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ABSTRACT

The nervous system of the order Scorpiones appears to have a common organizational structure. The
combination of an anatomical study using methylene blue as the contrast medium together with a
histological analysis using hematoxylin-eosin and Heindenhain’s iron hematoxylin techniques permitted
the identkfication of a large number of nervesBinbonariensisMany of these are also present in

a variety of other species of scorpions, belonging to distinct families of the order Scorpiones. Nev-
ertheless, two pairs of nerves fr@n bonariensisriginating in the cheliceral ganglion, one pair of
esophageal nerves and one pair of nerves from the aortic arch, appear to diverge from this basic orga-
nization. They have not been previously described, nor have any equivalents been reported in research
on other scorpion species, in which the current homological criteria have been employed.

Key-words scorpion,Bothriurus nervous system, ganglia, anatomy.

RESUMO

Anatomia do sistema nervoso d8othriurus bonariensis(L. C. KOCH, 1842)
(Scorpiones, Bothriuridae)

O sistema nervoso da ordem Scorpiones parece apresentar um plano comum de organiza¢cao. Uma abor-
dagem anatbmica, utilizando o azul de metileno como meio contrastante para o tecido nervoso, e histo-
l6gica, por intermédio das técnicas da hematoxilina-eosina e hematoxilina férrica de Heindenhain,
permitiu identificar um grande nimero de nervosBerhonariensigambém presentes em diversas outras
espécies de escorpibes, pertencentes a familias distintas da ordem Scorpiones. Contudo, 2 pares de nervos
deB. bonariensiom origem no ganglio queliceral, o par de nervos esofagianos e o par de nervos dos
arcos aorticos, parecem divergir desse plano comum, visto ndo terem sido descritos anteriormente nem
possuirem equivalentes em outras espécies de escorpides pelos critérios de homologia utilizados.

Palavras-chave escorpidoBothriurus sistema nervoso, ganglios, anatomia.

INTRODUCTION vided into a dorsal supra-esophageal ganglion and

a ventral sub-esophageal ganglion, joined by a pair

As the oldest known group of arachnids of circumesophageal commissures as well as a long
(Stockwell, 1989; Sissom, 1990), scorpions havalouble ventral nerve cord that originates in this

a morphologically primitive nervous system (NS) cephalothoracic mass and extends posteriorly. The
in which the ancestral organization has been prdatter is composed of seven free ganglia joined
served (Polis, 1990; Root, 1990). This basic layoulongitudinally by connectives and laterally by com-

consists of an anterior cephalothoracic mass dimissures (Millot & Vachon, 1949; Hjelle, 1990).
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Comprehensive anatomical descriptions of The twenty-one animals used in the histo-
the NS of scorpions have been completed for judbgical study were anesthetized with chloroform
a few species, representing only a small proportiomand dissected on a paraffin plate with the aid of
of the families belonging to the order Scorpionesa stereoscopic microscope (Wild). The CNS was
Such descriptions are limited @entruroides sp. carefully removed, fixed in Bouin’s solutiaor
(Buthidae) (McClendon, 1904)roctonus mordax in 10% formalin, and embedded in paraffin. The
(Vejovidae) (Henry, 1949 eterometrus fulvipes CNS was then serially sectioned (5{11) along
(Scorpionidae) (Babu, 1965); afiyus serrulatus three different planes: sagittal, horizontal, and
(Buthidae) (Lucast al, 1965). transverse, with a microtome (Leitz). The sections

The aim of this study was to describe thewere stained using either Heindenhain’s iron hema-
gross anatomy of the NS & bonariensisand toxylin or hematoxylin-eosin techniques (Romeis,
compare the findings obtained with those in thel928). The slides were examined using a Nikon

literature for other species. Optiphot-2 microscope.
MATERIAL AND METHODS RESULTS
Adult scorpions of both sexes of the species The nomenclature used to describe the ex-

Bothriurus bonariensi¢C. L. Koch, 1842) (Scor- ternal morphology in this paper is that originally
piones, Bothriuridae) were used. The animals werestablished by Stahnke (1970). The terminology
collected in the counties of Porto Alegre (RS) andused to name the structures of the NS is adapted
Barra do Ribeiro (RS), transferred to the laboratoryfrom the work of Babu (1965).
and kept in individual terrariums. The specimens
were fed once a week on larvaelefiebrio molitor.  General aspect and the regions of the CNS

