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Summary

All developmental stages of Schwiebea koerneri Turk & Tiurk, 1957 are described by using
the original material of the TUrk collection (Karlsruhe) and new field collections. Up to now
this species was known only from its deutonymph. The redescription presents for the first time
all instars as drawings as well as light and electron micrographs. In S. koerneri, both homeomor-
phic and heteromorphic males occur, the latter constituting the most prevalent male type. The
heteromorphic males show a considerable variation with respect to their body size and to the
relative size and shape of leg I11. Instead of the small central papillacommon in the Astigmata a
short seta originates in the center of each adanal copulatory sucker of S. koerner..

Zusammcnfassung

Unter Benutzung des Original-Materials der Turk-Sammlung (Karlsruhe) sowie neuer
Aufsammlungen werden alle Entwicklungsstadien von Schwiebea koerner: Turk & Tirk,
1957 beschrieben. Diese Art war bisher nur als Deutonymphe bekannt. In der Wiederbe-
schreibung werden alle Stadien in Zeichnungen sowie licht- und elektronenmikroskopisch
abgebildet. Bei S. koerneri treten sowohl der homéomorphe wie der heteromorphe Minn-
chen-Typ auf, wobei der heteromorphe Typ vorherrschend ist. Die heteromorphen Minn-
chen zeigen eine betrachtliche Variabilitat hinsichtlich ihrer Korpergrofle wie auch im Hin-
blick auf die relative Grofe und Ausbildung von Bein I1I. Anstelle der bei astigmaten Milben
tiblichen Zentralpille befindet sich bei S. koerneri im Zentrum jedes adanalen Kopulations-
Saugnapfes eine kurze Borste.
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1. Introduction

The mites of the genus Schwiebea are free-living saprophages that feed on decay-
ing plant material. Most species occur in and under the bark of rotting wood. Under
adequate conditions their populations can reach enormous numbers of individuals
making them one of the most prominent groups of edaphic organisms. Schwiebea
mites normally require substrates of high moisture. However, Schwiebea mites fac-
ultatively produce deutonymphs that are instars specialized for dispersal and resist-
ing adverse environmental conditions which also enables these mites to bridge pe-
riods of reduced humidity. The morphology of the deutonymphs (= hypopi) deviate
dramatically from that of the other life stages of the same individual. Thus, the ques-
tion whether the hypopi belong to a particular life cycle can only be verified by rear-
ing experiments. It was mainly this particular feature in the life cycle of Schwiebea
mites that resulted in numerous synonymes, because the necessary rearing experi-
ments had not been done prior to the description of new “forms” as new species.

This paper is part of an extended revision of the central European species of the
genera Schwiebea, Michaelopus and Thyreophagus (Wurst & Frank 1998). The
main purpose in this work was to obtain complete life cycles for all species and on
this basis to eliminate the present taxonomic chaos in these genera.

2. Materials, Methods and Acknowledgements
2.1. Materials

We collected mites from moist, decomposed plant material (fallen leaves, rotten branches
and wood from old tree stumps and ants nests) from various localities (see below). The plant
material was put into plastic bags and kept moist and cool until examinations. Furthermore,
numerous arthropods found at the localities of plant material collections were inspected for
deutonymphs.

Localities where mites were taken are the following (all materials were collected by E.

WursT):

