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On the identity of the European hothouse millipede Ampbitomeus
attemsi (Schubart, 1934), with first biological observations of this
parthenogenetic species (Diplopoda: Polydesmida: Oniscodesmidae)
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ABSTRACT: The status of the parthenogenetic
millipede Amphitomeus attemsi (Schubart, 1934), a
common European hothouse species originally de-
scribed in Detodesmus Cook, 1896, is revised. Discov-
ery among several hundred females of an apparently
residual (= atavistic) male each in hothouses in Berlin,
Freiburg and Kiel, Germany allows confirmation of
Amphitomeus Verhoeff, 1941 as a “good” genus based
on both male genitalic structure and certain peripheral
characters, largely plesiomorphic. Based on biogeo-
graphical evidence, apparently the origin centre of 4.
attemsi lies somewhere in the northwestern Andes whence
it has become introduced and established in Europe and
southeastern Brazil. In Europe at least, its life history
seems to require at least one year and the species
basically feeds on rotting wood. Experimental data on
platable gut microflora and its cellulase activity show
fungi and actinomycetes, but apparently not bacteria, to
be highly cellulose-dependent. Lectotype selection has
been made for Oniscodesmus aurantiacus Peters, 1864.

PE3IOME: PeBuzoBaH cTaTyc mapTeHOTCHETHYEC-
KOT'0 MHOTOCBs13ad mphitomeus attemsi (Schubart, 1934),
OOBIYHOTO €BPOIICHCKOTO OPAHIKEPEHHOTO BUA, BIIEP-
BBIC OIMMCAHHOTO B cocTaBe poma Detodesmus Cook,
1896. OGHapyxeHHUe Cpeid COTEH CaMOK 10 OJTHOMY,
OYEBU/IHO, OCTATOYHOMY (= aTaBUCTHUECKOMY) CaMIly B
opamxkepesx bepnuna, @paitdypra u Kuns (I'epmanms)
MIO3BOJIMIIO TIOATBEP/IUTh, YTO HA OCHOBAHUH KaK CTPO-
CHU FeHHTaHHﬁ, TaK U ONIPECACICHHBIX BHCIIHUX MIPH-
3HAKOB, B OCHOBHOM ILIC3HOMOP(HBIX, Amphitomeus
Verhoeff, 1941 — “xopommii” poa. Ha ocHose Ounore-

orpauYecKuX JaHHBIX, BO3MOXKHO, IICHTP IIPOUCXOXK-
nenust A. attemsi Haxonutcs rae-to B CeBepo-3amna-
HBIX AHJaX, OTKyAa BUZ OBLI 3aBE3€H W MPIDKUICS B
EBpone u HOro-Bocrounoit bpasmmuu. Ilo kpaitneit
Mepe B EBpore mpomoiKUTEIhHOCTh €r0 Pa3BHUTHS,
BO3MOXKHO, npeBbuuaeT OJIUH I'0J, a caM BH/I ITUTACTCA
Ha pasliararomieiics qpeBecuHe. DKCICPUMCHTAIbHBIC
JAHHBIC 110 BHICEBAEMOW KHIIICYHOW MUKpOdIOpe 1 ee
LIEJUTIONAa3HON aKTUBHOCTH TIOKA3bIBAIOT, YTO TPHOBI U
AKTHHOMHUIICTHI, HO, BUIUMO, HE OaKTePHH OYCHB CHITb-
HO LEJJII0JI0303aBUCUMEL. Y Buaa Oniscodesmus
aurantiacus Peters, 1864 0003HaueH JEKTOTHII.

Introduction

The original description of the oniscoid millipede
Detodesmus attemsi Schubart, 1934 was based on sev-
eral “immature” specimens taken from two hothouses in
the Botanical Garden at Berlin-Dahlem, Germany [ Schu-
bart, 1934]. Following a written advice of C. Attems he
cited, Schubart assigned his species to Detodesmus
Cook, 1896, thus altering his own earlier, provisional
identification of that material asOniscodesmus sp. [Schu-
bart, 1931]. Based on biogeographical evidence, this
species was immediately recognized as an introduced
Neotropical element apparently stemming from Vene-
zuela or Colombia.

