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Abstract

Comparisons of neurohemal
organs

in Insecta and

Myriapoda are made. The structure of the corpora car-

diaca, the paraesophageal bodies and the blood sinus for-

mations are paralleled. Some Diplopoda possess three pro-

tocerebral systems, among which the paraesophageal

bodies -
blood sinus formations system and the basic

myriapodan lateral one. Diplopod paraesophageal bodies

and blood sinus formations are reminiscent of the insect

“aortal complex” system. Chaudonneret’s idea of two

primitive lateral cords inherited from an annelid ancestor

is adopted. His homology of corpora cardiaca and

paraesophageal bodies is defended. The present study sup-

ports the view that Myriapoda and Hexapoda have a com-

mon ancestor.

LIST OF ABBREVIATIONS USED

CA —

corpus allatum

CC —

corpus cardiacum

CG — cerebral gland

gl — globulus

GO — Gabe organ

NCC — nervus corporis cardiaci

NH-EO — neurohemal-endocrine organ

NHO — neurohemal organ

NS — neurosecretion

NSC — neurosecretory cell

PB — paraesophageal body

PNHO
— protocerebral neurohemal organ

PNS — protocerebral neurosecretion

PNSC
— protocerebral neurosecretory cell

PW — pathway
S

—
blood sinus formation

INTRODUCTION

The NHO of the protocerebral neuro-

secretory system has been termed the Gabe

organ (GO) in Diplopoda (Sahli, 1963, 1966).
For convenience in this discussion the term will

be retained for the NHO of Symphyla. For the

same reason I will call protocerebral
neurohemal organs (PNHO), those NHOs the

axons of which (all or only a part of them)

originate from the protocerebral neurosecretory

cells (PNSC). Arthropods possess several

neurosecretory systems. As this is a brief discus-

sion I shall deal only with the protocerebral

neurosecretory system.

Probably in all chilognathe millipedes GOs

consist of axon terminals and glial cells. Intrin-

sic secretory cells are never present (Seifert,

1971; Juberthie & Juberthie-Jupeau, 1974;

Sahli & Petit, 1972). In the Julida, Spirobolida,

Callipodida and Paradoxosomatidae (Diplopo-

da) the GO (or the GO nerve) is connected with

a neurohemal-endocrine organ (NH-EO),

It seems that individualized extracerebral

neurohemal organs (i.e. separate anatomical

entities) have begun to appear in Arthropoda.

In Annelida and Mollusca only neurohemal

areas occur here and there. A "neurohemal

area" is a storage and release site, located in-

side the nervous system (often close to small

vessels), invested with neurosecretory axons.

In arthropods the most simple neurohemal

organ (NHO) consists solely of axon terminals.

It possesses neither glial cells (according to

Cassagnau & Juberthie, 1983), intrinsic

secretory cells nor connections with an en-

docrine organ. Such a simple organ occurs only

in Symphyla (Juberthie-Jupeau, 1983). In

pselaphognathe millipedes some glial processes

are also in evidence (Seifert & El-Hifnawi,

1972), but there are apparently no nuclei (?).
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termed the paraesophageal body (PB) (Sahli,

1963). NH-EOs contain both intrinsic secretory

cells and extrinsic axon terminals (cf. Gupta,

1983b). In Penicillata (Diplopoda) the GO

system is connected with two paired nerves

(Nguyen Duy, 1973) originating from the

subesophageal mass and only by one in Julida

(Sahli, 1966).

In addition, swellings occur on the peri-

esophageal sinus wall: they have been called

blood sinus formations (SI, S2, S3, S4, Sahli,

1966). Like the PBs, they are NH-EOs.

In this paper we shall only compare the

myriapod protocerebral neurosecretory system

with the protocerebral neurosecretory systems

of apterygote and pterygote insects. For a better

understanding we shall first sum up our present

knowledge in apterygote insects. Collembola

have been well studied, mainly due to the ac-

curate investigations of Denis (1928),

Cassagnau & Juberthie (1967), and Juberthie &

Cassagnau (1971). Recently the topic has been

dealt with in an excellent paper by the latter

(Cassagnau & Juberthie, 1983). PNHOs of

some Collembolaconsist of only axon terminals

without glial cells (type 1), as in Symphyla.

