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Badania morfologiczno-systematyczne nad Collembola
III. Chetotaksja ciala najmlodszych stadiéw u kilku rodzajow Entomobryomorpha

Mopdonoro-cacremaTudeckue mccnemosauua uap Collembola

* III. Xerorakcus Tena HAYANbHBIX CTAfHii Pa3BHTHA y HECKOIBKHX ponoB Entomobrymorpha

Abstract. A description of the chaetotaxy of body in the first instars of Isotomurus
palustris (MULL.), Isotoma viridis BourL., Tomocerus (Pogonognathellius) flavescens (TULLB.),
Orchesella flavescens BOURL., O. bifasciata N1c., Heteromurus nitidus WANKEL, Entomobryoides
myrmecophila (Reut.), Willowsia buski (LiuBB.), Lepidocyrtus curvicollis BOoURL., Pseudosinella
alba (PAck.) and Cyphoderus albinus NIc. is given. An attempt has been made to deduce the
chaetotaxy of all the tergites from an initial pattern composed of 3 rows of 7, 7 and 6 setae,
i. e., the pattern characteristic of most members of the Poduromorpha, and to homologize the
setae of the genera under study with those of the Poduromorpha. A close homology of the setae
has been established in the Entomobryidae s. 1., which indicates the monophyletism of this
group, and a close affinity has been demonstrated between the genus Cyphoderus Nic. and
the Entomobryidae s. 1.

INTRODUCTION

The Entomobryidae s. 1. are certainly the most advanced group in the
evolution of the Collembola Arthropleona. This is indicated, e. g., by their greatly
heteronomic metamery of body, their passage to atmobiotic ways of living
and the morphologic adaptations connected with it, and their colonization
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of different habitats, not excluding extremely dry ones. Evidence of this fact
is also given by the marked differentiation of the setae in respect of both their
shape (probably also their function) and their arrangement on particular tergites.
The arrangement varies also from genus to genus and even from species to species,
and constitutes an important taxonomic character.

. The relatively poor diversity of chaetotaxy in the Poduromorpha, especially
in the Hypogastruridae s. 1., renders the homology of the setae within this group
easy to observe and it was already described comparatively long ago (cf. SNIDER,
1967). This is not the case in so far as the Entomobryomorpha are concerned;
nobody has hitherto dealt with this problem in the Isotomidae, probably because
of the limited taxonomic application of chaetotaxy in this family, and only
a few studies have been made on the homology of setae and the evolution of
chaetotaxy in the Entomobryidae. These are as arule studies given to the homology
of setae and their evolution within one genus or, at the most, a group of closely
related genera (e. g., GISIN, 19672, b; SNIDER, 1967) and concern exclusively
their imagines.

Studies on the evolution of chaetotaxy must be based on the fixed homology
of the setae. Its determination, however, seems to be impossible for adult
Entomobryomorpha because of the vast diversity of the patterns of setae in
this group. This purpose may possibly be achieved by investigation of the
postembryonic development of chaetotaxy. This method gave excellent results
in acarology, but has hardly been used in studies on the Collembola (SZEPTYCKT,
1969). The present paper on the chaetotaxy of the first instars is a report of
the initial stage of such studies.

In this paper I diseuss the chaetotaxy of the first instars, i. e., specimens
which having emerged from the eggs have not yet gone through a moult, belong-
ing to the following species: Isotoma viridis BoURLET 1839 and Isotomurus
palustris (MULLER 1776) of the family Isotomidae, Tomocerus (Pogonognathellus)
flavescens (TULLBERG 1871) of the family Tomoceridae, Orchesella flavescens
BoURrLET 1839, O. bifasciata NicoLET 1841, Heteromurus witidus (TEMPLETON,
1835), Entomobryoides myrmecophila (REUTER 1886), Willowsia buski (LUBBOCK
1869), Lepidocyrtus curvicollis BOURLET 1839 and Pseudosinella alba (PACKARD
1873) of the family Entomobryidae s. 1. and Cyphoderus albinus NICOLET 1841
of the family Cyphoderidae.

Three of the species mentioned, Entomobryides myrmecophila (REUT.),
Pseudosinella alba (PACK.) and Cyphoderus albinus N1c., come from the material
collected by Docent Dr J. WISNIEWSKI at Zielonki near Poznan during his
studies on anthills of Formica polyciena FORSTER (WISNIEWSKI, 1967), whereas
the specimens of the remaining species were obtained by laboratory breeding.
For breeding I used glass tubes filled with a mixture of gypsum and charcoal
according to HALE (1965). All the specimens reared were derived from Ojcow
near Cracow. Preparations were mounted in glycerine at first and, later, in
SwAN’S fluid after NosEK (1969); some preparations were stained with Chlorazol
Black A.
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I wish to express my hearty thanks to Prof. dr. J. RAFALSKI for his detailed
criticism of this paper in typescript, to Docent Dr. J.WiSN1EWSKI for the delivery
of his rich materials of Collembola, and to the workers cf the Biological Station
of the Institute of Systematic and Experimental Zoology, Polish Academy of
Sciences, at Ojeow for their help in the breeding of the specimens.

THEORETICAL ASSUMPTIONS

In order to render the sensible discussion of the homology of setae within
the order Collembola possible, it is necessary to make some assumptions concern-
ing the evolution of this order, especially the morphologic evolutior of chaetotaxy.
These assumptions seem to be generally accepted, but they have not, as yet,
been clearly expressed.

It must be assumed first of all that the evolution of the Collembola proceeded
from more homonomic forms to more heteronomic ones, hecause they certainly
derive from the primitive Atelocerata, which resemble recent myriapods in
metamery, and the Poduromorpha, considered to he more primitive also for
some other reasons, are characterized by a more homonomic metamery. Moreover,
the evolution from more homonomic forms to those being more heteronomic
occurs with small exceptions in most arthropods. In the Collembola the secondarily
homonomic forms living in the soil (e. g., Tullbergia LUBB., Isotomodes AXELS.,
Yosiiella HUTi.) are an exception in this respect. This phenomenon, however,
never leads to the origin of fairly large systematic units, but may only favour
the preservation of some primitive characters. The Collembola are undoubtedly
a monophyletic group, as evidenced by a number of surprisingly uniform struct-
ural details such as their peculiar leaping apparatus, the almost identical structure
of the antennae and eyes, the chaetotaxy of the labrum, ete. _

Since in the insects with homonomic segmentation, e. g., the Protura or
larvae of holometabolic insects, the chaetotaxy recurs at most with slight
changes on the successive segments, it may be supposed that the chaetotaxy
of the hypothetical ancestor of the Collembola was also remarkably homenomic.

The homonomic metamery of the Collembola is disturbed, above all, by the
reduction of the appendages on abdominal segments IT and V and their great
transformation on segments I, IIT and IV. The formation and development
of the leaping apparatus brings about the increasing integration of the abdomen,
particularly conspicuous in the Entomobryidae s. 1., expressed by the reduction
(narrowing) of tergites I, IT and V accompanied by the marked enlargement
of tergite IV. In all the Collembola there occurs a reduction of thoracic segment I,
which leads to the complete reduction of its tergite in the Entomobryomorpha.

The morphologic evolution of chaetotaxy consists chiefly in two phenomena,
namely, in changes of the shape of setae and in changes of their arrangement.
Evolutionary changes in the shape of setae are difficult to investigate, because
the setae are very poorly differentiated in most Poduromorpha, whereas the
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differences between them are already distinet in the Entomobryomorpha, and
there are no transitional forms in the material examined. Moreover, this problem
needs closer knowledge of the morphology and function of different types
of setae. For this reason I shall only touch on it perfunctorily in this paper
The changes in the arrangement of setae are of the greatest importance to my
considerations. They express the changes to which the whole segment, or more
strictly its shape, has been subjected, being independent of the direct influence
of environment. For closely related species living in very different ecological
conditions have, for the most part, very similar chaetotaxy, which may be
exemplified by the fact that in the studies on cave species chaetotaxy is regarded
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Fig. 1. Setal map of the chaetotaxy of thoracic tergites of Hypogastruridae (after THIBAUD,

changed). A — Ceratophysella bengtssoni (AGR.); B — Schaefferia coeca Cass.; C — Sch. willemi

(BoxgT); D — Mesogastrura ojcoviensis Stacu; E — Mesachorutes quadriocellatus ABS.; a —
normal setae, b — sensory setae, ¢ — missing setae
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as a ,,cave independent character” (CHRISTIANSEN, 1961). Thus, the arrangement
of the setae observed on each segment is a modification of the original pattern
and all the diversity of arrangement in particular segments can be reduced
to one initial pattern. In addition to the phylogenetic homology of setae, i. e.,
the homology of the setae derived from a seta of the common ancestor, we may
also deal with their serial homology, that is, the homology of the setae on different
tergites derived from the setae recurring in the homonomic chaetotaxy of the
initial form. Since the meso- and metathorax, as said above; underwent the
smallest changes in the evolution of the Entomobryomorpha, it may be supposed
that also the chaetotaxy of these segments shows the smallest changes.

