eturned to this 

shelter and now held it against all comers. With quivering tail and 

clutching claws the animal would rush for\·rard and attack any of its 

erstwhile companions that came within an inch of the shelter • 

The smallest animals that have been found in ·the field in short 

burrm.rs of their own are slightl y heavier than the e.nima.ls in the 

laboratory that start to feed and dig, so that i t cannot be long before 

these would, in natural conditions, be ready to live independently of · 

their mother and her burrow • 



The NUml?er of MouJ. ts. 

In scorpions the number of nymphal instars or of moults 

before a scorpion reaches maturity has as yet only been r ecorded in 

one casea Sch~tze (1927 ) kept a female Heterometrus longimanus and 

her brood in the laboratory until part, at least, of the l atter had 

reached maturity. In this case there were seven nymphal instars. 

I n Q. l atimenN the subject has been investigated, using only 

material taken from the fielda that is, it was considered impossible 

t o gain the information by watching a complete series of moults in the 

l aboratory f or, as was poi:t:lted out earlier, the animals moult only once 

a year. Although only adults were required for most of the studies 

reported here, numbers of the nymphal stages were collected from the 

field: these were sexed and their approximate sizes gauged by 

subjective estimation of the l ength of the pedipalps, I t was found 

that, except in the preadult instar, there was no significant difference 

betHeen the two sexes as far as size goes and male and female were 

considered t ogether. 

Laying these animals out in a series of increasing pedipalp 

length, they could be divided roughly into seven groups, a finding 

which agreed '-1ith seven instars found in H. longimanus, When, however, 

the pedipalp l ength ,.,as measured objectively with calipers and the 

results plotted graphically (Fig, 29) it can be seen that the age groups 

do not in fact stand out as might have been expected from the subjective 

sorting of the animals. It is true that the instars l abelled 3 and 4 

in the graph are fairly v.rell defined as cl ear-cut size groups, but the 

graph as a whole does not shm-1 such a series of marked discontinuiti es 

as might have been expected, Thus it is impossible to tell the ntnnber 

of insta.rs merely from an examination of the measurements summarised in 

Fig, 29. The result s could be interpreted as implying that there are 

either seven or eight preadult instars. 

It is therefore necessary to turn from measurements of the 

population to individual measurements. In a limited number of cases 

it has proved possible to collect an individual t ogether uith the 
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Fig . 29. Range o£ pedipe.lp lengths of nymphs and adults of 
a sample of 0. latimanll§• Abscissa-pedipalp length in l'IDil., ~ 
The histogram at the top o:f the figure shows the distribution 
o:f pedipalp lengths, each square denoting one animal, wile the 
curve running diagoDally across the figure represents the same 
informtion plotted progressively with respect to pedipelp 
length, so as to emphasise modal lengths. The horizontal lines 
at the base of the figure join points representing pedipalpar 
lengths of two successive instars in particular animals. 
This information has been interpreted to mean that, excluding 
the FIBs and adults whose status is easily established, there 
are probably six nymphaJ. instars, II - VII. The divisions 
bet,reen these, in terms of pedipalpar length, are shown by the 
broken ll~es which run vertically dow the figure. 
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exuvium of its last moult. M3asurements of these give direct 

information upon the change in size from instar to instar. These 

data are also shown in Fig, 29. It will be seen· that direct measure­

ments are l acking for a period after the fourth instar and that over 

this period there may, judging by the distribution of pedipalp sizes, 

be either two or three moults. From the general tendency for the 

increase in size at each moult to become greater with successive 

instars, it seems most probable that, as indicated in the figure, 

there are normally seven instars before maturity. 

Two i'urther points wan·ant comment. X t has been pointed 

out above that clear-cut size groups are lilni ted to the third and 

fourth instara, but that later the measurements suggest that the 

variation in size of individuals of the same instar becomes greater. 

This is indeed what might be expected for increase in size at a moult 

is likely to be affected by many variables, of which possibly the 

most important is nutrition• What is striking is that this variation 

is not eliminated by selection, at least until maturity is reached. 

This is possibly a reflexion of the great protection which the deep 

burrovts of 0, latima.nys offer to the individuals, though clearly such 

an idea requires further stu~, by the collection of more information 

on 0 . latimanus and also on other species l>thich live in more exposed 

stations. 

The second point is that the measurements upon the adults show 

two small groups of individuaJ.s i.Jhose pedipalp l ength is markedly 

greater than the mode. It is known from dissection of individual 

females that adults can produce more than one brood of young1 this 

implies that they can survi~ for more than one yea:r after reaching 

maturity. It seems possible that the exceptionally large individuals 

may belong to this category and that their greater size is a. reflexion 

at the fact that moults may occur after the animals are mature. Three 

of these abnormally large specimens were dissected and in each case 

evidence of at least ~To pregnancies were found. Ho\rever, it is 

clear that for a definite conclusion upon this point an examination 
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of both the size and reproductive sta:ljus of a l ar ge series of adult 

females must be made . 

The Final M.ml t • 

From the nymphs collected in the field it is quite clear that 

the sexual dimorphism of the pedipalp, body alld tail of Q, l atilJflnus 

arises only during the last moult. In the adult however the sex of 

an al'lima.l is also reflected in the number of pectinal teeth, the shape 

of the genital operculum and the presence or absence of crochets (Fig. 

30a ). The shape of the genital operculum appears to become dimorphic 

during the last moult and though the crochets are sometimes distinguish­

abale on a nymphal male, they are usually well held in by the genital 

operculum. which is not yet freed of the belly. The number of pectinal. 

t eeth does, however, seem t o be a primary sexual character (Fig, JOb), 

At the final moult, therefore, only the shape of pedipa.lps, body, tail 

and genital operculum change to give the external features of the adult. 

Sex Ratios. 

It ~Y be remembered that very early in the st.iAdy it was 

stated that, amongst adult Q. latiJDa.nlls, females outnumbered males 

to the e:l\.-tent of 4 l l. From the dramatic "reports" of a female kill­

ing a male immediately after copulati on (Fabre, 1923; Thornton, 1956) 

such a disparity might be easily explained, However, as tdll be 

described l ater, this phenomenon has never been seen in any of the 

matings observed in the laboratory; if anything, it is usually the 

male who is somewha!W~g:ressive, Waterman (1950) remarks of Tityus 

trinitatis that there is no question of females eating only males, 

but that axry scorpion is likely to eat a:ny other, pe.rticularl y one 

smaller or vseaker than itself. A last and minor point against the 

theory of mating with subsequent murder of t he male is the fact that 

Fabre was unable to recognise any external difference bet\·teen male 

and female Buthus occit anus and he never witnessed mating. 

M:mtgomery (1903), writing of the predominance of female 

spiders over males, sucgested that this is due to no uxoricide on 



a 

--- -- -·· -··· . 601------------------------, 

s 

number 40 

of 
30 

O.latimanus 

20 

---- ---- ----- 10 

l--9_j~~~~~~I2~~~~~~~~~~~~~7~~T.I8~ -

~___._ ___ ·L.. pectinal 

b 

Fig. 30. (a) Goni. tal operculum of 0, latimanus, slwtdng the 
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l<1i th the halves, l-Thi ch are separated in the male, 
united to form a single genital plate • 

(b) Sexual dioorphism in Q. l a tii!la!1Wl as sho"m by 
the nur.iber of pectinal teeth. 
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the part of the female spider but to a weru{er male constitution. 

Montgomery claims that the males are far• more prone to die of 

treatment which would not kill a normal femaJ.e, l-thil e Broekhuysen 

(1948) remarks on hoH \Jell the female Thomisius spider stands up 

to starvation in contrast ~o the male, The same is certainly true 

of the scorpion, o. lati.manwJ, as far as neuro-muscular preparations 

are concerned; the male normally dies after a much shorter time 

than the female. His claw grip is not as s·trong as that of a female 

and as this vrould be of importance not only in pro-tection of himself 

against other scorpions and enemies but also in holding large strong 

prey, it may vrel1 contribute towards his overall physical inferiority 

relative to the female, 

The sex r atio in the pre-adult instar is a final indication 

that the mating-murder theory is probably incorrect for Ol latimanUS 

anyway: of 10 nymphs only 2 vrere male. So that the numbers of the 

sexes are already highly unequal before sexual contests start, Of 

four nymphs of the fifth instar, two were male, two female, so that 

what meagre information is available suggests that from initially 

equal numbers of both sexes,. the females begin gradually to predominate. 

The next o. latima.lkl.S age class for which adequate material 

is available is the second instar, Here there are 10 males to four 

females. Two possible explanations are immediately claara either 

the initial sex ratio is not 1 1 l, but some 1'allowance' is made for a 

mass slaughter of males before and during maturity, or tha:li it is not 

a random sample , as the n~rmphs may have all come from one mother • 

Doumerc (1840) reported that in the spider '!:heridhan the egg-cocoons 

g-lve rise individually eith~r to all male or all female spiderlings; 

the same phenomenon was found by Cambridge (1868) in various epeirids 

and some non-r andom control of the sex of the young therefore appears 

to exist. Vandel (1941) states ·tnat some terrestrial isopods (e.g. 

Armadellidium vulgare) have 5(1/. females which produce only male 

progeny {androgenic individuals) and 50/o female s 1o1hich produce only 

females (gyriogenic individuals ). It seems possible therefore that 
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this collection of Q.. lat.imanl.l,€! second instar nymphs could reflect, 

not a general tendency in 0, latima.rm&~ to produce a majority of young 

males, but that when young are collected f'rom a single mother, they 

are all of the same sex, A few of these animals were not those of a 

brood collection, but were dug up singly, and it is possible that 

these were the few females among the males, Vandel eoes further with 

his description of the sex ratios of the terrestrial isopodsa he says 

that in Tr!chgr!scys BroJisoriY§ the females may produce all female 

young, all male or a mixture of both (amphogenic). It therefore seems 

necessary to collect and sex not one whole 0, U.ti JP&t!Wi brood but a 

number of them. 

The data collected from eleven broods are summarised in Table 

IV, o.nd the results have been analysed statistically, I would like 

to express rrry gratitude to Dr, R,F, Ewer for her assistance in this 

analysis. Firstly it uill be seen tha.t of the 158 individuals 

sexed, 87 are males and 71 are females giving a sex rat io (~es/total 

sample) of 0.550!.0.SJ.,O, which is not significantly different from 

0.50. 

However, if the individual broods are examined, it will be 

seen that in three cases out of the eleven, the sex ratio does differ 

significantJ.y from expectation, while on the basis of chance this 

should not occur in more than one brood out of twenty. This suggests 

that the individual broods do not represent a sample of a uniform 

population in which males and females occur -vri th equal probability • 

The matter may be expressed in another way. If the proportion 

of males in each litter is calculated, the mean proportion of males 

in a li vter, t ogether vdth its standard error may be determined. The 

values ~ obtained are 0,54.3!0.068. Now if the true proportion of 

males is 0.54.3, the expected standard error of this proportion for a 

sample of 158 individuals may be determined. This r esult is ! 0.040, 

a value considerably smaller than that obtained when the individual 

litters are treated sp~tely and again suggesting that the sex-ratios 

in the individual litters is not \-That would be expected by chance. 
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These results indicate that there is no gross disproportion 

in the two sexes at birth provided the sample is sufficiently large, 

but that the sexual compositi on of individual broods is such, at least, 

as to raise the question whether they may not be a "little cheating 

somevrhere with these accidental variation'~ in the processes of sex 

determination of 0, latimanul}. 



TABLE IV. 

SexuaJ. ComPQsition of Individual. Broods of o. Pe.time.nus, 

Number o:f Number of I 
MU.es 1 FenW.es Unkno\-rn ~2 p 

' 

1.3 4 1 3.778 o.o1' 

3 12 1 4.286 ~ o.o5 >0.02;; 

8 7 0 o.ooo 1.00 

10 6 0 1.000 >0,10 

9 5 0 1.143 >0,10 
I 
I 

5 
I 

9 1 1.143 >0.10 
I ; 

3 9 1 3.000 <: 0.10 >0,05 

s 2 3 3,600 ~0.10>0,05 

14 4 0 5.555 o.o2* 

10 4 0 2.571 >0.10 

4 9 0 1.238 >0.10 

87 I 71 7 
I 

- -
.. 
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7. Sexual Behavio:ur 

M:tccary (1810) published a r eport on the courtship of 

the scorpion and in 1907 Fabre included n description of this 

el aborate phenomenon in his "Souvenirs entomologiques11 , a description 

which supportn the observ. tions of Mac cary. Since then there has 

been little of further de·ta.il; for instance Smith (194.Q) states that 

the courtship of QentrJ.u:oides Vit"t§too is "similar" to that descr ibed 

by Fabre for Buthus occitanus, though he neither describes it nor the 

slight differences which evidently occur. Vachon (195.3 ) does describe 
(P~c:-. ) 

the courtship of the scorpion DuthotY.§ aJ,ticole} i n fact , he confirms 

the picture g:i. ven by l-hccary and Fabre. Within the l ast three years 

there have been three papers published on the courtshi p of three other 

scorpions : i n 1954. that of Baerg (1954a) describing the behaviour of 

Centruroides insulans; in 1955 that of Southcott on Urodacu;a Q.brupttij! 

and in 1956 that of Thornton on Leiurus guinquestri a.tus. A paper by 

Serfatty and Vachon (1950), though not primarily dealing with courtship 

in scorpions, does contain an at-t.empt at an analysis of courtsr..ip 

behaviour , so that functions are tentatively seen in different stages. 

Tliis 1.sas, of courue, a very difficult taslc when the consummatory act 

had not boon witnessed in a single ca:.;e . This consummatory ac-t bus 

been watched sul.!ces:::f'ully in 0, 1ati~ and, in the account bclo\.o~, the 

behaviour of the animals in courtship is described an<l analysed. The 

steps wbich l ed t o an under standing of the mechanism of insemination 

are re1a·ted and the courtchip beho.viour reinterpreted i n the light of 

I n such an analysis it is useful to start, as ba.ckgTound 

inforoo:t ion, tvith a statement of the anatomical dit110rphism of the sexes 

of 0, la. timanus •. 

Anatomicgl Dimorphis.m. 

As was ment ioned earlier, it is normal to find a.bnut four 

adult female 0, l atima.nus to any one malo in the i 'ield, There is no 
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observnl)lo si~?.e dif'f\!ronce , the lnracst ma.le £0uncl being only 2 m . 

shortor troo otlng to cholicorol tips than the J.e.rceot .r ... r-.ue. 

Thera o.re, ll.ovevcr, n. nuubor of dif.t'ere:lCoa in the prot)Ortions of 

different pArts or the tuo sexeo. '_fheae aro not utri ki ~elY obvious 

a..nd no series of moo.surone.at o ~.ll.S been t:ttde to e:rphasi oo Utoir oxist­

enco, but once att ention has boon ct.U.lecl to then ~ey Gr~ cloa.r enough. 

Though the total body lengtll is rourJ!ly the same in w e and female' 

'tho fornor h4s n l o.rccr proportion o£ t .i s taken up by the toll OG@llents 

than has tbo latoor. Each oo~nt o£' tho tn~l i n tho male is lot~ 

and al:...o slightly thicker than tho correspo .. ding one 1u the fonl\l.e,so 

·that no !;in:)..e tail se~ :ont r..ay ~ expected to haw so1.-.e special sic­

ni.i'icancc in soxual bci:':?.vlout... 'l'h · oososo:QQ o£ the fer~e is invar-

1 hly vidor t.hu.n that of' tJ.l..: ~o. Hero, howovez·, tho dif.forence doos 

not s.oot1 to lie in th.:. ccgments tJ1or1sol ves but in the aJ:jt)unt or stretch. 

uhich i o be.i.l:tg tlut on to tho into.rnogL ..... ntal mm.brano.s and pleurA., and 

r:.y wull depond OJ' tho ~osencc o! lt\rfO "u~rustt vi th doveloping 

yo~~. The lees aro nOt obviously lol:Jbor in tbe mole, l'I'J.t t he pedi­

palps are strikingly so. Hero the di.fi'ereneo seems to lie in the 

l rlst £our ser;rnent , tho third ancl fourth being oapooi&lly extonded 

relative to those in tho fooalct . I n. at\Oit:ton to tha dii'i'oronce in 

overall lonctb in the han.t1 of the clnv, the fifth segmont is conopic-

uou$l.y narr-ower in the mnl.e . All theoo differenoos in proportions 

of the tvo soxos my be epi tomi:led in the fGCt tha.t the tip of tho 

nnl.e claw uill touch tho btt.se or tho third to.il 3'dt)Jent when tbo 

podipa.lp is twlcl b .. kward::t; tho rowe clc.v will reach only to the 

pro:x::l.tlal P'U"t of tht:• l~st mososor.al S$(mel'lt. 

l n considering these clitferences a distiactL.n must bo moo 
botwcon thcaae feattU"es wllicl1 uo likely to ~ve boen ·present .:J nn 

L'litial se::~t dif:i'ere.Gco and tho.Je. ul1ich my w ll ~ the re:rult of 

seXll81 etivity. lt 'C14'J' ~ that tho narrower Qla\.rs ot' the male £aY 

play somo part in courtship, \.idle ·the eharaeteristic e.nl.ar[.l:!X)l'lt of 

th~ z::esosomu. of tho .rc .. .ale is \t1ithout import.a.neo in ecorpio 1 boha:vtour. 
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To a human tller c appears no difference in the colour or 

colotu- pa. ttern of the t vro sexes of P. l atimanus. Under u1 tra-violet 

light these animals do fluoresce as stated by Lav~ence (1954) - a 

pret ·ty violet in the case of o. latima.nus - but there is no sugr.estion 

of a different pattern in male and female . p L rf '). The clAws and tail, besides being different in shape and size, 

are c onsiderably more hairy in the m l e than the female . The pattern 

and length of the ·iirichobothria e.re tho same i.n both animaJ.s . In the 

first three claw segments, as \.rell as t he fo ll' proximal tail see;ments, 

both the position and size of i ndividual hairs appear to be the same for . bd; f 

both animals . Ho,vever, the three distal segments of the. claw, and the f11 -two most di stal segments of the tail have not only more hairs in the 

malo tpan the female, but t hese are appreciably longer i n the male . 

This hairiness of the male , especially on the outer part of the hand 

and, to a lesser extent, the bulbous part of the sting, is the easiest 

way of distinguishing the male from the f emale in the field. Since 

these hairs o.rc sensory, this sexual dimorphi sm might lead to the 

expectation that these a:;:eas are used in a sensor y action during court-

ship and mating and also that t he male should take t he more active part 

in this procedure . 

Other sensory structures in which a sexual difference can be 

seen are 'the pect,ineo (see ~ ~ ~ ..-.Fig . 30b). 

The fe1aale Q. latjma~ has 11 - 13 combs on her pectines while the ~IX -
male has at least 14, sometimes a s many as 18, Since the organs are 

situated very close to tho genital operculum, it would seem possiule 

tl1at this sexual difference in thei r s tructure might betoken a different 

or additional sensory use of the pectines by the male , possibly during 

mating, a sur.eestion put fonrard by numerous \·rorkers since Lan:Irester 

(18S3). 

Lastly the external sexual organs themselves may be considered. 

The operculum in tho male 0 , l atiman·l. iJ consists of t wo flaps which are 

fair ly easily separated (Fig. 30a). I n the female these are joined 

toge·ther colilpl etely anci the operculum must be used as a single unit. 



I 

I. 

ll5. 

If tho on&rcul:um is lii"toii., a pair of 1Joroehetat1 or stylets (Purcoll, 

1899) is to'W¥1 in tho nolo. n~;y eort an{l insignificant, thfJ~ 

beeo..""Wl stiff Wlf. protrudint \lhcn tho £eni tal erca. of the malo 1B 

t.st1t:»lr.~.ted ui th t nof)dJ.e. 

Fr<Xl thio mok Of atlf ana:totti.oal £ea.turos that !ire S4!'i.ld.n,g-

1y dii"£erent in malo and t'or:.:ale • 1 t vould not be surpriainL, if tJ~e1--e 

Ul)rC bolu.viO'Ul'l\l traits '.thich \IOuld distinguich the two sexeo. 

Tho flalo scorpions aro vastJ.y noro oxcitablo 1..1: general t.han 

are the rew~co. When a l'llalo is .~,:>ickod up, llo is moro r.rono than i 

a. fetaale to try to sting. Boeause of thio OleeitabUi ty t1. we is 

rath r more c1ifl·~cult to teed. Wh n malos eateh prey for thetDaelvos, 

howovGr, tha~r C:.0 not ahtrJ allY (!ros.tor to.eUity i .n tho oporntion, 00 

tho.t tho letvJor claus and more profuse soneory hair.s do not soon 't:,o 

gi 'l1'e an addi t1onnl advantn~ here. 

ha. the tr'\oko.mde by tho t:Url.mals on omokod raper, tJ?.ero 

i~ Gome alight indieu.tion tht•t tho Llnlo normolly hna his pectines 

preoaed harder on to the substrate tha.n doao tho i'omla. !his '1JYJ.'3' 

bo duo to the one anim:ll hold.i.ne it::s poctinos in a sliiJ!tly dif'forent 

way to tho otller, ant: uy indo d ~ofloct a dif!'ot·Emt or adCi t1onnl 

!'unction. lt would s rC'\eOMblo to lttppO::>o t.lla. t tho a11imal tbttt 

e:opeo.rs JDOrQ excitable .ia receiving greater Q,t".Otmto of sensory stimula­

tion. Hcr~ver, .further wrk wst bG done along tho linos indicated 

by Oloucisloy-Thompoon (l9S!G) befcro a,nrt.hing def1ni tic can be oe.id 

~ariing t -is posoib.Uity • . 

'l'h~ r csponSI;'ta to G."30lls do ni:'It se® markodly stron~"er in 

tho one than the other ocx. When testing tbiD latter poi; t , gl"'tlt 

eo...o had to be hlen l'or, as 110.'3 alroa.dy been c.ai(i, the oolos are rather 

a)re exei tabl e tht n the femnloa, and. would roo•~t wro to both mnelle 

ond con·t.rols. Indood Dristow (1929) point~J o ·t tha.t i n aome o-•.idorn 

wore aoxual difference in rospo .sc to ~ has boon reportad 

(Mclndoo l9ll ·and HS\fitt 1917) this mQy ba ex_pli cablo in terms of the 
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Kept in captivity, th~.. oolos are not as prono to burrov 

as arc the fooo.los . They do, t owever, ll..JpeaJ• to di j uot as lloll, 

a.nci have eons ~.~ruetod long burroHs 1."1 tho laboro. vOr'J. In the fiel d 

there is 110 oLJorvnblo di!'i'm'etlcg 1n lengtL of the mle nnv. ter.ale 

burrou. It would sablll re:.."!..lono.ble to assume that the disinclination 

of tho nW.ea to burrow oxtenJi vdly in e pti vi 'vy my be juut a 

roneetion of a QOrc int<muo raeetion t o a str®ge cnviron:m~mt. 

So :f!ll' there s eo to bo as rou strild.rte behavioural ns 

a.na.tomica.l differences botHeon the sexes. ln relation to their 

pG:r"sonal enoountera, hoYQVCr, this la not true. FirstJ..y, tho 

l.lobaviour which VJ.Y occ.;ur bot-ween the two soJres of p. latJmnt\a w:lll 

be dotllt v:tth; than tho f cnW.e to fotr.i\le responseo and ~11~tly the 

malo to male behaviour w-ll be cleaeribod. 

HUm :W Fomnl.c En<;Olmtm:, 

In an onoounter of a r.nlc aud fer.al .Q .. lat1mm~.P tho 

bebaviotn- is not al:waya tho oome and it 1-rould Sf'ICtl the.i; the internal 

oondi tion of each lllliml pla.ys just o.s important a part in detormining 

what pattern or eomplox \l1lJ. ennue botwoon tho scorpions A.S in other 

animals. It seems vor:; probab1.o that seasonal factors ontor into 

this; the animal3 Yill ~e !'roq ntly court and mate won put 

toge·hllcr tr tho beginning of M:!reh to the end of' Aucust - u.tumn and 

t-r.Lntor e.ppronmately - uhilo outside this tiDe a .mle will utrually 

take no notice of n foco.le othet- t..ho.n to run awy £loom hor i£ sbo trios 

to uclk over him. Whether thio is .oeroly a. to::perature ef.teet or an 

i nherant aoa.uor.nl rhyUU!J hao not yet been o.scel"tn.inea. 

Tho male i s , in tha mtdn; the active agont i n aourt.ahip ~ Ho 

my, howal'JOr, &i"~Pl'QnCh a. !~9, touch her, then turn round and h~ 

orr 00 that not.hi.11e 1\u"ther dovalops !'ron th'3 enoountor. What co~rminos 

that a v.a.la should be thuo unresponoive to the ) OSBibili ties of me.t:!.ng 

ia unelaar. In one case in tho l.."\bora tor:,·, a nela uho troqoontJ.y .. 

showed tt,is behaviour wu s ama.ll and it on.y ·\Jell be that he \fis ra:ther' 
. ' \ 

YOW'lg. In ot.hor easos a mo.lc ttat. has boen unsu_ecoosfully eourt:.i.ng ; ·. 
! 
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Altcrna.tivcly it m.'\y ba tho .femle wl o uill ha~·e notbing 

to do "rith cotJ.rtsh.in. Hor re.tusal to participa.to nny tnke one of 

tuo forms. Sho may rnn a~.,., a.s did tho ml0, ox• Dh~ r.Ay turn to 

face and attack tlle mlo (Plato V' }. This attack is quite different 

frou t..bnt, used lvhen a scorpion CAtches f)rey or tries to defend 1t.ael£ 

ag.linst an enet:ty otb£:1:' thnu e. 10ther scorpion. Tho claus clutch at 

t ho malo ll.ll<l tl.cn., whether they aro holdint; him or no'ti, the pedipnlpa 

are oprend Gpcrt uidoly, thus e.llouirli; the, at·te.clror to cloao in on 

the o.ttackod. Usually th ..... ;)air oooo togathcr so clo$Cly that t,heir 

chelicorae t.U.moat touch. ln nox'Qll prey-<:atching, the pedipalps ue 

bollt to bring the prim ui tbit1 the roach of the cholicerao and sting, 

and in no ca .:e htts thero over been ovidoneo .or this "sprcacl podipalp 

attack" . The stJ.ng of the fer .t.Qe is not normlly brought ovor her 

body, tho~1,. from tho r:'lOoent that the f01::181e bogi.ns to clutch o.t him, 

th~ mle tries to nt:L1t her. Occc.sioncJ.ly tho f'~o ray try to 

sting tl'.e nalc, but ulltllllly l1e hac begun to retreat before tl.is ha-=>pcns. 

He tlf"pe'lt'G to give in vf!r",/ suddenly, turns around, o.nd runs off ra:pidl.,-. 

Saootiaes, houovor, tho fu~o hn.s only t .-, turn ·tot·m.rds the 

W l;! an<.l he Will ruell avm.;'i. .lio scorpion ba:J evor baen soon actuaJ.l7 

to s -.:L"lg ono of the o .. poel to sex in any encoun'Wl'. 1his z:ny bo duo 

to tho crcnt excitement o:: tho rcl.o auu Uw fa.ct that he runs off 

bo!'ord U1e i<'..t le has a ch£mc.e to a~il'l.B h:i.m. It ia ·t.rue, hot-lever, that 

she appears as a rule to malco little atverq>t. 