In loco anatomical analysis of the NS Bf The CNS ofB. bonariensisonsists of a large
bonariensisvas made of in twelve animals. They anterior ganglionic mass located in the cephalo-
were anesthetized with chloroform and dissectedhoracic region of the animals’ body and known
using different procedures. as the cephalothoracic mass, together with a long

A group of six animals had the prosomal andventral nerve cord, almost exclusively opisthosomal,
mesosomal pleurites perfurated, after which theyhat extends from the most posterior region of the
were placed on Petry dishes and fixed by immereephalothorax to the division between the fourth
sion in the following solution: 12 ml formalin, and fifth segment of the metasoma (Fig. 1). Within
30 ml 95% alcohol, 2 ml glacial acetic acid, andthe cephalothoracic mass, it is possible to dis-
56 ml of distilled water (Sissoset al, 1990). They tinguish two regions: one dorsal, located above
were then washed in 50% alcohol and stored irand laterally to the circum-esophageal channel
80% alcohol. In order to perform the anatomicalcalled the supra-esophageal ganglion; and one
study, the carapace, tergites, dorsal surface of theentral, found below the same channel, referred
post-abdominal rings, dorsal surface of the telsorto as the sub-esophageal ganglion (Figs. 1 and 2).
and tissue adjacent to the central nervous system
(CNS) and main nerves were removed. The supra-esophageal ganglion

Six animals were taken to the dissection cham- The supra-esophageal ganglionBofbona-
ber, placed in 80% alcohol, and dissected until theiensisis located in the anterior and median region
main nerves of the CNS were exposed. The nervef the cephalothorax (Fig. 1). In relation to the
tissue was washed in tap water and, later, in a salirmephalo-caudal axis, it is directly ventral to the
solution. A methylene blue solution was appliedpair of median eyes of the dorsal carapace and can
and the tissue was then fixed according to Bethée divided into two distinct parts. One is known
(Ramoén y Cajal & de Castro, 1972), using 10%as the protocerebruifbrain) and the other, the
ammonium molibdatum at 4°C without previous cheliceral ganglion (Fig. 2). However, there is no
washing. Finally, it was washed in distilled waterexternal evidence of such a division.
and stored in 80% alcohol. The material was The protocerebrum corresponds to the most
observed under a stereoscopic microscope (Wildjlorsal portion of the supra-esophageal ganglion
and photographed. and is more voluminous than the cheliceral ganglion.
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Fig. 1 —Schematic representation of the central nervous system and main ne®ethofirus bonariensi®bserved dorsally.

A series of nerves arise from the anterior region of the cephalothoracic mass and proceed to the prosoma and part of the
opisthosoma. The ventral nerve cord shows seven free ganglia (gl 1-7), which innervate the remaining opisthosoma: acn
(alimentar channel nerves); apn 1-4 (ambulatory nerves 1-4); bl 1-4 (book lungs 1-4); chn (cheliceral nerve); CTM (cegbalothora
mass); cv (connectives); fg 1-7 (free ganglia 1-7); gn (genital nerve); msn 3-4 (third and fourth mesosomatic segmental nerves)
lon (lateral optic nerve); mon (median optic nerve); mtn 4-5 (fourth and fifth metasomatic segmental nerves); pen (pedipalpal
nerve); pn (pectinal nerve); rn (rostral nerve); SBG (suboesophageal ganglion); SPG (supra-esophageal ganglion); st (sting);
tn (telsonic nerves); VNC (ventral nervous cord); vs (vesicle). Bar: 2 mm.
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Fig. 2 — Schematic representation of the cephalothoracic ma8otifriurus bonariensi®bserved lateral-dorsally. The
cephalothoracic mass can be divided in the supra-esophageal ganglion, formed by the protocerebrum (Pc) and cheliceral
ganglion (Chg) and the sub-esophageal ganglion (SBG): achn (accessory cheliceral nerve); an (accessory nerves); aon (aortic
arch nerve); apn 1-4 (ambulatory nerves 1-4); appn (accessory pedipalpal nerves); chn (cheliceral nerve); cv (connectives);
dan 1-4 (dorsal ambulatory nerves 1-4); en (ephemeral nerve); gn (genital nerve); lon (lateral optic nerves); mon (median
optic nerve); msn 3-4 (third and fourth mesosomatic segmental nerves); oes (oesophagus); oesn (oesophageal nerves); pan
(pedal accessory nerves); pen (pedipalpal nerves); pn (pectinal nerve); posn (posterior nerve); st (stomach); rn (rpstral nerve
Bar: 500um.