In order to analyze the repeatedly described arrangement of the setae
on the thorax in the Hypogastruridae I shall use the drawings presented by
THIBAUD (1967) in his paper, which contains descriptions and drawings of the
chaetotaxy of 5 species: Ceratophysella bengtssoni (AGREN 1904) (Fig. 1B),
Schaefferia coeca CASSAGNAU 1959 (Fig. 3B), Sch. willemi (BoNET 1930) (Fig. 4B),
Mesogastrura ojcoviensis STACH 1918 (Fig. 5B) and Mesachorutes quadriocellatus
ABsoron 1900 (Fig. 5D). By complementing the patterns of chaetotaxy of
individual species with the setae which do not occur in them but are present
in the other species we obtain a ,synthetic chaetotaxy* (setal map) (Fig. 1).
It consists of 3 rows (a, m, p) of 7, 7 and 6 setae, my designations differing
somewhat from those used by THIBAUD, i. e., the lateral s.s. is marked with
the symbol m7 instead of m6 and the s.s. in the row p is designated as p4.
The thoracic chaetotaxy of other hypogastrurids and probably that of most
Neanuridae can be reduced to the same pattern too (cf. e. g. Yossi, 1961; HUTHER,
1962; GAMA, 1969).

As the arrangements of setae extremely similar to this pattern recur in
systematically remote species, e. g., in Tullbergia krausbaueri BORNER 1901
(Onychiuridae), Uzelia setifera ABSOLON 1901 and Yositella mira HUTHER 1967
(Isotomidae) (YossI, 1961, Abb. 14, 17; HUTHER, 1967, Abb. 1) and also in the
first instars of Isotoma wiridis BourRL. (Pl. XXX, 2) and Isotomurus palustris
(MULL.), (Pl. XXXX, 1), I assume the arrangement of 74746 setae to be
the initial pattern of chaetotaxy for all the Entomobryomorpha.

ELEMENTS OF CHAETOTAXY IN ENTOMOBREYOMORPHA

On the surface of the tergites of the Entomobryomorpha there occur pseudo-
pori and different types of setae. The pseudopori, described by GISIN (1963)
from the members of the genus Pseudosinella SCUAFF. (GISIN, 1963) and later
found in Lepidocyrtus BoURL. (GisiN, 1963) and Seira LUBB. (GAMA, 1964),
are certainly commoner structures than might be inferred from  literature.
In my material I found them in Orchesella TEMPL., Tomocerus N1c. and Cypho-
derus N1c. and most likely they occur also in the remaining genera, because
even in the species in which they have been observed they are not always
well seen. I shall not deal with these structures in the further parts of my study.
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I have distinguished two main groups of setae, setae proper, further termed
setae for short, and setulae. Different types of setae may replace each other,
i. e., they may be homologous with each other, whereas none of the types of
setae ever replaces setulae or is replaced by them. For this reason setulae are
regarded as a distinet group of structures.

Setulae are fine hairlike or spinous structures, as a rule, smaller than micro-
chaetae and refracting light in a different manner. They seem to occur in all
groups of the Arthropleona, as they have been observed in various genera,
Willemia BORN. (HUTHER, 1962), Ceratophysella BORN. and Hypogastrura
BourL. (ELLis, 1967) of the family Hypogastruridae, Anurida LAB. (HUTHER,
1964) of the Neanuridae, Onychiurus GERV. and Mesaphorura BORN. (ELLIS, 1967)
of the Onychiuridae, and Micrisotoma BELLING. (BELLINGER, 1952), Tetracanthella
ScHOTT (CASSAGNAU, 1959), Sensiterga MurpHY (MUrPHY, 1959), Isotomodes
LINAN. (GAMA, 1963) and Yosiiella HUTH. (HUTHER, 1967) of the Isotomidae.
They have also been recorded from a number of genera belonging to the Entomo-
bryidae s. 1., namely, Orchesella TEMPL. (STACH, 1960), Lepidocyrtus BOURL.,
Pseudosinella SCHAFF. (GISIN, 1967 a, b), Microfalcula BETscH & MASS. (BETSCH
& MassouD, 1968) and Entomobryoides MAYN. (SZEPTYCKI, 1969). Setulae were
described as ,fine hairs“ (BELLINGER, 1952), ,sensillae“ (CASSAGNAU, 1959;
Briis, 1967), ,,thin-walled sensillae“ (MURPHY, 1959), ,Mikrosensilen“ (HUTHER,
1962, 1964), ,sensory hairs® (STAacH, 1960), ,,petites soies” (BErsch & MASSOUD,
1968) and ,,smooth microchaetae* (SNIDER, 1967; SzEFTYCKI, 1969). They occur
in varying numbers in all the species examined.

The chaetotaxy of each segment is distinguished by three characters, that
is, the composition of setae and setulae, their shape and arrangement.

The differences in the composition of setae consist chiefly in the extremely
frequent reduction of some setae and setulae. On the other hand, setae which
have no homologues in other species or on other tergites (accidental setae)
appear relatively rarely. Accidental setae generally appear in the proximity
of common setae and for this reason I call their appearance a duplication of
common setae without going into its histological mechanism. The duplication
leads to the formation of two microchaetae (represented by the abbreviation
,du“ in tables) or a macrochaeta and a microchaeta (represented by ,MA -
in tables). Duplication occurs also among setulae; here, however, accidental
setulae independent of the common ones appear, in addition, very often.

The differences in the shape of setae discussed in this paper concern only
the setae proper. Although the setulae are also differentiated in respect of
both their shape and the strength of light refraction, these differences are
rather hard to determine closely. Classification of setulae thus needs more
precise instruments than the optic microscope.

The common setae are divided into four categories: microchaetae (repre-
sented by the abbreviation ,mi“ in tables), scales (sc), macrochaetae (M\)
and trichobotria (T). Microchaetae, scales and trichobotria are analogous withthose
in adult specimens and have been described repeatedly (e. g., STAcH, 1960;
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SNIDER, 1967). These setae are very much alike in all the species examined, only
the microchaetae of Tomocerus N1c. differ somewhat from those in the other genera..

The macrochaetae have, however, developed differently in different families.
In both genera of the family Isotomidae they are pointed and practically do
not differ in shape from the microchaetae, only that they outsize these last
by several times. In Tomocerus Nic. they are dagger-shaped, in Cyphoderus
Nic. relatively short and broadened in a clublike manner. In the remaining
genera they do not differ in shape from the macrochaetae of adult Entomobryidae
(Sracr, 1960, 1963; SNIDER, 1967). The types of setae are illustrated in Fig. 2.

Fig. 2. Setae and setulae of Entomobryomorpha. A — Isotoma viridis BoUurL.; B — Tomocerus
(Pogonognathellus) flavescens (TULLB.); C — Orchesella flavescens (BourL.); D — COyphoderus
albinus Nic.; MA — macrochaetae, mi — microchaetae, s — setulae
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Finally, the last character of chaetotaxy is the arrangement of setae and
setulae, in which two elements are distinguished: transverse rows and longitudinal
columns. The initial pattern is composed of 3 rows, homologous with the corres-
ponding rows in the Hypogastruridae and, as in this family, designated with
the letters a, m and p, and seven columns. As is the common practice in the case
of the Hypogastruridae, each seta is marked with a letter indicating the row
and a figure symbolizing the column. Changes in the pattern of setae are most
conveniently described by giving the changes in the shape of the rows and
columns. A very characteristic trait of chaetotaxy, recurring with only small
changes in a number of genera is the set of setae a6, a7, m6 and m7. I call this
group, probably homologous with the ¢ group of setae in Xenylla TULLB.
(GAaMA, 1969), a quadrangle.

The arrangement of setulae is much less regular than that of setae and,
besides, accidental setulae occur here very often. However, some common setulae
can also be distinguished. A group of 1—3 setulae inside the quadrangle, further
called anterolateral setulae (al), and the setulae associated with the setae of the
row p, designated as accessory p (acc.p), are the commonest. I denote them
by the numbers of the setae p by which they occur. On some segments there
is also a single setula between a2 and a3, and this will be termed the anterosub-
medial setula (as).

CHAETOTAXY OF ISOTOMIDAE

The chaetotaxy of the Isotomidae (Figs. 3—4, Tables I—II; Pl XVI)
is marked by a great number of primitive characters and it constitutes a link
connecting the Hypogastruridae with the more advanced Entomobryomorpha.