Others show glial cells in addition (type 2), as in

Chilognatha. Finally, some others like the col-

lembolan Hypogastrura exhibit axon terminals,

one intrinsic secretory cell and no glial cells

(type 3). It must be emphasized that in Collem-

bola PNHOs seem to be always in more or less

close nervous connections with an endocrine

organ, the corpus allatum. Campodea (Diplura)

and Machilidae (Thysanura) presumably

belong to the Collembola type 2. Japygidae

(Diplura) possess a formation with glial cells,

one intrinsic secretory cell but no axonal end-

ings. This formation might be a rudimentary

corpus cardiacum without a neurohemal part.

Curiously, up to now no PNHO has been

described in Japygidae.

In Lepismatidae (Thysanura) the situation is

complex and still confused, even contradictory.

Well-developed organs called "CC", with

numerous secretory cells, are always present.

They lie on either sides of the aorta, sometimes

very close to it. In Thermobia, according to

Cassagnau & Juberthie (1983, fig. 8.16), theCC

are widely separate. Only the protocerebral

nerves corresponding to the NCC I of Pterygota

carry neurosecretion material(no secretory pro-

duct occurs in the NCC II). The PNHO (i.e.
the storage region, which is distinct from the

CC) may receive the NCC I directly. PNHOs

correspond to the posterior aortic nerves of

Chaudonneret (1950). The organ called CC is

an endocrine (or at least mainly endocrine)

organ, homologous to the glandular intrinsic

part of CC. It lies lateral to the PNHO and may

receive axons from the NCC II, according to

Watson (1963). It is closely connected with a

circumesophageal sinus. According to the most

accurate investigations of Chaudonneret(1950)

nervous prolongations of the CC extend around

the sinuses and join ventrally beneath the

esophagus (as the blood sinus formations S4 do

in julid millipedes, vide infra).

Cassagnau & Juberthie (1983) suggest that in

Apterygota the primitive PNHOs have evolved

by the addition first of
one,

then of numerous

intrinsic secretory cells. Gupta (1983a) came to

the same conclusion in assuming that intrinsic

secretory cells became incorporated into

primitive PNHOs later on in evolution.

COMPARISONS BETWEEN INSECTA

AND MYRIAPODA

1. Localization ofPNHOs or CC in Insecta and GO

or CG in Myriapoda

In Apterygota and Pterygota PNHOs or (and)

CC are often located close to the aorta. CC are

typically paired organs on or in the lateral walls

of the aorta. Cazal (1948) considers the location

of the CC within the aorta wall to be a primitive

one. According to him CC lost their direct con-

nections with the aorta and have been

"lateralized" in different pterygote groups (in

fact they are slightly lateralized). Generally

speaking we are entitled to state that insect

PNHOs and CC belong to what one may call

an "aortal complex system". There is an ex-

ception in the collembolan Orchesella kervillei

Denis (cf. Cassagnau & Juberthie, 1967). The

PNHO is here located in the "lateral posterior
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part of the head". Its situation is a bit reminis-

cent of that of the GO in Juliformia (Diplo-

poda) and Symphyla.

In Myriapoda the Gabe organs of Diplopoda

and Symphyla and the cerebral glands (CG) of

Chilopoda are never close to the aorta. In reali-

ty they are a long distance away from it (fig. 1).

PNHOs are located sometimes on each side of

the subesophageal nervous mass of the brain,

sometimes near the optic lobes, sometimes

peripherally near the integument, etc. (Sahli,

1981). The route of the PNHO nerves is conse-

quently very different of that of the NCC I and

NCC II.

2. Release ofsecretion products

As a result of their location, the PNHOs (and
the CG) of Myriapoda do not release their

secretion products into the aorta but into the

hemocoel. It is odd and surprising that even PB

and blood sinus formations (e.g. S 3) located

close or within the sinus wall send at least a part

of their own intrinsic secretory material towards

the GO, via the PB nerve, instead of releasing it

directly into the periesophageal sinus. PNHOs

are not closely associated to a blood sinus in

most of the Myriapoda. Sometimes "blood

vessels" are found in association with the

cerebral gland, as in Chilopoda (Joly &

Descamps, 1968).