The reasons for placing attemsiin Detodesmus rath-
er than in Oniscodesmus Gervais & Goudot, 1844 were
obvious from Attems’ [1926, 1940] monographs. In
addition to certain gonopod traits, Detodesmus species
were defined as possessing a well-exposed, wide telson
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readily visible from above, whereas in Oniscodesmus
species this segment was stated to be small, club-shaped
and almost entirely covered from above by the paraterga
of the penultimate body segment. Strangely enough,
Attems [1940] forgot to include attemsi in his book!

By putting emphasis on the absence both of tubercles
and longitudinal striae on the metaterga as well as the
presence of acutangular incisions on most of the parater-
ga, Verhoeff [1941], in his key to the genera of Onis-
codesmidae, created among several others a new genus,
Amphitomeus, specially to incorporate attemsi. Schu-
bart [1947] seems to have been unaware of Verhoeft’s
[1941] publication when he again referred to this species
as Detodesmus attemsi, this time in connection with the
discovery of some females and/or juveniles in Sdo Paulo
State, Brazil. Like in Europe, both Brazilian sites men-
tioned, Sdo Paulo and Rio Claro, were described as
clearly anthropogenic: a hothouse at university campus
and a forestry nursery.

The species remained treated in Detodesmus even
with further records coming from hothouses in Germany
[Schubart, 1957] and Poland [Brodniewicz, 1957]. Schu-
bart [1957] reported on 47 individuals but not a single
male discovered in Berlin during the 1930’s. The 19-
segmented specimens were still believed to be sub-
adults. Brodniewicz [1957] found this species in one of
the hothouses of Kasprzak Park (before World War 2,
Wilson’s Park) in Poznan and only stated it occurred
abundantly under orchids, in the warmest part of the
hothouse. Neither the number nor the sex of the speci-
mens were referred to. However, the introduction was
suggested to have taken place already in the 1950°s,
because during the war the hothouse perished while in
the early 1930’s no millipedes had been found in that
hothouse [Moszynski & Urbanski, 1932]. Brodniewicz’s
[1957] record in Poland was quoted twice [ Stojatowska,
1961; Stargga & Stojatowska, 1974] but, following
Schubart [1934, 1957], those authors also believed that
only immatures had been collected.

Enghoff [1978] summarized all available informa-
tion on and was apparently the first to suggest thelytoky
in this species. It has since become reported from hot-
houses in Copenhagen, Denmark [Enghoff, 1987: sub
Amphitomeus attemsi), Freiburg [Bellmann, 1997: sub
Detodesmus sp.], and Kiel, Germany [Adis et al., 2001:
sub Detodesmus attemsi].

The present paper provides new insights into the
taxonomy of Amphitomeus attemsi as based on the first
males becoming available for study. We also provide
first, provisional results of observation concerning the
biology of this interesting parthenogenetic introduction.

Material and methods

Copious material of 4. attemsi, live and/or alcohol-
fixed, has been received by us from hothouses in Berlin,
Kiel and Freiburg, Germany, in Basel, Switzerland and
in Kosice, Slovakia. Besides this, 4. attemsi has just
been found in a hothouse in Budapest, Hungary [Korsos,
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in litt.]. Furthermore, the population from the Tropen-
haus in Kiel has been monitored for about 2 years, with
several attempts undertaken to keep it in culture like we
succeeded with a few other parthenogenetic hothouse
Polydesmida[Adisetal.,2001; Golovatchetal.,2001a].
Three males have been discovered, one each in Freiburg,
Kiel, and Berlin.

The bulk of the study material is in the collection of J. Adis
at MPIL / P16n, where most of the experimental work has been
conducted. A few samples, including the male from Berlin,
are donated to the Zoological Museum of the Moscow State
University (ZMUM), Russia. The Freiburg male is in the
collection of J. Spelda in Stuttgart while the Kiel male, several
females and immatures are in the Muséum d’histoire naturelle
in Geneva (MHNG), Switzerland.

Numerous scanning electron micrographs (SEM) have
been taken using a Zeiss Nanolab 7 microscope.