Viewed dorsallythe protocerebrum is rounded divide into three small branches before penetrating
to triangular in shape. In the anterior region, it isthe base of each of the three latexgés.
possible to distinguish two anterior optic lobes due The cheliceral ganglion consists of a mass
to the presence of a deep furrow that separatingf nervous tissue located at the ventral portion of
them bilaterally. Two pairs of single nerves ori- the supra-esophageal ganglion ofti®nariensis
ginate from the protocerebrum: the median optiavhich is found surrounding the circum-esophageal
nerves and the lateral optic nerves (Fig. 2).  channel (Fig. 2). As occurs with the two portions

The pair of median optic nerves had the largestf the supra-esophageal ganglion, it is difficult to
diameter (71 um) of the nerves found in the protodistinguish the division between the ventral region
cerebrum. They emerge dorsally from the laterabf the cheliceral ganglion and the dorsal region
boundaries of each of the two optic lobes (Fig. 2)pof the sub-esophageal ganglion. Five pairs of nerves
approximating the median line as they follow theirtogether with a single nerve were observed ori-
trajectory to the base of the median eyes. On thginating from the cheliceral ganglion; they were:
other hand, the lateral optic nerves had an averagbe cheliceraherves, accessory cheliceradrves,
diameter of 5qum. They arise from the fronto- accessory nerves, rostral nerve, aortic arch nerves;
lateral surface of the protocerebrum (Fig. 2), closeand esophageal nerves (Fig. 2).
to the median line of the animal body than are the Due mainly to their large diameter (average
median optic nerves. These long thin nerves exten83 um), the cheliceraherves were the easiest to
toward the anterior vertices of the cephalothoraciwisualize in the cheliceral ganglion. They arise
carapace, cross the cheliceral musculature anldterally to the anterior region of cheliceral ganglion,
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emerging almost at the same level of the antepenetrating, latero-posteriorly into their walls. As
rior opening of the circum-esophageal channela result, large masses of nerve tissue are visible
proceed dorsally, incline, and finally penetrate theon the posterior surface of the inner wall of the two
cheliceralmuscle masses. Following the trajectoryaortic arches. These large masses branch dorsally
of this nerve it was also possible to observe dorsallgnd ventrally, reaching the upper portion of the
the cheliceral artery, which terminates in the middleaortic arch and the initial portions of the thoracic
of the cheliceral muscle tissue. sinus, respectively.

Exactly dorsal to the cheliceral artery and next A pair of small nerves, each with an average
to the cheliceraherves were observed a second paidiameter of 4um, known as the esophageal nerves,
of nerves, known as the accessory cheliceral nervesmerge from the anterior and dorsal regions of the
(Fig. 2),that terminate in the middle of the dorsal circum-esophageal channel wall, on either side of
cheliceral musculature. These nerves originatéhe cheliceral ganglion. These nerves proceed cau-
laterally from the anterior surface of the cheliceraldally, penetrating the wall of the esophagus and
ganglion, below the lateral optic nerves and abovéhereafter locating themselves in the connective
the cheliceraherves, being medial in relation to tissue found around the striated muscular layer of
the former and lateral in relation to the latter. Beforethe organ. As this pair of nerves advances within
reaching the cheliceral musculature this pair othe walls of the esophagus (Fig. 2) towards the
nerves branches once, forming a single thick branciitial and median regions of the stomach, fine
(average 621m) and thinner lateral branch (averagenerve branches appear which terminate in the form
20 pm). of diminutive ovoid bodies on the muscular strands.