Thorax. The most primitive chaetotaxy of all the species examined is
certainly that observed on the metatergum of Isotomurus BORN. (Fig. 3, Pl
XVI, 1). From the hypothetical initial chaetotaxy it differs only in that
it lacks the seta m4, which after all is present on the mesotergum, and from the
complete chaetotaxy of the Hypogastruridae in its different arrangement of
the lateral setae, which form a quadrangle, missing in the Hypogastruridae,
and also in the presence of the setulae acc.p. The homology of the setae with
the corresponding ones in the Hypogastruridae is striking. The chaetotaxy
of both thoracic tergites is nearly identical. The arrangement on the mesotergum
is somewhat more changed than that on the metatergum; it shows some bends
in the rows and slight differences in the composition of the setae.

The thoracic tergites of Isotoma Bourl. (Fig. 4, P1. XVI, 2) have chaetotaxy
very similar to that of Isotomurus BORN., only that the rows are much more
deformed, the setae are distinctly differentiated into micro- and macrochaetae,
and there are some differences in the composition of the setae and setulae.
These differences do not obscure their clear homology after all.

- Abdomen. The chaetotaxy shows some major differences between Isoto-
murus BORN. and Isotoma BOURL. and for this reason these two genera will
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be discussed separately. Abdominal tergites I, II and V are strongly narrowed,
which has changed the initial pattern to a high degree. The serial homology
is very well seen on both tergites in each species, whereas the homology of setae
between these genera is more difficult to determine. Tergites III and IV are
far less narrowed and, as a result, their threerowed pattern generally remains
undisturbed. On both these tergites m6 is duplicated and, in addition, p7,
which has no serial homologues on the previous tergites, is present. A large
group of lateral setae is situated externally to column 7 on tergite III. The
regular arrangement is disturbed, besides the above-mentioned accidental
setae, by the lack of some setae and the deformation of the rows.

Isotomurus BORN. (Fig. 3; Pl. XVI, 1). The chaetotaxy of the first two
abdominal tergites of this genus is undoubtedly more primitive than it is in
Isotoma BOURL. Fig. 4; (Pl. XVI, 2 ). The three-rowed pattern is not, as yet,
completely disturbed, although the disappearance of many setae and the heavy
distortion of some columns, owing to which the setae of the row m enter into
row p, make the homologization of the setae very difficult. The arrangement
of setulae, very distinct on tergite II, is helpful in this respect. There are 6 setulae
here, 5 of which may be homologized with the setulae of the acc.p group. This
fact allows the determination of homology of the setae of the row p from p3
to p6. The remaining setula is certainly homologous with one of the setulae
al, which verifies the homology of column 6. On the assumption that 5 setae
are lacking (see Table I) and so is column 7 on tergite I, the arrangement be-
comes quite clear.

On tergite 111 the serial homology in relation to the previous tergites is
nearly completely obscured. The regular pattern is disturbed only by the above-
mentioned accidental setae and the reduction of some setae. The seta pI has
developed into a macrochaeta and m2 into a trichobotrium. The setulae, from
acc.p3 to ace.pb are present, the last one being duplicated. The position of both
the setulae acc.p6 is clearly changed as compared to that on the previous
tergites, they both lie internally to the seta p6.

The chaetotaxy of abdominal tergite IV is heavily disturbed, chiefly by
a bend in the row p, resulting in the position of the seta p4 behind p3; a more
or less analogous situation occurs on the mesothorax of Isotoma BoURrL. (Fig. 4;
Pl. XXXX, 2). The setae a4, a6 and p6 have developed into macrochaetae,
p3 into a trichobotrium. In the posterior part of the tergite there are 4 setulae:
two ace. p6, situated, as on tergite ITI, internally to p6, and two others of ob-
scure homology; one of them perhaps corresponds with ace. p4. One setula
as occurs in the anterior part.

Abdominal tergite V is strongly narrowed and its chaetotaxy very much
resembles. that of the first abdominal segments. Some small differences exist
in the shape and composition of the setae. Two lateral setae, perhaps serially
homologous with the corresponding setae on tergite III, occur externally to
column 7. There are, besides, 7 setulae of dubious homology.

Isotoma BovrL. (Fig. 4; Pl. X VI, 2). The initial chaetotaxy on the first
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abdominal tergites is nearly completely disturbed. Only the homology of columns
5, 6 and 7 is unquestionable. The columns situated farther to the inside have
undergone a great transformation, namely, they are oriented obliquely to the
body axis and, besides, many setae have been reduced. The correctness of the
homologization is confirmed by the occurrence of the arrangement on tergite
III, which is undoubtedly serially homologous with column 4 but less obliquely
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Fig. 3. Setal map of the chaetotaxy of Isotomurus palusiris (MULL.). a — microchaetae, b —
macrochaetae, ¢ — trichobotria, d — setulae, e — missing setae, f — setae of incertain homology,
g — duplication of setae

situated. The setula ace.p4 and an accidental setula between p5 and p6 occur
on both tergites and, in addition, acc.p6, acc.pd, al, and one accidental setula
external to m6 on tergite II.

The homology of the setae on tergite III with those on tergite II is not so
much obscured as it is in Isotomurus BORN. Here column 3 is lacking completely,
but the macrochaetae are analogous. The setulae ace.p4, acc.ps, and two
acc.p6 are present.

The serial homology with the previous tergites is nearly entirely obliterated
on tergite IV. Its only elements are the macrochaetae m2 and mé and the dupli-
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Table I

The chaetotaxy of Isotomurus palustris (MGLLER 1776)

TEhi AL | Th. IIT ] Abd. I 1Abd. II | Abd. III } Abd. IV | Abd. V
al mi mi mi mi mi mi mi
2 mi mi S e mi mi L2
3 mi mi mi mi mi mi mi
4 mi mi mi mi mi MA MA
) - mi mi mi mi mi mi
6 mi mi mi mi mi MA mi
7 mi mi — mi mi mi mi
ml mi mi = — e mi —
2 mi mi mi mi i — MA
3 mi mi — —_ mi mi mi
4 mi mi — — — mi mi
5 mi == mi mi mi mi MA
6 mi mi mi mi du du mi
7 mi mi — mi mi mi mi
pl mi mi mi mi MA mi mi
& mi mi - — — mi —
3 mi mi mi mi mi T mi
4 mi mi mi mi mi mi -
) mi mi mi mi mi mi e
6 mi mi mi mi mi MA —
7 — — - — mi mi mi
setulae: :
as — — === == — S e
al 2 — 1 il —— —— —
ace. p3 + + — + A e ?
4 + + o i =+ ? ?
) + + i v + ? ? |
6 du du -+ du du du ? r

mi — microchaeta; MA — macrochaeta; T — trichobotrium; du— duplication (two mi-
crochaetae or two setulae).

:ation of m6. The chaetotaxy of this tergite very much resembles that on tergite
IIT in Isotomurws BORN. (Fig. 3; PL. XVI, 1), from which it differs only
in the lack of some setae and the different distribution of the macrochaetae.
The setulae ace.p? — acc.p6 are present, acc.p4 and acc.p6 being duplicated.

The chaetotaxy of tergite V, as in Isofomurus BORN., exhibits distinct
homology with the first abdominal tergites. Column 3 is quite reduced, as on
tergite III. The setula as is in its normal position, other setulae are lacking.

The 1e1&t1vely large number of primitive characters of the chaetotaxy in
Isotomurus BORN. is striking. They are the small number of macrochaetae,
which here oceur only on abdominal tergites IV and V, the very regular arrang-
‘ement of setae on the thoracic tergites, the traces of the three-rowed pattern
of setae on the first abdominal tergites, and perhaps the relatively large number
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I'ig. 4. The setal map of the chaetotaxy of Isotoma viridis BOURL. (symbols as in fig. 3)

of setulae of the group acc.p. On the other hand, the presence of trichobotria
on abdominal tergites IIT (m2) and IV (p3) is certainly a progressive character.
The homology of the first of them with the trichobotria of the other Entomo-
bryomorpha deserves special emphasis; the other one, however, seems to have
no homologues in the other genera examined. It is by all means an interesting
fact that the distribution of the macrochaetae on abdominal tergite IV is similar
in the first instars of Isotomurus BORN. and cretaceous Protentomobrya walkeri
Forgom 1937 (cf. DELAMARE & MAssoup, 1968, Fig. 2B).