Germany - 23. 01. 89. Schwieberdingen (near Ludwigsburg), location “Miihlicker”; in
mouldy pulp in a tree hole (only deutonymphs); — 12. 04. 90. Schwieberdingen (near Ludwigs-
burg), alluvial forest of the River Glems; in tree stump, as deutonymphs on a female Lithobi-
us forficatus (Chilopoda: Lithobiidae); - 17. 03. 91. Hillside west of Merklingen (near Weil der
Stadt); in tree-trunk, in abandoned nest of Lasius fuliginosus (Insecta: Hymenoptera: Formici-
dae); - 22. 03. 92. Schwieberdingen (near Ludwigsburg), alluvial forest of the River Glems; in
wet bark; - 25. 03. 93. Schwieberdingen (near Ludwigsburg); in tree-trunk, in nest of Lasius
fuliginosus; — 22. 02. 97. Schwieberdingen (near Ludwigsburg); in hollow tree-trunk; —
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Fig. 1.  Schwiebea koerneri, strong-legged heteromorphic male; ventral view, left legs part-
ly omitted, cuticular pits of left body half omitted. — Scale bar: 40 pm.
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Figs. 10-13. Schwiebea koerneri, heteromorphic male. — 10. Gnathosoma, rostral part, ven-
tral view; the arrowheads point at the sockets of the palpal seta v. Further expli-
cations: P = palp, gT = seta gT of left leg I (note its fringed tip) (scale bar: 5 pm);
— 11. left leg I, medial view; om; = solenidion omega 3, ph = solenidion phi of
tibia, ba, d, e, f, gT, hT, la, q, ra, s, v, wa: setae (scale bar: 5 pm); — 12. left leg II,
frontal view; CI = claw, om; = solenidion omega 1, ph = solenidion phi of tibia,
ba, d, e, f, gT bhT la, p, q, ra, s, v, u, wa: setae (sca]e bar: 5 pm); — 13. hysteroso-
ma, ventral view, showm;, the beginning protrusion of aedeagus which made
the genital papillae (GP) visible; further explication: A = anus (scale bar: 20 pm).

20. 04. 96. Rangendingen (near Hechingen), location “Postenbiihl” Forest; under bark on wet
resin; — 05. 03. 99, Entrmgen (near Tiibingen); in tree-trunk, in abandoned nest of Lastus fu-
!zgmoms —27.09. 97. Neubrandenburg, forest near Lake Tollense on decaying wood.

Austria — 26. 02. 98. Vienna, Wienerwald between Leopoldsberg and Kahlenberg (Josefi-
nenhiitte); in tree-trunk, in abandoned nest of Lasius fuliginosus.

For comparisons with our materials we used the slide preparations of the Turk collection
(Staatliches Museum fiir Naturkunde Karlsruhe, Germany). Further documents (notes, addi-
tional drawings) which may have been produced by F. & E. TUrk in the course of their inves-
tigations do not exist (pers. commun. by E Turk, Bayreuth).
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Figs. 14-17. Schwiebea koerneri, strong-legged heteromorphic male. — 14. Right leg I11, me-
dial view; d, e, f, p, ¢, 1, 5, v, w: setae (scale bar: 5 pm); — 15. right leg IV, medial
view; ph = solenidion phi of tibia, d, e, f, kT, p, q, 1, s, v, w: setae (scale bar:
5 pm); — 16. protruded aedeagus, frontal view (scale bar: 5 pm); inset: tip of ae-
deagus, IV =leg IV (scale bar inset: 2 pm); — 17. adanal copulatory suckers (de-
tail of Fig. 13) (scale bar: 5 um); arrow, inset: central seta of sucker, A = anus,
psi, pss: setae (scale bar inset: 2 pm).

2.2.Methods

The plant material was observed by means of a stereo microscope (magnifications 16x and
40x),drem0ving the bark carefully from the branches and drawing apart leaves and the rotten
wood.

From all localities, maximally 50 speciments of each species were prepared for light micros-
copy in order to estimate the local morphological variability within the respective population.
To examine which instars belong to the same species we separated and prepared for the light
microscope mites in moulting torpor just before hatching. Eggs in different phases of de-
velopment (after formation of the prelarva and after formation of the larva, but before hatch-
ing) were equally dealt with.

For light microscopy, the mites were mounted in Hoyer’s fluid. Drawings were made with
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Figs. 18-20. Schwiebea koerneri, strong-legged heteromorphic male; optical sections (light
micrographs) of different focal planes taken through genitaFregion. —18. Super-
ficial plane; A = anus; — 19. middle plane; GP = genital papillae; — 20. deepest
plane; T = tip of aedeagus. — Scale bar Figs. 18-20: 25 pm.

a Zeiss drawing apparatus. Light micrographs were done by using the Zeiss photomicroscope
“Axiophot”.