\-lhont ins"OOad .of a.tk.ek.int., t.b~ nutivalltcd" maJ.e, th,~ i'e::l.al.o 

starts eoeapill€ M.n, l.o 'liP- (?.ve chase. He vlll rtl>t a abort distance 

an c.. than atand and exhibit 0.. pattern which \rill be called 41 Juddarit"l8" • 

Standir.g in ono place, clauo lli't.ua, tho scorpion jerks .fo:rtm.rds and 

bn.ckwards about 3 or 4 t:l.tlos ViJ.r.f rapidly& Ho.i ts 10 - 15 seconds, and 

then repects t.ho pcrform:meo. He may then take a fe , a · "'JpD forwar-d 

nnd start juddoring again. So fer, I l1avc s~.n tl1is only in P. l.AtittrulUQ 

and fount!. it rucordod tor no other scor-pions. Baerg (l954tl) , howover, 

mantiO'lS a 11 quivoring of the f'.ront leg~-;11 i j 'l ~ i,nmilnns• This 

ba.:3 not lxwn deocribed in raoro dotail, but Bo.erg nays (pri'Vato 



Plate VI. Encounter betHeen male and f er::ale 0. latimnDYA• 
The f'eml e., left, has attacked the male with her 
pedipaJ.ps and almost overturned him. 
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Cont.11Ul'lication) tho.t it occurs only •men th~ malo han hold o.r- the 

fe~la. Vachon (19.38) reports SOlOOtbinc uhich r:ray possibly be 

related in tho psoudo-scoro1ons. I 
!l'litially tJ-.is ··1iooo of behaviolll" WlS thought to haw only 

I 

a ooxual si.c;nific.ance. Later,. holtev,:.r, 1 t was aoon to occur 1n 

second insi:Gr Jlilt1Pho alll4 afto • this 1 ts el~r:e11ts vera rooor..nisod in 

the behaviour of o. scorpion "soeldncJI its pl"ey wioh had juct eludec1 
I 

it. (p. ~o ). In this ca.30 it. is not n~y the uholo body thtlt 
• I 

is jorked !'¢rvru:de am~ l:x..ck\:Ul'ds, wt o:n1y tbo cla\ls. Ir, hot.Jever, 
I 

th.. scorpioa bec.)tJeD c;rea·t.ly m--.ei ted, o.~ . by a ar icket. liuich contin-

ually jlWp& pu~t th~ hungrj pro&l.tor mJ..out tho ceorpion being ablo to 
I 

enteh it, the llttter y includo thtl whole of its bo<.V in tho jerk. 
I 

Usuc.ll:r onlJ a singlo jerk is givon at q. tic~, but cain, i£ exeitema:rtt 
I 

runs t igb.,. r.L groator numbor may he Given. Part of what is poscibly 
I 

tl•e same p:1ttorn is noon ~1. .. n a scorpiofL is wal1d.:ng ttlone undisturbed. 

'.tho clavs are not held -..ontinuou~y up or. do'm but ore l iftcil and 
I 

dropped at lntcrvalo. 

the clawo my be ,:;.ickad U?J nnd Ciropped sove:rt!.l tioos and \d tb each 
I 

upstroke tt.c;:· aro CtUTiad alic;ttly r~d ru1d outunrd as descrlbcd 

eurllor fdUiiU$. / 
If the S1JUtt.eSted rclcti nshi~ bGt\-teen thcoo :'lDVeocnts 

doscribcd above io correct, juddorine 1oay be c ouvidorod an n highly 

rituallsv-d tlsoold!llf novoz~nt. On tl).o other bnnd, it eight 1Jc tied 
I 

up with tile clutohi.ag movements Wl.!ich would p:robubly ensue Yi1~n tho 

sceldl'J6 response htld b en l'owarded. In th ) l.a lJ 'l.:ier ca. so tho n sooking" 
I 

.~nt would be looked upon as u int~ntion" alutohing. Slnce the 
I 

juddarir.le doQs nGt invol vo aetual openin€ and closing ot tho clava, 

tho f'ol'm{Jr wuld nee the :::lGl"e probable OJCPle.n:;. tion. ond judoori•18 may 

be looJr..c.d upo.1 as r1 tualiood soelct.ncl 

To r~,turn to the escnpirlf,: tc;naJ.es she !'uirly oi~on ovn.des 

tllo l:lllle oJ. :.Ocot.t.or bcec.use he loso, thm in otoppill& to jUilder. llo 

.t.10y r.vol'take her , t,urn to f n.ee her o;;nd ticat ber as tholJbh she had been 

ron,;o»oive f'ron the stm-t. / 

Tho behr..vloural Ccqllex up to this poiut ~i.e in the description 

I 
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may uell boal· furthor anal:J.sis . The tuo pattcr.uo ooown by an 

unrcsponai vo i'ezoole du-t poJ .. i bly cmnlt'o th"lt a non-reoepti VQ i'e· :ole 

CUll eOOtJ.pO tho a.ttontions of a .t'llUO \d.thout boint:; £oreod to adopt 

oi'f'ensive behav.tom·. The esa.::..pi.nc f01alo f:JtJY somotimea ~ o ught and 

may then ros)Ofld tnvourr1bl~ to the male vhllo the fe:,;alo ~o attllcks 

tho nale hD.s never y0t been obsorvlld to cha.nhe her o.tti tude with 

furtl..er atteqrta on tho pert of tbc oalo. This ouggests that there 

I:lOY bo OOtXl fundan\tlllUU di !'feronoe betwven the bohaviour of t.he t.uo 

fer..ales concornod. It aooms possible that, ii' tho fc .. tlle bas just 

be n .f'crtili..:ed (that iJl~ oho haJJ just pe.osed through the receptive 

llPaDO ) ooo uill bolmve o1'feneiToly towards the male. If, 0:1 the othor 

band, Gl.te i.s not yet qUite rec.~ for i'ertiliSiltion, the oacape l"Clction 

migbt be sl.utm t. tllo c.,,.proaeh oi' a we. Two poosibl cWVtllltae,es 

may be soon in thio eort of behaviour i il contra!)t t o tbnt of attack. 

FirstJ.y it t:tOenS tho.t a t:ale who y soon bo needed ia not cbatled or£, 

or, mot"o cor:t.ouo, ~tld b.1 the thl."'Ust. of a eting. Secondly there 

is the posoibllity thnt tl1o sOXUt.il state of the female could be stimu• 

l atod fo.vourably by some aspect oi" the chana~ o.g. by tho juddoring of 

the m.il.e. Professor Ever (po.roonnl Comtlunica:tion) re orta tho SN:!C 

type of behaviour in a. female oot. . Defore she ha.s bean tortilisod, 

ohe will porado in tront oi' tl!e tom cato, but U: they approach, she 

will run ot!' inaido the houso. After forti~isa.tion, obo \-rl.ll begin 

vicious nttacko on ney tom cat who continues his attentiono to hor. 

Durin{", nei thcr the chase nor tbo at tuck hn.a there evor boen 

fm7 sign of reciprocal juddeting on the part or th(J fe1r.ale . In tact, 

what appenr.l to bo the maJdmJJy rosponiV'e l'er..'ll.e behaviour io thnt 

of lying alJ~.st. 1:10tionleaa bei'oro a judde;ring mlo. I.f the couple 

achiovc this coodi tio.a the we vlll cur~ fot'1·1tll·d and u-asp the claw 

of the 1'eualo in his own. SoJ:Je t..unan tbert. rtay be considerable delay 

while ho coto tho " correct r;ra.sp" ; eowot1meG ho uill ca teh hold of her 

toil and one podip.tip, Ol' a leg and tail. Oi"atlually he worko his gr-lp 

ro·JDd to that shown in l'ig. 31. 
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Fig . 31. PedipaJ..p grasp in 0, ~atima,nus courtship. The 
male , on the right, has hol d of the pcdipalps o£ 
the female with his own. 
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Arbr3< Qn>i'Y M•~ PrQmeDQde n douxa 

At this point ono o£ ttto pioces of behaviour -:M.'J bo shown in 

If' she trico to pull away, the mlc 1•aisen • is sting aloost straiGht 

above his cwnro (as in tho attack ;oJC o£ Fig. 32). She eoeo llkewioo, 

tmd tJ:m elas:1ic 1 "arbro droi'tt' is n.chi~d, In Q •• J.at4.nanWI. this 

r:.ovemnt har.pens very raroly and t:dlcn 1 t eoeu. occur is or a t'ou oocollds 

dur.,lticn. Tharc is nona oi' t.Pc n.l"~nce of nc.u"G3.d..'1f." or stroking 

mentioned ~J Fabre (1923) tmt, Ba.0rg (1954n). 

It io not eloar exactly ~t oa,n¢euvres ti..e two Qt.ine;s a.ro 

involvod in: nt times they n~ar to be pricking a " Ga.Ch oth¢r, at 

others one sting will just bruiili past the ot:her. The, pattern onds 

suddenly, botl scorpions brine; tl'lCir t.a ~ls dovn a.tl(1 tho fcoalo r:ay break 

pyay and a chase startc. l1ore norr.111lly, the l~U.e begins lm.l.kinc; back­

'mrdo, drr r fJi.tg the .fenale vi th hio . AL10st iL't!:X3di tely he stat-ts 

pulling her close-r to ~ l1y be-nding his pedip:llps. His cbolicorno 

animals are elo:3e eXlOtlgh toecther to allou it, thCJ oal.c takos tl10, 

cbelicerao of the tetnlo in hia own (?J.ato VII). ar hiD. to bo a.ble 

to do t b.is at.e mtl3t open tho claus of her ehclieora& so that ~ can 

grip thee. liha.t induces her to do thiu is not clear but i:.! GOe!C cnoos 

1·~ Jr.oy take sooo tiM before his gruspi.l'l' ctclieoral cl ams are f'inalJ.y 

holdine hera. 

This UI'oppin{.. of t .ho clawbol<i oi' the pedipalps ill favour ot 

that of• the oholieerac h.J.s not ttpllQ.l'en'l.ly btl n r..snti onod boforo in 

scol~pions. Tho a ttraetivo illustrations of t ho papor ln Endoc..vour b7 

V~chon (195.3) do, in i'act~ shot-1 U. 99Ci1;.AIJuQ, in "llie arbre rlroi t pose 

m th olau holds rcl.ro.;eu and in such n posi tlon that tho t'.bolieerao must 

eortc.dnly l!Q.Vc boen very elooo tor:;ather, it not elaaping. Tl:is grip 

vould undonbte,'ly (.'iVG tho cnlo bottcr control of t.ho body of tho f .alo 

SO that it m rht not be Gllr'priSin[, ·t.o flr.c1 it in aU Otl;)GB llhOrc tho 

form on<., po<Jit i on o£ the chclieerne a.llou it. 
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Fig.\- The wido·spread pedipalp attack of Opisthophthalmus latimanus. Both animals have 
t heir pedipa.lps spread apart Rideways and are drawing together so that their chelicerae 
will be in contact. The male (left) has his Rting raised vertically prior to an attack on 
the female's body. 



Plato VII. 

\.,, 

The "promenade ! douxff of an 0. J.a'!;imaDW' pair 
(a ) A lateral viow shouing the greater eleva:tion 

of tho tail of the male and t.he lack of arrr 
grasp with the pedipalps. The male is on 
the right. 

(b) A dorsal view indicating tho cheliceral. grip. 
Here the .msl.e is on the le!t • Behind the 
female M.d on her right side can be s~n th~ 
ground which has been par i..ia.lly cleared by the 
sand scraping of the male. 

The outJ.ines of the pedipalps have been retouched. 
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Once the eholicernl 1 old in eatnbllshe<l, tha.t of tJ1o podipalps 

is, of course, ~diat.oly rol ......... ~, am.: tho "promenade A deux" boefna; 

tho r.nlo~ l!ll.l.kir.l{; 'b:lckwt:u•d.:J for short dintaneoo, dro.gll tho fc:truo, n.nd 

then, ll.u.Id~ltl fol ... .m.rds again, pushes her i n front or iw.u. From watch­

il4,. the lct,s of the ... 10 rul.irnn.l.$1 it seer.w probable tlu.t both of these 

moYClllC'Jnts f..l.l"C entirW.y duo to tho IUlle and vht- lo.ttor not duo to the 

!'otlale. It io elonr tto.t te }:lushes rc! in front ot him - hor foet 

ocm be soon ok:LcC.ina along tho ~ound. Thio vould .appear to bo the 

caoo in~ for. Scrfatty ant. Vachon (1950+ rome.rk that "lo 

dlc dirigcai t les IDOll"emGnta." 

'l'ldo sta.t;e has been knovm to last for ::Ul.10st an hour but has 

never been pr.olongoo to tho extent of 48 hours, ,a.o raported by Serf tty: 

and Vachon. SoJl'tetlr:1eo, \-dthin fl .few w.nuteA tho lOle hus gono into 

the next pbaoo or the pro::lenadc. 

Stmd 2simPiM 

I u ~ thio CoruJista of a oarapinr toc;other or o. 

pile or soU b) the nnlo . lie uoos his first rnir of log:.t for thi.s, 

o.nd then draco tho soU ooekt.mrds wi tb fll'st ano. second lees 11hile he 

pullo thJ f'e1 ul.c with d.u chelicero.o. He \fill then push l~cr back a.c­

ros..; tho nouly cleru•.ed apfiCC and rvpcat tbo procedure, never spreading 

the coll "JfCr3' ucl.l a t tb." ond o! tho pilint na.noelXV:t'e~ but creatil~ 

t~frea diatl1:<:tly cl earor oi' large soU po.rticlos than tbe surrounding 

pO.rts. The behaviour scorns vor'1J sittUar to the soil carting show 

during bUl.'TOl! constt'UCtion end tbe pe.th l c£t by tho courting couple 

looks very l.iko tr~.. ~n outGido a freshly due hln"rou. SOJ:OOtirles tho 

soil carrying pe.ttern r: y rovcrt t() the pure fa:;cle-ornmzing action, 

but i t r.o.y lead ranidly into \!ta.t. are appa.rcntJ.y the final staces ot 

the courtship. 

The time spent in clrnu!i~f the rornl.o oocl'C\tard and fortm.r<. , 

nnd· in sand scrapinc -.;.ries c ')nsi o.erably. Onco tl chelicoral hold 

bas boon osteblisbed, it L'Yl~~ be thot the state of the scorpion pai~ r:a.y 

to soo1e o: .. tent detorm:Lne bon lone the o.c't.ual courtship will last. 

thou&}1 it i s q1U.tc clear that, 1i' ' the Qllimls fl.I'Q reaJ.ly not re..~uy ror 



mating, this \rlll be $}..)pal'6nt much earlier, and the p:ro:oonade a deux 

'Hill not proeood. Wha.t is quite obvious in 0 , l~Q is t hat tho 

surface on wb:loh the pair aro promen.adin& lms a s·tr·ong influence on 

the leneth o£ promenade. On tho !'airly looso sand or loam o£ oost 

o! the laboro:tory vivaria. the pa.ir J'JJI1Y still be wlldnc;.· about after 

an hour . Transferred ai thor on to a spooth matt table top or a hard 

clay or loom sm·faco, tho next and fino.l staees o£ courtship l-rill be 

rec.cl~ed \·d. thin a minute or t.,ro as a rule. 

After some tJeO.suro of ba.ck and forth pulling and usually aom 

effort a.t :JO.nd diclJ.ng has occurred, the first indicationBof vhat. 

fl • 1\ 
aPpear$ to be roar:J.ng occur. 

The male seems to be pullin& tho f'c .. u.Ue towards r.dl'.t, as 

judged by hor resisting footholds, but he himool£ appears to be braced 

on his hind lees. The first legs of the fer.nle cay awn be lifted 

of£ tho gl'ountl and laid across tho as of the we • Iler cla\<to Sl'O 

stlll held ovor his prosaoo. (Ul.d his are around her, partly across her 

bo.ck. Doth scorpions ~· bo seen to havo their ge:.1i tal opo.rcula 

_1~~sb~-~.E~ o.t this sta.;o, thotJ€h this .may have occurred much 0a.rllcr 

in the courtohip. 

ufl to tbis stat-e the proceedings have ortoo been 'W'&.tohod in 

the laboratory. .&.pparentJ.y no:.sc, vibration and cban[.,es in ligpt 

intensity do not diot'W:'b tho pairs. The behaviour S''lbsequcnt to 

this consists .mcdnly of events at ground lE:Jvel and is consequently far 

more difficult to observe. But for the f a.ct tbn.t both aninil.a have 

reared up slightly, those evonts uould bo invisible axe opt .from below. 

In addition~ tho anicel.s O.Jpca.r to b~cal':le more sensitive t o disturb-

a.Jce subsequent to this sta e in the courtship. 

Up t.o tiJis time the ovents vrhich have beon described add 

li t tJ.o now to our kiaowled{;c of the sexual pitt01m in theso animals. 

Two obscrv~ tions o1 ma. ting wldch are descr:i. bed belo't1 served ao a key 

for an undcrstandint;, of the ::r.lbsequont events. These ea.oes are now 



described and analysed. 

Cise A, 

Here the nnill1£'.l.s had rooehed tho stac;o msnt.ioned alJove, in 

'W'hich tbo we gavo slic,ht in(liootions of rooring. It ur.u~t a.t this 

point that the spcrma tophore Wt' o soon t o be po.rtJ.y protruding from 

tJ.1e rmlo gonital nvortUl"C. A lonr~, crcn.my""'toohi··~e object , i t ws 

gro.dunlly pushod out, pointing fOI"\iard tO\m.rds the front l e('::J o£ tho 
--; ~-~ I 

mt\lo. No detalln eoJld be mado o·J.t or uny part played by tlle crochets 

in t.h.e~aion of tb& spon:ntopt.~.oro. It is poonible, hewevGr, tJ:w.t 

theso atruct...uroe Hero responsible £or guiding t.llo orgon ootwoen the 

two loboo oi' the o,ponod oporculta. After carrying the spormtophoro 

i"or about .30 seconds, during \·tidch sligllt back\-tal'd pulli.ug oF Ute 

toma.l.~ \fUS continuod, the malo appeorod to jork in 0000 tfny SO tbo.t 

tho ~parr.ntophore l ay f'roo bon;:ath him. Ho started ~lOVing bnck,Jarde, 

pullinc tl.e £<.>malo ovor the sporootophore. I t \ofila nt this poiut 

tha.t so .. 1e person in tLe lahore tory slru'"1110d a door • The ~o 1l::Ded-

i a.tel.y rs1Gasod his partner ' s chelicerae and ran a\..ray. Sho stood 

still :fot• nbout 2f) Deconds then, pressinrr her eeni tal ~perture f"ltlt 

against the ground, proceeded to ualk about :Jlo\-ity and 'dtbin a 

limited area. Tl.ia behaviour po.vo the inprossion ·tJlat che ws ooareh-

ing tor OOl"leth.:l'l(, , proat'llr..ably tho aper~atophore. " ~ho did not 

actua..'~y unlk ovor tl1ia :ttrnetur<9, though she touchod it sovoro.l vimos 

\lith hor podipe.lps. It wac entirely i enorod. She was picked up 

a.nd put dow again, mon she il::::lediately contlnuod her "sonreb" . 

Quite suctdenly she stopped, re1sed her eenital rocion f'rom the ground, 

and ran orr to cover. The spormt.l~phol"·, (Fig • .3Jn), &s sbod by 

the oalc an<:1 \ti thout ho.villc aver cn·tored the fcu-:U.e '-tall le.ft l~'ing 

on tho ground. 

At this ato.t e; o. britf' description or tLo sporl.:ato!ilore 

~ be helpi'ul . It is about l . 7 l:ll:l. lo11g, is erotll':Y-·uhito in colour 

o:xco.pt whoro it is t:ra.nO}JC.ront or t.rkct1 with bra~ at tLo 

aclerotioo:t;l.ons. S:i.nce thoro nppoa.rod to be no report nt all or 



scorpion ape1·m to},!hores, and thoro soCDD to be no aeknowlodt.;""Ctl 

temiooloe:r for tboso of o.rachnids ( sea ·KEn~, 1912 and 19,30 and 

Vachon, l93S) na.tl&S have boon invented for t.he parts ot the scorpion 

sporm t opho:re. Tho n otalk" , ~ or Fig. 33a, is a s ·!Jifi'oned hollov 

coluz:m., the 1 ollow runnilll:. into tho "ca.psulon, ,q,. This stnlk l-r.lS 

the last. ~ to be extruded from the I!W.o. Th~ capf3Ulc o.ppean, 

as s. mre.lline; in the r.rl.udlc of the opermtophore. A nru.t.ber of 

knobs are nrr0.ngod tzyL"L.ctrico.lly ou thv tJc..oroolu aurfa.ce, 'lihUe 

to'Wtll'do tJlo stalk and projectint:; i .o \OOt direction, itt o. pair ot 

hooks, h· A mass of denoor t...r.terinl can bo sam1 within the ell.paule. 

l'rossure ui th a needle on so:w p~t of.' the cap:P1le c~u.·cd the knobs 

to shoot out and Uopon• tho ~.t.ophore (Fig. 33b). At this 

st.."l[e the capsule h&.s a slit:btly lnrt:er dorsal. mund and from this 

p;.'ojoct n pair o: 13.1'( o vnlves, X• It is tho t i ps of tbeso w.lvoD 

tho.t arc visible as one of tbo pairs of 8 knobs11 i n the cloaed sperm-

a tophoro. Pren&Ul'e 011 tho aico-a of th , capaulc cauoed tho donoe 

nntorinl witbin the capsule to ri:Je and spill over betuot..:a tho wU.ves. 

Thi::.~ I~terirU. was t.hen ooen to co •• sist of nume:t"'atls .sperm, £iuo and 

threndlike. 

Anterior to tho everted valves u po.ir of &..all diocoidel 

sLructuros can bo s ... ..m, tho "sacculi" , JiS. of FiL• 33b. Thuso are. 

reprc;.;ontad in th\3 elo:ied sponrntophore by anothor ol' tho po.irB ot 

ki\obo. Lying o.utoriorly betAre0n tht. "JBJ.vo:l is \IDa" has been called 

tho "stopper" Uai) . A sli&}ltly arJOrphic str.1ctura, this apponrs 

to hnve lnL1 tiore posteriorly ootwc."en th~ valves in tho clcbood sperm­

atopltore , o.nd to have kept the upem in ple-ce. Furth.!Jr, i t vmo 

suspected that this. stor?Or tdr,bt act aa the "post -auptiQJ. plu:f or 

spornntocloutrum, .centioned by Vachon (1952). I n oo"10 forcl.e Q... 

l,n. tJJ:IQ.ntUL that uere c"d.~seetod earlitn·, a mass of ti. sauo that could 

possibly have been Ulo llt.oppers of th(' spermtophores voro :round in 

the vaeitlao . The only difficulty in viouo.lising thin s~...x"'JCt:ure 

l'ecninine bchi!'ld after tho spormtophoro is t'OJ·:oved from the VCE;ina 

io the faet tk\t itmight be oxpeoted to bo swept out aa tho Llore 



Fig.. 33. 

h 

J m..!!l.... 

The sperrnatophore of 0, lj.t~g_~ 
(a) Diagrammatic representation of an unopened 

sper .. Ja:tophore. The position of the valves 
and sperm-mas a have been indica ted. 

(b ) Spermatophore of case A, valves everted by 
the experimenter • 

{c) Spermatophore bent by the animals during the 
eversion of the vnlves. The passage ve.y for 
the sporm mass fo.rl:ed by the tl·TO valves is 
i ndicated by an arrow. 

a 

b 

c 

~o1 Capsule portion; l;l., chitinous hooks; A•t StemJ 
,G., sacculus; .a.n., stopper; Jttt. , stalk; 
~., sperm. mass; :y:., valve; lit• , pedal wings. 
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<leoply embedded part a of the sperDa tophore were \d thdrnun. For 

auoh 11 "plus'' to bo l eft in tlu~ vatintl it would nood o1tbor to bo 

placed in po::Jition a.ttor fortili oo.tion, a.s 1.ndead Vachon (195.3) 

au.~:mes·· o, or the pluc raust be on tlw.t pru;"t of tho SIJOrlllntophore 

uhieh ponetra.tos the female f'iruv. Wit h tho stopper in t,h(J eontrsl 

part of tho spor~t.ophore the possibilit;r or its 1\motloning as the 

plug appeared faint (but eoo p. 14-3 ) . 

Th'"' end of tho capsule opposite tho stalk c ontinues solidly 

as tha "stenf' , A of Fir; . 3&.1 to end ao tho soft bifid 11 t>d-'1gsfl 1 lit• 

Thoro was the possibility that those anteriorly situated st~leturos 

r..ueht act ao tJ1e vaginal plug, thc.ruch their la.ek of' any selt.!l"'llltisation 

line::~ did not oo:n~espond t1it1 that oi' tho plu,es £ound in the foztnlcs. 

Whothor tho Jeorpiono wrc or wore not disturbed by thG 

noise and vibration, the mcU.o hlld a:t:rndy dropped the spcrm. t oPl-ore. 

What. re:Jnined \.U'lOlee.r va.s whethor this represented tilo end of Lis 

r3l.e in -!O.ting1 or whether he further assisted in e£i'eotine tbe intro­

duction of the apernato:r;iloro into the f'eme.lo. Hor oeerahing 

'behe.viour mieJ:lt well hAve boon part of a po.tt~rn in ubicb she a.cti vely 

picked Up tho spGrtrat~ophore a.nO; had sho not beon disturb001 she mieht 

have achiGved this end quite o.ffceti vely. 

I£ the sper:mo. t ophoro woro inaorted in ei thor of thooo two 

trays, i t might oo openad to relea.se tbe sporm by a prossure on the 

ea.pmde from ei thor tho m.lo 1 a l egs or pedipalps (as in the eace of 

oome pseudoaeorpions, Vachon, 1.938)1 tho fenale operoulnr pln·oo· or 

tho actual woll~ or tho vaulna. Such a procedure vottld oOOl:l very 

dii'i'ieult o.n the capsule llos in ·(jb.e mddlo o£ ~...G 4Jormatopho:ro and 

tho idea sooned to imply that oithor tho \ringl!l or tho stalk lllid to be 

driven deep into tho Va.[;ina to t.lre 1nsemino.tion mochanically possible. 

The pair o£ stiff chi tinouo hooks ttere considered to i'orm 

a tl9cha.?lism 1t!ich prevented the opermatopllore slipping easily f'rom. the 

vagina. once it was in position. 
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In this iustanoe, .1.0t onl;.. ooro tho nn.Imls "dioturbod", 

.so that the end o£ tho p1ttern tro.JJ not soen, but a ninu.to or two o£ 

obooz-vation ws !l'li::lood ohor1J.y bofore tho oou.olle broke apart. 'the 

o...lUma.J.:; waro obaorvcd Uitt:U they had ro ohcd the rear:tne ota. o of the 

promono.de, the fomalo uith hor c.~nital opereulua open. When next 

aeon, t.ha f'cool.G had a. bilobcd 'mi·oo s t ruct ure protruding fx"ott her 

eoni tal .a.pQrtut'o. It WMi tbon that tho male rusht!d off' t l disturbed. tt 

The foma.lo cl'C'oppcd her ~eni ttU. rec:ton to the gro~a. and appoorod to be 
. . , I ~ I I 1 , 

either preosinc tho t:tbito structure i.nt.o t:or b~" k7i!lc' to l1ipe it 
' 

i't'eo. In ·;:;bo latter objective, she wac succes:.1ful, a:.1d u.ftor o. 

further ~!0 seeoudo of wipil'~ her gcrd tol rogion ovor the mtbstratum 

i!l the manner of tho "searchint.;" oi Ce.sc A fcmlc , sh1 arouo tm<! 'tJCllt 

her way, l cnvi rtG tlle ttlite object. , nov cloo.rly a spornat-ofilorc, on tho 

srounc.. 