3. Protocerebral neurosecretory cells

Basically there are two symmetrical groups of

protocerebral neurosecretory cells in Aptery-

gota (fig. IB): one group called "median cells"

is located on each side of the medioposterior

area of the brain; this part is considered

homologous to the pars intercerebralis in

Pterygota, in spite of the fact that in the latter

the median NSCs lie classically in the forebrain

(viz. the anterior part of the pars in-

tercerebralis) (fig. 1C). The other group called

"lateral cells" is situated in each lateral lobe of

the protocerebrum. NSC axons of the pars in-

tercerebralis give rise to the nervi corporis car-

diaci I (NCC I) (after decussating inside the

brain) on the one hand, and those of the lateral

cells to the nervi corporis cardiaci II (NCC II)

on the other.

In Pterygota the pars intercerebralis is a most

complicated area. NCC I exhibit axons

originating from six different places and NCC

II from three (Grasse, 1975). Only certain me-

dian cell axons decussate in the brain while

others do not (fig. 1C).

In Myriapoda protocerebral NSCs are fre-

quently located near the globuli. In Diplopoda

(Petit & Sahli, 1977) and probably in Chilopoda

as well (see Sahli, 1977) an important group of

NSCs is associated with the globuli I ( = gl I

NSC). In Diplopoda it is situated on the dorsal

and slightly anterior part of the brain. The gl I

NSC axons constitute the GO nerve. In Julidae
the gl I NSCs are numerous and small. Their

axons do not decussate inside the brain (Sahli,

1966). Axons of PNSC giving rise to the GO or

CG nerves never decussate in Myriapoda, as

already stressed by Juberthie & Cassagnau

(1971).

In Chilognatha (Diplopoda) and Chilopoda
NSCs occur also in the mediodorsal part of the

brain (viz. near the globuli III in Julidae). In

Chilopoda they have been considered

Fig. 1. Diagram of the PNS systems in Diplopoda Julida

(A), primitive Apterygota (B) and Pterygota (C). In A two

systems are showed; periesophageal sinus formations and

pathway between paraesophageal bodies (PB) and Gabe

organ (GO) not represented. B is inspired (among others

for the location of m and 1) by Cassagnau (1969) and

Cassagnau & Juberthie (1983). I, gl I NSC; α and β, axons

inside the α and β parts of the GO nerve (not shown); a,

dorsal aorta; 1, lateral neurosecretory cell; m, median

neurosecretory cell; n, axon inside the PB nerve (not

shown); sm, subesophageal nervous mass.
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homologous to the pars intercerebralis of

Pterygota.

In addition few (e.g. 1-3 in Tachypodoiulus)

lateral NSCs occur in each lateral lobe, close to

the globuli II in Chilognatha. In Pterygota the

lateral NSCs are often located near "the globuli

of the corpora pedunculata" (Gabe, 1967) and

their axons run directly to the corpora cardiaca

via the NCC II. Are the lateral NSCs in

Diplopoda and Apterygota homologous? The

question remains open. In Julida axons

presumably originating from the gl II NSC ( =

lateral NSC according to Sahli) and gl III NSC

( = pars intercerebralis NSC?) fuse at the "K"

commissure level (Sahli, 1966) and give rise to

what I named the "TR IV" pathway (= PW

IV; fig. 2); their axons run downwards into the

connective, then into the subesophageal

nervous mass and finally backwards into the

ventral nerve cord. The "K" commissure is

probably a neurosecretory axon chiasma area

(decussating axons were observed by

Holmgren, 1916, at this place). In Symphyla

axons of NSCs of the lateral and posterior lobe

give rise to a pathway homologous to the

Diplnpoda PW IV. This pathway and its PNSC

constitute a PNS system of its own, different

from the PNHO lateral system ( = GO system).

It can be considered a primitive myriapodan (or

arthropodan?) system with its own NHOs, viz.

the connective bodies present at least in modern

Paradoxosomatidae (Prabhu, 1959; Sahli,

1962; Sahli & Petit, 1974).

In Annelida three globuli are present

(Holmgren, 1916) but no evidence could be

provided that NSCs are in the vicinity of the

globuli.

Drawing homologies between the globuli of

different Arthropoda is very difficult and can be

fraught with pitfalls. Homologies made by dif-

ferent investigators are often contradictory.

Are median neurosecretory cells of insects

homologous to the globuli I NSC and their

equivalent in the frontal lobes in Lithobius?

They might well be. But the term "pars in-

tercerebralis" has probably been misused in ar-

thropod literature.