Taxonomy

Inasmuch as present-day millipede systematics is
largely based on male genitalic structures, in the absence
of male material any judgment about the status of about
any helminthomorph millipede is bound to remain arbi-
trary. Anadditional difficulty lies in studying the parthe-
nogenetic forms, in which males are usually from rare to
non-existent. Thelytoky, i.e. a strongly female-biased
sex ratio, is quite usual among exotic millipedes intro-
duced in European hothouses, i.e. Poratia digitata (Po-
rat, 1889), P. obliterata (Kraus, 1960), Cylindrodesmus
hirsutus Pocock, 1889 [Adis et al., 2001; Golovatch &
Sierwald, 2001; Golovatch et al. 2001a, b], and Amphi-
tomeus attemsi. Acquisition of male samples in 4. at-
temsihas always been a serious challenge but at the same
time it remained crucial for finally solving the riddle
concerning the identity of both attemsi and Amphito-
meus. In addition, attemsi has never been described
adequately, because Schubart [1934, 1957] believed he
only had immature specimens athand. In fact he did have
at least one adult female, as 19, not 20, body segments is
characteristic of attemsi adults.

Amphitomeus attemsi (Schubart, 1934)
Figs 1-28.

Oniscodesmus sp. — Schubart, 1931: 82.

Detodesmus attemsi Schubart, 1934: 168.

Amphitomeus attemsi — Verhoeff, 1941: 53; Enghoff, 1987: 148.

Detodesmus attemsi — Schubart, 1947: 30; 1957: 23; Brod-
niewicz, 1957: 273; Stojatowska, 1961: 115; Stargga & Stojatowska,
1974: 22; Enghoff, 1978: 79; Adis et al., 2001: 168.

Detodesmus sp. — Bellmann, 1997: 286.

Material: Germany: Kiel University Campus, Botanical Gar-
den, Tropenhaus, in rotting wood, leg. J. Adis, B. Hansen, S.
Knapinski, L. Wilck, S. Golovatch — several hundred females +
several subadults + 1 male (MHNG), 23.08.2000, leg. S. Knapin-
ski; Freiburg Botanical Garden, Tropenhaus, leg. S. Knapinski —
several dozen females + 1 male (Coll. . Spelda), 20.01.1997, leg.
H. Bellmann; Berlin Botanical Garden, Tropenhaus, leg. M. Zerm
— several dozen females + 1 male (ZMUM), 4.05.2000, leg. M.
Zerm; Switzerland: Basel, Botanical Garden, Tropenhaus —
about 20 females, leg. S. Knapinski; Slovakia: Kogice, leg. A. Mock
— several dozen females.
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Figs 1—6. Some structural details in Amphitomeus attemsi (Schubart, 1934), females from Kiel: 1 — habitus, lateral view; 2 —
labrum and clypeolabral region, dorsolateral view; 3, 5 & 6 — anterior body part, dorsal, lateral, and lateral views, respectively; 4

— distal antennomeres, subdorsal view. Scale bar in um.

Puc. 1—6. Hexoropsie aetaan crpoenus Amphitomeus attemsi (Schubart, 1934), camxn u3 Kuas: 1 — raburyc, sup cboxy; 2 —
AabPyM 1 KAUIIEOAAOPAABHDIVL PAViOH, BuA cBEpXY 1 cOOKy; 3, 5 u 6 — HepeAHsIs YacTb TeAd, COOTBETCTBEHHO CBEPXY, cGOKy 1 cBoKy;
4 — AMCTAaAbHDBIE YACHWMKM aHTEHH, BUA IIPUMEPHO cBepxy. Maciurab B pim.

DESCRIPTION: Length of adults ca. 2.9-3.2 (male 3.0),
width 0.7-0.9 mm (male 0.8). Colour often uniform pale
brownish to yellow-brown, sometimes with paler fore parts of
metaterga; venter, legs and antennae pallid.