The accessory nerves originate at the late-
ral and anterior wall of the cheliceral ganglion of Sub-esophageal ganglion
B. bonariensisdirectly below the cheliceralerves The sub-esophageal ganglion®f bona-
(Fig. 2). Although these nerves advance in theiensis which corresponds to the ventral portion
direction of thecheliceraes, their termination could of the cephalothoracic mass, is the most voluminous
not be seen in these organs or in any other sustructure of the CNS (Figs. 1 and 2). It has a clear
rounding tissue. metamerism evidenced by the nerve segmentation

The single rostral nerve (diameter, @)  and metamericharacter of the arterial elements
emerges from the anterior and median region obf the vascular system, which is composed of nine
the cheliceral ganglion, immediately above theneuromere®r pairs of ganglia. The most caudal
circum-esophageal channel (Fig. 2). It proceedgortion of this composite ganglion visibly proceeds
anteriorly over the roof of the pharyngeal sacthrough the neural channel, formed by the main
which is covered with a series of striated musclegndosternite. Crossing the sub-esophageal ganglion
oriented perpendicularly to the long axis of thedorso-ventrally along the median line, eight single
nerve. Although no point of contact was observednetameric arteries, plus a ninth last artery, con-
between the rostral nerve and the muscle strand®uring its caudal extremity can be observed. These
the two structures were in close proximity throughoutarteries terminate in a small calibre ventral vessel,
the trajectory of the nerve over the dorsal wall ofknown as the sub-neural artery, that runs along the
the pharynx. At the anterior limit of the pharyngealentire ventral surface of the sub-esophageal ganglion.
sac, the rostral nerve forks. One branch inclines A series of segmentary nerves originate from
vertically and continues on attached to the anteriothe sub-esophageal ganglion and innervate the
wall of the pharyngeal sac, while the other con-prosomaand initial portions of the mesosonidey
tinues in a cephalic direction, penetrating into thenclude the pedipalpal, accessory pedipalpal, ambu-
rostral region of the carapace. latory, accessory pedal, dorsal ambulatory, ephe-