4. Presence or absence of corpora allata

Emphasis must be placed on the fact that

Apterygota and Pterygota always possess cor-

pora allata (CA). They belong to the man-

dibular and maxillar segments (Chaudonneret,

1950). In Collembola they may be distinct

organs; CA are often closely associated with the

PNHOs, what is considered an evolved condi-

tion. CA are always innervated by a nerve (the

nerve of Hoffmann or a branch of it) which

arises from the subesophageal mass. Juberthie &

Cassagnau (1971) underlinethe presence of CA

in Insecta and their absence in Myriapoda. In-

deed no CA have been described hitherto in the

latter. Nevertheless
organs of similar function

might exist in Diplopoda (Sahli, unpubl. data).

5. Components of the corpora cardiaca, para-

esophageal bodies and sinus formations

When the PNHOs possess one or several

secretory cells they are called corpora cardiaca

in Apterygota and Pterygota. But pure PNHOs

on the one hand and "CC" consisting of only
intrinsic secretory cells on the other have also

been named corpora cardiaca in a confusing

way in insect literature. CC are compound

organs in most cases. The axon terminalsof ex-

trinsic NSCs and the intrinsic secretory cells

may either be intermingled or they may
build

up two distinct parts in the same organ. In some

Fig. 2. Diagram of the Diplopoda “PW 4” system (con-
nective not shown): 1, 2, 3, 4, neurosecretory pathways;

III, globuli III NSC; BR, brain; CB, connective body; K,

K commissure ( = an axonchiasma area); L, lateral NSC;

SM, subesophageal nervous mass.
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Diptera independent organs with only (or a

few?) intrinsic secretory cells have been de-

scribed. This has led Normann (1983) to

another concept of CC. He redefines them as

"endocrine glands situated on or near the

cephalic aorta and containing intrinsic NS cells

with hormonal functions". According to several

authors (cf. Gupta, 1983b) the aortal wall,

rather than the CC would be the principal

NHO in many Pterygota, axons from the brain

NSC bypassing the CC. The same situation oc-

curs in Lepismatidae: the aortal wall or the

posterior aortic nerves are the unique or at least

the main storage site.

The location of the paraesophageal bodies in

Diplopoda is strikingly similar to the location of

the CC in the 92-hour embryo of the

heteropterid insect Oncopeltus fasciatus (Dall.) ac-

cording to Mori & Ando (1983).

The components of the PBs and blood sinus

formations (S) are similar. PBs and S possess

both intrinsic secretory cells and some extrinsic

axon terminals (called ax 1 in Julida, Sahli &

Petit, 1973; 1979 and unpubl. data). These ax-

ons may originate from the protocerebral NSC

and run to the PB via the part of the GO nerve

and the PB nerve as illustrated in figs. 1A and

4C. In GlomeridaJuberthie-Jupeau (1973) sug-

gests that the PB may receive PNSC material

via the GO and the PB nerve. If so, some

Diplopoda possess three protocerebral systems:

the "PW IV" system, the basic myriapodan

lateral one (GO) and in addition the "PB-S"

system, reminiscent in some extent of an insect

"aortal complex" system (fig. 1). Besides there

are resemblances between the S2-S3-S4-PB

complex on the one hand and the cir-

cumesophageal complex in the lepismatid Ther-

mobia on the other hand (vide supra). One

(among others) difference between insect and

myriapod systems is that in Insecta all (or near-

ly all) axons end within the aortal complex (sen-
su lato), while in Diplopoda only a few ter-

minate within the PB-S complex, most of them

ending in the lateral GO system.

The presence of extrinsic neurosecretory

axon terminals within the PB-S complex con-

stitutes a morphological basis for the existence

of a neurohemal mechanism controlling PB-S

functions.

Besides intrinsic secretory cells, the PB prob-

ably sends at least a part of its own secretion

products to the GO (fig. 4C), as suggested in

Julidae by Sahli (1966, 1979), Sahli & Petit

(1973, 1979), and Petit & Sahli (1975), in

Glomerida by Juberthie-Jupeau (1973) and in

Paradoxosomatidae by Prabhu (1962).