For scanning electron microscope (SEM) investigations the mites were killed by freezing
and were washed with a tenside. Further preparation was performed after Bock (1987) in five
steps: 1) fixation by a modified Carnoy (acetic acid: chloroforme: ethanol = 1 : 1: 3) for at least
4 hrs, 2) ethanol (5-10 min), 3) hexamethyldisilazane (5 min), 4) air-drying, 5) sputtering with
gold. The mites were examined by using the SEM DSM 940 (Zeiss).

Our species concept follows the “biological species concept” sensu Mayr (1963). The no-
menclature of idiosomal chaetotaxy follows Grirrirhs et alit (1990), the nomenclature of leg
chactotaxy is according to Grirrrrhs (1964) and Fain (1967), and the nomenclature of
gnathosomal setae follows ATyeo & Braasch (1966).

2.3. Acknowledgements

This project was financially supported by the Deutsche Forschungsgemeinschaft (grant
No. FR 276/12-2).

For their most generous help we thank the following persons: Prof. Dr. L. Beck (Karls-
ruhe) made available the relevant slide preparations of the Turk collection; Dr. E. Turk (Bay-
reuth) gave us additional informations on his work; J. SPELDA (Stuttgart) determined the spe-
cies identity of the one centipede; B. CurTH (Stuttgart) assisted in the SEM preparations and
Dr. W. Jansen (Stuttgart) critically read the manuscript and gave valuable comments.

3. Schwiebea koerneri Tiirk & Tiirk, 1957

3.1. General Aspects

The original description of S. koerneri by Turk & Turk (1957) is based on two
specimens of the deutonymph. These two deutonymphs were attached to an ant
(Lasius brunneus, Hymenoptera: Formicidae). The description by TUrk & TURK is
accompanied by two drawings showing the dorsal and ventral aspect. On the dorsal
side, the deutonymph shows only two pairs of setae. But in the text TUrRk & TURK
admit that surely there must be present more setae, but that they could recognize on-
ly two pairs.
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Fig. 21. Schwiebea koerneri, female; ventral view, left legs partly omitted, cuticular pits of
left body half omitted. — Scale bar: 40 pm.
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Figs. 22-23. Schwiebea koerneri, female. — 22. Rostral end, frontal view (scale bar: 20 pm);
arrowhead, inset: supracoxal seta (scx) (scale bar inset: 5 pm), arrow: complex of
solenidia of tarsus (detail also shown in Fig. 23), C = chelicera, P = palp; - 23.
complex of solenidia on tarsus of right leg I (detail of mite shown in Fig. 22, ar-
row); further explications: ba: seta, ep = famulus epsilon, 0m; = solenidion ome-
ga 1, om; = solenidion omega 2, ph = solenidion phi of tibia (scale bar: 2 pm).

In the TURK collection one slide preparation of a deutonymph of S. koerner: ex-
ists. The slide 1s only labelled with the species name and bears no further informa-
tions. The specimen is well preserved and allows unequivocally the identification of
that species.

3.2. Redescription of Schwiebea koerneri Turk & Turk, 1957

Schwiebea koerneri Tiirk & Tiirk (1957): Systematik und Okologie der Tyroglyphiden Mit-
teleuropas. — In: Stammer, H.-J. (ed.): Beitrige zur Systematik und Okologie
mitteleuropiischer Acarina. — Vol. 1 Tyroglyphidae und Tarsonemini: 139 [sur-
roundings of Erlangen, Germany].

Propodosomatal shield in all non-hypopial instars without or with only minor in-
dentation at posterior margin; in all non-hypopial instars seta v of palp is reduced
(only the socket is present) (Fig. 10); all instars with only one solenidion on genu [;
gT of leg I in all non-hypopial instars fringed (Fig. 10).