Tho tdng:a 91' tho cpcrrntopho:re \loro in thi8 c·~::w .;tu.ek f;il'mly 

on to the (,TOund, ancl uero in fa.c t torn ort in tr;rinr to l't'co it. 

The two "lobca" o£ the o ~ucturc uara then ooen to oo th:;~ stolk and 

s·ooan, those tvc }XI.rts ooinr; bent a.ll:10o·~ at r!ght o.ncJ.oa to each othor. 

'!bat part tr2dch hnd ro!>n la. st to lea.vo tho genital a.parturc of tho 

tomo.l.e wns the capoule 'With 1 ts valves everted. 

Tt«~ exp1t:U'll1tions or tho phenomonon seem pot!!lible. Ei thor 

tho f'e......Ue ht.~.d just picked up, on::pticd a.nu rlad b .. ~n w.tchod voiding 

the aperll:latophoro of tho l!IBle that ha.d run a\my, or aho hod ~n 

extruding a spermatophore ~oft bJ· an onr11er m.'lting, t:he couroo of 

ncti•·n neooaoory bo£oro obe could prooeod to mate l7ith tho rr.ale tbe.t 

bad recentJ.y been eourtinz ho.r. 11' tlu.. fomor He~ true the whole 

nntint uould take only a !"ott L'linut~ePJ if the lc.ttor tror6 t:3.'ue, the 

promenado rlight bo conoerncd with otil'lllln tine t1w foml.e to deposit 

th old spot'!llll t ophoro, o.J troll ns· 'iO:Jaibly Yi tll a. nr t..ing. No l'lOre 

aupport uus indiePted here for ono or other intorprotation. 

Facto which could, l.o¥rever, bo eloaned &om the oonoidoratron 



w . 

of case B aro olea.r. The opormtopllo""'e itself, in pu-t ~".re:y, doeo 

enter ·~he .fe:rrnl.o gE~rd:ta.l operculuo, unlilte that in tho pseuc:loooorpione 

mere apparo.ntJ.y "t.ho spert:l lrll9D alOUO is !eked up by tho fomaJ.e (e . g. 

Qpe;J,i&Qr ~s~9iP L. Vachon, 1938). Tho probJ.om of. hou the valves 

1't!Ul be evorted and tho opernn.tophore introduced into 'the va{d.na ia 

eolvod by tho oboorv,.tion. tbnt this lattor :ta bent so that the capoule 

has booomc "anterior' • T!.i::: r~ct troul.d alno ratnove the dif'f'icul ty­

soon ill postulctiug tlu:tt tho otopper .runctio.no c..s tha Vtl£inv~ plug; 

S.n the 'bont apormatophoro the stopper would nctua..'~Y lit~ doopa~t in 

the vnt•ina a.a the ~ru:'mntophore is bGin3 uithc'!raw. Iaotly tho . 

•• searohingtt babaviour of tho :fo::nlo is not, or n9&d not bo, eoneerned 

ui t.h actually 'f)ickine u;, tl:o spc>J.•mt ophore . !t tDpco.red to bG oi thex­

pa.rt oi' a dcfini t.c b<~v.:our pat·h~.:rn of oc ~a tmknotm function or the 

bcbv.viour elicited from the .four:tlo · rhcn tho .l'ltll.c runs of£' tor one 

reason or Mother . 

l-h 'lii .. 11x ·liY?othesi s. 

Conaicle1· nou tb.(~ \'tholle question or eopull:ition in tho soorpiono. 

Sinoe 1810 t-7hon ~ ... curj publielled tJ • ..; first accotult of scorpion court-

ship, wor~rs on the biolot..Y of tl DSo a.uiz.1als havo beon nmd.ous to 

reoo1.;d the actusl mating .Jt sco.:'piono. So ... o circttmetantinl o\Tidonce 

has boon brout,h t fortrord o. t tJ.llbS to sU£coot that tsd s co-.Jld be \ld t­

nossod; for instance, Brongiart nnd Gaubert (1891) repor·tod th!l.t 

~s hnd surpl'ised scorpions ttaecoupl~s, ventro Q. ventra, l as peignas 

enchev&~s.tt ltmkcoto:r (lgg.3) co 1eludoa, boca.usl3 he tou.nd 9corpions 

elineinr, to tho undersuri'nees of uood, that thc.r m te, ventral ro:r·faco 

to ventrul surft-.. ce, t-7hilo Fabre (192.)} builds up n dromat.!..e picture of 

tho eopul{"'tion on f'indine o. male upoide do1m as ho lli'tod the stone 

e.bovo a. courting coupl.o . Vachon (19~3) '-n-itas "the conclusion o.f 

tho nuptial drulcos I hnve not observed, but a.natomicnl invosticc tion 

bee.ro out the s·t:.ntewcnts of early u1'i tcrs; the we i'crtil:L;es the 

f'cwe directly iu true copulution •••••• In tho eouroo of' this act, Ulc 

male pro'b."Udes certain apocial. organs to i"onn n tor;tp<>ra:ry penis, tdth 

u. ic .• ho 1uoorts the up"rm anct i'inilly places in position u -vacinal 



plug ... o. ld.nd or pc~trt-nuptinl bymen.u It a:eana strange that 

copulation should not have boon oaen if' in fact it doee occur in 

·t.ne $CO:rpions, tuld it seemcd wortb.¥Ihile eonsidorint tbe po~1Dibility 

t.J.".at eopulation does r>.ot oocttr e.t 3.11 tmd that this is; 111 f-e.et,. 

tho explanation of why i t. ®~ not bean ~on "a a.. const.lO!llator-.t aot 

to tho eourtsllip. 

1our min points could be urzed a.a ~r ting thi:s hypoth­

esis. No1w ot thoi:l would alone bo vory eonvincine, but togefuor 

thoy served e.a a m.uis. guiding turther obs~·~t:ton . 

F!ratly the ~aproduc·ti ve procedt.lrO o£ the group trhieb 

a.pporo.•a in ll'lCU'lY \myu oloaol;;- role. wd to the scorpions 1 ~ncly the 

~utwscorpions, my bo 't;dken into a.ccoun1.. Vachon (l9.3d) reports 

that pseu®sec;;rpions go throl.lf;h a eotnplicateu courtship during \-lhieh 

the WC &aposi ts a SPEJ%'l!l. ~ket Oll the gl".Ollnd ant\ ti C £efllUle pickS 

it up. True: copulation is ~':rather rare in otllor tll'acbnidsn (Vechon 

l95:3) and it ~s more r~-nonable to aosutoo that -what oecur·s uiJ.l 

be tbe '*n01'111al" ~to bolicvc that tmat hus not yet bean vitnosood 

wlll be one o£ tbo ttrare'• occurrences . 

S0condJ.1 the atrufture or the sperrMtopbor0, ceru.tal 
0rga.ns and courtship of the. soorpions anti pseudoseorpione .trJaY be com­

pared. There a;rQ ·no de·tailoc! Accounts or the s1\l:'Ueture of the 

aporma toph<n•o in tho poeudoseorpion but tho eeneral ailriilari ty to 

thu.t occ~ in 2 •. JAtiJ9iHllW ean be aoon ~,. compcri.."lg figs. )~ and c. 

e.- with figa • .39a and b . Acoo .. "'ding to Vr\Alhon (1938) that of tbo 

peaudo®Ol'pion is prouucod in a ratJwr peculiar i..ID.M$r: the po.r·t 

wtdeh se~tcn; tho epo:.t'll msa from the ground io deponi·oo(.: as a 

v!acouJ tirop> heine pulled QU\, cradt'iS.lly to ita d.etinitiV$ shape. 

i\ possilil.e rol o:tionchlp is i lti,"'.odintoly tmen bctueen this drop 'WV.ieh 

oticks the apcrno.tophore to tho _eround and tho n~ 1-lings which 

are first to touch the ground as the scor.pion apP..l'!l'll t ophoro is 

oxtru.cled by tb.o mlo. 

ThG goni't.al orr11ntt 01"$ not WJ.r-'J fully de::taribod in the 

pseu.doaool"pion, hu.t the only difforanoe whiol, apoonrs of ponsiblo 
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eigni.f'f.ea."'leo is tl1c more o0l4plica.tcd nuture of tho rlands in tho 

IOO.le c.nd tllO lo.ok or orocllot s. Since thono .l,'lttor lw.VQ :Jcldom bo~n 

IllO.nt:loned for any of the ?uthicbo, tJlouch thoy mog t. eertainly 4o 

occur .1n at loaot 'Jrop:Leete~ and hll'a'W,.tt:bwl, one ia inolina<l to 

considar thl.\t in animal a e arooll as tho pscudo~orpions, tboir 

p.rooooo0 rns.y bo ovon er.1sior to overlool..:. The oourt:ship is e1n:iJ.ar 

in tso i'ai· na the roalo takes the £ennlo pedipo.lpe in his o.nd than 

loads hor ubout, InC,. oanot2!d~ (Vachon 1938, Levi 1953) the 

LlU.o re.1oosefJ th.c fc.tnalc and she ow.os fonm.rd M<l pick$ up the apcrlll 

.mass, but in c. eyrnous t. Koch (lou 1912) tho mU.e keeps hold of 

o£ the tamale by at loo.st ooo ho.n.d all tbrou.eh tbt) ll'fl ting sequence. 

Vibratory boho.viour is COfil'lon to both~~-·~ and h• ;Ia~ 

and ha.s alroo.<ly bean mentioned. This sil'ailori ty o£ the strt\et'Ul"e of 

the genital organs fl..t1.d of oourtshii' boho.viour ~~, of eourc:o, atom 

met·ely .t:ro.:t tho. eloso relation:lh.ti' of tho two tmi.ms.J.a, but i t se01na 

hardly likely that t:rt.ructuroo 'Which appcnr so much •llil«> should be 

put, to di£forcnt useo, \Fh.Uo within the sa.rlo subphylum thoro B1'G 

a~a in ,~; ieh tho renito.J. orgnno my differ l>ridely nnd yet bo ttrod 

in oJ.n.ost t~1e Sll.me Hay, a . f;. tho palpal organ of the spiders. 

TlJ.rdly thel:e is the mal.t3 ' s behaviour vrl:t.h reeard to tha 

f.lOil on wi~ioh tho eout'tsbip proceed::; (soo pace I 2 \ ) . Fabre (1923) 

l'EJCOl'dO tha. t I towardS ·the and Of tho promene.c'ic Q deux, tJ'10 meJ.o 

begin:; to dig a sr~t1 shol ter ~ri th his feet and ta:U and then pulls 

t he f'errW.e into tni2. Glauert (1946) states thtlt a male aa.nu ooorpion 

vas once SC3o:l tryine to dro.g a. tet.alc or ths oorr.e speoitHJ undor e. 

atooo. 1'hore acemo no 1~c.aor~ ·tso doubt thesG obaorv ·ticns but they 

\oll:iuld clearly bo tnoro convincing i £ copulation bad lJoan soon to occur 

after th<:J pair had takou covar. As it i s , t he l.rri ters me. ely pr~~t:.me 

+.J.1o.t, in 't;ho priw..cf' o£ tho Clhelter , a copulation does occur. In the 

ce.se of ~ the oortine; of soil appc~rn t o hnve no connoct;...on 

"tl th o.n effo:-t to taka cover. FrequontJ.y the terrain i ll mich tho 

anmJ.s aro porfortl:i.nc contnins tho burrol.tS of both tbe male o.ud tl10 

female a..'"ld 110 ut~o has ever bean llll•de or the shel Utr offorocl by tlle:Je . 

Pi<~ccs of burl~ 1.1nder ut ich t.ha anitru~ could hnve ora.ulcd and low 
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.tnr.oni to ohol tors bnvc aloo been ignored tl1rouc;hout courtst.:ip. 

A~~ indicutod}tlda behaviour buo here b:)€m intmprr-tod oaro in tho 

light of a cler..rine or th s01l our£aoo t.ha.n ao an t:.etuol di&..,i.Dg. 

Thi . .1 io $~lPOl'ted bJ tho fact tlurt., uh~'l the ~a go thro~ tho 

courtship on 'l tablo \t .ore ilie:::>o m. e no soil p .. '"~.rt.i.clea to clc.lr 

m-m.y, none of tbc noo.!l( -OO!"apint,.n mo~"Gments ha.vo bean soon at <lll. 

We to SUCh an extent ti.ult he \IOuJ..d not o.ttedpt to "digt but where 

thoro is &..>ll, tnor o io liiotJ.o diu.,inr;, rt.ainly oeraplne. Cl eurly 

tJle mtter could be oottlod. 'L:; ollouin;; a couple to cour ·, on a S'"lU 

sln"faco mropt clear oi' all larLO o.~ obt.ruai vc pe..u-tielear uni1er 

such conc:litiona, no eerapi!lg occurred at all. 

le9t1y in 0 . lot1i'iNlY.Q tbe malo does not return to t1:lo 

oJ~nct. spot tthoro he first Derapcd togot llor soU particleo, bu.t on tho 

r eturn trip u~.u start clearing £ran t-.n area. qui to o. ua:y reooved fror.l 

tho original clear· ne; site. T.hia is hm C.l;y· in koopi.l£ lri th tbe 

dieging of n l'lole, t!.oU{jl tbo pattern 1... aucl. ns t.o '!'~ t in a. elaar 

S!Xlce bei· e p.rtr!ided rmdor tho £ Gt of the scorpim cro~upltt. 

'l'h.:lro 1 .'3 110 roco.rd OJ. any soil eloo.r~ng activity ln the 

pseUdOSC.'Ol'r,"J1oni.l1 but. i 1i is obvious teat the dii'fioul ty of pi.cki.D{S up 

tbo spormtophot·o volll.d be Vr1stly .:.ncrea.,ed uhorv tho ·3011 io unovan. 

hoHevor, 9Jlgllfit~ uorkod on~ Vnchon, i c so G!:nll ·Jmt such aon­

sideration& U1'3' play u l!inor rSJ.e, 1n tllat all ooll pell'ticles are 

r ..:latively enorn:na to thc.r.4, thougb in the scorpio:..s it ra;y vcll ba 

of importaneo. Tho uo:U elooring in scor'iionJ ~rould thetvfort~ a .. ~ 

ao o. roo~o!ltlble and nceoosary prelil:n.ncr-J '00 the dOiAt!Sl. ti<nl and up­

to..ke of n sncrm topho~ ·o. 

It seems or'Grerauly probable that provious uorkors who 

lii:tohed bopcl'ully tlhcn a pair of scorpion.o started the courtship &ulco 

had no i deo. tl1at tho suhstratum on ulJ.cb tho ~a wore pert<>ndne 

could be oi' o.fJ'3' itlporto.nco aoo that this tns nor.mall.y tho l oose ooil 

Failure to obcot'Ve tho cansu·..:l ..... ~.r 
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act may \10ll hu.vo l.>Oo. dUE} to this .fil.<.tor. T.ais :4itq:Jle assur~tion 

that. the eubst1-atwa on wic· the aninnl3 aro t.i pcrforx:t ic of vi·tal 

inpor~"1C\J t..> the porfort:ll.~.cc provit!ed tllc ~.sis tor .turtLer oboerv-

o.tiCil1S in t-ide!:. a .t"ail.ly hru:d suri'aee lJUS 1-'ll"ovidec:l J:oo.~ thu pair of 

courting ocorpiorlD. 

Lo.;;tly, thoU[_il r~ oun observe tlo.:1s recorded a1xr.J0 arc 
l'k<L.. 

ratLer oerappy, they do in fnct aupport t!:- hypothos1s. I t, the first 

ce.oo, A, quotod, tbore v·~a t~o oie . of the sportn'toJi'Ol•e being intro­

duced directJ.y i nto the i'a.:olo by tho malo, thougL the roar.i.nc action 

previously sosn rr.d.ght have SU«:.:ontr..d that such !l oourse was not 

~osoiblc. ~£ the sporrn tophore troro int~oducod dirootJ.y by tho 

nnlo, tho subooqUMlt bol1aviour o~ t.'lo fes:.ale vi U.. hor eoni toJ. aperture 

pressed to tl:c uound \fOUU. il)po.:lr inoxplica1;lo; \1bllc lrstl.;, , the 

tiholo sig.nii'icance of fllo b-:.ek c.nJ fo~md pa ttcrn or tho procemdc a 

drllt .. ll tJ.to 1\.i ... J.o b~ c:lt u.nd forth over the cporw..,~;Ol o l1iJ.ci4 ~e then 

pick~ up. Tho promcr.:.!\00 ll deux my bo lookod u;JOn o.a c. ritualised 

intention r:oJomo.nt . of tho "piclti.I:lg..uptt pattern. Xf on the other 

ho.nti the true copulation visuelirod by Vachon c1ooo in f. ct oecur, 

thoro is J:.lO obvlou.s origin of this uprenuptial dllnoo.u 

A point \7hieh ~ be z::antionod hera, but tibicb is not sem 

as e1tho:r oupporti"l(; ot' rofutine 'tl!o nypotheais, is thine &oquGntJ.y 

tho 'Vtitina o:L a termle ocorpien is i"ound to be .fillod ui th ti.ust. and 

grit; . at a distance or :.tbou.t 3 m . fr'J tho extcJ.. ol genitnl oponing, 

.Jail pc.rticlo:~ are !)X'Odi3n:t. ullUo tl'orc is no r.drsn o2 tllrt at all. u::.der 

the mlo operculut1. Tt.io Dight • .JOS3'.bly net into tho vn,J.na in 000 

of tbr :o 'tl?Y , t.Low)l tnm•o is no evldouao tl•at :l. t oemxrs in any ot 

oxooooc<.. va.:._.i!'la to co ..... e in aontact m:li!- the ooll. liouovvr, &ehultzo 

(l927J reportet! that durin(; ~t~tion in fkrtpr~ lo1~xr..1S, the 



'tlto soU, ru1 hypotJlosio tmosc ecni'1~t1on baa Dl.rendy been 

ooooribed {~J .. ~"<6' ). 

1J2. 

!he eccond posniblli t: 'tJr:w ~:.b. t. the ,_':!rticloc aro intro-

ducoo into t.'lc fet>"alC t'm"i!1{' the orurtlSiOl1 of O!l er.q>ty sperr:ntophore 

or the "rX>et..?luptial plug" t1eser1bcd by Vach· n.. It seen }(] "JJssible 

tl1o.t in Cn:~c B, tho f(...~e eoul.d rov coJJ.ectad dirt between the 

lipa oi' tor '\"af.:i-18. Yhilc t.fiping th!J :::pcrra.tophoro !'roo. Sucu an 

of this foucle i n r.i .• Ci.l.£:. derself of a sper1::atophoJ.o io nol...::U• 

Ttl'-' ttird r orJ!1ibil1ty was, of course, ;-J-"\t the soil ia 

pick(~ up off the o;-o.md uitb th~ 3l.>ari!lO.to~lOl'0. Without 1\lrtber 

o~Jlor ho,nd, th£. oxrlP..n..,,tion :t.nva.L.vi~l£5 tho oxtru.sioa o!.' the sport;ltlto-

pho:r~'l ia ~ccoptec., tL.m·o ooe'lla no ret.oon \d'.y tho sand ntmlld get 

further than just Qronnd tllo actue.l ecni tal apcrtm--e; it t1 uld seem 

m eh sr·gior to tJ>avcl -t t Yitl, tho row-:ont of tho SpG!"'ImtophOl"O or 

spom tllO.Jl to trnvOJ. in ne.e.inst t!:o Ott-m'U- d fcrco of the Cl:fruC'ed 

opern:ntophoro . Hm-ravor, r'lOOe of the tl>.req oxplan!:!.t:tons rosted thon 

'l'ho tt1o cases A a.nd B:t t."K £orr.1 of the couri;ship of t he 

pointed to the lack of true copul.u"i:J.on in ocorpions or in~. 

Copul,~tion mcht occur 1n otbc.r oeorpions, but, 

on tho deductions recorded above, tho 120 :1t. ron.aomblc U:lsuqlt...On 

for thir; porticulc.r a..."lil~ 'tt thut ·tbc male dropJ a sporm'0ophore 

"i.o wa.t·ds tha oud of tho pi'003l'la0e a deux, anc this is i:)i ckod up 1:u 

the f ~c. 

Attar oll tJ:li.H ola.'t:orn·ce doduo~,ion wac mc.•.de on oa.suel 

o-bGei'V'it:i.o ·s,. a. iioli~:.e a.tta• ·.pt w ... a mrdo to ltntch thu 2.eU.ng of 

.Q.......~. Durin[; nn afta:rnoon in mi( -I·ey, t io Hu.J suecoasf'al, 



and the '<l'i.f'lc ~rihl'l noe wo ohscrvoc.1. Since t11en tbe obr.ervr~tion 

l'll:..i.S OOOtl :t•opootccl nt J.oc.ot a dozon t1t:!.e5. 

ThQ M1·:J.:m... 

'r'ho !Xlir were two oui::-cl.a ui..ich had bean eaucht o ... tho 

previous nol'!J. lg ani.l Ulo ta.ct tb~t thoy ood ju. •. rt bcc.n bro ~Jlt into tho 

Ulll ... .w. l®o.la"Lory r.ny ~vo l.cen rnrtlY xecpor:.3i'ble fetr tho ooccecatui 

Dnt.ill£,. 'rh(; courtship atar~ on a ta.lc to"J u~.ero ~c ov~1ta n.t 

ttc;round lc'i:Ql11 Horc ol>$..;l'Va!ilo~ • .; .. u,, bceauco -~c r..Uo Glipp..;d co...'l­

tinu.o-ilDl;y on this, Wl.o pail" vox·o :.~ut, on to ltl'i;.O shout oi' blottillg 

tA-.JCr on t:bieh both &nimals :--culu e.tiJ.> qui'to o. .dly. 

The cnurtollitj u o 'V'Cr'Y ro.pid, tl..eJ.~o wo no indica.t.i.on at all. 

of tho arbro droit and ao soil ac.~ pir,g. Tho ... ..ale ouly jooi. caught; 

hole oJ.' th..,) 1~e p.!dipcU.pS 5.n t.b ... "corrGc:t" g~p bot'oro Lo r;raoped 

bc'f" chclieerae and oatir rlJ' rclearocl tho clat-ta. l'ithin a cinuto or 

tuo 6 tbo 'baok and fOI'\JilL"<l ~onto o£ tho pl'o....Ame\to beeaw> ox1. 'cl'JI 

l.iJ:li tOO ar-·lJ.ally ~ c: .. h golJ.tel opo:r-cul= of tno fOL3lc eoul.d be 

suc.i:l to 00 opo.u. Thnt or tJw r.&c opened as ilie El~Qn. or tbe 

spor.r:nt~·o lxl~"t\4. Thies ol·.<l oui. t~duilly, pointir~ ... for\mrd as 

it haC' dons inC· oe A. Within abotro two m.nutcs £rom tile bog;.nn-tne 

oi' the OXtruoion tho t:.aJ.J e. .... pea%'0(1 to pull OOC.!:. $ll3tltJ.y r:.o:.\.. foroibly 

end th s;xm 'tophoro ".l.1:q free on the gro·.Jld bonoath .uio. He bef11!1 

jarkirl{! tho £0Clale violmttJ.y toWards the opor .... diop!..m:e, moving back­

;nrds h.L.. ..;eli" v-.l t1. ouch .uLUJr.J(.rtro 1Jla t he ttl'ow hor !o~3r(. 1'id.u 

tntt.ern con~ tho uba.~ anL. i'o Ja.rd11 oove~nt eii.l.!l"actoriat.J.c of 

thu pr~l!o though the !'e;:..tle 1as 81-"odut\ll.y c'.irow .1'0%'\Jtll'O.S wv:t.rds 

tb sport:r:r\iophar·o. Tho we bal£...-li!tod her T.tfith each jerk 80 that. 

she •r a a(.,tu:Uly pulled into a pooition above ko ~tophoro. It 

we thm-ci"oro not clear \/.1othsr he dro~;Jpcl\. bc1· o.n t,o i t , 01~ she heraeli' 

plunged doun. ".#bichever wua tho ease the ttction \I--4S vtJry suiidan and 

quick, ru1u tho foualo ~1.s allJOst ilEediately back .:i.n the norJli:Jl stanalng 

position; tt o sperrnnto}ilo o was bent under her, tho sta.:l.k projoct!Dg 

outvnrds but not touehi.DG 1:Jle nalo 11 the oo.psule alnoot hid.clcu in her 



ee'u tal nperture and tho atom J8Ssin.C -rortieall.,v to 'Ulo gl'Ot'tld 

t.lbere it \JaG heltl by tho "cJ.addltJ.nr" 'lTil1.VJ . 

Tr..e tvo scorp!onc otood ~ ..10bUc for al>out Jix tliuuws 

in ·:·his attitude: l>Otb am,..-:nJ..j elichtJ.~ roared up o.nk.ri.ct'ly, t.be 

~lc holclinz the r~~·~ ·rLo } <'ld t!·c vnlves of thc. opm·n .. rtophol"e 

ins:iC:o LJl· ovui tal .... portura. 

The r.nlo tLen roenn to r.:nke slight rotro.'\tir~ .~..o'V""-. .onts 

\Jlieh tho funl~ appoared to resl~Jt. :;>ud,lOllly tlJ..a r:o.le rE>lcased 

.. <.itt' cLolicGl't'.') of l:'J.n r.;l.rtll :::t t ••• c.: c -:.ttoboo at her ttlth hi~ ol..e.vs1 

apr din::; hi s ~pulp~ 1rlacl~-. 1~o ~:.rouellt hio tu:l ov1..11~ a.ud Ulruct 

his still~ ..... t 1,0;1' back, t.hO\lCh hs dit.. not r .. ct-unll;r ln~;t it into 

t r 'Lody. .~ roopont"ed by .:\0-villf., oii.' lx.ek\lardo oo that aho ~ 

torn £'reo of tho e 71ty s~topbol'o ~•icl ;. -w..ts left t..uck to tile 

et'OlTJ:., . Tho r ..l.e dro.o her a 'bout ~5 eu. frO"'• the srJOrna.topl oro; 

sho clo no atto }t to ot::ne hi, '!.rut elutcl1ec: r&Uter feebly at him 

uit" IJPI'~.ld pedi:r..ru..pa. 'l'ho m.lo tLm turned round, ruJhc.<1 eua.y and 

U.d u.o.dor JO.~ cover. 

Tho f, , ~.J.t"\ J ..ovod c. 'bout 'll.o\Uy for .30 ~l00ooc1s or· ;;o, t4 th l10r 

[;Bni tal Cl.pertu.t'O pl'09SOf fi.J tli." {!rO me"; 1 exhibi titl£ tl1~ '* Cl l'chillB" 

bahavion:r mntio1$ oo1•licr. W!le\ s; c pa~c1 ove · tte opQ'tnto}iloro . 

3ho ignored it. and, na l:l~.J su.ce U,d, it .io ovideut tl~"L the. soo.rching 

in no\ Cireat.od 'vO\ro.rds t11ic; . She mode chmd.n{ ... l"»Vor::cnts ui.th 

altors:tato et.. :.Ueorpo, th~..:n ~ul,: &'w OOl1mo3{1 to lo:ro :t.1~~s·t in 

bar ttroJU:!."Chu ana che also l"n.n?ri..:.d off to oowr. 