Body with 19 segments (17+1+T), shape typical of Onis-
codesmidae (Fig. 1), with caudal body end drastically tapered
toward a relatively small but broad telson (twice broader than
high) readily visible from above and not concealed by previous
paraterga (Figs 17-19). Head strongly transverse (Fig. 7), not
granulated, labrum rugulose, interantennal isthmus with a

small but evident longitudinal ridge (Fig. 2), vertex scaly to
very indistinctly tuberculate, gnathochilarium usual (Fig. 8).
Antennae short, clavate, antennomere 5 larger than 6", each
with a distodorsal corolla/group of longish but thick, bacilli-
form sensilla, antennomere 7 with a more compact group of
similar but shorter and smaller sensilla (Fig. 4). Collum invert-
ed subtrapeziform (corners rather broadly rounded), relatively
small, not covering the head from above, with highly indistinct
bosses (Fig. 3). Tergum 2 particularly strongly enlarged as
usual, not excavate but regularly convex toward anterior mar-
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Figs 7—10. Some structural details in Amphitomeus attemsi (Schubart, 1934), females from Kiel: 7 & 8 — head, front and ventral
views, respectively; 9 — midbody somite, lateral view; 10 — telson, ventrocaudal view. Scale bar in pm.

Puc. 7—10. Hexoropsie pAetaan crpoenns Amphitomeus attemsi (Schubart, 1934), camxn ns Knas: 7 n 8 — roaosa, cooTBETCTBEHHO
criepear M cHU3Y; 9 — CPEAHETYAOBUIUHBIV cerMeHT, Bup cboky; 10 — TeabcoH, BuA cHM3Y 1 c3apm. Macirab B um.

gin, its paraterga broadly rounded, vertical, each set off caudal-
ly by a narrow suture marking a shelf-like structure where
several subsequent paraterga would hinge into to conceal the
lower part of paratergite 2 during volvation (Figs 1, 3, 5 & 6).
Terga very strongly arched (Figs 1,6, 11, 13, 14), rather smooth
but dull due to scaly texture with micropilosity (Figs 5, 9, 11,
12, 15-19, 21), each with a barely traceable transverse suture
marking a barely elevated ca. 1/3 rear, metatergal part (Fig. 1),
both areation and limbus virtually absent but prozonital part
and rear edge with peculiar scaly structures (Figs 15 & 16). All
paraterga subsequent to 2nd (sub)vertical, set off by a narrow,
deep but evident incision both anteriorly and posteriorly (Figs
6,9, 11). Tergal setae very short, scarce, usually only preserved
on few posteriormost somites mostly closer to lateral edges,
normally inconspicuous against dense micropilosity (Figs 17 &
18), likely just broken off and only preserved as micropilosity.
Ozopores inconspicuous, flush open on tergal surface a little
below midway of caudal paratergal incision, increasingly but
slightly shifted caudad toward telson (Figs 6, 19, 22), ozopore
formulanormal (5, 7,9, 10, 12, 13, 15-18). Telson, like entire
body but sterna, scaly and micropilose, relatively small;
epiproct very short and stout, nearly fully concealed from
above, surmounted with four conspicuous macrosetae in pits
(Figs 10, 17-19); ventral pair of macrosetae on paraprocts
more strongly apart than dorsal pair (Fig. 18); hypoproct
subtrapeziform, with a paramedian pair of long, relatively
poorly separated macrosetae on small knobs (Fig. 18).

Sterna very narrow, largely with a small but evident cavity
frontomedially (Fig. 20); most coxae nearly contiguous medi-
ally (Fig. 25). Legs rather short, simple, not very heavily
setose, strongly flattened sagittally (Figs 13, 14, 24 & 25).
Male leg coxa 2 without any marked protuberances. Epigynal
ridge behind female legs 2 rather low, inconspicuous (Figs 13
& 24).

Gonopod as in Fig. 27. Coxites small, fused medially,
bare, devoid of a gonocoel and of any outgrowths, laterally
faintly scaly and microtuberculate, cannula somewhat foliate
distally. Telopodite also small, only a little longer than coxite,
suberect; prefemur swollen caudolaterad, poorly setose but
apically with three disproportionately strong setae; femorite
like a more distomesally shifted, hyaline lobe supporting a
minor solenomerite and a fringed lobule apically, only slight-
ly higher than prefemur.