The aortic arch nerves (38n in diameter) meral, genital, posterior, pectinal, and the third
consist of a small pair of nerves located on botland fourth mesosomatic segmental nerves, together
sides of the base of the cheliceral ganglion, ventrakith a pair of connectives leading to the ventral
to the posterior opening of the circum-esophageatervous cord (Figs. 1 and 2).
channel (Fig. 2). From the posterior surface of the The pedipalpal nerves originate in the most
cheliceral ganglion, these two nerves follow a shoranterior part of the sub-esophageal ganglioB.of
trajectory, curving round the aortic arches andbonariensis(Figs. 1 and 2). They travel towards
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the front and slightly to the sides, penetrate the visible caudal inclination in species having these
interior of the pedipalps, emitting small branchnerves, it proved impossible to identify the region
nerves to the surrounding musculature as thethat they innervate.
traverse the various parts of this structure. They Two pairs of nerves are found posteriorly to
are easily identified because they have the largesthe ephemeral nerves, one dorso-lateral the other
diameter (30um) of all nerves in the NS of this ventro-lateral, known as the genital nerves (Fig.
animal. A small pair of dorso-lateral nerves are2). Immediately after emerging from the sub-eso-
found close to their base, the pedipalpal accessofghageal ganglion, these caudally inclining nerves
nerves (Fig. 2), which branch intensely within thejoin to form a single pair of nerves oriented towards
musculature of the proximal articles of the pedipalpsthe lateral walls of the animal body (Fig. 1). Before
Posterior to the pedipalpal nerves, four pairseaching the lateral walls, this pair of nerves forks.
of large nerves are seen originating laterally fromiThe narrower inner fork implants itself in the pa-
the sub-esophageal ganglion and then penetratingxial organ of the males and in the ovariuterus
and traversing the four pairs of walking legs. Theyof the females, both located in the abdominal cavity.
are the ambulatory nerves 1-4 respectively (FigsThe outer wider branch continues till the lateral
1 and 2). The smallest diameter nerve (averagwall of the cephalothorax where it climbs. Beyond
123um) serves the first pair of legs and is turnedthis point it was impossible to identify its trajectory.
slightly frontward; the nerves of the third and fourth Following the dorso-lateral gonadal nerves,
pairs of legs have the largest diameters, @70 directly after the seventh metameric artery, a pair
and 175um respectively, and can be seen orientedf bilateral nerves, known as the posterior nerves,
in a caudal direction. Dorsal and anterior or dorsaémerges dorso-laterally as well (Fig. 2), and proceeds
and posterior to these four pairs of nerves and verioward the abdomen. Given the small diameter of
close to their point of origin, various small nervesthe dorsal cephalothoracic nerves and the inherent
can be found that emit their branches directly intdifficulty of maintaining them intact while remo-
the walking legs. These small nerves, that are periving the dorsal chitinous plates during dissection,
pheral to the ambulatory nerves 1-4, are knowrnt proved impossible to locate the structure inner-
as the accessory pedal nerves (Fig. 2). Despiteated by this pair of nerves.
being difficult to locate and identify, iB. bona- A pair of large diameter nerves (14&),
riensistwo pairs were observed for the first setknown as the pectinal nerves, emerges from the
of ambulatory nerves, one pair for the second, andame neuromere as those cited above. These nerves
two pairs each for the third and fourth sets of amare located ventrally, close to the eighth metameric
bulatory nerves. artery (Figs. 1 and 2). The pectinal nerves extend
Located between the 1-4 ambulatory nervesaudally and ventrally from their point of origin
and the opening of the metameric arteries, in thand penetrate a small opening at the base of the
dorso-lateral region of the suboesophageal gangliopectens, a sensorial structures which they innervate.
four small pairs of nerves were observed, placed  Two pairs of lateral nerves emerge from the
slightly frontward in relation to the ambulatory caudal region of the sub-esophageal ganglion of
nerves. These nerves arise in the direction of thB. bonariensisafter the eighth metameric artery.
cephalothoracic shield of the prosoma and ar®©ne pair is more anterior and ventral; the other
called the dorsal ambulatory nerves (Fig. 2). Desis more posterior and dorsal. They are known res-
pite their clear dorsal direction and the slight caudapectively as the third mesosomatic segmental ner-
inclination, their trajectory could not be followed ves (diameter: 62.6m) and fourth mesosomatic
nor, consequently, the structures innervated by thisegmental nerves (diameter: 7@r8) (Figs. 1 and
set of nerves identified. 2). Although these nerves terminate in distinct and
In the caudal portion of the sub-esophageabuccessive abdominal segments, i. e., the third and
ganglion ofB. bonariensisimmediately following  fourth mesosomatic segments, they have similar
the group of neuromeres associated with the innettrajectories and terminate innervating corresponding
vation of the pedipalps and ambulatory legs, therstructures in their respective metameres. They
was a pair of dorsal nerves, known as the ephemeramerge from the sub-esophageal ganglion and
nerves (Fig. 2). Due to the difficulty in identifying follow a caudal direction; shortly after, they in-
them in most of the animals observed, and despiteline laterally, and the third mesosomatic segmental
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nerves pass in front of the first pair of book lungs, The G is located in the third segment of the
ascending the body wall at the division of themesosoma; it emits its pair of nerves caudally,
cephalothorax and the third segment of the mewhich then innervates the fifth mesosomal segment
sosoma. The fourth mesosomatic segmental nervéBig. 1). The ventral component of this pair of nerves
pass in front of the second pair of book lungs andranches several times before finally entering the
ascend the body wall between the third and fourtlventral longitudinal muscles of the segment. The
mesosomatic segments. Before reaching the aratrsal component ascends the lateral wall of the
of the book lungs, they fork and emit both a thinnemnimal body, passes over the pleural membrane
and a thicker branch. The former is an exclusively\separating the fourth and fifth segments, proceeds
ventral branch implanted in the ventral longitu-toward the latter segment, and emits a fine branch
dinal muscles and the base of the dorso-ventrab the anterior region of the third pair of book lungs
muscles of the third and fourth mesosomatic segfFig. 1).
ments. The thicker branch continues its lateral The G is found in the posterior half of the
trajectory and innervates the book lungs of thdifth segment (Fig. 1). Its nerves, which are oriented
corresponding segment, in this case the third andaudally, emit a series of small branches that, in
fourth, before ascending the lateral wall of thea pattern similar to that observed in, @nervate
mesosoma (Fig. 1). It proved impossible to identifystructures identicab those found in the anterior
the area innervated by this dorsal extension. segment of the sixth segment of the mesosoma,
It is possible to observe the ventral nervouse. g., such as the ventral longitudinal muscles and
cord raising from the caudal extremity of the sub+the book lungs (Fig. 1).

esophageal ganglion &. bonariensisand fixed Located in the seventh segment of the meso-

to it by a pair of connectives (Fig. 2). soma, the Gemits its nerves frontward (Fig. 1),
close to the division between the sixth and seventh