Within o.n ~ our tbo mle lJn~ oboorve\l to jU<'der at. another 

tc:r~c tut ub:m .. 1laeoc i.'ith th. ro.· Ja -u~~.::t. ll_ 1 d ju..at .rcrt::.Usoo, 

the ptd.r rc· '-'lt viola..ntJ;J m:tll he :retrcr-.tcc. Thi:3 a~..~us ao moosure 

of O~!JL:lat'~· to tJ.c lypo~l .:cl':l 
4 

• • 1t fcrm.U'~: e&rliur, .uaml., that tho 

ot£1 na:!.vo behaviour or o. i'nnll~ touaxt"'io a ml"} a\y ·.ndieat.o that abe 

h::.o nl.ruJ.fi;;r !Y-en fo .. ·t.Uisod Mel h(l.S no need of a "'ale. 

'l'tt...ia ohOO!'V~tiGul o~ the ·in(, onti~-:;ly supported the 

h;r:;athoci3 ~1ich bad been erocted earlier. ~~ot only (loos the z:alo 



doposi i# a t.1)\,;nllf1 top~ •ot·o on the c;:round c1uri%.JG the promnado ~ bull tho 

movomnts oi' thio doneo pcrniot a.u ho )JJJ.o. the fOL~o into the 

poni tion abow the ~or=a.topho .. c . Tho o~ct de·t;a:Uo of hov thia 1o 

p .... oksd up or tb valves ovortcd uoro ·10t clc.'lr. 

Subsoquont oboo:rwtionc shou that the utnco huvo becotlO 

c~ntod to tho eround :fairly ooon after they arc doposi tod, and in 

most, onsos helvo booo:no cl.most invioi'bl<h In consequcneo of tb.o 

tnnr!or i n "t<rllieh thio provioo:1 a. point of nttachrlent, tho apormatophoro 

cannot bo piekod up trooly by tho fcmnlo, but bonds at tbo capsular 

portion. It io posoible thn.t this bendinc is inatrumontal in evortine 

the 'Wlvoc and presoing t .o operm out. 

Further dotailQd otudy indico.tod tho actual mechanism of 

opo:rnntopl~orc l)iok- up and tho aversion o£ the volveo. 'rho mal& pulls 

tho i'OlJ:alo up and forunrd vory slw.rply ~ ant' tbon he roloacoa hi a pull 

on hor, O"t o.ctivel~ ~ ... ushos her ba.ck, oo that the opened gt):t!ital 

oporcultl'n cc.tcllao on tho pairo of hooks no it paooos by tbe ~rf.ltl.topho~ 

(Fig. .34c) a this anohoraco on tho apormntophoro t·muld eauoo it to 

slido undor hor bolly :lf it t~re not tb.e.t the attuchhlont o.t tbo vinOJ 

prevont& w~ anu allouu only the buc?.llnc uhich bao alroody boon deoeribod. 

Tho position o£ tho iuvartocl vnl.ws indicates tr-nt ootnding ltO:f OUWX) 

~oil' oxpulaion. It is oortainly true tho.t in ol1 the jerks 1n 'Which 

tbo re::.:nle r;oni tol operculum did not catch thf:l spen;ntophoro hooltc 

no oondinc and ovorsion or tho vtU. von rosul t.od. Support tor tlda 

~"'Pothooio una obte.inetl in tho follotdng wy. A couple tlore allowed 

to proceed \1i t h tho mtine aequenco up to tho poirtt 'tlhoro tho c:U.e just 

t •-:r.nn ·to pull the f'omlo ovor tho ppon::atopbore uhioh ho ho.d stuck dot·m. 

Doth animals uer~ tJ1cn ouC.donly li.fwd up by their tails and put do~ 

some diatanco away, leaving tho cport.:.J.to•!}-wro unooonod on tho @'ound. 

A loop of fine tb.roau t-ro.a oaud'lt around tho pdr of hooks an(l thoy wre 

pullod, tho toncion boitJG a;;pliod in Q.PJ.JroxlJ!utQJ.y tho same cUroction 

as uoulcl ho.ve boon usod by the oporeuloo oi' the fonnlo soorpion. A 

liGht pull oa.ucod tho spc1"Ql.tophoro to bon<.1 o. li"i;Uo anc.. tho vnlvep 

to ovort iu:lodio.tcly. The s~r~. topt:oro could then bo P~Jltaned 

bu·L in no troy could tho vnlvoo be tucked bnck inoi<.:o tho co.paule. 



It r:ay be noted in p&tJsin · · t.bat here o. i'wletional sig.:.ificance 

o£ tho difference in Mape and foro of the r.alc o.nd i'cmalo e;eni tel 

opereulutl can bo seen. If the l!ltlle operculuo <lid not consivt or tuo 

flaps t#!ich could be .;oparo.tea frou ouch o'::hcr, the spertlato}iloro 

could not pa;.1a forHard botucan thi31l, It ia t.rue thnt the male could 

!:lOVe :Curthor heel: na tho spcrmt.opho:ro io cxtl-udod, oo ns to loow it 

l:yine in u.:;>proximo.i.cly tl1c sene position, but. thin oould require 

nccurntely oriented r>OVOl'Oento by the ~ :c.le. If the fcoo.lc had sopv.r­

tLtcd i'J..nps no hdo tho mlt., tho opcreuluu could not be used to offoct 

&Veraion of tho valves. Of COUl't.'G 'lboro OO.Y' '\>Tell be other f"t.ll1Ctional 

roo.oons for this malo : temalo dir.orphism ot genito.l opercula, but tho 

presence of such di:lorphis3. nnct ii..s oxplnno.tion in Sl...J..gt.i.rwuls points 

to the possibility or a. c1if£onnt oode of eversion <>f the sperr..a.tophoro 

va.lvoo nnd •'pick up" in scorpions awn o.o SOC'lO of tho Buthida.o uhere 

tl1e ceuite.l operculum :I.e Oivided in both apccica (Pocock, lS9,3a). 

1.'ho question arisco: hou docs tbe .!!Ule kn® uhcn to stop 

jcrld.n{; tho f'ot;:;tle up am .. to mrds :b.in1 \~bat indicntes to hi...t th.t.\t tho 

femlo hn.o , 11ekod up tho spor1. tophoro "1 At i':l.rDt the probl<m seoced 

insoluble, for 1 t 'ruG ouppoaad that only the fowalc of' tho Ixdr could 

bo a1-rul'e ot tht. spel"tntopnortJ l'Ji thin ho:r vngina and "that any sign 

s·::.imi!ua to the male to tor.mi.l1ato tho pulling behaviour must oo supplied 

by tho fooal.ol there vas nav&r evidence or aay oien sti!:!Ulus. It, 

hotrev~~r, the position of t.h.c sperrJatophorc under t!w male io reoor-~.Jerod, 

tmotber poasibility ca11 be seen. As oLoun in Fig. J4b, tho stalk, ~, 

is up i n tho air nt en o.neJ.e of (\bout '.)0° to tho hor1zontd, so that 

it is touohLlfl th(l n:e.le ventrall:,.· in tbe rogion of tho coxae o£ the 

first :md second legs. Uhen tho £c.mru.e bos the ca.p~ule part of the 

.;permatophore within hot> (!'ig. 34d) the stalk io not in contact with 

the nnle body at all a.:nti it was euspoetOd that i t is this lnck of c.ny 

contact which servos to lot hio k..'l0\1 that tho Spel"matophoro is 1n the 

fCUllo. 

Support for this viGV cows i'rot... five unsucoosoi\il. nntil'l(;S 

\thioh hc.ve been oboorvod. In four o.r thea() the valves of the 
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Fig.J4.- Diagrarnma.tic representation of the deposition of the spermatophore by a. male 0. 
latimanus and the insemination of the female. The animals are drawn as though their 
legs were amputatod at the coxal level and the stumps are shown by the cross-hatchings. 
The male is on the right throughout the sequence. 

n.. The male holds the chelicerae of the female and has begun to extrude the spermatophore 
(sp) onto the ground. b. The malo moves backwards slightly, pulling the female : the whole 
of the spermatophore is exposed beneath him, the stalk touching him in tho ventral region 
of the prosoma. c. The male jerks the female upwards and towards him, rearing up himself . 
.As he releases his pull on her, her genital operculum (g) catches on the hooks of the sperm­
atophore. d . In pulling t he hooks of the spermatophore the female has bent it and the 
valves ha.Ye been everted into her genital aperture. In this posture the pair s tand for abou,t 
tive~.minute;, e, The male, with his sting erected, ch~ the female off t !:le spermatQpborQ, 
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o_;ormatophore uoro evorted but f or some reason they did not enter 

into tho genit.al ducts o£ tho forW..o. I n throe of thoso co.soo tho 

Spe:t'l'latopt..o.ro hns newrthcl.eos boon pullod free of the tnlo ' a bocJ.1', 

and he otood for sOCJO tine wi ti1out :G"Itlkine c.ny furthor attecpts at 

jerking the fcwe. The pair then broke up. In the fourth case, 

tho bent spori:n tophorc still rc,.'"Jainod bol.ou the body of tho mle ood 

he continued his afforts to pull t.ho r~le into tho correct position 

although thor~ van in fact littJ.o ho~ or inso.rting tbe evertod 

:Jpormtopboz-e into tho fecale. Eventually the spcnw.tophore wnD 

kiekod elen- o£ tho pcdr ond tJJ.oy then stood for about t.t vo ndnutcs 

be foro tho cal& chaced tho t:c!Wc a.wo.y. 

ln tho f ioal c~we, ihu operootopeore l'tt.tO IJUJ.lod sideways 

without eve1• being openad. It rctltdned, howovor, touching the male ' s 

boay and ho continued his jerldug oo~ts for about a qua.rtar or an 

hour. Tho 1:0L'l8.1e then S\¥klonly attacked the malo nnd he broke auay 

and retreated. I t w...ll be see!l that in theao caooo t>1hon the mole fs 

M longer st:inllln , od 'by the spcn.ntopho1·o he nerves to the no~-t f'neet of 

tho norml behaviour pattern, mr.:oly that of sta.ndine still. 

'l'be lntcrvlll durine t·Jhieh both animlo rer.ain iunoblle io 

pt"oGtl'IIJOd to be tMt in uhioh .tt.~. opero ore evacuo..ted fran tho onpsule , 

poosibly aided by proooure f'roo tho tonital opereullum. Cori'4inly 

thert:: is no si.&n of o..Jsiatance fro!;. tile lllc..'\lo. 

I t ia clear that the behaviour of' tho r.lale brooks up tt.o 

pair; sinco he hao hol.d or her he can also roloo.::.tc. tho hold. Ho\10Vcr, 

on tw Ot.;cnoiono it was t.bo female uho ll::lS seoo to uako tho fir~t mve. 

AJ.thou,)l tllc O&.lc lu-.:1 i'.raquently bson sean to ch:loe tJle fOLJtUO off tbc 

spermtophoro this doell not olwa.ys occur, tor sho will SOCleti.oon puoh 

the mal~; awny before ho be." ~de any attadk on her. From tho f'a.cts 

o~ cmoo B, it u.·s al.rea.dy known that tho !Cl . le ia eapclbl.o or getting 

rid of tho spertltltophorc vi thout his assi :rtan.oe. The nanner in \.rhieh 

tho r .olo rushco mro..y o..f'-t.cl' v..uti:ng m¥ posoi bly bo o. ccnornl scorpion 

tendency o.s auceested by Fo.bro (192.3). I t eortainly occurs i n 

lom.l:r~tJms nnd PDis~ua (p.. \ 4-5 ) • 



'1'bo supposi't.i.on m.de in eoasidcrinc co.;lE! B, that tho 

tt soareh1ne" pori"omod by tho t'lllinl o is not directed toi..rarda the 

spor~topbore io ,.oupport~C<.1 hera. Telcaloeically thore is no 

tu:rther uoo for thio unless it is to be oaten by the .r~t), an 

oecUITGneo reported in eert.o.in Ihxpanurt.; (Lawrence, 1953). This 

lattor posaibilit:; JJitht involve the chclieeral chewing tfuich w.s 

reported, bU.t the fact tha.t the spo~tophoro \trts i&lOrod in tuo 

instances \.d1en tho • searching" broueht it ui thin the roael1 or tho 

f'OJta.le dooo oot GUp;_lort the v10\T• There is s~ po~ibility that 

tbio "mnrchint,•• rd{1.1.t bo coneornod in ~!.0 110:3 ttl~ enour:lng tha.t 

tho ~ mJa travelc wll into tho varina - it ray also be the 

bebo.viour by t-bieh the oo.nd is picked up into tho vagina. If tho 

i"dZ'l'aer io t..ruc>, i .e . thn.t tho "sc.arehine" is concerned v.l th &.lpe'rlil 

travel, it lJOi.lld o.·-:poor to be n bGhaviour lX\ttorn roleaood when the 

ca~U"t:tn{!}nnting mlo hns m de a rotroD.t, since the f'or~e in Co.oo A 

"searched" sl thou.[,h she b.1.d -ick~ up nooe of tho spcl'tl fron tho 

spcrwtopboro that t.be u.Ue lw.d deposited. 

A point ariail~ .frw this fact 1s thAt, if' the I:lQl.o is 

cho.ood oft boi'ore the £01 nle Q. 1A'WJ»n ,§ bao J!l\!kod up the spormo.to­

phore, ~,:ho is unabl.o to do tLie alone. If abo otar"t.o u ooarcbint4t 

onec the 1 :.il.o l ettves, hor genital a.perturo ia pronsod .fl.at on to tho 

aubstro.tc . In this position Gho uould not be 11ble to stan<! ui th it 

di1"00tl.y over tho capsule, tho condit1.on-wtich wuld SOCll nooessaey 

for the entmneo. of the vnlvos into the vaeina. 

lootly, it in po'o.lble thnt tho ehelieeral chewing in 

Q. ln.ti_?Bllll§ femal.o subscqtle'.nt to oatillf; r.licbt indi'-->nto a tendency 

Yh1ch Fabi."c (192.3) stressct1 a.t.rongly in L.JleQij:opga1 no.n.aly ttw.t 

artor courtship or wting tllo fcnalo r.ny ea tch tmd klll· tho malo if 

she e®. I£ this vero so, there uould be eood teleological renoon 

~ tho malo tlho:,ld hurry mro.y an soon as tho fCJ:~e it~ freo of tho 

:;;ponntophore. llowov~, altcrnnto ehollcoral novemen'ts nro u:ood in 

ao mny different behav: out'al puttorns in Q. J,o.Mmnuo, o. g. nt ridr!latina, 

dicreina,. \m.shinc and foodinat tho.t uo defini ~a conclusion can bo ros.chcd. 
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One o~t10Jl rc-.ains re.tbor illCXplicable in tho lidtt of 

~ be f'ounJ. :lh.tlrinc burroun with the facalcs dl:crin.g the GU..::!er • 

An observ.::d>ion "' eo by 3e:ri'att,; l;;Xltl Vachon (1950) might offer 

a possible expltl.Mt.ion of this. A .l.'lle fjutbow:t QJ.·t49ol.A was seoo to 

pro."tanado uith a fer.W.o ilrl!-~ then, witl.lo!lt rcloo.sing his hold, to o.soirJt 

nt tho b:irti1 or her YOUllG• In tho caoo of Q, J.nt~'l8.llUQ the moles and ;~~ 
found col'nbi ti~ n 'bur:r·ou in the fiald were nev r accanpaniod by younrz 
h~ 
~ in at loo.st th~ ce.oen the fc!l'll.e vas cortni.nly not prot:;n.'lflt. 

MoroovGr obsorvntions ~do upon pa.rturi tion L'1 0, l&!Mzn~ i.ndicc:to 

that thoro iG certainly no flOOd .tor tho oo.J.o to play tho l"olo of midllifQ . 

Another yossible oxpla.nntioo rolates to tlle a.:.::a10ptiou of 

Fnbro ~t tllo scorpion pair sook so...~ al.1elter, prei'crably their own 

burrow, iu whieh ·t.o oote. Con.sidorat.lon of this idoa involvos ~ 

found liv:lu!: together vith tho females. In .nost caoes tho fo.unlcs 

were adult but in tuo they voro preadult, tm.ilo in a oine,lo eaoo o.n 

adult lll:llc roll shnrll'lf; a. burro'\J ui th a. yo~ ~. Ono of tho 

ndW, t te.-.a.J.es had only ver:J recontJ.y moulted, for \lbcn found sho uas 

still ooft and her noult \JnS yet moist. Broucht iflto the laboro.toey 

an<..' ltopt for a fou dnyc, this femlc then a.llowd tho ml<3 \4lo lu:td 

been sharing her burrou to mte \lith hor. She thon a.ttac.k'0<1 him 

viol.ontJ.y ancl ccrtalnly-, ho.d th~y bee 1 in tlle burroo, sba uould have 

driven ~lim forth . The idoe. that a preadult SCOl'pion t:1aults to adulthood, 

l':tl.tes \.lith the .Dale vho hao 'b on ;a:aiting for hor1 4ll<l then ehasos him 

o.f£, is suprx:>rted by the following observation. One for~uu, not quite 

so recontJ.y moulted, uus found to ~otuoo tha adva.nco~ ~ a nela scor ,t>ion 

and then, uhen sho \ro.S killc<1, hor ovn.riutorU£.1 tmo found to contaill 

numerouo act.:l.ve aperm, ub..Uc the o,.:lbryonic biberons had begun to develop 

in th"" divorticula. 
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Ml:los \11.\itint; .tor t.Le f'Ol.!O.l•Al to moult to mtlll'i~ has beon 

reported in~ epidcr, Ul:Qf!..m!Q EiJ.itnrig (= f!y.:wt4id1DQ1Y! ~~tYI.l) 

('l'ho Pockha u, 1889) n.nd t.hct•c ooens no reil ,;on tihy it should not oo 

applicable horo. • ht!. dooo '-loom otrant,-c ho\oi'Ovor ic that Q%1 echil.t rnle 

:Jbould be sh..."U'lng a burrat·T ldth n yo"UtlgGr nynph, an animl vbieh nould 

not not.U.t to mturity unt.U at lco.J.t a year later. There would scoo to 

be three ~airly obvious o:a:tJlo.na t!.oruJ to this problem. Ei tco:r the 

ro:; soniue 11hioh loads un ·to oxpeet the Yount; n,ymJ;:ib to bo i.Iloaturo or t o 

rued a year to ~·eh ~tur-.l ty is in-::orroct, tbc oboorvotiro uu.s that of 

n flchancew oi:rtnke on ~.o part of the t:ole scorpion, or that tho 

cbn:roetcristico o1..' a i'EllDal.e by \-tL.ioll e. ~ scorpion roeo .niscc 4. 1~to 

also oceur in -the n~nph&, nal-:t.ily a.boence of the typical male aMtol:.W 

ana hcllnvi(YJl.~l.l. roS?OilOOD. Su.ff'ico it to oo.y hera tha.t no actual roo.ting 

haO G'V'Or beell :JeC:Il to OOOUl' oo·t\rJuo.."l B. proo.duJ. t fCI.:a10 Wl.U tl oaJ.O tho~ 

tho latter \I.J.ll often so ao £~ in tho courtOO.ip as tho pmccmcio. 

'l'he aiL1l ::Jt:inuli concerned i..'>'J. tho recognition o! e. T.Jnt(; uill be dir.~cuased 

l<ltor. 

!J.lQ rw~ or !b.• ;~. 

1'hough it uotud appc..'ll' proOO.blo tho.t tho male scorpion 

sOl·:.etir.lca uaits in the br'rou uith t..11o fonala in or&r to t"ltroo \7ith 

llc · \lheu she is roc.tt~ , it is not cloor vbotber tbn actual tine occurs 

in the burro:m or not. Dro.un (lo/h) rop~ .. a t.lt.o.t. s.pidoro i..Tl tho i"iold 

Hill noX'!lllllly ru:· to unde%' cover of sa o t'JO!'t, uo~y in tJto n-~st or 

burrotr~ uhilo 1..'1 tho J.u,l;orator"J thoy 1JI'J:3' be obsorvQd to r.-ato out in the 

open. It aoeme po.:::siblo tiul.t in tlw ea:Jc of' ~the !ll:Ur.O state 

o£ tl.iTa.irs obtains: the scorpions mve bee.1 ;atch..!d no they e;o tbrout)l 

tho entire catine sequence in the open in the l.D.boratory tho:l{;.h in tho 

fiold thin uoul 11or~ occur il'! tbo pr-.lvtey of tho bu:n"ow. 'l'hreo 

argu:x>n't.>O CtUl l.OI.Jovor be rniaed agdnst thi:J v.iov. Fil·trtily, c.a U:lO 

.. .ontioncd oo:tlior, cou:rlj:~ couplos o£ o, l • .t4tWhi!l in the laboratory 

pay no a"ttentioh eitb«:r to nntut"all.J, or ~.rtiticially mr.uio burroua or 

sheltors. In another nl'lii:lru., (l• ~eru.&h I lla.ve .foune the.t tbin is 
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not so, tmd it. i.:; pu"tly the fact t.Mt tho cov~secking bclu :vioUl." 1e 

ao ele!\1' bore tbn.t loaves llttJ.o oubt that it o uot been overlooked 

in o. lA~· Tho second o.rgm10nt is a puroly thoorct:l.CGl. one a it 

is difficult. to soo hoY. tho cot'!plif'!tttcd movei!lOnts and oltWorate 

bobaviour pattorns could oc~ur 1n tho orru;xped qua.rtflra of a burrow 

without beeOlling un...co()rdinated. l~Hr~ly ther.e is a oinele obennntion 

of e. malo Q. 0~ 111 mooting a !'c.: ·alt: in her burr<iu in ono or the 

glru:le-Bidod ter.t'O.ria llhero tile ovonte in tho bur .:ow cot.J.d be oboarved. 

Rero tl1o JOOJ.o cutle to tho tlOUJl. of t c l.i'tr~·ow, jud~d o.nd t~od in 

totm.rdo · tho fomolc. Tnld.ttz her pedipt\lps ho tried ~o t!raa her out 

Q.nd .u'tor e. shorl tim a®coodod. Tho loose soU uu:rfaco \Ins apparently 

not sui table a.o a ma tin£; ground and tho pd.r broke aport o.1't0r a 

further ar..ount o! eourttlhip. Novcrthol.oau tho male had definitely 

re:~od a female frO!l her burrow \lith tho apparent put"poao of r.ntint; 

\11 tb. her. Ao it atanes, the oVidence points towl-ds tl1e conelunion 

tJ.1at in g. la~ tho mtinc; actuelly occurs outside tho burrou e.s 

o.. rulo, thouch fu:rtho:r oboorlt'tion~ aro clac.rly n~es3lU'Y to settle 

tho ttor i"lnally • 

Lantly, thoro is at tha ont r info1'"JMtion as to the 

timo of clay tho.t tho seorpiono norllnlly r.ate. Obscrvo.t~ono of the 

ovont have boon m:1de in the laborutory frO!J. 9 a.!!l. until na lAte ~u 

l2 midnight, tut t is doos not tlOail th!:!t c tine should be oxpodtGd to 

oecur a:b any time over this poriod in tho field. Oonjaetur~* from 

tho fact tha.t tho W'liml o Aro out. of the bw-rows then o.nd the ta.per .... 

aturo is not. too low, ::.ako$ it prcba.blo that eourt$h1
4

) and oatinlJ in 

Q. lat~ probable boein shortly o.rtor dusk and laot tll1 tho early 

hours of tho .mornine. t3ce.oonal voriotion$ in tho sexual a.ctd.vi'fq 

havo alron<tr been deal·t uith in tho oootion on dovolopDOnt. 

This structure, forlned in tvo CcpM"ate .;acs v.l.thln tha 

mooo30ma of the ntie, io oloarly the paired ttpenos" or ajneu.lo:toey 

I 

I 



referred to ei tiler in the 1Avi.1inoloa7 of Pnvlovsky (1917) as tho 

"chitinous skeleton of tho .Pnraxial. orgenn" or, more reeen~J.y 

(Abd-ol-\.Jnhnb, 1957) no the oba..rt of tho e.j~culatory orgnn:::. Both 

·tho spernn topbo.rc sacs aru: tho sporr.:a t,op.i.o:rea td thin thGD havo been 

discu::JsOO. a., systeJmt~ i,c chamctero in w.rious GCOl'piono {Vc.chon, 1940) 

but certainly ,.dlenever theit• probable .t'uuetion \JaS mentioned it was 

that of hGnlipencs uhich unite te!llporaril.¥, 'Ulllt is a.t t.J'Je time or 

matine. aDd ei'foot f ertilisation (&•&• Vachou, 1949, 1953). Tho 

.fact Ulat tbo t;t,ro bal.f-aporm.tophores do U;Jit.e as a truo st-Gl'Ontopborc, 

'Uhich ia extruded entd.rel,; frOQ the malc 7 is indicated, not ~r ~ 

the mer in \lhich it has ~en obsorvcd to funetion, but also by its 

absence in tho opon.ntopb.orc s:-;en of t~duJ:c maJ.ea :l'l!l·t -were ld.lled 

i~c1intely ai'ter Iillltin(;. 

Thun, to reitorate, there are two quite suparnto ar;ormntophora 

saco in 0 . l et.JrrsurJD am1 po:lsihly in o.Jl other scorpions 'Hl uoll. 

So thnt tho rJpermtopho""'e, i n the 8I.\Jl'3 ca..Yll'l.er as t.'re inner lo.yor of thPt 

in the e<>cla-oaoh (Gupta, 1947),is formed in tvo parts and these two ~~ust 

join bc!or•e the c:.r-al..!tttro cM be u..;ec1. Unlike t;1t! coekroru'".h, ho"rovcr , 

these tV':; pa.rta reJnain diotinct untll im:lodia tely ooi'o:r.e the a•·tual 

ejection; in a di:Jooetio."l of ,21 l;; ~each hal.i'-sperrrs.:~:re can 

be entircl.;,· sap::tra.tad both :Crorn the oac in W; .ict it in formvd and fr0l':1 

the sport'l&.to~.Ol·~ half of Ule other sac (FiB• 36&). Eccll hal£-

sperf.lt\·tophoro hao its own vas cle.i.'eren::o an( ·aperm receptacle. Fro.m ouch 

t1 di~soction it io eloar tbnt tho ~a o£ the hali'- cpOI tophore \fuieh 

lio oosiilly eontrlbu·l:.c to tbo ports of the... entiro :1p0rr.atophoro which 

aro dorool ..... the sl.nGLe V8lve, chitinous hook ~ :mcculus. Furthor, 

.t'roo di~sceti.on, it can oo aec 1 how tha oc.cculUB pt'"ob.\bly servos to 

hold pert of the spc.rn mos (sp.m. of Fie • .35b) in ·;osition; also hou 

Ute w.cculus, and tl.e:t•eforc the sporil m:la~1, uil1 .::::ove if tho valve is 

s~.if'tcd to tho "cvertc<f' poni t:on~ that io the .:.ow that bringo the 

:rpor::1 t:::l ~3 to lie in tho "correct" position in tho ccrlple'OO spoma.topl1o:ro 

to pa.na throtlf,h Jlc f\mnel mdc by t.hc pair o! valves. {Soe arrov o:r 

Fie. 33e) . Ul.c tJ.y .fron diurection or th€) sperrrn topho:ro sacs of 
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~· latirmnus: the spermatophore sacs. 
a) A. dorso-l.a teral vietr of the two sperca tophore 

sacs. That on the right is entire and the 
outJ.ines o£ the ho.lf' spermatophore within are. 
indicate. On t.h.e left the wall. has been 
partially dissected away to revau the hal!' 
spermatophore. 

{b ) A view of t he right side of an half­
spermatophore dissected free of' the spermato­
phore sac. The relative position of the vas 
deferens and sperm receptacle within the 
spermatophore sac i s indicated. For display 
purposes the wing has bo~n displaced to the 
right. 