Vulva (Figs 23 & 28) very small, like a relatively simple,
stout, poorly sclerotized, quite setose sac devoid of any spiral
structures inside as well as of gutter- or ridge like structures
on surface. Operculum and edges of bursa with particularly
strong and long setae almost reaching the end of femorite.

Discussion of the status of Amphitomeus

The family Oniscodesmidae as currently defined
[Hoffman, 1980, 1982; Simonsen, 1990] contains 8-9
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Figs 11—16. Some structural details in Amphitomeus attemsi (Schubart, 1934), females from Kiel: 11 — midbody somites, lateral
view; 12 — left midbody paratergite, caudal view; 13 — somite 3, front view; 14 — midbody somite, caudal view; 15 — prozonital
microsculpture, dorsal view; 16 — microsculpture at caudal edge of metaterga, subcaudal view. Scale bar in pm.

Puc. 11—16. Hekoropsie aetasn crpoennst Amphitomeus attemsi (Schubart, 1934), camxn n3 Kuas: 11 — cpeaneryrosuigmsre
CETMEHTBI, BUA COOKY; 12 — AeBBITI CPEAHETYAOBUIHBIV ITAPATEPINUT, BUA c3aAM; 13 — 3-i1 comnT, Bua criepean; 14 — cpeAHeTYAOBUIHBIN
CETMEHT, BuA c3aAK; 15 — MUKPOCKYABIITYPA ITPO3OHNUTA, BUA CBEPXY; 16 — MMKPOCKYABIITYPA Y 32AHETO KPasl METATEPIUTOB, BUA HOUTH

c3aan. Macmrab B pm.

nominal genera, all in South and/or Central America. As
noted above, Amphitomeus has been discriminated by
having paratergal incisions both anteriorly and posteri-
orly combined with lack of tubercles and longitudinal
striae on the terga [Verhoeff, 1941]. In addition to these
peripheral, often plesiomorphic traits, Amphitomeus
can currently be characterized by the particularly simple
gonopods, in which the coxite is only barely shorter than
the telopodite, the latter being composed of a relatively
prominent, caudolaterad shifted prefemur and a similar-

ly short, distomesal, hyaline femorite with a short sole-
nomerite apically.

Amphitomeus is indeed quite distinct from Detodes-
mus not only in somatic characters (19 body segments,
lack of metatergal areation, a regularly convex tergite 2,
a considerably smaller body size, etc.) but also in gono-
pod structure, which is far more elaborate in Oniscodes-
mus aurantiacus Peters, 1864, the type species of
Detodesmus [cf. Cook, 1896]. We have borrowed both
syntype male (No. 245, Venezuela, Caracas, leg. Goll-
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Figs 17—22. Some structural details in Ampbitomeus attemsi (Schubart, 1934), females from Kiel: 17-19 — caudal body part,
dorsal, ventral, and lateral views, respectively; 20 — sternal region of a midbody segment (legs removed), ventral view; 21 — typical
scaly and micropilose microsculpture on body surfaces, dorsal view; 22 — midbody ozopore, lateral view. Scale bar in pm.

Puc. 17—22. Hexoropsie petaan crpoennst Amphitomeus attemsi (Schubart, 1934), camkn ns Kuas: 17—19 — sapuss yactp Teaa,
COOTBETCTBEHHO CBEPXY, cHU3y 1 c60Ky; 20 — CTePHAABHDI PaiiOH CPEAHETYAOBUIJHOTO cermenTa (HOMM YAAA€HBL), BUp cHu3y; 21 —
TUIMYHAS YeLIYIHYaTO-MUKPOBOPCHCTAsT MUKPOCKYABIITYPA TIOBEPXHOCTH TEAR, BUA CBEPXY; 22 — CPEAHETYAOBUIJHAS IIOPA 3aIUTHOM

sKeAessl, BiA cOoky. Maciurab B um.

mer) and syntype female (No. 4475, Venezuela, Cara-
cas, leg. Gollmer) of O. aurantiacus from the Museum
fiir Naturkunde in Berlin, Germany (courtesy of J. Dun-
lop) and find the redescription and illustrations provided
by Cook [1896], and repeated by Attems [1940], per-
fectly accurate. We take this occasion to herewith select
the male as lectotype, and the female as paralectotype.
The designation is the more so important as the lectotype
is not only a male but it is in better condition than the
fragmented paralectotype.