The ventral nervous cord mesosomatic segments. The pair of ventral nerves

The ventral nervous cord & bonariensis branches into the ventral longitudinal musculature
is formed by a set of 7 free ganglia linked longitu-of the seventh segment, while the dorsal com-
dinally to each other and to the sub-esophageadonents ascend the body wall at the division of
ganglion by pairs of connectives of varying lengthsthe last two mesosomatic segments (Fig. 1).
(Fig. 1). The ventral cord is almost exclusively The G, G,, and G are located respectively
abdominal (opistosomal), despite its brief extensiorin the first, second, and third segments of the meta-
within the cephalothorax. It has three free ganglisoma (Fig. 1) and only innervate the musculature
located in the mesosoma and four in the metasomapertaining to the segment in which each is located.
known respectively as &, (Fig. 1). With the Due to the large quantity of muscle tissue found
exception of G each ganglion has two pairs of in these metasomal segments, both the ventral and
nerves emerging from its lateral surfaces. In eackdorsal nerve components exhibit a high degree of
hemi-ganglion, there is an antero-dorsal nerve anchmification.

a postero-ventral nerve, resulting in one pair of The G is located at the most anterior portion
dorsal nerves and one of ventral nerves for eacbf the fourth metasomal segment (Fig. 1), occa-
free ganglion. sionally being found at the division between the

Due to the reduced size of the ganglia, thehird and forth segment of the metasoma. This
close proximity of the nerves at their point of origin, ganglion innervates the last three parts of the body
and the fact that they are entwined for much of theiof B. bonariensisthe fourth metasomal segment,
initial trajectory, the presence of dorsal and venthe fifth metasomal segment, and the telson. When
tral nerves in both halves of each ganglion onlycompared to the other ganglia of the ventral nervous
becomes apparent after their separation, at the venti@rd, this one exhibits several marked differences;
surface of the abdominal cavity of the animal. Thet is: much larger than the others, the only one with
ventral nerves of the free ganglia innervate bilateralla metameric artery (located centrally and trans-
the predominantly ventral abdominal structuresyerses dorso-ventrally the full extension of the
while the dorsal nerves innervate dorsal structureganglion), and the only one from which 5 pairs
found in the same body division. of nerves arise (Fig. 1).
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The first two pairs of nerves, called the fourth carried out on the nervous system of other scorpion
metasomal segmental nerves, exit laterally fronspecies permits the identification of a series of
the ganglion. They consist of one dorsal and onstructures that should be included in a basic plan
ventral pair. These nerve pairs divide into theirof the order Scorpiones. These are supposedly
dorsal and ventral components after a short distandeomologous structures, since they occupy highly
and branch several times at the point where thegimilar or equivalent positions in relation to the
enter the musculature of the fourth metasomabther elements, as well as possessing the same
segment. specific features as other species studied (Kutsch

A third pair of nerves, of extremely reduced & Breidbach, 1994; Schmitt, 1995). These are the
diameter, originating from (Gcan be seen exiting, median eye, lateral eye, rostral, cheliceral, pe-
its caudal extremity dorsally. This thin pair of dipalpal, ambulatory, pectinal, and the lateral nerves
nerves penetrates the alimentary channel at thef the free ganglia, and posterior nerves of the
point where it meets the fourth metasomal segmengeventh free ganglion of the ventral nervous cord
i. e., at the final portion of the mesenterand (McClendon, 1904; Buxton, 1917; Ch’eng-Pin,
is known as the alimentary channel nerve (Fig. 1)1940; Henry, 1949; Babu, 1965; Luedsal, 1965).