In contradistinction to the previous genus, the chaetotaxy of Isoloma
BoURL. is marked by a large number of progressive characters. Thege are, above
all, the distinct differentiation of the setae into macro- and microchaetae and
the complete obliteration of the three-rowed pattern of setae on the first abdom-
inal tergites. The lack of trichobotria is a clear primitive character. It cannot
be decided now whether the small number of setulae of the acc.p group is
a primitive character or whether it is due to a secondary reduction of the ori-
ginally larger number. It should be emphasized that the macrochaetae on the
first abdominal tergites are homologous with those in T'omocerus N1c. and many
members of the Bntomobryidae s. 1. However, it may well be that this homology
results from ‘a parallel evolution.
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Table II

The chaetotaxy of Isotoma wviridis BourLET 1839

3 | Th. II | Th. ITI Abd. I ] Abd. II [ Abd. III ] Abd. IV | Abd. V

al MA MA £ San mi mi mi | mi

2 MA MA - — — mi -

3 MA ' MA mi mi — — —

4 MA g mi mi mi mi —

5 —— —- — mi mi —_ -

G mi il mi mi mi - mi

7 MA MA —— mi mi mi mi

ml MA MA s il e mi —
3 2 mi mi MA MA MA MA MA
| 3 — mi S — — mi -
9 4 mi mi MA MA MA mi MA
5 mi — MA MA. MA MA MA
6 i MA MA mi mi du du MA

7 MA MA — mi mi mi mi

pl MA MA - = mi mi

2 MA MA — E — =

3 MA MA —_— — = mi —

4 MA MA mi mi mi —_ mi

5 MA MA mi mi mi mi mi

6 MA MA mi mi e mi mi

7 — - — ——— mi mi mi

setulae:

QS L e s e e == — -+
al 0 2 - 1 S e P
acc. p2 — e g0 = e o o

3 = — —- — - + —

4 — + | o 4 + + =

i ’ ol } i L du -

6 il 5 f - + du du ==

The abbreviations as in Table TI.

CHAETOTAXY OF TOMOCERUS (POGONOGNATHELLUS) FLAVESCENS
(TuLLBERG 1871)

The chaetotaxy of Tomocerus N1c. (Fig. 5; Table III; P1. XVII, 1) is clearly
different from that of both the Isotomidae and Entomobryidae. In some respects,
however, it is transitional between the chaetotaxies of these two families.

Mesothorax. Interpretation of the chaetotaxy of this tergite is difficult
not only owing to the arrangement, different from that in the Isotomidae, but
also because there are marked changes in the composition of the setae. The
setae al, a3, ab, md, p3 and pH are duplicated, the quadrangle is well seen, and
there are three setulae el. In the vicinity of the seta a3 there are 2 setulae,
of which the internal one is most likely homologous with the setula as. There
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is still one setula in the proximity of the microchaeta pd and three other ones
near the macrochaeta pd, but their homology is ditficult to determine.

Metathorax. The chaetotaxy on this tergite is relatively least changed
and the arrangement of the setae very much resembles that on the mesothorax
in Isotomurus BORN. (Fig. 3; Pl. XVI, 1), which facilitates the homologization
of the setae. The changes in the composition are the lack of some setae (Table 11I)
and the duplication of the seta a3. The quadrangle is incomplete (a7 missing)
but distinct. There is one setula al, and, in addition, the setula as, acc.pd and
two acc.p6 situated as in Isotomurus BORN. Serial homology appears most
distinet in the shape and arrangement of the setae of the row p.
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Fig. 5. The setal map of the chaetotaxy of Tomocerus (Pogonognathellus) flavescens (TULLB.).
(symbols as in fig. 3).

Abdominal tergites I and II. The chaetotaxies of these tergites are
very much alike and, at the same time, very similar to that in Isotoma BOURL.,
which makes the homologization of the setae easier. As in Isotoma BOURL.
(Fig. 4; P1. XVI, 2), the whole system has been narrowed, the setae of the
row m nearly go in between the setae of the row p, and column 4 is oriented
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obliquely to the body axis. As in Isotoma BOURL. also, the setae m2, m4 and méb
have developed into macrochaetae. Both tergites bear the setulae acc.p4 —
acc.pb and, besides, abdominal tergite I has acc.p2 and tergite IT one setula
al and one accidental setula situated between m4 and mé, anteriorly to the row m.

Table IIT

The chaetotaxy of Tomocerus (Pogonognathellus) flavescens (TULLBERG 1871)

L Thi Tl Tho Wil | Abd ST RERADATTT [ Ahd e T A" TV
|
al (R mi mi mi mi mi
2 mi mi —— —— mi mi
3 MA + du mi mi — (e
4 — mi mi — — S
5 MA + mi —— — T i
6 mi mi mi mi mi mi
7 mi —_ e mi mi mi
ml e —- — —— mi mi
2 mi mi MA =L MA T
3 —— — — e mi —
4 mi mi MA MA — mi
5 du MA MA MA du mi
6 MA mi du mi MA -+ MA +
7 mi mi - — mi mi
pl mi mi mi mi — mi
2 MA MA — - MA mi
3 du mi —— mi — mi
4 MA MA mi mi mi mi
5 MA + MA mi mi mi i
6 mi mi MA mi mi MA
7 e — — — mi mi
setulae:
as + + o= == = —
al 3 1 - 1 — —_—
acc. p2 - — + ek ik i
4 — - S = = e
5 ? | - + 8 ? ?
6 + I + 0 + ?

MA 4 — duplication, macrochaeta and microchaeta; remaining abbreviations as in Table I.

Abdominal tergite ITI. The arrangement of setae on this tergite shows
very close similarity to the arrangements on abdominal tergite IIT in Isotomurus
Borx. (Fig. 3; PL. XVI, 1) and on tergite IV in Isotoma BouUrL. (Fig. 4;
Pl. XVI, 2). Asin those genera, it is changed chiefly by the somewhat oblique
position of column 2 and an increase in the space between columns 1 and 2 in
the anterior portion of the tergite. There are 5 lateral setae situated externally
to column 7, probably homologous with the corresponding setae in the Isoto-
midee. The setae md and m6 are duplicated. There are 9 setulae, which I failed
to homologize. :
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Abdominal tergite IV. The pattern of setae has been changed mainly
by the displacement of columns 1 and 2. An additional microchaeta, situated
medially (quite an exceptional character among Entomobryomorpha), and two
lateral microchaetae are present. The seta m6 is duplicated. There are numerous
setulae of undeterminable homology.

Abdominal tergite V has its chaetotaxy quite different from those
described above. It has 1 macrochaeta, 10 microchaetae and about 10 setulae.
No homology can be determined.

The chaetotaxy of Tomocerus Nic. shows a number of specific characters,
accompanied by both some primitive characters of the Isotomidae and some
characters of the more advanced Entomobryomorpha. The specific changes
are, in the first place, the changes in the composition of the setae, e. g., numerous
duplications on the mesothorax and the presence of quite a number of accidental
setulae. Tomocerus NIC. is related to the Isotomidae by its little changed ar-
rangement of setae on the metathorax and the situation of the first abdominal
tergites, very similar to that in Isotoma BOURL. The presence of the setula as
on the thoracic tergites may also be a primitive character. The bend in the row
a on the mesothorax forms a distinet transition between the regular arrangement
in the Isotomidae and the greatly changed one in the Entomobryidae s. 1. To this
last group the chaetotaxy of Tomocerus Nic. is related chiefly by the presence
of trichobotria on abdominal tergites IIT and IV. However, in contradistinction
to Isotomurus BORN. the trichobotrium a4 appears on abdominal tergite ITII and,
in addition to it, the trichobotrium m2 on tergite IV, where it is lacking in all
the Entomobryidae s. 1. examined. Generally speaking, the chaetotaxy of Tomo-
cerus N1ic. may be regarded as standing close to the chaetotaxy of the initial
forms of the more advanced Entomobryomorpha in many respects, but not as
identical with it. Consequently, it would be very instructive to examine the
chaetotaxy of the first instars of the genus Oncopodura CARrL & LEB., which
in some respects is undoubtedly more primitive than Tomocerus Nic., though
they are very closely related to each other.

CHAETOTAXY OF ENTOMOBEYIDAE s. 1.

The chaetotaxies of the Entomobryidae s. 1. (Fig. 6; Tables IV—X; Pls XVII,
2 — XIX, 1,) have many characters in common, hence the homologization of
the setae within the family is fairly easy. The original three-rowed pattern of
setae is generally heavily disturbed, but still it can be traced on all the tergites
with the exception of abdominal segment IV.