In other words, based now not only on peripheral
characters but on gonopod structure as well, the present
study provides additional support to considering4mphi-
fomeus as a genus quite distinct among the known
Oniscodesmidae. Regrettably, emphasizing the poor
state of the art, we can only agree with Hoffman [1982:
723] that “Eight nominal genera are very provisionally
referred to this family, and most require careful restudy
to confirm their status”. Now at least the case of Amphi-
tomeus seems to be resolved. Against this background,
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Figs 23—26. Some structural details in Ampbhitomeus attemsi (Schubart, 1934), females from Kiel: 23 — vulvae in situ, caudal
view; 24 — epigynal region, front view; 25 — midbody legs, frontoventral view; 26 — subadult in moulting chamber. Scale bar for
Figs 23—25 in pm, Fig. 26 without scale.

Puc. 23—26. Hexotopsie pgetaan crpoennst Amphitomeus attemsi (Schubart, 1934), camxn us Kuast: 23 — BYyAbBB Ha MecTe, BUA
c3aan; 24 — paiioH SUMIMHBL, BUA CliepeAn; 25 — CPEAHETYAOBMIHBIE HOTM, BUA CIIEPEAM T CHM3Y; 26 — cyGaAyABTHBIN SK3EMIIASD
B AMHOYHOV Kamepe. Macmab aas puc. 23—25 B um, puc. 26 6e3 macurraba.

Simonsen’s [1990] speculations about the evolution and
biogeography of genera within Oniscodesmidae seem
too premature, especially his consideration of Cryptu-
rodesmus Silvestri, 1897 (Brazil and Argentina) as the
most basal of the genera.

To summarize, Amphitomeus can be diagnosed as
follows:

Amphitomeus Verhoeff, 1941

Amphitomeus Verhoeff, 1941: 53.

Amphitomeus — Hoffman, 1980: 183; Simonsen, 1990: 49.

Type species: Detodesmus attemsi Schubart, 1934

Small-sized (ca. 3 mm long) typical Oniscodesmidae with
19 (17+14T) body segments in both sexes. Telson readily
visible from above, not covered by paraterga of penultimate
somite. Ozopore formula normal. Terga generally smooth,
devoid of areation but with a scaly and micropilose texture

Figs 27 & 28. Genitalia of Ampbhitomeus attemsi (Schubart,
1934), male from Freiburg (27), female from Kiel (28): 27 — left
gonopod, caudal view; 28 — vulva, subcaudal view. Scale bar 0.1
mm.

Puc. 27 wn 28. Tennrtasun Ampbhitomeus attemsi (Schubart,
1934), cameny m3 Opaitbypra (27), camxa m3 Knas (28): 27 —
A€BBIV TOHOTIOAMIA, BUA C3aAM; 28 — BYAbBa, BUA IIPUMEPHO C3aAN.
Macmrab 0,1 mm.
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nearly all over; paraterga set off with an anterior and a
posterior incision. Gonopods very simple, coxite and te-
lopodite of comparable length, telopodite composed of a
relatively prominent, caudolaterad shifted prefemur and a
similarly short, distomesal, hyaline femorite with a short
solenomerite apically.

Country of origin: Unknown.

Amphitomeus currently appears to contain a single parthe-
nogenetic species, 4. attemsi, quite widespread over Europe-
an hothouses and also reported from man-made habitats in
Sao Paulo State, Brazil. Certainly none of these places, even
Brazil, can be suggested as a plausible source area for this
species. Following Schubart [1934, 1947], we are also in-
clined to believe that 4. attemsi might stem from somewhere
in the northwestern Andes, most likely Venezuela and/or
Colombia. It would be extremely instructing to find out if
thelytoky is characteristic of the A. attemsi populations in the
source area as well, i.e. if this species is strictly parthenoge-
netic.