Two other pairs of nerves exit from the caudalHowever, there are structures in the nervous system
extremity of the G one ventral pair, for the fifth of B. bonariensigfor which it is evidently not
segment of the metasoma, known as the fifth metgpossible to establish homology and which,
somal segmental nerve, and one dorsal pair, fatherefore, require further study.
the telsoncalled thetelsonicnerve (Fig. 1). Both The accessory cheliceral nerves of the cheli-
nerve pairs exit Gclosely entwined and thusly ceral ganglion oB. bonariensisnay, due to their
transverse almost the entire length of the fourtlposition, small calibre, and innervation, correspond
metasomal segment. In the final third of the fourthto the finer cheliceral nerves found Tityus serru-
metasomal segment, the ventral nerves separatatus (Lucaset al, 1965); one of the pairs of 2P
from the dorsal nerves and curve laterally, crossingerves observed i@entruroidessp. (McClendon,
the division between the fourth and fifth metasomatL904); the dorsal and internal pair of small calibre
segments and penetrating the musculature of theheliceral nervesf Uroctonus mordaxXHenry,
fifth metasomal segment, within which it branches1949); and the accessory nerves Heferometrus
intensely. The pair of dorsal nerves, for their partfulvipes(Babu, 1965). In the same way, the acces-
transverse the fourth and fifth metasomal segmentsory nerves oB. bonariensisnay be compared
without branching. At the division of the fourth to the nerves of other animals but based solely on
and the beginning of the fifth metasomal segmentghe criterion of position, since identification of the
the nerves adhere to each other for a short distancgtyucture that they innervate could not be made.
forming a ring around the alimentary channel, Thus, this pair of nerves could represent the 4A
which from this point on, turns ventrally and trans-nerve ofCentruroidessp. (McClendon, 1904), the
verses the abdomen in the direction of the CNSyentral and external pair of small calibre cheliceral
until opening at the anus (Fig. 1). In the last thirdnervesof Uroctonus mordaXHenry, 1949), and
of the fifth metasomal segment, the pair of nerveshe two accessory nervestééterometrus fulvipes
once again separates, forming a secondaiognd  (Babu, 1965).

a dorso-ventral muscular strand located at the The esophageal nerves observeB.ithona-
insertion point of the telsotmmediately thereafter riensisdo not show any evident parallel any other
the nerves once again join at the most caudal poimterves ascribed to the cheliceral ganglion of other
of the fifth segment, penetrate the telsmsa scorpion species. Considering the single recurrent
single branch, and then terminate innervating theerve found ilJroctonus mordaXHenry, 1949),
venom glandslocated within the vesicle of the completely separate origins are observed, since
telson (Fig. 1). the latter emerges from an anterior ganglion, known
as the frontal ganglion. When comparing the eso-
DISCUSSION phageal nerves @&. bonariensisvith the intestinal
nerves oHeterometrus fulvipeshe differences are

The results obtained from our study®f even more marked, because the origin of the latter

bonariensistogether with those from researchis on the posterior surface of the cheliceral gan-
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glion, from the sides of the stomodeumer which In the latero-dorsal region of the sub-eso-
this pair of nerves run (Babu, 1965). phageal ganglion d8. bonariensighere were four

As with the esophageal nerves®fbona- pairs of metameric dorsal ambulatory nerves and
riensis the aortic arch nerves cannot be satisfacene pair of ephemeral nerves. Four pairs of nerves,
torily compared with any structure of the chelicerallocated in the same region, as well as a single, more
ganglion of any other species of scorpions. Theosterior pair, of small diameter were reported in
lateral nerves dEuscorpius italicugPolice, 1903) Centruroidessp. (McClendon, 1904) andete-
andHeterometrus fulvipe@Babu, 1965) and the rometrus fulvipegBabu, 1965). Despite the great
third pair of tegumentary nerves bffoctonus  similarity between the five sets Bf bonariensis
mordax(Henry, 1949) emerge from the posteri- and the nerves identified in the other two species,
or surface of the cheliceral ganglion, above bothhe resulting innervation is unknown in all three
the intestinal nerves and the circum-esophagealases with the exception of the pair of ephemeral
channel. Innervation of the stomach, and liver onerves fromHeterometrus fulvipesyhich inner-
pancreatic glands is attributed to the lateral nervegates the dorsal muscles of the prosoma and the
of the species referred to above (Bullock &endosternite (Babu, 1965).
Horridge, 1965), while innervation of the lateral In the posterior region of the sub-esophageal
and posterior edges of the cephalothoracic carapaggnglion ofB. bonariensigwo pairs of nerves can
is attributed to the third pair of tequmentary nervede seen directly after the ephemeral nerves, one
(Henry, 1949). Despite the posterior location ofdorso-lateral and the other ventro-lateral. Both unite
these nerves on the cheliceral ganglion, neitheto form a pair of genital nerves. A similar situation,
their position nor the innervation produced by themwith the presence of 2 pairs of nerves one dorsal
resemble that found for the pair of aortic nervesand the other ventral, located after the ephemeral
of B. bonariensis nerves can be seen onlyHeterometrus fulvipes