3.2.1. Adults

3.2.1.1. Male (heteromorphic)

The heteromorphic male is the dominant male type in all populations investigat-
ed by us. The heteromorphic males differ only in their size and shape of leg I1I from
the homeomorphic males. Their body size shows a considerable variability (length
of idiosoma between 255 um and 380 pm). Legs IIT also show a variability with re-
spect to the “thickness” of the podomeres in relation to the respective podomeres of
leg IV and with respect to the proportions of their structural elements (setae, claw
etc.). Figs. 1, 6, 13 and 14 illustrate one extreme of this variability (here called
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Figs. 28-29. Schwiebea koerneri, female. — 28. Opisthosoma, dorsal view, showing the posi-
tion of the bursa copulatrix (arrow) (scale bar: 20 pm); further explications: in-
set: bursa copulatrix (BC) (scale bar: 2.5 ].lm) A = anus, ey, ey, by, by setae; — 29.
receptaculum seminis and appendages (scale bar: 10 pm) BC = bursa copula—
trix, DC = ductus conjunctivus, /C = inseminatory canal, RS = sac of recepta-
culum seminis.

“strong-legged heteromorphic male”), Figs. 8 and 58 the other extreme (here called
“weak-legged heteromorphic male”); colour: beige.

Dorsum (Fig. 2): Idiosomal chaetome: scx, vi, se, ¢p, dy, da, ey, €2, hy, 1a, 1m, 1p. -
Entire surface covered with small roundish pits except in the region of the propodo-
somatal shield; with opisthosomatal shield between the openings of the oil glands
and ip, encompassing the sockets of e; and h;. Setae vi, se, c,, d, ey, e, hy pectinate,
the number of pectinations shows considerable variability, for example from about
ten pectinations to one pectination in seta cp,.

Ventrum (Fig. 1): Idiosomal chaetome: 1a, 3a, 3b, 4a, g, h,, psi, psa, ps3, th. = The
entire ventrum of propodosoma is covered by a continuous shield; on each side a
sclerotized band runs along the border between proterosoma and hysterosoma, each
band is connected with the ventral shield of the propodosoma by a narrow bridge-
like sclerotization; metapodosoma covered by a continuous shield encompassing the
sockets of setae 3b and 4a but not 3a and g; hysterosoma behind this shield covered
with small roundish pits. — Genital opening covered by two folds (Figs. 13, 18, 19);
aedeagus strongly sclerotized and with a blunt tip (Figs. 16, 20); one pair of adanal
copulatory suckers; a short seta originates in the center of each sucker (Figs. 13, 17).
End of opisthosoma posterior to the adanal suckers and to ps; sclerotized. — ps;
short and fine, ps; and ps; short spines; all setae smooth.

Legs (Figs. 4-7, 11-15, 58): Chaetome see Table 1; o gradually tapering towards
its base.

3.2.1.2. Male (homeomorphic)
Length of idiosoma approximately 250 pm, colour: beige.
The homeomorphic males (Fig. 9) differ from the heteromorphic males only in
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Fig. 30.  Schwiebea koerneri, tritonymph; ventral view, lef legs partly omitted, cuticular pits
of left body half omitted. — Scale bar: 30 pm.
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Fig. 37. Schwiebea koerneri, deutonymph; ventral view, left legs partly omitted. — Scale bar:
20 pm.
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Fig. 38. Schwiebea koerneri, deutonymph; ventral view; arrow: palposoma (scale bar:
20 pm).

their body size (which is always within the size range of the smallest heteromorphic
males) and in the shape of leg ITI which is identical to the shape of the female leg I1I
(see Fig. 26).

3.2.1.3. Female

Length of idiosoma between 310 pm and 400 pm, colour: beige.

Dorsum (Figs. 3, 22): Idiosomal chaetome: scx, vi, se, cp» d1, da, €1, €2, i i p=
Entire surface covered with small roundish pits except in the region of the propodo-
somatal shield. Setae vi, se, ¢, di, do, ey, ez, h; pectinate (with variability in the num-
ber of pectinations as given for the male); d, with maximally one pectination.