(e ) Outline of the half-spermatophore shown in 
lig. 35b. The edges along vrhieh the two 
spermatophore-halves join are indicated by 
dotted lines. 

&·, glands on the comraon ejaoul .... tory duct; ll•, hook, 
R·, portion of peotine showing beneath dissectionJ 
~., ~parm re~ptaole ; a., sacculus; sp.m., sperm 
mass; §!., stalk; ]:., valve; l:ai!..., vas deferens; 
li•, pedal wing. 
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Q, :U.'t!Dlmta~ it ia olOtJ.r thnt, one of tho poao.l W'lnLfJ is elroady 

atteehed to each of tlto r.al£-opermtophor.oo. Thiu strueturu looko 

suporfioially )3..ko a gland on th~ opormtopho;-.·e sac untU tho ~ole 

oae :i.s openou and the ronl nlOl'J.JhoJ.oe., of the pe.rt~ ~oo!}'li:Jad. It 

is doubtle~s tho pedal v.L."'\ga uithin. the opoo."matopho1'e &\OS l1hich 

V®hon (1949) ca.Us the 11Glu.rKios e.n't$rloures, tl 

1\.t. thu ti!aa of i'ortilioation, tho tuo h:..\li•spel'mtophores 

a1·o t'il'lt'llly att.aehed over tho ~oatar part of their e(4'3oo, O»)opt 

i'or c. ohort ror.;ion or tbo stalk vfuoro they r CI'l':lln ooparnto (Fig, :3So) , 

A.ftor ejoction of tho opCl"l!lO..tophoro both the spem reeopto.clea of tho 

DW.o nre found to be empty • 

It is not kl~0\11Il at omctJ..y what tim(:; , t>%':i.Ol' to deposition, 

tho two hnl:t.,.es ?f the ai:.ructuro nre joiMd tot, ether • B~u. o of 

the -very ohol"i:. oom10~1 ojac:ul.o.tory due·t., it is proooblo that fusion 

occurs a s th~ sporr;il.topho:t•a is actun.J.ly beiJ.1g osU'uded; if_ th.i.s is 

true., it My account for tho olownosn of tbo oxtruaion wrd.ch J::.ay take 

up to fivo minutes . Certninly a. tmlo that uus ldllod ai'tor he bad 

alrooay t.aken up the chel1ceral "'ip hut llo.d no ... got any f"lll"thor than 

a £e"t-; jarku of th(l *'~lt\<lo 4 ~ was i'ourui ·to have tho two parts 

o:t.' hio spcrmo.topho:l'o still. quito so.:r;.ara:te. Two "~tt• cpon into 

the COll'l"'AOn oju.euJ.r, t01zy t.l.t.¥rt anti ney v.;ll be eonoern0cl td Ui joitli.Ig 

tho tt-ro fllX".l"rllU ...opbor o M.lvea 'tot1,t.Jthor (Fig. 3!5&}. (These era perhapu 

·t;bo "dorsal an:nox glnnds" or Abd....W....Wahab, 1957). 

l)p S~rmtosJ.m4~ 

A otl.'Wturc oa..Ucd ·:.ne ~0:1-. toeleutrum "tra' ~ Ill(;llltionod 

oar lior (p. I :1-4 ) in eoru"¥-"~otion with the orig1i.1al o1Jsl')r.vr.tionD on 

:mting. A· piooo of ti:.umo, labelled tt mJower' in Fir,. 33b, was 

in1 tiilly thoucht to conotituto tl1e ttpoot""''ft.lp'l:.ial pl.ug" of' fJa Jat.i!rAnua 

and thit~ 1doa. did ·in f aot '-n!loon.ce tho dovGlolJ"'..Gnt ot tbo l:ti/lX)theoi& 

ot how Jltl.ting ·Cakos plo.ca in theao wlitca.la. 

S"bcequent oboa:J."'Vat.ton shoved that tho " ntoppel._u in that 

po.;rtioulu.r inota.nco, Oano A, \ns not tho Dportntocleut..ruw but, in fac·i11 
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paJ.•t of t.ho ti:J~ J.ining UiQ inner sur.i'oco of the ~ves. Bouever, 

c.o Vachon (i952) a1t'ir.'".o, very rw t:J.dult fe!'Q.le seo:rp1ono u.re uithout 

tt spol"'lB. tocleutl."Url in their c<~ni tal trc.ets • ~o..;o GU't ~tU.t~O are 

foirly -:1Ui in the seor,t)ion.<J '\J:~~ t I havo CJClltJ .. mxl, that in Q. lat.iranWJ 

being :1 :..~;.>m~;iw ooJ.¥· 1 . 5 r: • vlde b; o .6 n t. ~one (Fie. .300.). In 

tbo o port: \itcrc tho sron-::ttoelout.rU%!1 iu oclo...'"'Otinud 1 t io v~ry hard 

auct dark-coloured, but ti .. ~ u :ZUCturc as o. uhole io very c.oJ).<:>.n ~.e and 

bri .. tJ..o, t tt iD troquc..,'i:J..;y i'o'iliw i.1 tho foro 01' VOZ"J occl.l .rcnnants 

1'11 thLl tb.o rc;...u" I In r I pl¢ca~ 1 t has 0. VCJ'cy tmch 1'-lL')l"(: dcfini ts 

rom tl1a:n thnt o£ Q. ~1&1 (Fig, 36b), 11.ilo vitidn too tonus 

optath~~ua there c=·o ~il1ly di££ol"el:t::OS \Ad.ci~ Ql'C ccnsi:.nnt 

betlroon one w:pccies n.nd anothor (cf , Fit; • .36 a c.nC. c). 'I'hio fact 

nir,ht uull be one 1-ILiclJ \Till bolp in dcci~ on tho c~t rolationshipo 

of the !JiXlCloa within tho eonun. 

In l952 Vachon acm Jtecl t..hGt thoro \IS..n ne evidence on uldch 

to doeiU.C hou the ep...rm.toclou'L.t'U."l ariooo uithl.n the fOlll'lloJ yet in 

1953 llo i.Jt.:J propared,. ui thout any e. ·iparont tu...1'"'tJlcr roanon, to atn to that 

it is tlL mlo t-dlo plecos it in posi tJ.o11. :.Vi<!cmee irctn Q. lo.~Wi 

i e not eoooluai ve on this point but. it o Jroncl;· :Uldi~.~ .;,oa t.h!tt the 

sperm.toolou~utl ia i'~d uit .in ·t.be f'~e after £ortili83.tion, or 

at l~:.H'rv t::ating. In lliree oo.;o:s wi.l'll'O fom.le~ were killod '!Jithin 

tiftea!l r.d.nu:..Os of mtine; thure '~ o no Bign of tb.o nortal. 3p$l'tlitoclcutx: 

but ooo oi: tbooo G.D.i.mals ho.u a. a tc ucturu ~il:lt. at tht:: ...a.,..,c of the 

CCIQ!a10n Vt·-Litu o....ul tLi:J uaa oJ!:ost c~y c. n .Jvly fol"Wd spcr:ra.to­

cleutru::l uith ·tho normc.l ll.a.es of acl\.,'1 o !:.i.&tion vo.r.J inilic-t.i.net. 

Thia obaorvc'W.on, tot,e~ uith the fuct i.2let no st!"~turc rose1.ibling 

a 1101"ml spers::ni.IOClout.rta:J. luw ovor boon found in an or . .:lnod apcn~tophoro, 

leaes to t\ rrt.1•ong suaploion t.bclt the spel"'rMt.oclout.rw i:J tlto solid­

ifeati.on of OC SC(L'etioo uithin tho ducto Of tho f~e; i;!hetbcr 

tJ'lnt. of a ro:cr~~o a:r noJ.o g..1.and Ul not eloor. 

Tho fu. :et.irrtl of tile st!'o.lcturo is nl.so obocu:rc. Vaellon (1952) 

DUg(.COt.~ :X..a • it t:::.J3 be eoncorood \11. .i· prcvontinr; i'urtJwr 11:1£ ting. 

Certainly the sper,..toclou~ ·i a loat a:~ 1>A1"turition. as omtliutltion 

, 
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Spermatocleutr a of scorpions, Stippling indicates 
sclerotisation and in all cases the part of that 
strt1cture nearest the top of the figure is deeper 
within the female 1 s duct . §.• , 11 sail" , a median pro­
trusion, which lies anteriorly within the female o 
(a) 0, la t~.J.!§ 
(b) P. planicaud£ 
(c) 0. austeruso 

/ 
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of rocentJ.y parturient f' os hao obown, but tho sparma:~eutrw of 

y. l::r!t.W~~ V0\1ld eertuinly ::reflt1 in=.deq_ .ate c.u a -YJchatlioal. il:po&x.tce 

to the o~osi.Oll of tbe w.lvoa o£ a spor1 1-tophoro. It micht tlet as 

c. "bcM.v:i.otU"&l :i.mpodanco11 in t.Jlat a fe~c \Jho 3tUl haG a £WOrt'Wtto-

clout...~ within her w,U.J r(tl'u..Je o. eCF•rti.:.~ male., 'tut,, ~.D i·t 1-.r s alreadf 

been 'lO'tablishod tl'.at a ;-.t'Oc;nt-t.nt fe nlc uill cllou a :cl.o t.o mate tritb 

nt psrturi tion. 

Tho otlK;r pos ti..bilitl'" i :t. tlu.1.t iD serves to preV()..llt the n<nJly 

in.t.t"od.u.eed :.> • ..exm !'rw o.oo.."l.pi~J.t; !r tho i'er:W.o duet7Ls ~ ... ti.tl&8 been 

ou...,L,estod as c 1\lnctio-A of' tho vacina.l plug or rodontB and chiroptera.. 

I t ,.,ust h~.JOV$r be r~u'.erod tb.at the M9.ractoristic acJ.erot.iB:ltions 

probab.l7 only develop nrtor so~ tiloo, and thus it~ 1\u::t.ction may uell 

l1a1jip.!J in~~ ~orpiqwl. 

S 'neo the tt:rst pu-t of t• .is aec(fU!lt \-taS \lrt tten, and indeod 

publiol:cd {AJ.c:-xnnder, 1956) ey at-::.ention has been aul-m to ft note by 

Angexuum (1955) on the w.tinc of the ooorpion ;1wsca.rpius iw.icus, 

whilo a report on the :ntin£ of ~otllriurt.w booor2,QDoig (loch) hns also 

beon published {ZolGs:Ji 19.56). In nC:c'litio:a I bavc oocn o.b1e to l:Tatcb 

tho inoomiwtion of th..J .. ~o~1 PcmJmtQyo iJA~9'UWA• All theae 

throe anil:nla use tho mt.hod of 11 ind.i.roct tran~uren.:- o of n.per:ato{ilorc" 

alroo.dy descri~~ horo tor g. ktirmn:W. G.nd it uonlcl appear U t there 

are only slight difforooeeo in bohavlcnr a 'l<l in tlo a t>l'uctu...~ and 

ntion on tll' · t ting 1:-.alJ.ito of scorpion3 in four of tbc ::1u f'o.cilies t 

Scorpionidno (~iothop!l :Jlel:.·.us) 1 Chac .. .ida.e (hUsc~J!2)) !iowiuridae 

(Bgtbr~) ond Du~i~ (lfll»buthlJi) r.nd it thareforc soot.:3 likely 

that tho ~- tle"..hani&1!1 r~ i!'....oo.mi.nation oocuro tbrol.tthout the uhole 

order Seorpirr.acs. 

that i t allow!l t.'!e question of tho mochani.stl of· x;u,.tinc in tho 
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presented late (p. 111 1"1). Secondly i t portli-ts the teotinc of: eerto.in 

by-oothesos put £oruard in tho eaoo or Q1 J&.~. Purths:rt'lOl"C I 

ho.".i"' ncnr observed scort>ioni<1s othor tl1an Q, l at.iJxlmyp both in cQUJ:"tohip 

t.md metina and thooo obacrv::~.tions, 'toce"thar • .. dth tbooo mentioned abova~ 

IJ'U&.,a:;rt posoible e~l.arw.tions for rootm•os uhich bad to paso by earlier 

I t is pro ... ,oscd t..oreforo that .no ntrait)lt 

dosoriptlou bo gi,von o1· any o£ tho courtship or mtin{. patterns o£ 

oU1er se~.ona1 bu.t tht.t only thoao a.spoctr.s •1itieh appoor to tl row 

light on the events ani thoir intorproto.tion in 0 , J.At.:tmnU§ uill be 

fhe rnnjor tea ~uroo of the st.ructure of the know spercuto­

phoresft dif!'ar ent scor~1ions are shO\In su...:nnrlly in Fig. 37. Frc:£1 

this it can be soen tho.t o.oo::lf,nt the thrao species of .QpistbgpbtqJJPQR 

there i s 8lmst no vn..'r-lr. tion in the forrl o.f tho SJ)Gl't"'l'l.topbore. The 

l ength An£1 01·iantntion of the vnlvea arter mating, as !ell as tJ..'le 

shapo of tho eu<1 of the otalk o.~ to oo consistent dii'foronce& 

betwoon the speeioa and ~ pro'o to bo of ay~~tic iaportaneo. 

I n f&;i.a~thQA tho ~·ocess, which I vUl tern 'eapoular 
\\ 

explosion, that brillBO the onelosod spcn-m D.loooo to the surface of the 

sporrrntopbore, unc... tho aet.Uln by 'Wh:Leb this is broUt.h-L about, nre both 

a1)parotrt.l~1 identical to tbooo in Q, lnt~. The val von uLict, arc 

everted tll"O clearly hooolot,;ous vli.h those f.ound in 10 thx'oo_ species 

or Qpistilof!lt.:!m~!?!!£1, but tho e.porturo ~oul)l 'Utd.eh the opcm mnss 

OtX:r(JeG is not o.t tltc npox of the vol.veo but noarar t~ "prox:Lr;uU.tt c:nd 

is difforaut in sbapo nnd appcmrs superfieiall:; like tuo ~pornto 

spern-openings th0\1£}~ in point of feet, t.ho:Jc tll'C urd tod by- o. narrou 

chan.nal . 

Tho difforoneeo bet.1.-1oon Qpist~c nthuq nnd t)>istho@tha~~us 

Ohou bou thG spermc.tophorc of tho J.att.er io 1•cl a:tl:.d to that of 
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Fig. 37. Spermatophores of dii'ferent scorpions, 
(a ) Opisthophthal.r.Jus spp. Top, lateral vie'\or of 

that of Q. niticlicepj!; MidcU.e , dorsal view of 
that of Q. latiwmus; Bottom, lateral view of 
that of Q, austerus. 

(b ) QPi.g~thaga.nthqs yaJ..idus . Above, lateral vievr; 
below, dorsal vie1.-1. 

(c ) Pa;:abo;tJaus planicauda, i, lateral view of 
capsular reGion; ii, l ateral vieH of entire 
spermatophore; iii,. dorsaJ. view of capsular 
r egion. 

" (d) Euscon>ius itaHcus. i , lateral vievr of com­
plete unexploded structure; ii, lateral view of 
the capsule and stalk portion of exploded sperm­
atophore; iii,. dorsal view of exploded ( ?) 
capsule region • 

. (i after Ange.rmann, 1955; ii and iii after 
Angerma.nn and Schaller, 1955) 

(e) B. bonariensi;s, Above, l ateral vie\IT of entire 
spermatophore; below1 dorsal viel.·T of entire 
spermatophore (after Zole ssi, 1956). 

Cross-hatched area, aperture throuch vhich sperm mass escapes; 
double cross hatched area, spern mass. 
£., capsule r egion; ~., flagellum; n., hooks; § ., stem portion; 
~., stalk portion; ~., valve; H·, pedal wings. 
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~the valves,. utipl,lcd in Fig. 37, do not stand up as ~ngcs 

at all and tbc partial. partition botttcon the sperm openings in 

.Q2isthaoenth~ is, in. J!gra\?Jlthr&Q1 replaced by a rubstantial pair of 

at1-uts Yhieh separato tl1.e ~penings. Tho spe:rm-opel'lings and t.h$ 

hooks ore o~n elosor to oceh other tl".a.n in 22!s~thus~ the two 

~rta lying nt tho Otl.mc level along the ::rpormtophor·~. l n addit:i.on i.he 

.hooks are si tun.t.cd noro laterally oo tlurh, inst!:a.d of heine medio-
\ 

dorsal, they ore a.ll..10ot lo.teral. I t itt oloa.r t}'l.at thore rao aloo SotJe 

gross dif£erencoo in form of the apcrllntopboro relo.ti~ to 9.A1. Y&U .. rlul: 

tbo s 'tem r t,gion is ameh longer antl mu:rower· vtJ.:Ue the tuo otout halves 

of tho nte.lk found in .9Eisthacan~n~ are :r~prco.eu.tod by th& long awi 

~ oo~rnte flagella (Pia. 37, Jl) in~~. 

Tlte di£f'crcnces in the spermatophox·cD o£ tho scorpion1dB and 

butb.ids ctro oxplieable in tcl"t1B o£ difforeuces in grose anatony s.nd 

beba:viom." Hi..ich llnvo alr~1.dy bea .. l montionOO.. CorrelatGd wi tb the 

large ~op.oont of tho ~pa.lpar el.al..rs,. tbo eeorpionids hav.o nei ti.lOt' 

tho toxic! ty nor thooo beha.viour patterns .of ti.e buthids in 'Which 

stinging nttack is stron£ly Ol~tdood; fon:tttt'Ca lJhioh a~.,tle<.U' to be 

rofleetecl in ths generally intl'ncto.i'lle and ant.iooci&J. nat1a .. o of thi& 

, le.tt&r £'"t)l·lP• Cortainly the seo1•piot.'licis are not prone to kill and 

eat G~ eh othor and a clau .fight uill ust.10lly ond vi th the tt\JGak&r" 

. eeorpion rotroot ing t:Yi t.hout. f~to.l injury. This di.fforGnce i n ranoral 

level of sociability t101."lld l oo.d us to oxp&et th:J.t i11 tbQ butbids cloSEl 

contact durin[ courtship and lltlting t.1ould oo o.a limited as poosible,_ 

tho t.1hole eve.nt ~1ould be short and_, 1::aybe, tho oothod o£ sp01"ll upta.ke 

vould be rapid, porh:lps b,y waj or a auper£ioia.Jly placed sporm mss 

t.W.J.ah could be taken up by oonto.ct, in eoll'tru~t to tbe prQl.Ollf,tt>d 

insOIJitmtion p;t"OCGi.13 in 9P4dlo,Rh;t.b&lm.'Q.!! lrJbtn"C doo.p union ootwaon 

sp~tophol•e flllC1 f'arnnlc ducts is achieved by "faY of the &..ro~ devol­

oped sperraa:l;ophore valves. In tlw r.aain theoo axpooto.tions a,r,J 

i'ulfill~iui; tba buthids use the "soi'er" nedipa.ltm" grasp much there­

.f'oro det!ltmds a rlUch longer stel..t to the spermtophora,. the vn.lws are 

cJ.uost; !lnt Oll(.l certainly novel' h.eld Hi t.h1..!l the i'cualo 1 s body anc1 it 



a.].m)ot sitlulta11eouW.y a s tho spornntopllm·o hoolu AN~ jerked by the 

fer&lc . 'n1oso hooks lie, rtJ.a ti ~ to their position in srn+ othopP. tl}n.:l;l..1~ 

both z:ox'e l aterally tmd !::01'c clistall:YJ furthor ·tJ:te bases or tho 

pootin~p t~(: speci alised in t.h. £~os of J!grg.buthup. Those thcts, 

t..aken together, suegest that, it io tho poetinos rnthgr than the 

genital plo.tos which Ctitcb tho hooks. 'flila idea finds :rupport .n the 

fact tbe.t the go."litnl oporeulum of the fanale of Pm.batiilWh l:Um that 

of the nal0, i s paired el:'ld unsuitable f or pulling the hook~n this l?l&Y 

be eontrnotod with tho mrkod sexual db:orph.ism in the !'orm of the 

een1 tal operculum found in QpipJllq~~. 

It is vory auch ti\Ol'e. clii':f.'leul t to ro~ognise i n the sperm­

atophot•cs of E. it<aJ,igug t'l.l'1d f a Jws;rimUtU tho pGrtS llol!laloeoup uit.lt 

tho.-~El 01' the scorpiono ui.ieh oov·a w·e~dy boon diseuose-d. The dii'for .. 

(i'tlti ation into stan, atallt and centnill capsulsr rct;.ioll is cloo.r onoueh: 

further torrlintive stler;ostiona are impli t;d in the labelling of Fie;. '5{. 

'nle lust poi:.1t to be rnent:1.on00. concerns the rat\cti,)n of the 

mtilo to the ape!T.I!l..,.oophorc beneath him. I t '\.10.S S'Ubt;ested (p. n b ) 

that in Q,_li;Lt~J;JQPWi the t~lo eontirrued to try to pull the female acro.;s 

the ops.rr:i.Ld:~opho~ e rs lone e.s the sta.llt continued to stitnila\.e his 

VMtral rcfjion. Because. tile chGliceral gr~'l t:rp of ~l:l.il allova 

the couple tQ be very clooo tQcuttcr ;~ t.J1e atalk of the sporme:'uophor·e 

can, in thono eirct.USta.nces, be u.,.-gd cl'i'ectively an a n:lgn stimulus 

to the nale. 'Whore, hm·over, tho couple u:Ja th.e pcdi~pa.r crasp and 

o.l'e eont~equ.on·IJ.:l e~uay~ . .:uch further atnrt , it tcrot1ld naor:t im"' ossible 

f :r tho saroo tj.,e. of' ai61'lal to bo enployed. 'l'bo diste.nco over wtioh 

the r.:talo Hotil.d oo reqn.irt~d to pull a i'ooolo anC yet rettlt'n to l.J.s 

previous position uith tho stalk of the spermtopl1ore still beneath 

him~ would o.opcar to bo too great. In f , 'QJ.qaicg~QA, tmore such a 

padipal~ tTaap is used, i t is c~eur tha-t tho i'lat,olla of the 

Spt.~toph<»:•e (Fig. 37c) ac t na eJ.onea'vod stnlks .~;Ul(l it, is by un.y o£ 

theoo thD.t the txtlc d:J.jCOVers "J'hen lliS pulling of tho .fo:.:nlo has OC>ell 

!lllceesui'ul. Ao soon ao tho f~~le ht.H! m.nde tl.le 11 cotTect contactn 

ui:th tho spcrt.l.ltophoH,, it is pulled back uitb her and the ilat.'O.lln, 

untU that l:.'lOl:OU:c:. stlll PflX'"vl.t ·t-~i t!•iu tho een:t tal opercultltl oi' the 

' 



we, arc pulled free, presumahl.y sor'Ying as a sign st1culus to him 

as they loovo his body. Cortainl~- his 'Wb.o-lo beLaviour ~--os once 

tho 1'laL-ella are treed from bin. 

In i · iiAJ,icY.§ one. U. bQilAl"iOO&;:i;Q where avparcntJ.y the 

pedipalpar c;ro.c ... is· ol.so usod, tho problem as such doos not arise, 

for it a~·,poarc to bo tho fooale tJho plays tb.a active rSle 1n inseoin­

ation once the ope.r~top'hOI'e has been doponitod 01 the subst.~.a.t'Ur:l. 

The male m rely draws or Minvi t.es• tho fooolo i'onrard, proauma.bly until 

his t'Ody is ftoeo of the aperme.tophot•e st..alk. Then, in I a i:t,&L CJW 

tho £etlalc, apparentJ.y by the uoo of her pectines, orients her body 

o"m!.' the -ppen:ntophoro, probably in such a r.::a..l'lllar that hm· ccnital 

operculUI'll \r.ill eetah tho books of t1 e spornnt.op;wre; sho then pul.la 

baok, bonds the sper:r::ntotatore and t.1.nw effects inneminat:ton. In 

n. b~onsi§ tl'iero arc no details of tho uotuol inoominrl.tion, but 

certainly it does DOt o.ppear :fXoia the description to d~pond upon the 

~cti vi ty o£ tho mlo. 

The i.'yolutisn of .tb,Q s~~N· 

Tho cl1fi1cul ~o~ l.Juieh ttttaeh to the recogni tio:1 o£ the 

detailed ho~ot,"ies of stl."uctm~es within tlJld ~1.djucent to the capsula 

of tbo Obac tidae ond :Bot.hriuridaG m th those of the Scorpionidao and 

Buthidtle haw b,,~.m binted at above all(l tboy will certainly renain until 

the omet f\mction of oooh structure is know. J.broover w have as 

yet no :l.n£01--mtttion upon tho structuto of tho spermo. ...ophores of oi ther 

tho Vejovidao or Diploeen"trldae, both oi' flhioh have prirai tivc character• 

isties. It may therefore seen foolish to spocmlato upon the orif,'inal 

i'om or tho ceorpion s~tophore tmO ics subsequent evolution. 

Nevcrtbeless such an attanpt serven to display cloorly llio 11ajor 

features ubieh have boon discussed above o.n<l, provided it is treated 

:- s only a provisional :t.:YPOtheais, oon focus a ttontion upon certnin 

aspects or tho mtine or scorpions \Jb:i..ch, in future studies, seet1 to 

deoorvo part.i.culnr attention. 

It is easiost simply to preocnt the picture as it appoars to 

m mthm' thnn to defend the int:3rprotation ui.-Gb. argumsnts whieh can, 



in the natu.co of the oa::. 1 cru.·ry li"tle ueii)lt. Tho ideo,a ur.ioh I 

vim to put fo1•uaEd IU~ e ~iooc:t diagram;:aaticn.U.:r in Fig. :3&. 

I 1 the priaitiv ... scorpio.~.1s I c.o11:rl.der il.tat Loth partners 

wore active i,l the process of inwcmi•1ntion; tbc DOle do,os:Ltod the 

ape mtophoro and porhaps pulled tbc £cllC.le o.crooo it, but ooe then 

oricntatcii to tho exposed sporm m:1ss hald in position by .I'UC.Iil:lontary 

vo.lvea. !'he orientation of the fe03lc to the sper1.;~atophore wn 

efi~cctcd by a short ntalk tll1Ci asJi ted by l ntersl project; o.;1s ldrlch 

ore l o.tcr de-ooloJMd into tlla hooks. Todn.y thi::s pat tern persists 

~st unchanged in th~ Ghactict..ae, bu.t tho hooks have migratod some­

uho.t pro:ldcally and bocome integrated into the structure ot the 

capeulo, oo toot, yhon they are ptD.led h1 the genital operculum or the 

female, thn onclosec1 Spot'!:l , ss is hl:'our.llt to tiiB t.ho fhlt'faee by an 

o:xplo::don of the capsule . 

FrCill the prio1 ti ve a.n·ancm::ent thrvo i'urt.hc.r lL>oG. can ba 

reeot-niood. I n tho Btt6hidao t4lO spo:rt..n JW.ss :r~ oxposed, tll3 I 

hnv.e pootula. :-.ecl in tJ1o aoooot:rol form, but t.bo activo part io played 

qy the l.lalc 1 tha f ... netion of the long f'l.at;clln in this procoas has 

tU.roody bocn de3er.:.bod. Iu fat·~, tho hooks are retained in 

their primf.tivc position clo....e to the capsule> but, lying more lutera.Uy
9 

are co.ug)lt b¥ tho apeeiilli:JE~d r ogiono of tho peetims ~ tho fe:.:nle 

is dre.\m ~ero~.;s 'tiho ~t:ntopLot'e. A~; they OflCD.,;e td.tb the poc·Lincs, 

they bring the expo sod spGrm mo.ss into eonto.et ui th the genital 

opening and thus inoo:oinati.on is a£footoo. 