Mesothorax. The chaetotaxy of this segment is very clearly related to
that of the Isotomidae and, consequently, to the primitive chaetotaxy of the
Hypogastruridae. The three-rowed pattern of setae, the distinct quadrangle
and the occurrence of the setulae al belong certainly to these primitive characters.
This allows the determination of the homology of the setae on this tergite with
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the corresponding setae of the Poduromorpha with great probability. The
changes in the chaetotaxy in relation to the more primitive arrangements are
limited to a strong deformation of the rows, especially the row a between al
and a3. A similar though somewhat less distinct phenomenon occurs also in
Cyphoderus Nic. (Pl. XIX, 2) and, in a rudimentary form, appears in Tomo-
cerus N1c. (Pl. XVII, 1). In all the genera examined the chaetotaxy of this
tergite is extremely uniform. The differences in the composition of the setae
boil down to the presence or absence of the setula acc.p6 and the differences
in shape. concern exclusively the setae mI, m& and méd (Tables TV—VIII).

T'ig. 6. The setal map of the chaetotaxy of Entomobryidae s. 1.; a -— setae developed as macro-
chaeta, microchaeta or scale, b — setae missing in some genera, ¢ — setae duplicated in some
genera; remaining symbols as in fig. 3

Metathorax. The chaetotaxy of thoracic tergite IIT of the Entomobryidae
is characterized by its much greater diversity, especially in the shape and com-
position of the setae. The arrangement of setae differs chiefly in degree of the
deformation of the initial pattern. In Orchesella TEMPL, and Heteromurus WAN-
kEL (Pl. XVII, 2; XVIII, 2) the row a is almost intact, in the other genera
it has changed owing to the shifting of a2 nearer to a3 and a4 nearer to ad,

2 — Acta Zoologica Cracoviensia nr 15
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Table IV

The chaetotaxy of Orchesella flavescens BOURLET 1839

| Th.. TE | Th. ITI ’ Abd. I ; Abd. II ! Abd. IIT ] Abd. V
al MA MA mi mi mi mi
2 MA MA mi mi mi mi
3 MA mi mi mi mi —
4 MA MA e — — mi
5 MA MA mi T T MA
6 MA MA mi mi mi mi
7 mi mi — mi mi mi
ml MA mi — — = =
2 mi o MA T T MA
3 — == MA MA MA MA
4 MA mi MA — = o
5 mi mi mi MA T S
6 MA MA mi mi du du
7 mi mi — mi mi mi
pl MA MA — — — mi
2 MA MA = —_ — Lo
3 MA MA — — —_ mi
4 mi mi = mi mi mi
5 MA mi mi mi mi mi
6 mi mi mi mi mi du
7 —_ — —_ mi mi —
setulae
as — — — + + ?
al 2 1 1 — e —
ace. p3 = — — + + P
4 - — = + ? a7
5 — — i = S P
G - o o i du -+

The abbreviations as in Table I.

which is especially well seen in Willowsia Scaors. (Pl XVIII, 1). The seta
a4 is lacking in Lepidomﬂtus BourL. and Pseudosinella ScHAFF (Pl. XIX, 1).
The lateral portion of the row m is heavily disfigured and the seta mé is dis-
placed far to the front, in Pseudosinella ScumArr. (Pl. XIX, 1) and Lepido-
cyrtus BOURL. even as far as in front of the row a. The row p and quadrangle
are very similarly developed in all the genera and obviously serially homologous
with the corresponding elements of the chaetotaxy of thoracic tergite II. In
all the genera examined one setula al is present, in most of them the setula
ace.pb. ;
Abdominal tergite I. In all the genera this tergite is very markedly narro-
wed, which has brought about the reduction of a number of setae and major
changes in their arrangement. Homologization of the setae with the correspond-
ing setae of the initial pattern is possible on the assumption that, as in Isotoma
Bourr. (Pl. XVI, 2) and Tomocerus Nic. (Pl XVII, 1), the row p has
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Table V

The chaetotaxy of Heleromurus nitidus (TEMPLETON 1835)

D I [STh I f Apd. T [GAGdRTE [ Ahie T Abd. V

al MA mi mi : mi mi mi

2 MA mi mi mi mi mi

3 MA mi mi mi mi —

/ MA mi — S = mi

5 MA MA mi T T MA

6 MA MA mi mi mi mi

7 mi mi —_ mi mi MA

m 1 mi mi — — — —

2 mi e MA T T MA

3 — — MA MA MA MA

4 MA mi mi — mi mi

5 mi mi mi mi T mi

4 MA MA mi mi MA + du

v mi mi e mi mi mi

pl MA MA — — — mi

2 MA MA Sl 2 it Sl

3 MA MA — R = mi

4 mi mi — mi mi e

5 mi mi mi —_— — S

6 mi mi mi mi mi MA

7 — - — — mi mi mi

setulae

as — — —_ + -+ 4
al ) 1 1 i g o
ace. pd — e e + + —
G - + G + du ?

The abbreviations as in Table I and Table III.

undergone a strong reduction and the columns have been markedly bent.
In all the genera the chaetotaxies are very much alike and differ only in shape
of setae. Pseudosinella SCHATT. and Lepidocyrius BOURL. differ from the remaining
genera also in their somewhat different arrangement, while Willowsia SCHOER.
(PL. XXXX, 1) lack the setae a6 and m6. One setula al occurs in all the g genera
and acec.pb5 or ace.pb in some of them.

Abdominal tergite II. Serial homology with tergite I is generally distinct
in the medial portion of this tergite, which makes it easier to homologize the
setae. It is only somewhat obscured by a bend in the row « and the displacement
of a2 nearer to a3. An analogous situation occurs on tergite I in Willowsia
ScHOEB. As on tergite I, the row p is markedly reduced. The seta p? and two
lateral setae are present in all the genera, and m2 and ab have the form of
trichobotria. The setulae as and ace. p6 are also present in all the genera and
acc.p4 in some of them.

Abdominal tergite IIL very much resembles the previous one, but it
is less shortened. The seta p4 appears frequently and even. p3 is sometimes
o
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Table VI
The chaetotaxy of Willowsia buski (LupBock 1869)
[ Tl Ll } Th;* TIT | Abd. I | Abd. II | Abd. TII [ Abd. V

al . MA mi mi MA MA mi

2 MA mi mi MA MA mi

3 MA MA mi mi mi —

4 MA MA —— — — mi

5] MA mi - T T —

6 MA MA mi - vmi mi mi

7 mi mi — mi mi mi

ml mi - — — — =

2 mi mi mi T T MA

—_ = MA mi MA MA

4 MA mi MA mi e e

5 mi mi mi mi T =

6 MA MA — mi du —

7 mi mi — mi mi —

pl MA MA — — — mi

2 MA MA o —_— e e

3 MA MA — — - mi

74 mi mi — == mi mi

43 MA mi mi mi mi —_—

6 mi mi mi mi mi mi

7 — — — mi mi mi
setulae |

as — : — — o7 + : I

al 2 1 1 — Lo S

ace. p3 == ; = : = = -+

5 Lo 5l o ko e

0 + 3 + ! ? - du —

The abbreviations as in Table I.

present (Tables IV—VIII). There are numerous lateral setae situated externally
to column 7. As in the Isotomidae and Tomocerus NIc., the seta m6 is duplicated;
mé is as a rule developed into a trichobotrium. The setulae as, ace.p4 and acc.pb
are present, this last one being mostly duplicated.

Abdominal tergite V is different in different genera, though in general
it resembles abdominal tergite I. Accidental setulae of undeterminable homology
are here very frequent.

Abdominal tergite IV. The problems presented by this segment are
quite different from those encountered in connection with the previous tergites,
for this segment is much more elongated than the other ones and the number
of its setae iy considerably larger. These two changes completely obliterate
the original arrangement and make it impossible to determine the serial homo-
logy with the previous tergites. As a result, it becomes necessary to apply ,ar-
tificial“ designations which do not determine the serial homology of particular
elements but make it possible to establish the homology of the setae between



The chaetotaxy of Entomobryoides myrmecophile (REUTER 1886)

(3}
(9]

61

Table VII

[T TR T AR AT L A A A e

al MA mi mi mi mi mi
2 MA mi mi mi mi mi

3 MA mi mi mi mi —

4 MA MA mi s — -

bl MA MA — T T —

4 MA MA mi - mi —
7 mi mi — mi — mi

m i MA — — — —_— —
2 mi mi mi T T mi

3 — s MA MA MA mi

4 MA mi MA mi E—— .

5] mi mi mi mi T -
6 MA MA mi MA MA + mi
7 mi mi — — mi mi
pl MA mi _— — — mi
2 MA mi —_ — e mi

3 MA MA - — — ——
4 mi mi — - mi mi
) mi mi mi — mi —
9 mi mi mi mi mi mi
7 — —_— — mi MA mi
setulae
as — — — + + =
al 2 1 1 e i e
acc. p3 — - == == — +
4 —_ e @ uhiebirt — —= 4
6 2 + du

The abbreviations as in Table I and Table III.

different genera. Such designations of macrochaetae have been introduced
by SNIDER (1967) for the species of the genus Lepidocyrtus BoURL., but in our
case his system is unfit for use, because the boundaries between the conventional
areas ,P*, ,M“ and ,L“ are marked arbitrarily and it is impossible to find
which seta belongs to which area in the genera with different arrangements.
Moreover, SNIDER’S system, created for macrochaetae in adult specimens, is
not suited for the description of the full chaetotaxy of the first instars.