One may wonder if, given the definitely atavistic, residu-
al, apparently non-functional (= spanandric) males in Europe-
an hothouses, A. attemsi gonopods would be modified or at
least look simpler than those deriving from conspecific but
bisexual populations if any. All available evidence, however,
speaks against such a suggestion. Thus, in the polydesmoid
Poratia obliterata (Pyrgodesmidae), a 20-segmented Neotro-
pical species whose bisexual populations occur throughout
Amazonia as well as in Panama and Costa Rica while parthe-
nogenetic populations on open terrain in Georgia, U.S.A. but
only in hothouses in Europe, there are almost no differences
in gonopod conformation traced between males of either
bisexual or thelytokous stem. The gonopod looks a little more
elaborate compared to the norm only in the 19-segmented,
atavistic, spanandric males, thus somewhat approaching the
condition observed in the obligatorily parthenogenetic conge-
ner P. digitata. The latter species is 19-segmented and its
gonopods are among the most complex within Poratia Cook
& Cook, 1894. P. digitata are free-living in the southern
U.S.A., U.S. Virgin Islands and Java, maybe also in Panama
and Costa Rica, but strictly hothouse in Europe and the
northern U.S.A. [Adis et al., 2001; Golovatch & Sierwald,
2001]. Similarly, in the polydesmoid Cylindrodesmus hirsu-
tus (Haplodesmidae) the gonopods from bisexual popula-
tions, all occurring in the tropics only, are barely distinguish-
able from those of atavistic males deriving from parthenoge-
netic, so-called laniger, populations [Schubart, 1945]. The
laniger form occurs both in the tropics and, again in hothouses
only, in Europe [Golovatch et al., 2001a, b].

Biological observations

In the hothouse of the Botanical Garden of the Kiel
University, A. attemsi could be found everywhere but in
very high densities they only occurred on heavily de-
composed wood material (logs, stumps). Until very
recently, cultivation of 4. atfemsi on such a diet in the
laboratory failed.

The reproduction mode of A. attemsi seems to be
annual, because first developmental stages could only
be found in autumn. Adult animals occurred throughout
the year, this suggesting a life span of at least one year.

Like in several other Polydesmida [cp. Adis et al.,
2001], immatures build moulting chambers of soil, litter
and bark material using their mouthparts. Inside a sealed
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A. attemsi
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Fig. 29. Counts of platable actinomycetes in the gut of A.
attemsi as well as in the dry fish food “Tetramin” and in the
breeding soil (cfu — colony-forming units; without c. — without
supplementary cellulose; with ¢. — with supplementary pulver-
ized cellulose; both — same with or without supplementary
cellulose). Each box plot represents data from 5 specimens, with
5 replicates each.

Puc. 29. YnCAEHHOCTH BBICEBBIEMBIX AKTUHOMMLETOB B
KUIIeIHUKeA. attemsi,a Takke B cyxom pribbem kopme “Terpammn”
u B mouse-kyabrypate (cfu — KoroHMeobpasyiomme eAMHUIDL
without ¢. — 6e3 AOMOAHMTEABHOM 1IeAAtoAO3bI; with ¢ — ¢
AOTIOAHUTEABHO PACTIBIACHHOM 1JeAAtor030i4; both — To ske ¢
AOTIOAHMUTEABHOM IJeAAIOAO307 mAM bes Hee). Kaskpas saerika-
AMArpamMma IIpeACTaBAseT cODOil AAHHBIE IO 5 SK3EMIASIpaM B 5
HOBTOPHOCTSX KaSKAASL

chamber each juvenile produces a silken cocoon both to
get protected from predators and to moult inside (Fig.
26). Four long setae at the tip of the epiproct (Fig. 10)
represent a spinning apparatus [Knapinski, 2001]. The
process of construction of egg chambers could not be
observed. However, no silken cocoon is produced inside
the egg chambers like the one known inPoratia digitata,
P. obliterata and Cylindrodesmus hirsutus [Adis et al.,
2001; Golovatch et al., 2001a, b].