In tho Soorpionidae the sporm mass is ini tie.J~y enclosed 

'Vi thin tho 8pe"-rmD.tophorEl a~} in tllo Oba.c Udae, 'but the ml.o is tho 

active agent in the insaili.Mtion ao in tho Duthidtle. He draus tho 

fenW.e o.eroos the .opormt ophore, tho ntnlk acting no a sian stimulus 

in tho Gai!» r.nnnor ao tho flnco:Ua of tho Bu.th1ds. Tho hooks are hore 

fa.r noro proltiz::lal than in tho Luthido.o or Ch&cti.cJac but, ao in the 

latter1 integt'tltocl. in tho fY.~tetioni..'lr:; oi' t ho capoul.a. They tll'e 

call{;ht by "tho b--e1lital opar eultD o£ U1c fowalc tMeh results in the 

explosion of tho capsule: in tho conus Qp;i.othoQb.·tMJ,Ea§, at least, 
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Representation of the possible evolution of 
spermatophore form and function in the scorpi ons 
Representation of the po~sible lines along·.~-thich 
courtship might have evolved in the scorpi,ons. 
Single asterisk denotes that little co-operation 
between the pair (and, by implication, courtship) 
is required. Two asterisks denote that some co­
operation is necessary, while three asterisks 
indicate that considerable co-operation should be 
expected. 
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UJ.o w.lvoa, oricimlly simply rota~ninG the spera mas, h.avo bceooe 

groo.tJ.y alaboro.tcd to fort:L a fUnnel uhich entertJ doopl;y into the 

r~e ge.u. .& dueto. 

L1 the Dothriurldao thoro bnu boen on independont elaboration 

o£ the vnlveo to fUide tJtc Sperr.l masJ into tJle foc'lOle cluct. but horo, 

as in tllo Butbic.:ae, ·t:()cr 3 O?)paaro to be no capoular axpJ.oo.ionJ fur~,. 

in tho Butbida.o tho hoolts serve to r ;u:l<.:o tho 3pel";1 mass to~~de thEl 

c:eni tal oponin"", \obllo hOl'e 1 t !.1 ms likely tba t th elont.,"tl wd w.l VCG net 

botb as @tido:s o.nc1 an tl .f\.mnol to convoy tho cparu into tho body or 

tbo fetolc. 

In three or the i"c.Millos the podipalpor gl"ip is found and 

1 t seoan nrobc.blo thtl.t tl ia, :founi al~o in the pooudooeorpion.l, is 

primi ti"'I'C. I t ban boon sur. osted t1bovo tbo.t t!,is is a roflootion or 

tho unsociable ohtu-aotor of those a.nil':lals . Thi3 dotermin .d tbat in 

tho anceotors tJ1c proce3s of insel.:linatio::J. was hazaraoue a.tld tho1•e.to:re 

~foroo rapid. In theoo three flll:lillcs tlu-ee distinct paths soum 

to bAv& boon taken to cnouro a treater likolihood of sucoess!'ul 

inprogno.tion I In lito \Jbnct:ldao by t.ha devolo}'.llOnt of capsu.l.ar 

explosion, in the Duthi&.e by fuo cl.aboration o£ tho hook.:; into guides, 

and ill tho Dothriurldao by a comparable el boration of' the v4).:ves. 

Only in the Soorp1ol'lic:lt!.o is it l~oun for certain tl:at e. cholioeral 

gM.p is Wled and horo, were tho dnncc:rs involv~ in mating arc f'ar 

less , the principle of' tJ.1o cnpmU.ar o:x.plosion htls been developed 

togotl1er uit..b enlar~nmt o£ tho Vlllves so as to provide o. oCI1"tain 

en:..ey of the sperm into tho genitnl duetn or tbc femlo. 

A lopmri.ooa o£ !reP SJmiro:tQ!li-ol'i ot ·1)1~ P.saroion t.J.nQ PuJttozm:pioo.., 

It aooms po.lsiblc tht.l.t a si:L'lilnr uttel!lpt mi{;ht bo :t.:ldo to 

produce a cot.ooara~.U.o pic ture of tho evolution of tho opormtophore 

Yit.Jlin tho pooudoooor.~Jions . Vachon (19.38) describes and fi~cs tho 

uper~J..,tophorc of Q.bq.UfG:t qp.ncroiMa nnd hero tho su-ucturo (Pig. 39b) 

and ita _!OUo of C:Ovo~ t.ion and ,t)ick-up aiJPOOl', a.t lOtu;t supo:rficiilly, 

very liko tho.t :03tulntod for tho prioitivG scorpion. 'lllc 
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Fig. ~.-Spermatophores of two pseudoscorpions showing a general superficial similarity to that 
of 0. latimantt.S. 
a . Ohelifer latreilii Leach after Kew (1912). The division into sta.lk (st.) capsule portion 
(c) a.nd stem (s) with pedal wings (w) is olea.rly indicated though no details of structure 
a.re a.vaila.ble. 
b. Ohelifer cancroides L. after Vachon (1938). The lack of pedal wings a.nd a. substantia.! 
stem contrasts with the form of the O.latimantt8 but superficially t he " valves" (v) a.ppea.r 
very similar. 



Spol"Jlllto!'ilot•e is ejected form·d tr~ .hg cscnitol opc:mina of tho mle, 

the ree1on or t.he peC.:."ll lt.i.nao, the stem and tho CD.t'sulc being eloo.r l.y 

tlD:llocous,. ii' not diractly hotlOlocous, uith those o£ tho ooorpions. 

The cperm J:WlS 1s tl~JXlrcntly b'ool7 OJtpOt::~od, beinG ~ely held by the 

"valves" . ~:.. is no flienii'iennt stem \i.ich could bo uood by the 

~e 1,lhen ho orients tho £a""...alo on to tho c1e;.)oait.cd sperr.ato}!horo o.nd 

inde@d it is the fe~o bG:rself W.O is rospon:'Jihl.v for eomi . .ll£ f'oruard 

o.ne g-.li.dine tho sperm m~o into hor genital oponinc. 

~. the ca .e or ~.:W.treil:ti, Pig. 39n, s dexribed by Xcv 

{l<Jl2) thoro are no &ta:.ls or th enpsul&r rog.1on ava.:llnble but 

clearly tho preooncc o£ tho ff stal.k11 bore sug, esto thot this r".ay ha,o.e 

evolved, '.\S hac boon ···ostulntoc'l. for the Scorpiooi&.o and Buthidae, to 

l.it1 tho w.~ in orientine tl'te fem.:J.e 1"nlative t ') the spermt..oJ:horo. 

Sura cnowj,l, •.ro r~ nc tr:. t in Ws a::d.mal tL.) IOOJ.e C:oes guido tho fon:ale 

4porturo on to tho capn.U.o roeion or the spcrnttophore. 

£von if sicilar explaMtiOltS of' 'tho acb. Jtive oodif'ica.tion of 

~tophOl"o struetUI•o and "pick-up oohaviout"" can bo vorked out in 

&tall f'or 'i:.l'w ! souc1oacorpionc, they uould not coost.i tute ev-lClencc 

supportine ~ hlsic romologioo of tho spel"t'lntophores \11 thin tho tw 

groups. Indood Vachon (1~38) dGscr!bca tlio .fOJ.'Ula.tion of tho spen-.to-

phore in C. eanero j.dga and this UJ?poara oo different from that of' 

0 1 latimpn&} ao to suggeot that no phylogoncrtic eoncluoions shoul.d bo 

draun i'r0111 any comparioono botween the two croups. In Q, CftSCJ:Qidep~ 

cecort1ing to Vt!Chon, thore aro not tuo sepe.rat.e Lal:t'-s ... or::xd;ophoros and 

tho o ~.ructuro is l'orm. d a..J nn entirety. On tho other lumd "this 

difforonec in node of f'onoe:ti.on ~ reflect only tho fo.ct that in tho 

pooudoscorpions tho O]_X)I'lll !!X'ss is merely depooi ted on top or tllo 

sperx:n topl!ore, oot1etir:10s no oven ooinc l:olc1 in ·10oi tion by the vul ves, 

\lhilo in 'l:t .. o scorpioneJ tho npel"l'l mss is, in !!Cot ca.oos.J uithin the 

aporr.n toLmore i t<Jclf. T.bio ncy- nooooni tate the spcr1:~:topbore being 

fo~d in two distinct halves. l'hrcover, in fm'abu.thug tho tvo hall' 

spcrmt.ophoros aro not ontiroly oopora .. c in tbnt the tips or the suoms 

ruo alt.nya joined l:.ouethor. It ~ bo s:lgn:lfican~ that it is in t.hio 

a.nillW. thm·o is sor;Ja po:J...d.blli ty thnt tho ..;pena r.aoaes o.rc OXJ?Osed to 
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Co~ts¥12 - Prel.ir.limrie~ to tho Promenade. 

It has boon tontativel;r S'UgLe:rted oorllor that tho promenade 

deux is i txlf coneornod ui th tllo t:•r.tl~ ' a .find.t.n:; or propo.l in& a 

ouitablo t~Sc.o for tb.e depo3ition of the spermatophore anti. tbtlt oo.rlier 

Jm.'t.s of tho eourt.sbip boba:v ... o:xr aro tterofore eoncernod ldtll the .more 

normal i\mctio·w or eourt.nhi":J, naooly re.ooc;nition of n t.~bor o! tho 

othor sex as n ooo::Jiblo m·t.e o.nd attaintiC!~t of tho nocoomry tlogree or 

eo-operation \lith tho pal'tnol' 17 n Gtir.n.U.aticn11 to tho required atatc of 

pas:Ji vencss or tho olie:1 tine of othor F-oro e.c .. lii ve rc:;ponoos e.t the 

appropriate times . 

A scorpion bchavioUT. pat tern uhieh hao boon conorolly 

reeogninccl to £ul1'll tl!iS J.attor raJ.Q, that is mu.tuaJ. stinlJ.atlon, is 

tho clt :sicoJ. a:cbre clroit, doseribed £or ~ QSCiWl!:! by Fabro. 

In We CZJ.cil scorpio•l raises i•:C tail abO"l!c its r...roso... and feoces vlth 

ar caro;JtJeS +hat of' t.Ac other o.nir.)S.J. . Ser£atty and Vc.che>t.'A (l950) 

ouggost, i'.ro. tl.eir obsol"V!"t:! o~s on B. aJ.tJ,ooJ.I, that this arbre droit 

mo.ii· Hill oo oonco1'1lcd uith r:.utuol n..~enttion oo tlu.t both eourtahip 

fu et.:.on.o b»:.e in point o:: ftlct br>...et1 !..SCribed to tl~iG pattom. 

It hao alr0.:1oy baon orid tho.t ollly slie,bt inrlicrtion of tho 

arbre droit ever occurs in Q., la:tJ.nlnWil: on very in&equen:t oooasions 

t'here mey bo t: brio£ rni:ring of tlre tail& of the two tmir.s.1s d.1rtncr 

the tina tn.on tha rea.1o is tr;;lll£ to c;rv.&'P the pnlir.aJ.ps or tbo fe.~e. 

•'lmtevr-r th.J i'u e t..'.on of' tbo ttc.lnns5.cal arbr dro!:." ti·i~ io either 

ab ... ont or ftJJ.fil.led by G(1'le other beba'Viour pnt.tern in ,21 latJ.z)l.PU.S. 

It vlll be DUC··o;Jtod belou ~h~t thio altom&tivo pe.ttel•n "ticht ucll 

'bo tbe jU<1derine. 

Stt,:r .art for tllis C(f'X}D f':rom ~e fret that in tl1e ot.h«r tvo 

speci :J of 9J,?isthQ.. !:l}QJ..!.'lijLt+ose eourt®i., ane mting I lla,~o flQtchcd, 

w.mely ~. ~tm;ua B.Zl(.. o. nit1~~, there i:t l'lO oigt4 or any juddorlng 

but tbc arbra t!roi t ic eonoiclorably J:;Oro .t:tU"koo. In ~~ tiiosc 

gonoral bcltLW;~our is cloJcr to !J· JJ.l~mnwz tl'.an is tl..o.t o:r ~' 
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the mo.lo trioa to take tho pedipalps or tJ:lo fel!ale, both ~s 

rairo their utincs and .... ush at Gt..ch other \d.th tbon, t hough, no in 

o. la}.ip!anus, ther~ i s r1o sign that eitbor cninal ever inoorts ita 

Stine tip i nto the tell or body of the other. This I!Odifiod arbrc 

droit inva.risbly occur~ here. 

In o. nitidieep.? the ownts nl.~o al:wys very r.:ueh moro 12lrked 

ane tho encounters of the s tings nuch fiercer. In all cases that 

I havo t~t..ehod tho 1~e has alw.~ts actually stung tho 1"emle, como• 

tir.:oo in tho podi~ps, OotlGtWs tho msOSOL'lQ.. I t L~ be rontioned 

in pasoiue that it io Sa n1 tidi~ which shown a fairly r ked sexual 

dimo:'phim of the tAil , a. feattJrC w~'lich is less no <.im!blc in .Q.. AWJtcrg.,a, 

fUld ovsn less- so in 0_. ~11!.1&1• 1'bis is in keeping with the fact 

that, of tbe three spccico, it is q, pit4.SJ.9.tim \-Jhose tru.J. ia most 

used in ::~exllal encoun·\.ers . Silme the tall is cover ed -.sith Wro 

which ore u:ncloubtedly 3et1GOX""J organo, tJ.iero is no l~r.tnon uhy tho nrbre 

droit ohould not funetion in mutual sti..-:tUlation, nor 'Why, both £rom 

the se:mal d!.tlorplds.-::1 and tho fr1ct iih· t only tto zoo~e appears actually 

t o stinll' , it ohould not also be conc::orned in autual rceogni tion. 

In the oaoe va::r, tho ju~dorine of Q., JJ;l.tir.All)}.fl could oerve 

for both pl.tt';JGcoa. 1'ho :responses oi' tho "othcrtt a.niml to tho 

jucidcring l-rould dcponcl on ,,mother i t t!"' s a fOI:1ttle or another mle.; 

if' i t cave no reciprocal ju<'dering it, 1PD therefore prooobly a fcl'LICll.e, 

and i'urthcr juddoring mc;h t tbon serve to stil:.1.il..l!. t(;l her to adopt her 

r esponcive pose. '!he off'ccts in t,b.(j fcnul.o eoulcl uoll bo tJCdiatod by 

liTaY of.' vibrations pa.~nitl{; throtlill tho gro-·.Uld and picked up by tho 

femle 1s pectines, (Cloudsl~J-Tho:.:paon, l955a) . That stteb vibratiol'lDl 

effects :Ught be expeotae. to occur in scorpion coUl"tDhip is GUpported 

by tho fe.t-t i:hut in the lo.bol·atory ,Qa.vnlJ,~ does certainly two a 

beat ing on the substrntl.lLl as n p.rGliminary to the proJJ.onn.do, .ho oale 

strildnc his mno~oma about ten tilaos very rapidl:., on the ground. 

Bo scriouo SU£.uostion ea.n be mee hore ror the ovoJ.utionary origin 

of tho behaviour shouu by Oi",. ~a.lid~.· Tho only poosibility OJ'XVisagod 

is ona uhich l'ilight al: o apply to tho "belly- boatings" ~nd a~ 



stridnJ.t\tiono oi' certo.in 1Jalo spiders. namel,, the ritua.li&l.tion of 

the initial '\Ovei:::ents m do durine the ejection of the tJpOn:~nt.ophol e 

or thoDo of doposi tion oi' tho seninal fiuid. I£ this "rore truG, in 

tho caoo& of Qr!. validu!. 8Il'3'J9."./, 1 t t-rould tend to sup~>Or·t,. hOVEWor 

vaguely, tho idea thnt the bebo.viour is concerned more with stimnlation 

of the fer~e thrm mut.ual roeoeuition. This is on tho &rOtmd.s that 

a piece of bobtl.viour in~tely concerned vith tJ1e actual trttinB mi£)It. 

readily bee~ a. 11 stLlulatory sign st1rmlus" concerned 1i th Glici tine 

the correct responses i'rou the fotlllu. 

In aur:JIIl:l1'y, it uould oecm po.,;Gihle that the juJ4.erlng of 

tJ1~ mlc 0, latimanw is eo~ble in ftr:lctlon vl th the modified 

arbro dro::.. t 'Which occm·s in the other SPisthop1ltllo.:£~ spceios 

obsel'v~d, but that 'U1o exact 1\motio.l of either pice€) of bohnviour 

has not been doi..ormined. It could be the mean& of mutual recognition 

or o£ :Jtizmll.a.tl onJ it uould appoc.r ver~ diffieul t to <lesicn experi­

mental teehniquos \lhich distinguish between these tuo, since inter­

feroneo \Ti th ono will invariably affect tho other. 

'r1!.Q Ey;oJ.uti,on of C OUf~ 

In diDCUDsinc tha a.rbre clroi t, tho varia tiona in tho 

expr~ .... siou oi' tltis pa-ttern uhicb occur t\I!lOngst the ooorpionids have 

been deGCl"ibod, Sim:llar 'Vnl'io.tionn o ~cur £tt:Oll(? oth~Jr ncor!>ion:l. 

Thus 111 l?a itaJJ,cJ.l§ the malo stings tho i'eoolo; in IJu:thpt.WI f*l:tiocoln 

and Bn:t!lWi .Q.<.tCJ..f5Wl:&il, tbe tuo animals. i'onee with their tails uhile 

in fg,ra.pujthns and Dotllri'!.U'UQ thor..1 is no arbre droit a.t all. A 

tontative rceonstl:·uotion of tho evolution or the a.ctual proceso of 

innel..lil:~ tio.u l1a.s bco.."l a·tteuptud uoove. A similar speculative recon­

s .. ruction ean be rndo of tho evontu o£ cotU:tsldp on the asml!:lption 

that tho f'orcrunnor o£ the arbre droit is a. sicple stingi~lg tmose aim 

uas to redueo the fm~o to a condition or sufficient tranquUli ty to 

·aomit hor to fuli'U her rSle in the procoss or inoeni~ticn. This 

c -:ndition porsi:Jts in~ . ~iliCU2, ,.more tho male bri:ae;s hio frt.ing 

over and ~rt:.inga tho fc.rue oevc1•al t1r.too, no1"11nlly in one o£ tho joints 

or tho pod.ipalp. 

I ·. the scorpionids it uould noen t~nt the eo-operat: on 



bet1roan tlle tuo tmimlllo needs to be more firmly ootablishcd in 

tbat the ehaniB:) £or ttoxpl¢dingf1 the oper:!!Wltophoro is e~ox:. 

'l'his a.tldi tioneJ. co-oport.. tion occms to bo gained in vnrio o uny.o; 

in Qp. wlidl!!! the otinGing ia rdjaincd a.v in L itn,licma. but 

beliy-be?ltinc is nd&d.; in ~t;tdicaRs stinging t ogether \d_.tb 

tllil .foncing occurs; onl:r tho tail :Ceneinc occurs in p, ruw'teemQ, 

~e in Q. la.tim;mus thcoo ho.ve boon l'Cplaccd by tho juddaring. 

l l'l tbe case o£ tho l.."tst ttJo l"Jentioood oeornions i t ia 

?ousible to sao tho repl.Dcor .ent of a hw.;'l()rl'll "trnnquiliser" by a 

direct bohav.ioural responoe; in the CO.De of Q, f1US~3.JQ, UlC llltuaJ. 

r.lOVOmonts of tho stines ciirectly rol.oaoo pa.ssivo behaviour :ln the 

i'er.nlo. A .s:Jmilar eonditlon wouli4 aoom to hold in the oooo of 

{l!l1:Jww and il:Ut.Wa, o.o we.1.l au Qg;ntrt.J[oidgR (llaorg, 1 954o.),. whore 

onl y the eoroasing of the tvo stings occurs, It ooer..o posoible 

tho.t of ·tho steps lc<:..din(; to otinging in t11e pX'ilni t ..,e eotn"tahip 

only the oorly ones nro reto.inod h1 the huthids, a.inoo their 

ovQJ.ution toua.rds a. ~Y toxLc venom Llight andnngor tho .ll£e of 

the tol1131o if the r.tllo uora required to «.tti:ut hor a s pal't of tho 

eourtllhip pattern.. lt would be possiblo to doseribo tbis o.s the 

ritua.lloa.tion of an intention move LOnt, but it is cloa:r th t it ia 

not the simpl<;l re:lJ.ac<ncnt of ouc behaviour pa.ttorn by another. 

In l rahutb3Yl and rotmim:yg, ho\mvcr, thoro is no arbro 

droit, -•or is it replaced by juddtlring or otha.r recognisable oourt­

ohip pn·btern, I·t is tantntively suc~eotcd hero tllf'·t tbiil ray be 

duo to a doorea.oo 1n tho noed for oo-.Jpcration betvoo .• tlle two 

pm-tlloro. 1"1 l!am'Qu.tln.L'J the opcciallsed pootinos of' tte fom.le , 

to._.oti,cr 1.1:t tL ouporf'icially oi:tu.:rted Spt11'!11 !JaS~s, nay \Toll cnoure 

that tho behaviour or tho !Xilo in pul.lin,g the 1' Ale ovor the 

SpormtltophO.!'$ ill conpr.rutivcl. • .,; OitlplfH Simp.to ill O~iSO:i'l. 1:1ltb 

tto.t in Ul!WIWIJ .Ytttli®Ya and £.cmtrw.:oiJlo.,u, wore there aro no 

Gpeeiuli .:!Od. poctinos, or in coapurison trith that i..'l the ccorp1on1da 

ub.oro tllex·o is a capimlnr o:x;>looion t.rhicb UU:l, be accUt"o."ooly oriented 

and in llhich tlaina io 1 :>ortant. In no:tJlritV\ULi t io po• lliblo 
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that again a modification of structure reduces the dif.ficul ty of 

effecting insemination. Here it seems that the s trongly pointed 

valves ma.y be easily inserted into the female opening so that she 

need not be especially pa.nDive or othenrlse co-operative. 

To sum up, it is suggested that in the primitive courtship 

there were three facets - the pedipa.lpar grasp, tail xaovements 

derived p1•obably from threat display .P and the actual stinging i tseaf. 

In Fig. 38b the lines of adaptive radiation aJ:•ising from such an 

hypothetical sys·oom have been represented, As is shown, new 

behaviour patterns may be added where fur.the;t- eo-operation is 

required, e,g, the belly-bea·ting in Qp. va1idw:! or the cheliceral 

grasp in all the scorpionids so far observed. One of the 

hypothetical thl•ee f eatures may be IOOdified, as for instance in the 

evolution of the classical arbre droit in Buthus, Buthotus and 

Where, on the other hand, a:n:y reduction in degree 

of co-operation occl.D."s bet,reen the partners, features of the 

hypothetical courtsrJ.p may be cut out altoeether. 

This vieu of the evolution of courtship in ·i:Jle scorpions 

is almost certainly grossly -oversimplified - the question of sex 

recognition, and with this sexual dimorphism, as well as t.be possible 

stimulatory effect of the promenade, should surely modifY the 

picture presented here. In 0, latimamm these points have yet to 

be discussed, but since no comparative information is aitailable, the 

facts for ·this scorpion can not add anything to the schezoo proposed 

here. So although the deficiencies inherent in the representation 

put forward in Fig. 38b are freely admitted, nothing can yet be don.-e 

to remove them. 



The ll'gnn.g& ' deux1 

I t. has nlroody bocu sue oated ~w.t tW.o behaviour in 

(JA l.,"~ 1$ primrily concerned trlth finding a ouitablo surface 

on whieh to deposit the spcrmtophoro. ubsorvo.tions 011 other 

ooorpions hac ::ierely oon£irmod t:.is &nCJ thG only point wi1ieh amerces 

iu that a. sub:rLratum whicn is the correct reloa::,oo:• for ~pe:rootophorc 

deposition in or1e lJCOl'pion u:U1 not suit e.nothor; for inetanos;t 

mitber the table top~ .11or a shoot of blotting paper nor c. bard 

0arth surfaco, all of m:d.cll wore roloooors 1'or Q. J&~~ uould 

rol.caPO ~topl;oro ticpesition in Q.1 ... QJUi!:.m:M§, and cJ1o only auitabJ.o 

surface a poore to oo that of a. uooden shoet. Aa vill be mntioncd 

l a to1•, the specificity \r.t th 11hieh P. If!:anicauea roacts to tho surface 

provided as an arena. for IJ&tine, is verrJ atrikinr:;, only a particul ar 

rou()l oo.rdboo.rd boing of.fcctivo. I t sooms very proba.blo that tl.1is 

Cifferonco in tho roleaning offoct of difforGnt surfaaos in vnrious 

scorpionJ r.ay ,roll bo li .lrod with dif.fcronees in tho t piS or aoil 

on which the a.n.i.mals are foubd l:~ut so far no vork has beon dono on 

this problem.. 

A. second po J:rl.hlc fur'!Ction of tbG prOL~do was U:lat of 

lr~ tho rc~<ala to a auit.ahlo ooo;-oo of co-opora.tion boforo a1V 

o.t.tecpt is Llildo to :ro.tc '\lith her, e. point whiclt Has brit.fl.y mentioned 

ea.rliel"'• There iG no record for ii1e lengths of dii'i'ere."lt proiOOundoa 

on otaul.lrad surfr: cos in tho ~scs c,i' arcy· o.f tho anil:lals observed. 

Houevor i t i s very notiooablo that, in o., pitidicoE!'~ the f'Elmalo 

tlla·· is resisting st,rongly ct the beginning of the proraenade is 

entirely ps.caive by the time tho calc stops his pulli~ of hor and 

begins to mate. Tltis l:AY~ Let.mvel~, bo a z·oilcet:lon of' the tmo which 

.:he venom t.akcs to aet. 

It socms izaproba.hl.e that 1JJ13 sir;plo rclationshin c..m be 

shown betwwn the prosence of cottrtship bo.foro the bogiw..ing of the 

nromcnadc nnd tbo lenet.h of tho prooono.de itself'. TnbJ.o V confirms. 

tbiv. lnOOecl, evon if \ro knew that nll of tho promna.des recorded 

rl.bov& had beetl pel'fol'l.led ou a sttLnC.ru.·d surro.oe, thio Hould be no 
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The rolationsr..ip botw'Go.1 ·tho prc::Jenco -:£ eourt!Jhi-p before the 

beg:J.nninc of the ~mde and tbo length of tho pr~nace itsolf. 

2.! latimQ..lms 

~-- WlStoru.n 

!t· n1 tidieee 

.Qp. velidtuJ 

Ia l,WJ,cy 

~ 

L. ~u.ostriatus 

~niea.u&l 

B1 bom.rionsis 

Introduction to 
Pramns.de 

judderlng 

Record or dUration or 
Pra:oomdo. 

1 rlin.•l hour (personal obe.) 

15 minutes " 
tall .feneinc + stlneinc; lo Js tban 20 t::ino. ta n 

~lly-bcatiug + 

o.rbl"e droit 

s tinging 

orbre droit 

11!1- • 

·-· 

10-24 mins . If 

l - 24 hours (Fabre, 192.3) 

30-('JC mins. (A~, 1955) 

? .. JJ) hours {Baerg, 1954) 

3 hours mllinu:l (Thornton ,1954) 

5-30 mins. (pon:¢Jal obs.) 

oovoral - 12 hrG. {Zolcssi t 
1956} 



nuara,n'OOQ that the informtion coultl bo used camp .ra.tivcl;t,)bco!\uso 

~ hnvo alrPndy reeoeniocd the i'nct thc.t one typo of ouri'aco noed 

not 'Oo o.a cod D. releu Jer tor dcposi t:ion of the sperm tophore in onG 

species o£ oeorpion aD in nnothor. 