Ventrum (Fig. 21): Idiosomal chaetome: 1a, 3a, 3b, 4a, g, hy, im, ih. — Ventrum of
propodosoma covered by a continuous shield; on each side a sclerotized band runs
along the border between proterosoma and hysterosoma, each band is connected
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Figs. 43-46. Schwiebea koerneri, deutonymph. —43. The so-called sucker plate at the end of
opisthosoma: g, 4a: setae (scale bar: 10 pm); — 44. tarsi of leg I showing the ad-
hesive setae (e); further explications: asterisk: seta vsc, Cl = claw, om; = solenid-
1on omega 2, ph = solenidion phi of tibia, d, f, la, ra, vsc, wa: setae (scale bar:
5 pm); — 45. detail of leg I showing the complex of solenidia on tarsus; ba: seta,
ep = famulus epsilon, 0m; = solenidion omega 1, 01, = solenidion omega 2, ph
= solenidion phi of tibia, g7, hT: setae of tibia (scale bar: 2.5 pm); — 46. tibia and
tarsus of leg III: C/ = claw, ph = solenidion phi of tibia, d, e, f, [, », vsc, w: setae
(scale bar: 5 pm).

with the ventral shield of the propodosoma; coxal fields of leg III and IV are sclero-
tized and fused forming a continuous shield that flanks the oviporus; in some indi-
viduals a small elongation of that shield reaches the socket of 4a; surface of opistho-
soma covered with small roundish pits. — Oviporus covered by two folds forming a
triangle; bursa copulatrix immediately behind the anal slit (Fig. 28); for receptacu-
lum seminis and appendages see Fig. 29. — All setae smooth.

Legs (Figs. 23-27): Chaetome see Table 1; w; gradually tapering towards its base
(Fig. 23).
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Fig. 47. Schwiebea koerneri, protonymph; ventral view, left legs partly omitted, cuticular
pits of left body half omitted. — Scale bar: 25 pm.
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Figs. 59-62. Schwiebea koerneri. — 59. Larva, proterosoma (light micrograph), showing the
Claparede organs (arrows) (scale bar: 20 pm); — 60. egg (light micrograph)
showing the distribution of small “spikes” (S) (scale bar: 20 pm); — 61. egg sur-
face in SEM-view; S = Sptke (scale bar: 5 pm); — 62. egg surface in SEM-view
(detail of Fig. 61); S = “spike” (scale bar: 2 pm).

3.2.2. Tritonymph

When directly developed from protonymph, length of idiosoma between
250 pm and 315 pm; length of idiosoma immediately after hatching from deuto-
nymph approximately 190 pm; colour: white.

Dorsum (Fig. 31): Idiosomal chaetome: scx, vi, se, dy, d,, ey, e, hy, im, ip. = En-
tire surface covered with small roundish pits except in the region of the propodo-
somatal shield. Setae vi, se, di, d, ey, e, h; pectinate (with high variability in the
number of pectinations), d, with maximally one pectination.

Ventrum (Fig. 30): Idiosomal chactome: 1a, 3a, 3b, 4a, g, hy, ¢, ia, ih. — Sternum
covered by a lobed sclerotized area; epimera of leg II, III and IV also covered by
sclerotized areas; on each side a sclerotized band runs along the border between pro-
terosoma and hysterosoma; the entire idiosomal surface except the sclerotized areas
and the regions around the bases of the legs covered with small roundish pits; seta ¢,
pectinate (with variability in the number of pectinations), other setae smooth.



WURST ET AL., REVISION OF THE GENUS SCHWIEBEA: II 27
Legs (Figs. 33-36): Chaetome see Table 1.

3.2.3. Deutonymph

Length of idiosoma between 180 pm and 220 pm, colour: beige.