The division of the abdomen into conventional areas is possible after finding
the elements of chaetotaxy which would be unquestionably homologous and
present in all the genera examined. These elements are as follows (Fig. 7):
a seta which lies somewhat anteriorly and laterally to the anterior trichobotrium
(11), the anterior and posterior trichobotria (Za and Tp) and the intertrichobo-
trial seta situated between them (it), a seta positioned behind 7'p on the extension
of the line of trichobotria (dp4), and also an external setula in the posterior
row setae and a seta lying near it (dp9). A system of 2—3 setae, situated more
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Table VIII
The chaetotaxy of Pseudosinella alba (PACKARD 1873)

R I ol Th B[ F ARdCT S S ABdR AT |- Apd. TIT |- AGd. &

al MA mi mi mi mi mi

2 MA mi mi MA mi mi

3 MA mi mi mi mi —

Y MA S i ey 2 mi

) MA MA mi T TP gk

6 MA MA mi mi mi mi

7 mi mi — — mi mi

md MA — — — = =
& se MA MA T 10 MA
3 = e MA MA MA MA

4 MA mi MA mi mi mi
5 mi mi mi MA T MA
G MA MA mi mi MA + MA

7 mi mi — mi mi mi

pl MA MA = — — mi

2 MA . MA — — e -

3 MA MA — — mi mi

4 mi mi — mi L mi

) MA mi mi — = e e

6 mi mi mi mi mi mi

7 — — — mi mi mi

getulae

as —_ — — + +- -
al 2 1 1 — i =
ace. pb — — S = + +

sc — scale; remaining abbreviations as in Table I and Table IIT.

or less in a line behind the seta it and perpendicularly to the line of trichobotria
(da9, dal0, dall), is also a common element. Lines drawn according to these
setae, as in Fig. 7, divide abdominal tergite IV into three conventional areas,
a dorsoanterior (da), a dorsoposterior (dp) and a lateral (I). In each of these
areas I mark the setae with numbers, the setae which occur in one genus only
or in genera with very similar chaetotaxies receiving the number of the nearest
seta that is present in many genera provided with a coma, e. g., the seta da6’
occurs only in Orchesella TEMPL. and lies near dab (Iig. TA). The differences in
composition and shape of the setae between individual species are listed in
Table IX.

The chaetotaxy of the Entomobryidae s. 1. differs between particular genera
in minor details only. A number of important common characters (indicated
by black letters in the tables TV—VIII) make this group extremely uniform
in respect of chaetotaxy. On the other hand, however, a study of these small
differences will certainly make it possible to go deeper into the problem of affinity
between particular genera, but the material presented in this paper is too scanty
for this purpose. Now it may only be stated that the genera examined belong
to three groups.
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Tlig. 7. Setal maps of the chaetotaxy of IVth abdominal tergites of Entomobryidae s. 1. A —
Orchesella flavescens (BourL.) and O. bifasciata N1c.; B — Heteromurus witidus (TEMPL.); C —
Bntomobryoides myrmecophila (Reut.) and Willowsia buski (Luss.); D — Lepidocyrtus cur-
vicollis BourrL. and Pseudosinella alba (PACK.); a — setae missing in one of species, b — setae
developed either in form of macrochaeta or microchaeta, remaining symbols as in fig. 3

The first of them is characterized by the presence of the seta ml1 on the
metathorax and ad on abdominal tergites I and V and the duplication of m6
on tergite V. Abdominal tergite IV lacks 16, and the arrangement of the setae
of the row a on the metathorax is regular. This group includes the genera Or-
chesella TEMPL. and Heteromurus WANKEL and has some characters in common
with the third group, but their importance to phylogeny is still unclear.

The characters of the second group are the lack of mI and the presence of
m2 on the metathorax, the lack of ab and the development of m2 into a micro-
chaeta on abdominal tergite I, the presence of da9 on tergite IV and the lack
of m4 and mé on tergite V. A bend in the row a on the metathorax is characte-
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Table IX

The chaetotaxy of IVth abdominal segment of HEntomobryidae s. 1. and Oyphoderus albinus
NicoLer 1841

e e e e

dal mi mi mi mi mi mi mi
2 mi mi —_ mi mi e i
3 mi mi mi mi —- mi mi mi
4 mi mi mi mi mi mi mi mi
51 mi mi - mi mi mi mi mi
4 mi mi mi mi mi mi mi mi
7 mi — — mi mi mi mi ar
8 MA MA e mi mi e mi mi
9 sty e N mi mi e — mi
10 mi mi — mi mi mi mi mi
11 mi - - — mi — ) S mi
6’ mi mi — — — —_— St =5
& — mi —- — — = = il
dpl mi mi mi mi MA MA MA mi
2 — mi mi — = mi mi i
3 mi mi mi mi mi mi mi mi
4 mi mi mi mi _mi mi mi mi
) mi mi mi mi mi mi mi mi
4 mi mi mi mi mi mi mi mi
7 mi mi e mi mi mi mi mi
8 mi mi mi mi mi mi mi e
9 mi mi mi mi mi mi mi mi
e — — — = — mi mi e
6’ mi —— e === — — - —
75 mi — == == = - - —
9 — - = = — - — mi
11 mi mi mi mi mi mi mi mi
2 mi mi mi mi mi mi mi mi
3 mi mi mi mi mi mi mi mi
4 MA MA MA mi mi MA mi mi
5 mi — mi mi mi mi mi mi
5 e oy o mi MA MA MA mi
7 mi mi mi mi mi mi i mi
mi mi mi mi mi mi mi mi

9 mi mi —_— mi mi mi mi mi
£ = — —_— — — mi mi -

1*— Orchesella flavescens BOURL.; 2% —O. bifasciala N1c.; 3* — Heteromurus witidus (TEMPL.);
4% — Willowsia buski (LuBs.); 5* — Entomobryoides myrmecophila (REUT.); 6% — Pseudosinella
alba (PACK.); 7% — Lepidocyrtus curvicollis BOURL.; 8% — Cyphoderus albinus NIC.

The abbreviation as in Table I. ;

ristic of this group in so far as the arrangement of setae is concerned. The genera
Willowsia PAck. and Entomobryoides MaYN. belong in this group.

The third group is characterized by the development of m2 into a scale
on the mesothorax, the lack of a4, and mI and the presence of macrochaeta
m on the metathorax, the lack of a7 on abdominal tergite II, the lack of p4
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and the presence of p3 on tergite ITI, the presence of dpI’ and 14’ on tergite IV
and the lack of the setula acc.p6 on the thoracic tergites. This group consists
of Lepidocyrius BoURL. and Pseudosinella SCHAFF.

The interrelations between these groups still remain rather obscure. The
most primitive chaetotaxy seems to characterize the first group, though some
primitive characters are also observed in the second group. It is hard to state
now to which of these two groups the third, no doubt most progressive, group
is related. The knowledge of the first instars of the genus Seira LUBB. would
be of great importance to the solution of this problem.

The origin of the scales is another problem of the evolution of the Entomo-
bryidae s. 1. It will, however, be discussed further, since it concerns also other
genera.

CHAETOTAXY OF CYPHODERUS ALBINUS NIcOLET 1841

The chaetotaxy of Cyphoderus albinus N1c. (Fig. 8; Tables IX and X; Pl
XIX, 2) shows a marked resemblance to that of the Entomobryidae s. 1. The
characters that they have in common are the almost identical arrangement and
shape of the setae on the mesothorax and very similar arrangements on the
remaining tergites, the similar distribution of trichobotria and others. The
differences are limited to the lack of macrochaetae on all the tergites except
the mesothorax, the reduction of some setae, and the transformation of a number
of setae into scale%

Mesothorax. The arrangement of setae on this tergite is characterized
by the presence of bends in the rows, similar in general to those described from
the Entomobryidae s. 1. Only the medial portion of the row a is somewhat less
bent than it is in the Entomobryidae 5. 1., whereas the row p is bent much more
markedly; as a result, the seta p4 is situated behind p3. An analogous bend
occurs also in Isotoma BoURL. (Pl. XVI, 2). The quadrangle is well seen, there
is one setula al, other setulae are lacking.