Despite repeated attempts and several inoculum
sources (Kiel, Freiburg, Basel, Berlin, and Kosice), we
tried but failed to breed A. attemsi at various tempera-
tures under laboratory conditions at MPIL / P16n. Against
a background of literally booming cultures of Poratia
digitata and P. obliterata, both species fed and main-
tained on dry fish food (“Tetramin”) plus some moist
filter paper (cellulose) since early 1998, the apparent
failure of Amphitomeus attemsi to accept the same diet
seemed remarkable. This matter has been examined in
further detail using gut microflora analysis.

First studies on the concentrations of platable fungi
and actinomyecetes in the gut of 4. attemsi treated with
supplementary pulverized cellulose showed a statisti-
cally significant difference compared to the measured
concentrations of fungi or actinomycetes in the dry fish
food “Tetramin” and in the breeding soil (p,  =0.036
andp_ =0.023, according to Mann-Whitney & Bonfer-
oni, respectively) (cp. Table & Fig. 29).

In addition, the concentrations of platable actino-
mycetes and fungi but not that of bacteria in the gut
varied significantly between treatments with or without
supplementary cellulose (p=0.012 and p=0.035, accord-
ing to Mann-Whitney, respectively) [Knapinski, 2001].
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Table. Mean estimates of platable bacteria, fungi and
actinomycetes in the gut of A. attemsi in treatments
with or without supplementary pulverized cellulose, as
well as in the dry fish food “Tetramin” and in the
breeding soil'.

Tabanya. CpeaHne OLEHKM BbICEBBIEMBIX bGaxTepuii,
rpubOB 1 aKTMHOMMUETOB B Kuimeanuke of A. attemsi B
OIIBITaX C AOIOAHWUTEABHOW PACIIBIACHHON IIEAAIOAO307
nan Ge3 Hee, a TAK)KE B CYXOM PHIObEM KOpME
“TeTpammu” ¥ B NOYBE-KYABTYpATE'.

Cellulose i
Tetramin Breec.ilng

Without | With sol
Bacteria
10° cfu/mg 145 17 1o e
Fungi
10° cfu/mg 14 233 "2 e
Aczmomycetes 254 7.5 4.64 4.39
10° cfu/mg

! cfu — colony-forming units
! cfu — KOIOHHEOOpa3yIONMKE €IHHHUIBI

Cellulase activity was quantified in animals taken
from the hothouse or fed supplementarily with pulver-
ized cellulose in the laboratory. Cellulose digestion was
studied in quantifying D-glucose and D-fructose with a
UV-test. The concentration of glucose in the gut of A.
attemsi before incubation was 1.27 pg/mg. After incuba-
tion of 12hs the glucose concentration increased to
76.13 pg/mg gut (mean of two runs). This is equivalent
to a cellulase activity of 6.24 nug glucose/mg x h.

Between 40 and 70% of plant residues in the soil
consist of cellulose [Rdssler, 1961]. Its biodegradation
due to cellulase activity is highly important in the pro-
cess of mineralisation and, consequently, in the carbon
cycle. Many animals produce cellulase either by them-
selves or by symbionts. Symbiont-dependent digestion
is much more widespread than symbiont-independent
one [Anderson et al., 1982; Cazemier et al., 1997;
Zimmer & Topp, 1998a]. It has not been shown yet that
millipedes possess a permanent microflora similar to
that of termites [cp. Hopkin & Read, 1992]. However,
A. attemsi might represent an exception and deserves
further studies. Some cellulase activity has been deter-
mined but not truly quantified in millipedes [Nunez &
Crawford, 1976; Kaestner, 1993]. In A. attemsi it was
remarkably lower compared to the woodlouse Porcellio
scaber (15-25 mmg glucose/mg x h; Zimmer & Topp
[1998D]).

The mortality of 4. attemsi in laboratory cultures
could be reduced by feeding animals additionally with
pulverized cellulose. Those animals kept without cellu-
lose, dry fish food (“Tetramin”) and breeding soil died
after about two weeks. Thus neither gut funginor actino-
mycetes in the gut of A. attemsi can probably exist
without cellulose. Both these microflora groups seem to
be important symbionts because of their significant
differences in concentration found with or without cel-
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lulose treatments and the correlated survival rate of 4.
attemsi in the laboratory. Although bacteria were the
largest group of gut microbes, differences between these
treatments could not be shown.
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