\bttevor t..be ~tl1Ctional. sicni£icanco of' the pr~do, it 

cortoinly ~ ~~ more nnd ;.oro cloorly tlmt tho interprote.tion ot 

i"c.s ovolutiona.r~ ori{9.n in ~ tiu~t is tho expJ.tmn..tion Unt 

it ha~ nrioon from intention movor.n."'lts t>f picldnc up tho sperr.JO.topl\Olc, 

can be w: on for ether scorpion.J an uell ~ 1'hiu ca..-es ou:iJ 1noot 

~trongl.y in the ens~ of 91:?· validus. Here tl1e pN)mOna.do is vary 

sl.ow and td th none of tJ~o violent j crkincs 'Which o.ro Ctf.tpu .. :on·t ill Ji.llo 

pr~~ oi· Qa...lo.tJ.nmua tmd more especially r. J?t!nica~, Likovti. se' 

uhcn the Iaalc dray the £c.:1!'1le on to the speroato1..,1.ora tl'¢ pull io 

aloH ana otolld \.lithout tt:tr:f of the ntl•one back nAcl forth nction 

that bas bucn describod fo1" .Q.... ~, 

Sonsorz f!tysiol.og;/ of CourtshiJ) and MltinF;. 

SCI i'ar ue bavo, in the :ae.in,. eom:do.erod obly t..hG l:.cllnvioural 

aopoeto of courtship and mt:J..Dg. Clearly a nUl:tbcr o! intoresting 

problems relating to the senoocy physloloey of theoe events can be 

fo.t'I:l.Ul.ated. So%"10 or ·Ghese aro diSCWJSOd bolov anU the results or 
prelimi..'"!.cey studios on this a.spect of tho biolot"Y of Q, ls~~~ 

pre son ted. 

Soil Scro.ping. 

The i'irst mo.ttor to be co~dorod io hQli' the malo scorpion 

obtains the huort......tion about tlto mture o£ tbe SUl.'!ace on wl1ich 

he i ... courting' hou does ho «I;.t101J* 1-.rhothcr it is 01100tb onout;h to 

hold tllo uporm topl ora oo.i'oly Ol" Yhetb.or bo tUSt continue vi tb bia 

scraping .aetivi t1es"t Earlier, in discusGing burrowin(., i·~ t.m.s 

point.,d out that Q, J.r.~ El:tJPC<.tr~ to ahot-r sane individual prei'ar• 

enco in relation to fuo ao:U t~e ·uhere it a~.l~te a burroi!. No 

Stltiofo..ctory evidence w.o obtained durin£ tho e~to to support 

the idea tht:tt inf~tion on tbo nature of the soil ourfnce VD.:J 

obtained by t.ro.y Of tho pectineOe Oneo aeain tho pectin S I'Ja.Y be 
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suspoctod of boin{; coneorn:;d ui th obtuinirl(; thu meesc.-u"".; inform:: tion. 

The ~icion rest3 on tuo points. Tbt. i'irs·t:. i9 tlw.t 

Ul:rOUi,ho .. t courtsh:l) the pect$.n~S of tr-.0 r.:.ale Ctlll be tlOCn to be 

eapecie.lly active, awaopint; wry thorouea!ly over the ground on ubieb 

the .seort.,iorm a.ro courtinr;. It iol b-"..te \bat tho "'')ectiuos D.J.•e almost 

al.vays aot • .iw a.s the ooorpioilt:l tm.1k but hero their activity sooma to 

be tar 4:.\0l'O mrked. In ac.ditlon thore is a oingla obaervc tion ;u.doh 

tlWlt be quotecl hore t e. ®o W"..:t s pulllnc his i'au.ol.o o.J..on e. ) ioce of 

h1otti.OO pnper half eow:t•t.6. Hitl·· fino sand, ant. a.3 soon as hio poctinul 

region he~ croaeod tl.e bouDC.ary betvccn tl .. e sand and clean paper he 

stopped his sera.~,Jing ane pul.lill£ antl proaently evorted a. spel"ttt\tophoro 

o.l thouV;t the uholo of tb~ f<;;. .... cr.e as we.Jl as his Anterior part vas 

still in too ro.cion ot orm.d. Altl1o~ t..his is but a sinr1~ ohaerva tion 

o.nd th" event could ~'t?a been dt~ o.erely to A eoincidancd, it does. 

support t.be hy?othcsis. 

'!'hero is aloo eirct-mts·tanthl ev1c1onco .from llll!itor.J:Tl the 

poc.tincs aro scxr.l:llly UirJQrplde s tru.cturos, Ulo:Je of 'tJ.w ..:....Uos huvinu 

tho Ll'Otl'~ll'" nu: .. :oor o! i;eQtb.. ~~::.JG or tiJ.a d:Lmorphis.:.t o.ne ·the 

faet tbu.t t.b.e ,poctines arc cle::.rl~, oonsory, earlier vorkcrs su.. . .beotod 

that U4o 1cJ.o u...oo t:.e:n in c.ourtahip and ~tint;, e1tJ1cr to iltimulo.te 

hims~li' b., \;ey of pcreolv.i .• ~ tl.e t•cm.l .... or t.o find out thf3 oricnte.t:l.on 

o; tho fc..JOJ.e ,..~.u. tru. OtJOlrl.ng ror tll..'} ctual tt eoptllu tion" • Fnbl'e (1923) 

goes O:Jo far· as to ~'Ost th.~t t t ~y c.r _ IJ.l.a:> uved to hold tho pair 

clooo uo.._.C.thcr, e;.n itlo:~. tl-~t · e r.cy- ~ have ~ot from. m"-,.:_oations of 

Ilrotlpl'l!liart lln<i Gau.bort (l~91) . van it thooo au;_,geotiono were to 

hold -b,'OOC! £or other ecorp-im..s, they oeri&nl.y Cl.umot bo ep .. lied in 

t.ho cn""W -of g, ls:l(~. Hero it uo·lle ooer,l that the only se..xun.Uy 

di:;tinct boh .. vio ·r in uhicll tllo r...cet.:.:.1oo could be 1..1.9eC during courtship 

and r.'l!l'binc iz tl:nt or ~to ool ... ~tlo~·1 . Homv.-~, a W'ill be ex·ll.ai..'led 

lator, tlw fE.inJc Q.l~timilu~ cloos appear to elicit a :zoe.qction .rro.m the 

ll».le by UlY of a tJmell, oo that it seOLJS just as ro::-.sonahlo to a ~surne 

tho.t the t.rootor dovolop:...c:nt o.r tbo pectines i."'l the · ~ 1~ ray be eon­

eeru1;)d witb a.llowin : hill to ntrocl~fl dow tho fc.::olo by her ::ment-trail. 
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eartainly prev~ut the ani~ i'rOr.t r.a .. io.g, but as such e:q>erimental 

~s ~ 1:1 ·~tle att erapt at eou:rtshi,., at all, wo must cancl,•do 

oonclusiono "to be d:tnml hm-e. 

Qpia~.2R!r~.us anti thin, it would &:,poor, prcvouto. tl:lc opt'..ration 

lll~vinc t he Uil.Sett.lint; eLoet tha t. it doo ... on Q.., lu~~. 

Aillputation of the pectines in bo~1 unl.ralu Cf'n only be dooe sucees~ 

deposit his sporma.tophoro. I t \.IC:S :foUZ1(1 tl:ll!t a ~rticulcr ~ou@l 

and t.ha t tho pa:lr '1.!11 continu~ their promenade over smooth paper, 

ooi l or pL_-.u.i·tic rr.:tteTial until thoy :re ch tr&o co.rdboard placed for 

them vhen they uill immedio.to.ly bG[;in tho act u.ol mtine behaviour. 

TM disti lOt.ncso of tl.io "prefcrcnco" makos f . Fl2-nice.~ an i det'l. 

subj oot for the oxpori iOOnt. 

:firct tested for hiP reqdioor»s to r.~nte .. l f' he proved ooxually 

active i:is pect ines W:t'C thon a.oputatcd. llo \-JaS thon presantad \ti th 

a. i'erzU.e ill an arona offering a choice oi· ca.rdboor d a.nd ei thor l oooo 

soU or ;~::ooth p)A:Jtic . I n theso oondi tiona ho i:fvuld. continuo 

his protoor.a<iing £ot· oo lo .. 1(:, rocs.rdlecs of the suitability or other­

\tise o£ tho. ~bstr.\tum, that t he .fEJ: lS.lo t.tould ovont uo.lly ollo.oo l 1im 

of£. It ... ~oed thnt slle uas able w ~ppreela~e tht- dili'~o:1ce in 

·the sur.t'nces acro:1u 'Which sho uP o :ruJ.lcd beeau3e she uould eo reo.dlljt 



acl'O:Js the loooe soU or cloo.r plt.s · ic but once on tho eal.~dto..-u.~d 

she t-JOuld try to r~n "thoro. Pe.rt. of her behaviour l'llight.1 

!~otrcver, M.vo been due to ..he ihct tbat i-t; ia oo i cr to find a 

firm foothold on the ea..'1'"t1bO:tr<l thnn the other tno surfacos. Ilor 

pectines 1rore ne~theleGs acti rely sueepin[ the surf"eoes. 

Fran tho above experi~nt tl1ere is no doubt that \tithout 

o.s a. sui table surface on which to deposit a opel".tn tophore _, b".1t 

there iS UC eVide-nce that th<:; amputation bas llOt merely 00~ .SOl"ed 

thoil• ahlli t:;; 'to doposi t a ~per::& topls.ore. Aclnd ._-~adly th;.Xe is 

clearly 1'lO a ..,tea~t to d.o ~"1£ exee ;t continue 'Gl1e prooonade but 

it sec:ncC de~irablc to cako c~te.ifl that such a.Ilirlnls 1-rlll still bo 

capablf) of mM.~. 

To .meet this roq ir .. ant the pectines Hare inactivatou1 at 

loast as receptors noosing tho character of the substratum, lty 

sticldne then to the 1tt1ove ble !!"Oxae of the let a by blnds o£ a 

ecllulooo acetate elue mroh an Srunsoni te. 

ine<r.iwnodad 1!, pltmicaud&, but the tochnique ccul<l not be usod 'Jith 

2.. ,latilnonw~e Once it lias oate.blishcd that an exporh1ent.al Dllc 

1.rould not do!>C)si t a spcrr.n topho:ro on the car(Thoard. thout:11 he lm.d 

boen roolJy .. oo do so be foro-, tbo Samson! ta was carot'ully rcNovod 

troo Lis pectines and, after a wait o:f a few r..iu.u~.es, be liaS replaced 

ldt.h tbe sai.39 fomale . In all three casoa in uhich this procedure 

vas tried, the malo nlf.:\.tcd \1i tb the f'owo after his pectines had 

been rreea. 

1'1-lis restu:t, t-Jt:rl.le opon to the general objection t.bat a 

nec;ative anmror in such o.n c~mnt can never be conclusive , \10uld r 
apr-vo.r to mke H~ very !si,VUy prob...-•blo that the pectinos do indeed ; · 

o.llo\.1 tho aniW. to determine \mother a surface is sui ta.blo or not 

for !rating. 



Inter- and I:ntra-scxua.l Rcsnonooa. 

Before any di~us:Jion o.f' 11hat is involved in rel.oe.sing 

the intersexual behaviour, it my bo profitable to l ook o.t the intra­

sexual re~o ,soa. 

· Foms to FezooJ.e ~qbavi2l:W• 

I£ the eage ia sufficiently large, that io at lea:Jt moro 

than 20 cu. o~u.nre, o. femlo ~ will usually ienoro or avoid 

anothor female . Ho\.;evor, thoy do souetimes fi£b.t even \-Jbcn the 

oage ie lal't,o, thoU{)l they invariably do so 1£ it is Slllallor. Before 

the anir.nl~ go into a •clinch", the more aggrossiw ani.ml or both 

will porfot'm in o. lilanner ol:lc}ltly rominiscont of the juddering of the 

mole. With mov9ll'lento loas jerky tlmn the jud&:lr, abo w-'~1 tcLko amell 

-steps ~ck and tonmrd, covine her body from side to ai,dQ at the same 

time, and qUivoring tho 11hol0 of her tail. Thio behaviour will be 

re.forred to as nualtsi.ng" . The Ol:lpbasis lies entirely on tho body 

and taU. whilo the 'Widespread peditnlps ar J hardly notacenhlo. 

Ir tlle other tt.niJ:znl is fDI.llor or leon " o:f'i'ensive" she mny ·take up a 

somi.- thrcatenine; soni-do:t'ensivo postw:-e (Fie. 4Qa). He%' ta:i~ ia 

orectod in e. vq which would allow hElr to sting, but her pedi~ps 

are folded in elo:Je to her chelleel.~ne - slie,btly opon but not as in 

the truo '*tllrcat" poao (Jib• 40b) at l east not the threat used at 

an "unknown tU.stux•ba.nco•, a h~t he.nd, e. re.t or a crab. Occ..'lsionnlly 

thoae atingine encounters have ooen soon to •and in one scorpion 

killing end oating the other, but this ha.s only ha~--pencd nf~r they 

have separated and re-onc.ountered ooch other sO'Vo:ral times. 

Usually 1 one £emD.lc wlll break o.way from the fie)'it after a feu 

Secondo, and then turn ond rush auay. It soem.s probable tbnt11 in the 

field, o:ay an.i.rr.r.U. tbt't runs off attar the attack of anot.Jl,.:r femslo, 

could make good her eaoape (o.s, in point or fact, has been o'bsorved 

0 11 ono occs.aion) . So,~timeu the fODllle 1'rat1 \k.ich the ot.her is 

esoapinc Hill d.rop her C\et:reosivon~as oneo sho baa caused a retreat. 

Moro often, houcver, aho t-till atto..-.pt to pursu~ tho vanquiohed. In 
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Fig, 4J). (a) Representation of tha semi-threat-semi-defense 
posture in a male 0. latimanus , above , and in a 
female , below o 

(b) True threat in a female 0, latimanus 

' 

' 



this ~lAo "ooeld.nc" bohavioul' . rou ubioll it is thotl.i.)it t.hat tho judder 

takos origin oan bo ocen clearly. .tlore there ia no aiclov!~S uowr..-ent 

of tbo body or ta.il, only a sJ.ic)lt bllek anc1 .forth action o£ the 

pedipalpa. The oam ooil~wiour ·io seon in a torliUJ.c Hho ia chaoing a 

malo trutt she bao jtl!lt fou01-t . 

FemEllo, o. latimanus t.o fai:.nlo o. nitidiccps. 

When tho ono rc· .ale is Q, lrd~Utm~m a.nd the other O.ni t id1co)2S 

the onool$tol"s are tn.r uoro :t'iereo t.\M. there io lear. avo' ding bohav:lour. 

'l'ho osme vo.J:t.dn~~ movcmnit and tail jorldne aro shown, att -we~U o.s the 

aame eor.11- tbrco.t, sotU.-dofo.nco pos • In two casas tho Q, Wioonug 

bas kill('d th0 f emale <>f the othor apocics. 

tb.lq tQ thl4 Bqhnyiout• 

'l'he I!lt\lo to o oncountoro havo boon fe\ror owing to the 

ereo.ter flCat'C1 ty of malGth In thooo thet htlvo been observed, t.ha 

bebu:viou:r Ul)pool'S to depend o l the oondi t i ono of tha m. .ating. If tho 

o.no co.lo S.o t\l.:tO:st 1<~tionlceo, au CL1 pronchitl6 malo may juddor at hb1 

and try to t.e.ke hi a clau~, th,J f:IOt'turo prior to courtohip, but thon 

run O.\zoy. Driotcnre (19~) st..a.toe that in oc.;lO $piders, nottdl!i tho 

Atticls anu. LycoSide, a we will ·t.ake up hiJ tyyica.l eourti.ne;, 1xiJtitudo 

in rront of another mlo os: tho same 011&eies (Ta.rant,uJ.a bal'biJ?2~h ob­

oervation by ~cket), \Jhllo thrJ Peekhnma (1889) soy that the ml.e 

of come Atti(:a, (Astie yitt.Q.to. nnd Ao1W1Uuu x-:tnawtwl) ttill display 

to tl1oir own rcr.Loetiono in a tlirror. It ie thore£ore not unoo..I.1Illon 

c.monr; arachnids for tho in1 tial ooxunl releaser stimuli in o.n aniJrlal 

to appoer 1n both soxos, only tho subsequent rosponne of tho courted 

an:lmal ind:tcating to tho ·n.J.o llhetllJ%' ho should continuo ·uith mting 

behaviour. 

~lhon one malo o.vproochoo, juudero at, and triou to ta.ke tllo 

podipalps o£ another, the oecond Ll'.l-lc IM.y oi ther start to i'iB}.1t. or 

got !"roo and X'Wl away. Tho fiGhti ng, ·lhioh io ui tJlout tbo 1rol tzine; 

or oomi- 1.hra t , ~IDl-doi'oncc j.Josturin~o of tho :f'o:. :O.la to fa:llll.o 

fif!).lts, usuclly consieto aLaost en~lroly or vido-apreo.d poUipal.p 
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attacks. .~.'hat w~.ich lulo bo n observed has al,m..ys beon fairly 

.m..Ud nnd it iv 1.1r.usua.l for one uelc to l"!lifle hiD st.ing against the 

other, let alon:... got it inserted in the othor' a bocy. Occasio~ ally 

a judc.lering uov~nt \tlll ae tucl.l;r be seen in tho wide-spread 

podipe.lp attacks thc..""J3el-vos, hut, thoutll tho chelicerae are o.1.noet 

in contac-c at tbio sto. e, the:·e is no indication or the one enir.:lal 

t.ryiny, to take up the cbolieeral Brill ui th tho other. (lt seems 

po .. siblo U.tat:~ prlor to tl:ia 1:rte,r), the ('eT'I...alc nor~lly g-l·v·es a 

ohnractoriot.ie rcsponoo, which lY conoist or or:lentatio!l. of 

oholicer~o so that tLo t.nlo can take them), U'euall~' the encounter 

breaks up attor about 30 occonds and both my rott-oo. t t.tr o1w l"'.U: 

ot£ with the other i'ollowin~ judd~~·ing, behlnd, a.J it eho.sing a 

.f'etlalo. 

~2· l.o.tiJ!nn,-e to o. n1tidieo2~· 

In Cl<16.i t:i.on to tho juddering at another animal or the oame 

oox, a male ~ \lill juudo~ o.t, and try to prQ'Cl(:}node "i tb, 

a femalo Q. N,tidigORCJa fJ.'his behaviolU' haa not proceoded further 

tJ1an those prolltUna.rics ~ but sinee the fcl!i8lo conoornc.d had only 

juet started beine deoorted by hor ba.biea, 1 t io possible tllnt tho 

failure to proceed vi th tl1G courtship ws duo '"o her intcrml state 

and not to tho ann~oal incompatibility of tho two animals. Since 

tho arooo w. ore the tuo anil:le.ls ar• round C\:te quite Ui~tinct and 

dif£.,ront, 1 t ray be tr.nt thoy never do ooct in t..bo field so tb.."l.t, 

while tho L .ting respon30 ccn still be compatible, the speoiea reDain 

distinct and tho progeny fortile. 

o, *?t.!PWlUQ to .P, Wani:g§uQg,. 

lidleountere ,71th tho smllor, liehtor-eolourod and more £aot­

.movin£ scorpion, PBrabutbus lflanica~ woro into:-osting in that the 

scorpiono 1-10uld have oot.hin(. to clo with oacb other; tho v1 la.UswnUA 

ruahcd off in onw direction, th0 .!_, pla.fficauc.:a in tho other. Once 

a faunJ.c !.!• J.g,ti;nm~ chancel but l oot an oscnpin[, .i». plru:d05.UOae 

Since nn 0. Jatil"!l:3nJUl f!.'.:lY so~ti:nwc I'ctroat from c lJootlo tho aito ot 
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P. pla..litmude., there is no i;olling l~Alothcr 0, lBt:Jamyg roooeniaed 

'tho othor o.niJtol as &. tool"pion or not. Tho roeponsc, however, ua.s 

cloorly dif'f'e:rEmt. t'ro:1 tllat directed totmrds 0, pit~di.Q.ru?.§, tJho is 

largo:r ttt..on tho non:'lal typo of prey but \·ms n.ttsoked nevertheless . 

Ho.doam~s sp. on tho othor hand, uae nttaokod it1!10tiatoly, uilhout 

hooite.tion, \'mltr;dng, uidaapl"'Cad pedipalpe o,..- juddoring. Seelfing 

behaviour, howovcr, occun-cd artor its rotroot. 

Tho conclusions to bo draun from th0so obsorvnt~ons aro 

not at all cl.ellr. FirotJ.y thoro is tho po.;:::ibility tho.t p, lo,timp,nun 

is co. pablo of a "scorpion reooc;ru:t.ion. •• It mu.st be nndo clonr 

itrl.tia.lly 1ilut if tU'l~/ scorpion is absolutely DOt1onlosv, o.nothcr 

animol vrill ignore i"l; eo..nplotol;r, walk ovor it, i n fo.ct. 

"Scorpiod' uoW..d apparontly includo both soxoa of Q. lt\t1mR,p4Q o.nd 

a.t l east tho fomolo o. nitidicops. 

by tho roactJ.o• o glven specialJ: to scorpions, 11a.WJly tho jucld&.ine, 

the unl t~, tho sod-throo.t/ scm1-defenee ·and tha oha:re.ctcra1 tiCf 

tddespron.d podipalp o.tto.ck. It roo..y uoll bo that c1istincliions aro 

mo.de botuoon other kinds of oeorpion o.na proy but o.a yet tho~e can be 

no analyo1o hero. Whnt sorva ao tl1:~~imuli for ttanothor oeorpion" 

~aa not ~t boon ascertained. Tho fnct that PniQbptbus a1cl Ht~oe9nqg 

o.:ro not reeoenioed whUo .Q,. nitidiQQRO is, SU('J:~ots thnt thoro cy be 

oome connection with tho olntiS a.ntl rocogni tion; oinea, o.pe.rt from 

th,eso, thoro aro no ohvioua fe:2:iJ~eB "'hich linl{ .Q.. l.ati:t:AALJI and 

.0.. li!,1~QQ~ijl but oopc.ra.tc t.l1oo frOlll WaWth!Ul and lladoc;or,po. 

J!Bgoaonea is ~ro or lone the S9l"ll tJi ze as th~ tuo 2Q~Jft.b.smhthN.t:wl 

cpp. , is rol.t{!hl.; the OO.tJB dcu.·k colour. as Q.,. lnN•ntUt, mule both 

S!ntabuthiJi and .Q.,._~.~1cUoQV~.w."' ~ a.luoot yelloll. J!o.gor;onoca and tho · 

two species of Qpigtboob:tbnl.mus ow sloul.Y, uheroo.c ._ru wm:t.bwl tlovos 

fast. . A fomtllo ~p~icon of~ ws founilil'l tho !'ield uith 

one of her elalrTO wnputa:tod and tho s ~ump f:ros.hly hoolod. lblos of 

Q., lo:~ uould hnvo notbinc to do \flili hor a.nc1. tho f'ooclos only 

paid a:ttontiou nrtor qtti:oo Soi:Xl tiua . Thon, i.o\'Javo:r, a thl•oo.toning 
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anin..1l. ltould orient. hOX' throat llOt at tho wholo of tho mutilrd.ed 

fa."'llllo bu li o.t hor sine;J.o ela.u, 'bchnviour vhieb apJX)Ql'B to support 

the by_ootboois, pro•'loecd above, that rccoC}lition or 11 Gcorpion" LaY be 

concerned vi tb tho oi zo and £ol'lll of tho olauo • Ramovcl or both 

clo.t::.~ ha.s not yet been tried lri'th 01J.'Y suoceas, no tho uo\mds ha.ve 

novor haalcd properly. I!!codid.toly o.ftor tho op~ tion, tho~ tho 

wounda tu'O plU£ ced ui th . .lasticino or oolloidin, the a.:liftlal is iu 

~uch a state of upset tb..1t it ia pointlQOS to quoto Ul'lY ~o.cl.cion 

tlu.~ t oho elici ts i n another. 

Once tho o·ther anil:ilo.l i a "reoo~;:doccl" a$ a. scorpion tho1•o 

is tho question Which of' tho scorpion epoc!fic pe.t tarns Will bG 

roloa.ood. As wo..o implioo etU"liol", thio ooems to <Jopond both on the 

internal state ot the animtll concerned o.o uell o.o tho behaviour of 

tho othor. The responses of one 0, latimanus to another can be most 

easily summarised in a table (Table VI). 

Thio $U[!£9CtiOn Of bohavioureJ. and intornaJ. roleo.serll Oan in 

lf:lOSt oa~as bo applied su.ccosl3Mly 'to tho intoracorpion oncotmtors 

that. havo beon witnGosed i n th:ls la.bora.tory. Tho1•e ia, houover, tmothcr 

posoil>ility tht:.'l.t has boon obaorvod hera. On· one occnoi on tt aalc and 

two remJ.es wero put i n ono or tho terraria at t ~e sam t:tmo. Both 

t.ha fennlos in turn attempted to attack the Wllo but ho rotren·i,ed and 

uould have nothill/g to do ui th t.hom, not oven shol'11ng any oigno or 
j udda.r::t.ng. Another i'emDJ.e lll:l.O +clten out of her dish, the mnl.e WQfJ 

,)ut into the dioh from tn icb oho hac j ust boon romoVf:ld, and she ffa;J put 

uith tho other foros.los. tTo further attontion uas paid to tho malo 

ttntil he was heard as ha bo.tterod tho o1des of th~ ditlh noioU y in hie 

violont ju<ldoring. Ho uac then put ·t-ti th tho third f'oliltllB a...l'l.d iurJcd­

iavoly ho rcturnod t o his judderine behaviour, lator t uld.ne hcl: podipo.lpo 

i n tho pr o'lallado l deux. lTou it 1o ~so1blo tha.t he hat1 boon oxci ted 

Up to juddering point by the actus1 prosonco of' tho t1rro females, but 

h!\Q. been prevontod t&rn exhibiting this by' t.hoir o.ttaoka, and that 

ullon ha \Tns alone the juddor:tnc t.J'o.s oho\mJ thrt io, thoxo is a possi­

bill ty thnt tho third fowo had no·thinc to do ui th tho 1'1 t of j\iddoring 



Table VI, Reactions.;t.o members of the same or the opposite 
sex by 0. latiJOOAW! adults. 

The respons-es shown axe those of the types of individual shown at 

the top of each column to those in the left hand oal.umn. 

Responsive Unresponsive P..esponsi ve Unresponsive 
ltlale male f emale female 

Responsive Juddering + Retreat No reaction No reaction 
female promenade 

Attacking Fight, then Immediate ~ fight then Instant 
female retreat retreat retreat retreat 

Retreating. Follotdng and No reaction Either no reaction or 
male or judderi.ng following and seeking .. 
female 

. I 



i n tho dioh. lt io po::mible that hor ~<»tsr o.t thoir moting 

elioi tctl both juddoring and courtship. On too other hand~ a more 

obviol.lG oxplam.tion would bo that tbi5 tbit:"d f~o, her rcsponsiv& 

stato indicated later by her aceopi:Meo of her part in the court3h1p, 

had le.tt &om aisn of tbio state in ·hor dish, pronumabl:t ~eM/ 

odour. In the torrariuo initiully, tbo fomale& btl.d not continued 

to chase the malo ao that thero tl.t'pearod cunrlo opportunitY' for him 

to juddor uithout intorforenao. l -'1 e.ctdition the ronction wltbin 

the dioh t-tas given SO quiel-.ly after the we l-t'.lS put into it that 

o()ljO definite connoetion van obvious. Anothor ob:torv~tion 'Which can 

'bo oo~n a.s posf:l1bly supporting this odour h1POthaGis is ~G beho.viour 

of one mnlo towards o. shor-t. length of string ovor which the fornole 

had been climb:tng. Ho caught this in hie clawo after juddcri% at it 

nnd tried to dra.w it off. At'ain it io po3oible that bo W!'l.G just 

e~i tad to such e.n extent by tho pret!Gnce of tho fCldalo that att}J object 

ot a. sui table o1ze would ha.ve boon enouch for him to court. 