DISCUSSION

It is worth noting that PB intrinsic cells possess

features in common with neurons and glan-

dular cells. Among others, this is an evidence in

support of Chaudonneret's remarkable theory

(1950, 1978). He supposes that Arthropoda in-

herited two primitive lateral cords from an an-

nelid ancestor. He advances the hypothesis that

the two lateral cords have given rise to most

NHOs and NH-EOs in Arthropoda. The

posterior part of the lateral paired chain is often

lacking. He assumes that neurons of the lateral

ganglions have evolved into secretory cells and

consequently the original ganglions into en-

docrine organs. One can imagine that the

primitive lateral chain has been deeply modified

in evolution: some ganglions have disappeared,

some others fused together, perhaps migrated;

finally their cells have evolved into neuro-

secretory or secretory cells.

In my opinion these cells might have con-

stituted a target area where extrinsic

neurosecretory axons could end. In this way a

protocerebral NH-EO (like PB of'CC, etc.) can

result by close association of neurosecretory

axon terminals with secretory cells originating
in primitive ganglion cells.

Concerning the PNHO nerves and PNHOs

one can choose from several alternatives. One

can for instance assume that some PNHO

nerves have nothing to do with a hypothetical

lateral chain. One can also assume that some

PNHO nerves derive from the longitudinal con-

nective nerves between each primitive

ganglion; in other words that they are parts of a

vestigial cord from which, at least in some
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cases, all the ganglions have disappeared and

neurosecretory axons appeared. In this way

simple PNHOs might result (fig. 3).

In Apterygota PNHOs often look like nerves

and in fact they have been previously described

as such, using the light microscope. This is the

most simple situation. Perhaps the first PNHOs

in arthropods used to look like nerves (fig. 3B).

Chaudonneret (1978) considers that PBs and

CC may be homologous; both may result from

the fusion of several first ganglions (fig. 4 A and

B). Chaudonneret's homology is defensible if

one takes into account only the intrinsic

secretory part of PBs and CC and if one admits

an arthropodan basic "plan of organization". I

would not be surprised if intrinsic parts of CC

and PBs had a same embryological origin.
Another theory has been put forward

(Cassagnau & Juberthie, 1983; Gupta, 1983a).

According to these authors at first only NHOs

occur in Arthropoda. NH-EOs appear as new

distinctive specializations later on; according to

Gupta this hypothesis does not need to invoke

homology and nervous origin of all NHOs

and NH-EOs in Arthropoda. But in

Chaudonneret's opinion (pers. comm.) not all

arthropodan NHOs have derived from a

primitive lateral cord. As an example we can

mention the connective bodies in Diplopoda.
In my opinion the evolution of ganglions into

endocrine organs may be regarded as new

specializations. In addition to these, further

specializations have also occurred, originating

independently from a lateral chain.

Diplopoda lacking PBs are very sensitive to

heat and dry atmospheres (for instance

Chordeumatidae, Craspedosomatidae, Poly-

desmidae). They die quickly under un-

favourable conditions. Perhaps Diplopoda with

PBs are better adapted to dry and/or hot condi-

tions than Diplopoda missing PBs. The

presence or absence of PBs might be in connec-

tion with paleogeographical environmental con-

ditions. Among other functions, PBs (or the

PNSC-PB system) might regulate the water loss

and produce an antidiuretic substance. If so,

the PBs and CC might not only be "mor-

phologically" homologous, but they still have

preserved the same function.

CONCLUSIONS

The location of PNHOs in primitive

Myriapoda may have been similar to that of the

Fig. 3. How a NHO may originate from a hypothetical

primitive lateral cord. Only four ganglions (g) are shown

(A); they disappear (B, C, D) and neurosecretory axons

(arrows) appear into the remainingnerve. B represents the

most simple situation in modern arthropods.

Fig. 4. A: Diagram of the primitive lateral (L) and main

(M) cords.

B: Possible evolution in Myriapoda. Only the left half is

shown. The four first lateral ganglions fuse and give rise to

the PB (or CC), the fifth (mandibular one) disappears, the

sixth and seventh fuse and give rise to the GO (or CA); p,

primary connection; s, secondary connection between the

protocerebrum and the GO.

C: 1, PB system; connection 1 corresponds to the
p one in

B (sinus formations not shown); 2, GO (myriapodan

lateral) system in Diplopoda; connection 2 corresponds to

the s one in B; 3, additional connection between PB and

GO which is not exhibited in B; BR, brain.