Dorsum (Fig. 32): Idiosomal chaetome: ve, s, ¢y, ¢35, dy, da, ey, €2, £, hy, hy, 1a, im.
— Surface covered with small roundish pits; all setae short and smooth.

Ventrum (Figs. 37— 38) Idiosomal chaetome: scx, vi, 1a, ¢3, ¢, 33, 3b, 4a, g, hs, ip,
ih. — Epimeres and epimerites of leg II orientated approx1matcly parallel to each oth-
er; coxal fields I and IT sclerotized forming a continuous shield; its posterior margin
runs rectangular to the sternum but with a deep incision at the level of the sternum;
coxal fields IIT sclerotized and fused but with deep incision at the anterior margin
between setae 3a; its posterior margin shaped irregularly; coxal fields IV sclerotized
flanking the genital opening; anterior margin of coxal fields IV smooth; at each side

a large sclerotized area covers the region lateral the most anterior shield, the legs and
the sucker plate. — Ratio of length of idiosoma and width of sucker plate (Fig. 43)
about 4 : 1. — Setae 1a, 3b, 4a shaped as conoids, other setae smooth.

Legs (Figs. 39-42, 44-46): Chaetome see Table 1.

3.2.4. Protonymph

Length of idiosoma between 175 pm and 240 pm, colour: white.

Dorsum (Fig. 48): Idiosomal cheatome: scx, vi, se, dy, dy, ey, €3, hy, 1a, ip. — Setae
vi, se, d; pectinate, other setae smooth. — Otherwise as given for tritonymph.

Ventrum (Fig. 47): Idiosomal chaetome: 1a, 3b, g, hy, ¢, im, 1h. - Seta ¢, with max-
imally one pectination, other setae smooth. — Otherwise as given for tritonymph.

Legs (Figs. 50-53): Chaetome see Table 1.

Table 1. Chaetotactic formulae for setae and solenidia of the legs of Schwiebea koerneri.

Setae

leg I leg 11 leg I11 leg IV
larva 122221140 1222025110 1(0)1 161 {810 —
protonymph 1282525100 12.2.2.1.0 10.1.1.0.0 7.0.0.0.0
deutonymph &2 2 91l @224 | todad Lol L0 1 8.1.0.1.0
tritonymph 222221 21 222 111 10511 O 10.1.0.1.0
adults 1228 2220 JONSINEN 10.1.0.1.0

Solenidia

leg I leg I1 leg I1T leg IV
larva 1+€.1.1.0.0 1.1.1.0.0 0.1.0.0.0 -
protonymph 2+¢.1.1.0.0 = e 0.1.0.0.0 0.0.0.0.0
deutonymph 2+e.1.1.0.0 1.1.1.0.0 0.1.0.0.0 0.1.0.0.0
tritonymph 3+.1.1.0.0 1.1.1.0.0 0.1.0.0.0 0.1.0.0.0
adults 3+e.1.1.0.0 1.1.1.0.0 0.1.0.0.0 0.1.0.0.0
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3.2.5. Larva and Egg

Length of idiosoma between 120 pm and 150 pm, colour: white.

Dorsum (Fig. 49): Idiosomal chaetome: scx, vi, se, dy, dy, €y, 1a, ip. — Setae vi and
se pectinate, other setae smooth. — Otherwise as given for tritonymph.

Ventrum (Fig. 54): Idiosomal chaetome: 1a, 3b, e, hy, ¢, im, ih. — All setae
smooth. With short Claparede organs (Fig. 59). — Otherwise as given for trito-
nymph.

Legs (Figs. 55-57): Chaetome see Table 1.

Egg (Fig. 60): Length between 95 pm and 120 pm; colur: beige. — Surface of egg
covered with small “spikes” (Figs. 61-62).

3.3. Habitats of Schwiebea koerner:

We found this species mostly in the deeper regions of wood. The mites often fed
on the feces of other consumers of decaying wood (e.g. Julidae) and one can find
them burrowing in the fecal pellets of these animals.
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