Metathorax. The arrangement of setae in the rows a and p is largely dis-
turbed, whereas the row m is markedly bent in its lateral portion, owing to which
the seta md lies almost in front of m4. An analogous bend, though not so distinct,
oceurs also in the Entomobryidae s. 1., especially in Pseudosinella SCHAFF. (Pl
XIX, 1) and Lepidocyrtus BoUuRL. The quadrangle is well developed, the
setae al—a4 are transformed into scales, mI—m3 and pl reduced. The setula
as and one al are present.

Abdominal tergite I. The arrangement of setae very much resembles
that in the Entomobryidae s. 1. only that much more setae have undergone
a reduction. Columns 4 and 7 and the row p are completely reduced and, in
addition, the seta m1 is lacking. There is one setula al, other setulae are missing.

Tergites II and III. The chaetotaxy on these tergites does not differ
from that in the Entomobryidae s. 1. As in them, the setae a2 and a4, and on
tergite I1I also md, are developed as trichobotria. The seta al on tergite IT has
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the form of a scale, on tergite III m6 is duplicated and, in addition, there is
only one lateral seta here. The setula as occurs on both tergites and, besides,
one setula al is present on tergite II and acc. p6 on tergite IIL.

The chaetotaxy of abdominal segment IV (Fig. 8; Pl. XIX, 2) very
much resembles that in the Entomobryidae s. 1. (Fig. 7), and it can be reduced
to the same ,artificial® pattern. It is composed of the same setae, except for
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Fig. 8. Setal map of the chaetotaxy of Cyphoderus albinus NIC.; a — scales, remaining symbols
as in tig. 3

dp9, as the chaetotaxy in the Entomobryidae 8. 1. The occurrrence of the seta
da9 in Cyphoderus Ntc., which has it in common with Willowsia SCHEOB. and
Entomobryoides MAYN. (Fig. 70), is noteworthy. However, the setae on abdo-
minal segment IV are far more regularly arranged in Cyphoderus NIC. than
they are in the Entomobryidae s. 1.

Abdominal tergite V was not examined. :

As has been mentioned above, the chaetotaxy of Cyphoderus NIC. comes
very near to the chaetotaxy of the examined genera of the Entomobryidae s. 1.
It cannot be decided now whether this similarity should be regarded as an
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expression of close relationship, or whether it reflects a parallel evolution.
An undoubtedly progressive character in relation to the Entomobryidae s. 1.
is the number of scales, larger than that in any other genus examined, the more
advanced reduction and the more changed pattern of chaetotaxy on the tergites
from thoracic II to abdominal III. On the other hand, a certainly primitive
character is the presence of the setula as on the metathorax, where it also occurs

Table X

The chaetotaxy of Cyphoderus albinus NICOLET 1841

| Th. IT | Th. III } Abd. I Abd. II Abd. III

al MA se se 8c mi

) MA se sc mi mi

3 MA se sc mi mi

4 MA se it — —

) MA mi mi ) 7

6 MA mi — mi mi

7 mi mi — mi mi

ml MA — — - —

2 MA — mi N T

3 — = mi mi mi

4 MA mi mi mi mi

5 mi mi mi mi T

6 MA mi mi mi du

7 mi mi — mi mi

pl MA = == = —

5 MA mi — Lo L

3 MA mi - - mi

4 mi mi — i Iy

5 mi mi — — mi

6 mi mi = mi mi

7 o — = — ?
setulae

as — 4= ue Al +

al 1 1 1 ? o

acc. pb — — i e el

~ The abbreviations as in Table I and Table VIII.

in Tomocerus N1c. Now it cannot be found whether the lack of macrochaetae
on all the tergites but the mesothorax is a primitive chatacter or a result of
the secondary simplification. Neither is it known how to interpret the regular
arrangement, of the setae on abdominal segment IV and the occurrence of the
seta dall on this segment. It may well be that a close examination of the chaeto-
taxy of relative forms, especially that of the genus Troglopedetina DELAM.
and the members of the family Paronellidae, will make the answer to this question
possible.



368 -

DISCUSSION

Some characters common to the HEntomobryomorpha and Poduromorphae
can be distinguished in the chaetotaxy of the genera examined. They are the
three-rowed arrangement of setae (at least on the thoracic tergites) and the
presence of the setulae al. Since these last were described from so diverse forms
as, e. g., Onychiurus GERV., Hypogastrura BORUL., Anurida LAB. and Tetra-
canthella ScHOTT, and occur in all the genera under study, their presence is
probably characteristic of all the Arthropleona.

In addition to these characters, a number of others such that are common
to all the genera under examination but lacking in the Poduromorpha can be
observed. These are, e. g., the arrangement of the quadrangie, the presence
of the setula as and the setulae of the acc.p group, the differentiation of setae
into macro- and microchaetae, and the occurrence of trichobotria (except the
genus Isotoma BOURL.). The transformation of setae into scales also occurs
in some genera. Unfortunately, the knowledge of the chaetotaxy of the lower
Isotomidae is so fragmentary that only very little can be said about the origin
of these characters.

The fact that the setula as was recorded even from the genus Tetracanthella
ScHOTT, which belongs to the primitive Isotomidae (CASSAGNAU, 1959, Fig. 4F),
is of importance to the evolution of the pattern of setulae. Judging from the
drawing in the paper quoted, the setula as occurs on all the tergites of this
genus, maintaining close serial homology. Thus, it may be supposed that the
regular arrangement of this setula on all tergites is a primitive character and
its disappearance from many tergites in the genera under examination a secon-
dary character. As for the setulae of the acc.p group, it cannot be decided now
whether their relatively small number on many tergites is a primitive character
or results from the reduction of an originally larger number. This last possibility
would be indicated by the comparatively large number of these setulae in the
genus Isotomurus BORN., which iy primitive in many respects. Assuming this
alternative, however, one should assume also the complete reduction of the
setulae acc.p in the evolution of the Hypogastruridae.

In the family Isotomidae the differentiation of setae into macro- and micro-
chaetae appears in such primitive Anurophorinae as, e. g., Tetracanthella SCHOTT
or Uzelia ABs. We do not know now whether the undifferentiated uniform
chaetotaxy of many genera, e. g., Folsomia WILLEM and Proisotoma BORN.
should be regarded as a primitive character or a result of the secondary simpli-
fication. Stress should be laid on numerous important points of resemblance
between the arrangements of macrochaetae in Isoloma BOURL., Tomocerus
Ni1c. and Entomobryidae s. 1., but the scanty material does not permit the exclu-
sion of parallel evolution in this case.

The origin of trichobotria was an important stage of the evolution of chaeto-
taxy. Only four setae (ad, m2, mb, p3) on abdominal tergites II—IV have
been transformed into trichobotria in the forms examined (Table XI). In all
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Table XI
Trichobotria in examined genera

1 Abd. IT | oA bR T Abdn e o
[ o | e
\

a

Coad — —_

J
E
D

|
|

mh —- i

|
\
¢ ilena b
[
[
¥
p3 e == J

e
} it | L
m2 — — + j l W

a — Isotomurus palusiris (Mt’ILL.), b — Tomocerus (Pogonognathellus) flavescens (TULLB.)
¢ — BEntomobryidae s. 1. and Oyphoderus albinus Nic.

the Entomobryidae 8. 1. the trichobotria have developed identically and the
same arrangement is observed also in Cyphoderus Nic. The table presented,
however, shows that there are clear-cut differences in their distribution between
Isotomurus BORN. and Tomocerus N1c. The phylogenetic significance of these
differences is still unclear.

The last important step in the evolution of chaetotaxy was the appearance
of scales. In this case parallel evolution is very probable; the genus Tomocerus
Nic. is hardly related directly to the Entomobryidae ,lepidosae® and its relation-
ship to the genus Cyphoderus Nic. is also extremely problematic. Now it cannot
be decided either whether the Entomobryidae ,lepidosae“ are a mono- or poly-
phyletic group and by what affinity they are related to the genus Cyphoderus
Nic. An examination of more genera of this group will very likely make the
answer to these questions possible. The genus Araucanocyrius MAsS. & RAP.,
which belongs to the Isotomidae but has setae resembling scales in shape (MA-
ssoUD & RAPOPORT, 1968), may appear to be of great importance to the studies
on the derivation of scales.