A and B: courtesy of Prof. J. Chaudonneret, C: after the

author’s point of view.
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GO in modern Juliformia (fig. 5A), i.e. an

organ located far behind the brain ( = extended

type), almost in a ventral position, on either

side of the subesophageal mass, perhaps in-

nervated by several metameric nerves arising

from it and near bundles of tracheae. In

Myriapoda, we can tentatively suggest the

scenario illustrated in fig. 5.

PBs, if present, have occupied a constant

position in all groups. Unlike PBs (linked to

sinus formations in some groups) the PNHOs

have migrated upwards and forwards toward

the brain with a reduction of GO nerve length.

This leads to a condensed type (fig. 5B, C, D):
the PNHO is now near the brain as in

Polydesmidae, Trizonia, Glomerida and

Chilopoda.

After the migration of the PNHO toward the

brain, PNHO and PB are now directly con-

nected by the PB nerve as in Glomerida and

Callipodida. In Paradoxosomatidae, as a result

of this condensation, the majority of the PB

nerve has become incorporated into the brain

(fig. 5D) but in spite of this "cerebralization"

the PB has not moved away from its old loca-

tion.

Unlike the PNHOs of all other Myriapoda
that of all Chilopoda possess intrinsic secretory

cells. Where do they come from? We know that

in Scolopendra the Tomosvary organ of Heymons

(1901) is the frontal organ of Holmgren (1916)
which is the cerebral gland of Fahlander (1938)

and more recent authors. According to the data

of Heymons (in Scheffcl, 1961), the formation

of the cerebral glands and the frontal lobes are

closely connected in Scolopendra. Ectodermal

cells from the hypodermis in the vicinity of the

frontal lobes migrate into the cerebral glands.

During embryonic development further

hypodermal cells continuously migrate into the

cerebral gland "Anlagen". These cells may

represent the secretory part of the cerebral

gland. The "Anlagen" may constitute a target

area (cf. Mori & Ando, 1983) for PNSCs.

Perhaps something like a nerve growth factor

(NGF) exists in Arthropoda. The cerebral

gland may result from the fusion of the

secretory cells with a PNHO. The great last

new event in the evolution of the PNS system in

Myriapoda is the acquisition of a NH-EO in

Chilopoda. The extrinsic neurohemal part of

the CG belongs to the myriapodan lateral

system. By reason of Heymons' data one can

assume that the intrinsic secretory part of the

CG is a new acquisition and therefore a

chilopodan specialization (sensu Gupta) and

that this part does not derive from some

primitive annelid ganglions.

In comparison with Symphyla and

Diplopoda an important change occurs in

Chilopoda: endocrine cells are fused with the

PNHOs and there are no PBs. On the other

hand, the cerebral gland nerve receives axons

from the "pars intercerebralis" (Jamault-

Navarro & Joly, 1977; Jamault-Navarro, 1981).

Such axons do not occur in the GO nerve.

Diplopoda and Symphyla develop a PNSC-PW

4 system, absent (or most rudimentary?) in

Chilopoda. There are three protocerebral

neurosecretory systems in some Diplopoda and

apparently only one in Chilopoda.
There is probably a common basic plan to

PNHOs/PNH-EOs in Arthropoda. From this

plan several major patterns have derived: for

instance an apterygote pattern (to the exclusion

of Lepismatidae?), a pterygote pattern, and a

myriapod pattern. The myriapod pattern can

be subdivised into two (one symphylan-

diplopodan and one chilopodan) or four (one

symphylan, two diplopodan and one

chilopodan) subtypes.

Fig. 5. Myriapodan GO and PB systems. A: GO extended

type in Tachypodoiulus; B, C, D: condensed type (after the

GO has migrated upwards) in Callipus, Glomeris and Ox-

idus, respectively; br, brain; co, connective.
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There is an important gap in our knowledge
of neurohemal organs. In Myriapoda for in-

stance we lack investigations on Pauropoda and

numerous orders and families in Diplopoda.

This study supports the view that Myriapoda

and Hexapoda may
have a common ancestor,

as for instance stressed by Manton (in Dohle,

1974, her fig. 4, p. 196). Concerning

Chilopoda, Dohle's standpoint (1974, his fig. 2,

p. 192) is not incompatible with the ideas

developed in the present paper. Although it

may be an old-fashioned view, it is likely that

Arthropoda originate from one (or several)

annelid ancestor(s), as assumed by many

zoologists, like for instance Vandel (1949) or

Grasse (1973).
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