The localization of a large quantity of nervous(Babu, 1965).
tissue, originating from the above mentioned nerves,  The pair of posterior nerves emerging imme-
in the inner posterior wall of the aortic arches andliately after the genital nerves B bonariensis
extending dorso-posteriorly until the limit of the does not have a clearly identified area of innervation.
aortic arches and the beginning of the thoracic sinukt is very difficult to trace a parallel between this
respectively, suggests the presence of a neurohenatd any nerve of the species described in the lite-
organ such as that identifiedEuscorpius italicus  rature. However, this nerve may correspond to
Called the Police organ, it consists of fibers fromnerve 10A, described i@entruroidessp. (Mc-
the intestinal and lateral nerves, originating in aClendon, 1904), due to the dorsal position of the
group of neurosecretory cells that penetrate a vesskgltter in relation to the pectinal nerves, and its being
located posteriorly to the cheliceral ganglionfound posteriorly in relation to the genital nerves.
(Bullock & Horridge, 1965). The last two pairs of nerves found in the

In B. bonariensisthe accessory pedipalpal cephalothoracic mass Bf bonariensisorrespond
nerves, as well as the accessory pedal nerves, camthe third and fourth mesosomatic segmental
be found on the sub-esophageal ganglion. Strugierves. Nerves located in similar positions and
tures occupying similar positions and producinginnervating the same structures can be seen in
the same type of innervation were observed in th€entruroidessp. (McClendon, 1904} eterometrus
cephalothoracic mass @fentruroidessp. (Mc-  fulvipes(Babu, 1965), andlityus serrulatugLucas
Clendon, 1904)Jroctonus mordaxHenry, 1949), et al, 1965).
andHeterometrus fulvipeBabu, 1965)However, The single medium segmental nerve emerging
due to the inherent difficulty in localizating the from the ventral surface of the free ganglia of the
accessory pedipalpal nerves and accessory pedatntral nervous cord, which has been described
nerves, the variation in their number and positiorby some authors as a visceral nerve (Lankedter
described in each one of the species, incluéing al., 1885; Bullock & Horridge, 1965; Luca al,
bonariensisdoes not allow the formulation of any 1965; Hjelle, 1990) and which is also foundgn
hypothesis of homology when each nerve is consibonariensigs not really a nerve but rather a vessel
dered individually. originating from the ventral branch of the supra-
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neural artery that lies across the ganglia (LaurieKUTSCH, W. & BREIDBACH, O., 1994, Homologous struc-
1896) tures in the nervous systems of arthropo@dv. Insect

. . . Physiol, 24: 1-113.

In the seventh free ganglion Bf bonariensis ANK;STER WA BENHAM. W. B. S. & BECK. E. J
there is a n.erve similar to the .a“memary channelr 1885, On the muscular and endoskeletal systerharaf-
nerve seen ifleterometrus fulvipeBabu, 1965). lus andScorpia Trans. Zool. Soc. Londarl1: 311-384.

S_'”?e I og:cup|es the Same pOSItI(?n an,d Inm:"rv"’ueLSAURIE, M., 1896, Notes on the anatomy of some scorpions,
similarly, it could be considered identical to that  ang its bearing on the classification of the ordimn.
of B. bonariensis Mag. Hist.,Ser. 6,17: 185-195.

From the above examples it can be seen thalucas, s., EICHSTEDT, V. D. V. & BUCHERL, W., 1965,
the nerves fitting least into the general plan of the Sobre o sistema nervoso @iéyus serrulatus — Titinae —
nervous system of scorpions appear to be the esopha- s;‘hl'gafﬁ‘ Scorpionesem. Inst. ButantanSao Paulo,
gealand the aortic arch nerves. The remaining ' '
nerves, despite variations in many of the referred"cCLENDON, J. F., 1904, On the anatomy and embryol-

. . . . ogy of the nervous system of the scorpi&ml. Bull.,
to species of scorpions, constitute good candidates g 55 e
for addition to th? gen_eral plan of the order. HOV.V_MILLOT, J. & VACHON, M., 1949, Ordre des scorpions.
ever, to accompllsh this a Iarger numper of species [, 386-436.n: P. P. Grassé (ed.Jraité de zoologie
belonging to different scorpion families must be  Masson et Cie. Editeurs, Paris, vol. 6, 979p.

examined in detail. POLICE, G., 1903, Sul sistema nervoso stomatogastrico del
) ) scorpioneln: K. S. Babu (ed.), 1965, Anatomy of the ner-
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