As will be seen from the foregoing considerations, the material described
in this paper is too scanty to allow the determination of the course of phylogeny
in the Entomobryomorpha. Nevertheless, it may be stated even now that the
fintomobryidae 8. 1. are a monophyletic group, which is indicated by a number
of significant similarities in chaetotaxy between the first instars of the examined
genera of this group. Out of the genera examined, Cyphoderus NIc. is most
closely related to them, whereas Tomocerus NIC. is far remoter. However, in
order to establish the relationships between the genera within the Entomobryo-
morpha, it will be necessary to examine a great many genera of the family Isoto-
midae and the families poorly represented in the Huropean fauna, such as the
Oncopoduridae, Cyphoderidae and Paronellidae.

JALUATION OF RESULTS

Interpretation of the facts observed demanded the assumption of a number
of hypotheses, in the first place, those concerning the homology of setae between
different genera and the serial homology of setae. Not all these hypotheses
are probable to the same degree.
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The hypotheses concerning the homology-of the setae on the thorax between
the Isotomidae under study and the homology of setae between the genera belong-
ing to the Entomobryidae s. 1. are the most probable. The homology of the setae
on the thoracic tergites between the Isotomidae and Hypogastruridae and the
serial homology of the setae on the first abdominal tergites in particular species
are very probable. Relatively less certain are the statements regarding the serial
homology of setae between the thorax and the abdomen, the homology of setae
between the Entomobryidae s. 1. and the Isotomidae, and that in the genus
Tomocerus NIC. '

The verification of all these hypotheses will not be possible until more factual
material has been collected, in particular, until chaetotaxy has been examined
in a larger number of genera and the behaviour of setae in the postembryonic
developement and also their innervation and function have been investigated.

Institute of Systematic and Experimental Zoology
Polish Academy of Sciences
Stawkowska 17, Krakéw, Poland
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STRESZCZENIE

Autor opisuje chetotaksje ciata najmlodszych stadiéw u: Isotomurus palustris
(MULL.), Isotoma wviridis BoURL., Tomocerus (Pogonognathellus) flavescens
(TuLLs.), Orchesella flavescens BOURL., O. bifasciata Nic., Heteromurus nitidus
WANKEL, HEntomobryoides wmyrmecophila (REUT.), Willowsia buski (LUBB.),
Lepidocyrtus curvicollis BOURL., Pseudosinella alba (PACK.) i Cyphoderus albinus
N10. W chetotaksji wyréznia cztery typy szczecin: mikrochety, makrochety,
trichobotria i tuski, oraz setulae — drobne, wlosowate twory, z regulty mniejsze
nd mikrochet i odmiennie od nich lamigce $wiatto.

Poniewaz Oollembola wywodzg sie niewatpliwie od form o bardziej homonomi-
cznej segmentacji ciala i w ich ewolucji najwiekszym zmianom ulegly segmenty
odwloka — najmniej zmienione pozostaly segmenty tutowia, meso- i metathorax.
Analizujac chetotaksje na tergitach tych segmentéw u kilku wybranych gatun-
kow Hypogastruridae, autor dochodzi do wniosku, ze wspolny dla nich wszystkich

c
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uklad szezecin sklada sie z trzech rzedéw po 7, 7, 6 szczecin. Poniewaz podobne
uklady wystepuja u odleglych systematycznie form, autor uwaza go za uklad
pierwotny i wyprowadza z niego chetotaksje wszystkich tergitéw u zbadanych
rodzajow, a w konsekwencji ustala tez homologie szezecin u wszystkich zbadanych
rodzajéw. Do wspolnego schematu nie mozna na razie sprowadzié tylko cheto-
taksji silnie zmienionego IV segmentu odwloka u Entomobryidae s. 1. i u rodzaju
Oyphoderus N1c. Dla chetotaksji tego segmentu autor wprowadza odrebne,
»sztuezne“ oznaczenia szczecin.

Materiat opisany w niniejszej pracy autor uwaza za zbyt ubogi dla rozwazan
tilogenetycznych, zwlaszeza ze w wielu wypadkach nie mozna wykluezyé ewolucji
rownoleglej. Niemniej juz teraz mozna stwierdzié, ze zbadane Entomobryidae
s. 1. stanowia grupe niewatpliwie monofiletyczna, z ktéra bardzo blisko spokrew-
niony jest rodzaj Cyphoderus NIC.

PE3SIOME

ABTOp ONMCBIBAET XETOTAKCHIO TeJjla HAUalbHBIX CTaguil passutus y: Isotomurus
palustris (MULL.), Isotoma viridis BoURL., Tomocerus (Pogonognathellus flavescens
(TuLLB.), Orchesella flavescens BOURL., O. bifasciata N1C., Heteromurus nitidus
WANKEL, Entomobryoides myrmecophila (REUT.), Willowsia buski (LUBB.), Le-
pidocyrtus curvicollis BOURL., Pseudosinella alba (PACK.) u Cyphoderus albinus N1C.
B xeToTaKcHy Pa3jInyaeT YeThIpe TUIIA MIETHHOK | MUKPOXETBI, MaKPOXeThI, TPUXO00TPHUH,
YENIyI0 U BOPCHHKH — KOPOTKHE IIETHHKY, MEHBIIE MHKDOXET U IO-APYroMy IIPEeso-
MJISAIOII[HE CBET. ;

Tax Kak HOTOXBOCTKH MpoucxomsaT oT ¢dopm ¢ 6Gojee rOMOHOMHOM cermMeHTaIueil
Teja, B MX 9BOJIONMOHHOM PAa3BUTUM HAHOGOJBIINM H3MEHEHHSIM IOABEPIIIMCH CETMEHTHI
GpIOIIKA, @ OCTAJIMCh IOUTH 0e3 USMEHEHHA CETMEHThI IDYIM, CPEfHe- U 3aTHErPYIH.
AHaNU3UPYS XETOTAKCUIO HA TEPIUTaX STHX CEIMEHTOB y HECKOJIBKHX BHAOB Hypoga-
struridae, aBTOp KOHCTaTHPYET, YTO OOLIEE ISl HUX DPACIOJIOKCHHAE HIETHHOK COCTOMT
u3 Tpéx paAmoB mo 7, 7, 6 weruHok. IToxoxee pacrosoykeHHe 3aMEYEHO y OTAEIEHHBIX
cucremaTnyecku (opm. Ha 9T0# OCHOBE aBTOD CUMTAET STO PACIIOJIOYKEHHE MEPBUUHBIM
U BBIBOJIUT U3 HETO XETOTAKCHUIO BCEX TEPTHTOB Y MCCIIEAOBAHHBIX POJOB; 4 B PE3ysbTaTe
YCTAaHABJIMBAET TAK)KE TOMOJIOTHIO IIETHHOK y BCEX HCCIECHOBAHHBIX pojoB. K obmieit
cxeMe HeJIb3sI I0KA CBECTH JIMIIG XeTOTAKCHIO, CHIIBHO M3MeHEHHOro IV cermenta Gproruxa
y Entomobryidae s. 1. u'y poma Cyphoderus Ni1C. Il XeTOTAKCHH 3TOrO CETMEHTA
aBTOP BBOJAWT OT/EJIbHBIE ,,ACKYCCTBEHHBIE” ONpENeSICHHs IETHHOK.

OnucaHHBIl B HacrosIel paboTe Marepuali, aBTOP CUATAET CIMIIKOM CKYJHBIM
JUIs1 (DUITOTEHETHUECKUX DACCY)KOEHUI, TaK KaK B PAMJE CIIyYaeB HEJB3sT MCKIIOUUTDH
NapajuIENIbHOM 9BOJIoNMU. TeM He MeHee, y)Ke celyaC MOYKHO KOHCTATHPOBATh, YTO
nccenoBanusle Entomobryidae S. 1. cocraBisioT, HECOMHEHHO, MOHO(DHIIETHUECKYIO
IPYIILy, U3 KOTOpOH oueHb Gin3Ko cocrout B poacrse pox Cyphoderus NIc.
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Plate XVI

1. The scheme of the chaetotaxy of Isofomurus palustris (MULL.) 2. The scheme of the chaeto-
taxy of Isotoma viridis BOURL. Symbols: a — microchaetae, b — macrochaetae, ¢ — trichobotria,
d — scales, e — setulae, £ — pseudopori
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Plate XVII

1. The scheme of the chaetotaxy of Tomocerus (Pogonognathellus) flavescens (Turie.) 2. The
scheme of the chaetotaxy of Orchesella flavescens (Bourr.). Symbols as in plate XVI
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Plate XVIII

1. The scheme of the chaetotaxy of Willowsia buski (Luss.). 2. The scheme of the chaetotaxy
of Heteromurus nitidus (TEMPL.). Symbols as in plate XVI
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Plate XIX

1. The scheme of the chaetotaxy of Pseudosinella alba (PAck.) 2. The scheme of the chaetotaxy
of Oyphoderus albinus Nic. Symbols as in plate XVI
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