Furt.hormoro thoro sro indie· tio"s t.rot1 a sincJ.o tost ca.se 

tlw.t a malo scorpion io ce.po.blo of follouing the "trail'' of n 

responsi w t'oroolo scorpion. The tost ur.~s onoy to device bocausG of 

the tbigmotaotic boho.vlour of o. l ati..1t1anus oontionad earlier (p. l 3 ) • 

l i' a nalo is pUt into u fairl~ ~'"!X so dish he will ~dit1--lj ao to 

tho udee of "111iu nncJ. Hill \~ ro\Ult1 a11<1 ro\Uld tho pcrinetor 1 thuo 

M::J behnv lour in l-ilich a r.o.lo <looc other than wlk routld tho edge of 

a dioh is V:J'l:'J probabl~ uil•eotod by 30!00 driw other than tha.t of normal 

enca.pc. If the "abn.omalu ~a.t.h tho.t ho tal:os eoineidos vrlth tJ:lnt 

tlh!ch han boon made by 1!1. roo ptivo female sa::c short. time bei'oro, thero 

is a hi(jl probability that tho tcl.o is by oo !) 111tmns i'ollo\;:lng the 

tl't1ck of tho i'on~o . A. lc.rco dish t-m~ linod with olean blotting papor., 

a roeeptive and a.ttro.ctivo fet:N.o vao put in the centro of thic and a 

mW.lo:r dioh invQ;rted over her. Sho i.Jmodia· .. cJ.:r tJe!t"t to tl e efiLo or 

tho inver·tod tlioh and bogun w.lld.nf> round and round inaido it, Ums 

lea.v:lnE an easily def:l.nod u1:.'rnelt11 • A.ftor somo oirclinc, t.'le t·o;.)SJ.e 

e.n<l tihe sm:'l.llor dioh l1ero removed nnd a rosponsive IWJ.o was in ~oduc$d 
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into the large dish. His in.ttinl pnth oo.n bo oow in Fie; • .4l Q1ld 

would oertainly omggcot o .ll'Oll(;ly UID.t llo ~~:~s follo>li, the tr:>ek of 

tllc f'emalo. HJ.s ldlaviOttr oopooia.lly $1pported this, for ho uent 
I 

slouly nncl t1f0W.iflelt' on<l oovcrlll times wh~:>n ho \.JO,Jl ha.vo cone llc')'ond 

tba lil'nit of tho track, b:) turnod back, awarentJ.y c'loliborntoly. 

Altho:t:}l on further trialo no such pocitivo result -wa~ ogtained (soe 

trials, o., c 1 & d of Fie. 4l) this "re lOla u-ncklng" ' xpcr:Lmnt 

eertainl;r su. eostod thnt it \InS uo:rth .t.o3tine tho ol1' etorJ cenco of 

Q.....l:o!Q.r;mw,a. 

To toot this,~ individualo wer pl.aood :dnely 

on ln:rc.,e oL .. oto of blotting papel", vi'U1in a riDe oi' lovo oil, eam­

p:.ora ,cd oil or tert,i'1ool. Walldnc about within tll; s oirolo n 

scor-P.ion uould oecrt nlonally p-ut ita podi~lp neros.J I 10 bor&:lr or 
chetn.oe.l subnta.lce oru.l thoa. ~r>itil · wi thdra.v and tr~ ,iEJ.kill[. in 

&not.lwr direction, Fie. 42• It uould thox·eforc ooc.r., that tho OO!.Oll 
I 

of tboso throe BUbtJta.nces io oi'!cnoivo to u. l nYpy unu if3 pesuibly 

w;.rtoc·tod by c 100 Ol~gana on tho podlptllps. 

scorpionQ oo.d b ~on tr~:ing to cro lG tbu well borc.'lcr for eo;..e tioo, 

no o;ttontion to 

it, thouuh ai'tor an hour or oo o.tJcy 1":r0l"' 1 t, act as bofol'e 

tmen plaeod u!tllin the circle. 

Pointlng the olltirc pedipo.lps vi th Goste nor 0(>rroeting 

Fluid co.ucoc1 tbo scor .-io .1s to 1cnoro tho s.tNJll bou.roary in tho mjorlty 

oi" Ctt::.Je:J, bUt occo.sionall~ they uould r. o: ct ao di~ tho oontx·ols. 

Ei·t.hcr tho pe.intinc upset tho anm'll to such nn x.ltent that, :tt could 

not pay atto.nti.on to he s·til:ruli c02Lng of f tho o" , O'r tho cmoe 

orcnns aro, to a larc,-e extent t:J.f'IY'tiU":I:, sltuntod on the pedipalpu. 

fain tine. tho books o:f' U'lo oon~.~:·olo tri th the Cor.ro tine Fll-:id did not 

CaUIJe tb.Ofl to i{>'nOl'O tbo ·cb~ :1ea.J..J1 SO U~at i·t ar.~ oarod pt"obablo that 

t.b.o la ttor o~tion 10 eorroct. 

Dip1-·.tng juot thCJ onn of a noodlo in the chor:ticalD OJlti holdi•·'l.i 

1..bo inot.t·~nt olo.;o to Val•ious par ... o of ·~e aco lion body supported 

the hY})Othomo. Tho ardnol gmo a w rked avoicUnc, reac·tion u1an tho 

needlo n s hnltl ncar tho ~dipolps, tLoujl. it ua.. nover touehine DJl"' 



Fig. 41. Result of an experiment for testing whether or not 
a male scorpion will follo•r a scent track of a fe­
male . Stippled area - track of a sexually respons­
ive femal3 scorpion; ~ to g successive trails left 
by a responsive male. Trail g alone gives support 
for the male 's ability to follou the female's scent 
track. 



Fig. 42. ' Result of an experiment for testing the sense ot 
smell in a scorpion. Sippled area - stain of 
terpineol; double stippled area - stain of clove 
oU. Tvo successive tracks of a scorpion put on to 
the test paper EU'e show. The ini tia.l avoidances, 
indicated by the zig-zagging of the track, wre seen 
clearly in the behaviour of the animal.. 

... 
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of the se..Yl.sor-.r hairs, D.11U thouch therG wao never arq such rGsponso to 

thlo) CO~ttrol (clenn) n~,.;odlc. llotl.l" tho rock Ol' tho tail, tho smell 

elicj:ted no rot1ot!on but held near ~· of tho \ro.lking logs it caused 

the scorpion either to 1"ro.lk e.ViJ:l./ :f.ro , the site of' stimulatio.<t or 

oeCI'.sio' ally to lift only the lez being stimulated. Efforto at 

eauterisine at-my o.ll of' the eJensory hairs and thus rGmOving the ability 

to roapol'ld. to smell mat ~1i th no sw:ce·m, al ~ouch o.n w::dsnal that had 

had its pediP"'...lps and lags covered ui tll vaseli.no grx:_re almost no response. 

A:) it ws .felt that t.he negetiV'C evidence of ttno reaction" ltould not 

bo of any e-roat conviction :1.1' tho tl.l1.ima1 wore seriously upset, no 

attempt 1J:, P mde to romove various parts of· tb¢ l!mba coM~nEld. 

It acem.1 clear t.hat in acr.c spiders a1~ thGre ia a sonoo 

·of ~ll ... l'ritchett (1904), l·b!ndoo (1911) and Ho. itt (l9l7) - and 

tho.t in son¥3 eaoos it plays a r&lo in the malo to fomal$ rela·LionShip 

{Eriato-we and locket, l926, Berland, 19.32), Tho first two montionod 

~;o:rkero relnte hov e. foc.alo in two :Jpocies of tarantula., f:l!.l•a.n;Wlfl 

:lf placed. in a didh in u~.ich a nurture f'o:..alo of the-:~ sa.DlO species baa 

been s!tti..11g. ln the eace of ll'QShQ,Qa. l:!a:~c2li ~,fieo:- the male 0V<in 

displaye~ on ono occasion 'Uhon the female ooneernod ha.d been only an 

imnw.ture, he.l~tm Spider. la.ston (l93C) has, in fact• found that 

the agent that causes ·the oole ~rSQM mtlvina to initiate diaplay 

before. a. i'emale of the sa.mo apeeico can oo dissolved o£i: by -wn.shinr; the 

f'omt.lle in o thor, and t.ba t s-...1eh an s.."l.i.mal is no loneor a ~.-trncti ve to the 

male spidors. I£~ hou~ver, the wa.sh..ine;s arc ovnpo:i:•a.ted on to a plato, 

and the f J!«llo I>l ncec1 on this, the male t<r.Ul onco · c.t.,;ain display before 

l er. There ie no indication a& yot that psaudoscorpionn use n sense 

of SG.'A)ll i .l se:x: recogni t:lon, but/c;aoz.nido, -~eatria.l &ninnls u1 th 

tJGak visual resrXlnaea and in %:laD1' cases o. neceHsity for co1'1X:} display 

before i ·t is sai'o ror the malo to touch the female' it t>tould not ba 

su.rp:rising to find tho.t, in many en.ooo, one of the :lm:i>ia1 sign stimuli 

f'o:r aoXllGl behaviour is one of smell. 
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9oncluapnp. 

~ttlo olabora to courtohip of tha scorpion uould a;1pca:r to bo 

rolatsd to two di£ticulti0s which sriso during soorpion fertiliaction . 

FirstJ.y tJ\el'e io tho anatomical di£i'ioult1• In opistbogomato 

animals, internal fertilisation iu .t'airly simple (l..S far a.s oounting 

the f'emalo and holdinu on durins col tion is concerned, A completely 

roaeptd.ve 1' C!XJ.e may not bo ns necessary aa tlhe appears 1.o 1xJ in tho 

terrest:dnl progonGa.te orthropoda wi1orv tho gcn:t tal apertures are not 

easily u:ccouo1bl.o, UnlOtJ!'J SOUle Ellabort\te anatornicnl poeullari ty is 

involved, an intrica.to courtship, procuring unison in the intersexual 

responses, socms th .!l".ost o.doqunto solution to the problem. 'Whothol" 

it would be true to St:J::J. tho..t, in o. oo:lpf.U'ioon of any opisthogonetlte 

antl progoneato arthropod, tho rormor 'rot.U.d bnvo tho simpler courtship 

io a question vlhich r:ey only be ansYOred uhon rut-thor observations and 

analysin have been done on moro of these animalfl. If truo, it cloee 

a-ppear &Uso to be logical; if, ho\rovar, some opisl:hogonoa.to animals 

havo o. co!:l"llicatod oourtship, they r:ny do so iu spi to ct' ;heir opis-tho­

eonea.te oondition. 

Tho oecond difficulty of fertilisation in tb0 scorpion is 

the similarit,y of the tuo sexes and the eenere.lly recognised "antisocial" 

tandoncios of the a.n:f.mal. An has boon ampha~d.sod ~ .. eady, ey observ ... 

ations on Q, J&tigmup in reco.rd to 6onoralisad statements of scorpion 

canniboliso. indicate tho.t this nay be ovorernpb.asi:sed. Ee thin 4S it 

may, the similarity of tha ooxoa and tho o.nimal1 s oarnivo:rous naturo 

rre.y prevent i'ortUiso.tion from takinG place, in tbo.t tho nossibl.o 

portner 'IttJY be mistakon tor o.nothor tlt\la or meal. 



V • A DIGRESSIOU ON SPIDER U4.TI NG. 

11 I t ia difficult • • • • • • • • • • to give a plausible e:xplana tion of the 

origin of the type of mating charac t.eristic o£ spiders." 

Petrunkevitch (1952). 

We have seen above that in the mating of scorpions, the 

male deposits a fairly substantial spermatophore on the ground and 

the female receives the sperm from tha·t part of the structure which 

enters her genital opening, This knoHledge_,whicb has been reoentJ.y 
o.c. 
J~equired_,allot.rs arachnid mating habits to be seen as a 'Uhole) for there 

are now only a few groups in w1.ich these are totally unlmown, e.nd thus 

permits an approach to the question of the origins of such behaviour. 

The present consideration of spider mating does not offer any new 

information on the details of sexual behaviour in spiders but is a 

re-appraisal of the known fadts in the light of the recent observations 

on other arachnids. 

A male spider; shortly after he reaches maturi ty, deposits a 

drop of semen on the t·teb on which he lives, on that of his mate or on 

one especially consJ~ted f or the purpose . nipping his palps 

alternately into this drop, he draws the sperm into the swollen tips 

of these appendages. This is the process of sperm induction, first 

described qy ~nge in 1843. I n some casas this sperm induction occurs 

only in the presence of the feillale (Bristowe & ~cket, 1926) t.mlle in 

others (e.g. the tarantulas of Baerg, 1928) the female need not 

necessarily be there . Later the male advances towards the female 

'vi th the courtship characteristic o£ the species or the female may make 

the advances, as in the cases reported by Montgomery (190:3) and Locket 

(1926). He mounts her, again in a manne:t- characteristic of the species, 

and inserts first one , then the other pal pal tip into her genital opening, 

although, in certain rare cases, both palps are inserted together. 

During these insertions the sperm ure tran.;ferr·ed into the few..ale . I n 

moat spiders sperm induction and actual mating occur onlJ once during 

the lii'e of the male (Petrunkevitch, 1952) but in some, e.g. the 
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tarantulas, t.b.ey Lia.Y occur a ti many as four times, each ma.tiuc being 

preceded by the process of sperm i nduction. 

l>hst workers on the 3Ubj ect would agree uitl~ Montgomery 

(1903) that. there is "neither anatomical. nor embryological reason for 

ro..\r'-
supposing that the ~ ever had been appendages of the genital 

aperture." He comnents on the peculiarity of the "double process" of 

spider mating - the sperm induction anc.1 then the actual tr~sference of 

the sperm to the female - and makes two suggestions as t o how the 

phenomenon could have arisen. 

I f the pedipU.ps were originally used as clasping organs 

during a copulation in -v1hicb the genital apertures of the pairing 

anilllals t.rere apposed, the depression in the epigynum of the female 

might have evolved to correspond to projections upon the palpal organs 

of the male and thus l ed to the elaboration of a tube td thin each of 

the palpal organs; thus the Sperl}\ induction and the actual mating 

co.~d be dissociated. 

Alternativel y , he suggests, the valps might have been used 

origi nally to carry drops of semen from the male t o the female geni ·t;al 

opening and l ater, whon the a.ppropria te apparatus f or the storage of 

Sperm had been evolved, the t18J.e 1-tOuld discharge semen 4mto ·t.he t~eb, 

take it into his pa1ps and later pass it into the female t.ri th these 

organs. 

Both of these hypotheses do in f act allow the possible selective 

a.dvantac;es of the behaviour to be recognised: it permits the male t o 

prepaxe for the mating beforehand, and, wen in the p:ro:ximi ty of the 

female, to be as quick as possi bl e with the actual insemination. 

Where the female is very often bi c,cer than the male, viher e tlte animals 

are carnivorous, preying on arthropods more or less their own size, and 

uhere there is no development of social inst incts 1ihich would check 

cannibaJ..i stic tendencies, it would certainly be safer f or the male t o 

r emain ui th the female for as short a time as possible -when mating. 

The diff.icult.y is that neither of the ~-potheses makes arq 

attentpt to explain the ndoubl e p:rocess11 which is the basis of the 
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problem. The former sl.!O\JS only how the padipalps might have been 

elaborated to form a "spcrm-gun11 ; the latter assumes that the 

pedipalps played tl1is rSle froia tho beginning. Nei ther of them 

offers any e:lcplanation of thl;j ori gin of a tJ'perm induction where the 

sperm are first shed ~rnall.y before. being introduced into tr,.e 

fema.lc . I ndeed both explanc.tions would lec:td one to expect that the 

male would ta.ke the sperm directJ.y from his eenital opening into his 

pcdipalps. I n point of fact , Petrunkevi tch (1952) states that the 

male spider cannot reach his genital orifice mth his palps. 

The only other solutiol1 offered is that of BristoHe (1929) 

and thi3 is, in the main, mcr(3ly au elaboration of the second 

hypoth0sis of Montgomery. Bris~~\Te says.s "In tho primitive artl.chnid 

the chelicerae were chola te, and used by the m..."lle to hold the sperm 

after it had been ejaculated and to place it in the female vulva. 

Then at a later stat::;e , the operm wt~.s picked up by one of the l onger 

pairs of appendages and ·transmitted to the feme.le by them, I n course 

of time tl1e appendaces used for this purpose became specially modif i ed 

and smaJJ. cavities appeared at the tip of the palpi to hold the sperm.'' 

Here too the origin of the sperm- induction has marely been side- stepped. 

I n the hypothesis put f'onm.rd here some attempt is made to 

explain this very point. Since the expl anation of fer0d arises from 

a comparative survey of all known araclmid mating beha\'iour, it. is 

intended to start by considering a hypot hetical protoarachnid and its 

possible manner of fertilisation. 

The relationship of the Xiphosura to the t r ""J.e arachnids is 

still uncleal.~ but from the time of the early anatomical "10r k of 

Lanl(ester {1881. ) to the serology and heart physiology of recent times 

(Luone, 1954 and Sawaya & Soares, 1949) it, has been apparent that the 

rel ationship is fairl y close . I t i s well therefore to consider the 

mating behaviour of the king-crab . I t is very simpl e s the male clings 

j o the back of the female and when she lays her eggs he covers them 

with sperm (Shuter, 1950). Quite apart i'l'"om the possible rel ationship 

of the Xiphosli:."a to the true arachnids, this is the sort of mating 
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behv.viollt' t·rhich might well be ex-pected in 'a protoarachnid, in· that 

it is behaviour normal a.mon;gst aquatic animals and it is commonly 

... agr.~ed that the arachnids IilUst have arisen from some such beast. 

Once the arachnids became truly terrestrial, internal :f'er til-

i~ation became highly desirable because of dangers of desiccation of 

the geni ta.l products. Furthermore, inter nal defelopment of the embryo , 

which probably evolved in many forms as a proteo.tion against desiccation, 

clearly demands internal fertilisation. Certainly some form of 

internal insemination is one of the prerequisites for terrestrial life 
s:o Q.i ~~ V-> 

in general. In the scorpions, pseudoscorpions,jana certainly in some 

ticks and mites,-llilil8••• the difficulty was overcome in the following 

manner 1 the male still simply extrudes the sperm but a spermatophore 

is elaborated about it so that a variety of methods become available 

for its transfer into the female. The problem of the origin of this 

behaviour \·rlll not be considered here, but clearly st udies on the 

evolution of similar habits in newts_,tolhere transfer of a PfJrma.tophore 

has evolved from a simple amplexus, may be relevant (see Noble, 1931). 

However, where the male is the same size as the :f' emaJ.e through­

out the group, vlhere there is some social instinct developed (e .g. 

in ~s~nj \·Thich tend to be gregarious: Savory, private communication 

and personal observation) ,where the a.nimaJ.s are parasitic {e . g. ticks 

and some mites) or where they are phytophagous (e . g. some mites) direct 

insemination could be evolved. The genital opening of one animal 

could be applied to that of the other and~ as ha.s occ'Ul.·red in the 

phalangids, intromittent organs associa ted with the genital segment could 

have evol ved. It is not clear whether such a line of evolution 

could have allGwed within it the development of intromittent organs 

:f'rom structures merely associated closely tdth the genital region, 

e.g. the mouthparts of the ticks. I t seems, however, more probable 

that, at least in the case of both the ticks and the mites, the rather 

diverse r.oating habit.s reflect an origin .f'rom behaviour akin to that of 

the scorpions. The report of Lipo~sky i! al. (1957) of indirect 

transference of a spermatophore in trombiculid mitas, and that .of 

Nuttall and Merriman (1911) on Qrni'YJ.odoru~ support# this strongly. 
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In the case of the spiders, tvro interpretations of the 

behavlour mcy be postulated& either the animals have retained the 

Limulus-like habit of depositi ng Spe111Jl on the substratum but have 

further evolved the elaborate palpal ''pick-up" system or they have 

gone through a stage of mating like that of the modern scorpions 

and pseudoscorpions but have lost completely the sperma.tophore 

covering of the sperm mass . These tvro possible lines of evolution 

are sho'tm diagre.mmatically in Fig. 43. 

The first suggestion does not seem very probable if vie are 

considering the evolutionary path of the actual behaviour. Clearly 

internal fertilisation could not be achieved until the pedipalpa.r 

mechanism was developed; at the se.me time there does not seem any 

obvious reason why the male should pick up the sperm while fertil­

isation is still external. The shortcomings of the hypothesis arise 

i'rom the fact tba. t it r equires the simultaneous development of the 

pe.lpal appendages, or more important, the malo behaviour pattern, 

and the female babi t of retaining the eggs inside her. 

Consider the second possibility, namely that the spiders 

have paosed through a stage in which they deposited a spermatophore 

on the ground, this being picked up by the female. That is, the 

sperm deposition of uodern spiders is a phylogenetic vestige of the 

apermatophore-deposi·ting behaviour of the proto-spiders. It is 

desirable at this point to look briefly at the various methods by 

t-rhich the sperm tophore of an arachnid may be transferred to the 

femaJ.e i'rom tho ground where the m.l.e has deposited it. This is 

achieved in a number of different ua.ys. 

In the scorpions and some of the pseudoscorpions (Kew,l912 

and Vachon, 1938) it is done \dthout the direct use of any of the 

appendages of the male or the female, so that either the co-operation 

bet'llreen the tvro animals or ·the structure of the spermatophore or 

both have been sreatly elaborated to ensure an efficient mating. 

In other arachnids various lilubs of the male are used in moving the 

sperm into the female. In the pseudoscorpion, Cheli£er latreiJJ.i 



• 

Anc~stral ~ 

/"'''~'YP• ~ UMVLUS 

Spermatophore Sp~rmotophor~ may Sperm shed & then 

~ ~w•~ / ""?'" ~~ 
l oMro• r T 

SCORPION PSEUDOSCOP.PION MITE TICK SOLIFUGE SPIDER OPUOf\10 

~~ \I \I~ 

~,; ...... 
I 

\l. '• 

R~~ntion ot Spermatophore 

••~·~w~oy >< '"" 

Spermatophore 

Fig. 43. 

( 

I ' 

Ancestral 
Limulus-tvPc 

Representation of tvro possible lines of evolution 
of arachnid matingo Two schemes are shovm, both 
starting with a Limulus-type pattern and gi. ving rise 
t o the mating habits of modern arachnids, shown in 
the centre of the figure o The lower of the two 
schemes is that for which more evidence seems avail­
ableo -

1/ 1; . . ,, . U { . I ~< ,. ' I. ~ ..C:....~ c:.-
1 ' 

\ ~ n 
I' 

I .. ~ It-· 
·'A.. h 1 

'Lorh; 11.),.. ..... 1 .. ' 'I .... ~/ It , I ~ • i"'r- >"r ' I ' Q/~ lA'-\ t'- (. '}-i:v! (~ t) t).l} (' I I "' -~ 
~ 

·f-; r. 
1.. 

~.l'w , (,(;'- ,J:. / I}·L..rt-r jcvvV 

I 



176. 

Leach, Ketv- (1912) describes how the male holds open the female 

gemi tal orifice with the modified claws of his first legs while 

he eases her on to the naked sperm mass on t op of the spermatophore• 

I n the ricinulids, Comstock (1940) considers that the th~d leg ia 

involved in the transference of the spermatophore to the female, 

In the solfugids the chelicerae%~ed for moving the 11 Spermaba.llentt 

from the ground,where the males deposit them_,to the genital open­

ings of the females (Heymons, 1901). 

I t is thus clear that the spermatophores or "Spermaballen11 

may be transferred to the female by the chelicerae, first legs and 

third legs. There thus seems no obvious object ion to the postulate 
' ' 

that the primitive spiders used their pedip8.1ps in tl!ansferring the 

sperm from the deposited sperma. tophore into the female, or, al te:t.·­

na ti vely, that the palps were used for hol ding open the genital 

aperture, as are the legs of the pseudoscorpion mentioned above. 

I t is possible that initially there t-ras a tendency to use the cheli-

cerae as \<Tell as, or instead of_,the pedipalps and thus Bristow's 

suggestion may be included lJi thin the limits of the present hypothesis . 

The question of the loss of the spermatophore can be 

cons:!.Q.ered quite separately, beginning once more with the primitive 

arachnid, A mass of sperm merely deposited on tile ground is likely 

to be absorbed imm.edia tely between the soil particles, a factor l·rhich 

may vrell have influenced the evolution of the spermatophore in the 

scorpions and pseudoscorpions.1 
The pseudoscorpion, C, cancroides 

l • Even when the problem of the protection of the sperm from being 

absorbed into the soil has been solved by the elaboration of a sperm-

a tophore, the av:llabili ty of a surface sui table for m ting remains of 

great importance. In the scorpions, as has been shown above, Jlliting 

cannot take place if the surface on which the animals are placed is not 

hard enough to support the spermatophore . The fact that spiders Hill 

norma.lly either rncet on a. Heb or can spin one 1men it is needed; must 

give them a significant advantage as far as mating is concerned. This 

may well be one of the reasons for the success of this arachnid group 
relative to the others. 
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has a spermtophore which ia an almos~ na.lrod stalk and on this 

a large sperm mss is perched. Compared with the spermatophore 

of most other pseudo scorpions and of the scorpions, this is 

extremely simple and proba.bl.,r r educed : clearly , however, i t could 

not becon.e less substantial \dthout danger of the semen just sink-

ing into the soU on which it is dopo~ited. Once the spiders 

had begu::1 the babi t of spinning webs, such dangers vere overcome 

for them beeause a drop of senen will not be absorbed by a strand 

of spider sUk. Since there is evidence (Petrunkevi tch, 1952) 

t hat the spiders h~d already developed the "reb-spiiming habit in 

the Oligocene, there l-Tould appear to have been adequate time for 

t he sperm tophore to be reduced to nothing because, once there was 

no further need for i t , there would almost certainly be t~~~t- selection 

against any covering for the spem mss . I t would however be of 

i n terest to look carefully at the m ting habits of ti1e primi t ive 
0 

spiders and especially to see t-rhether amongst the Liphistforpha 

are aniiila.ls in which sane trace of a membrane persist s around the 

there 

sper m mass and whether this is picked up into the shallow pa.lpal cup 

as a serai-solid mass rather than as a seminal fluid. 

While i t is poJsible that such direct evidence will appear, 

the hypothesis seems fairly sound on its own merits . It ia clear 

the "double proces.s" is very hard t o understand on the ha.sis of an 

evolution ste.Jming either directly from a Limulus-type external 

fertilisation or indire<itly through a staee of ordinar y interna.l 

fertilisation. The present post~te - that of an interca.lfted 

stac;e of speri!la.tophore cJeposi tion and transfer to the female ui th the 

aid of the malo palps - not only provides a plausible explanation of 

th~rigin of this double process, but is in keeping ui th wat ue 

nm-r k :>Ol·T of the nating lt.abits of the other arachnid groups. 
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