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Morphological structures in some Neotropical Myrmecodesmus
species (Diplopoda: Polydesmida: Pyrgodesmidae)
reveal the ability for plastron respiration
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ABSTRACT: Plastron respiration in submerged
Myrmecodesmus species is possible when their hydro-
phobic secretion layer (cerotegument) on tergites extends
to sternites and covers all spiracles in the coxal region.
Advanced juveniles and subadults but not adults of M.
adisi (Hoffman, 1985) from Central Amazonian flood-
plains possess this functional cerotegument. Yet it is
absent from M. duodecimlobatus (Golovatch, 1996) and
M. hastatus (Schubart, 1945) from non-flooded uplands.

PE3IOME: [InacTpoHHOE ABIXaHUE Yy MOTPYXKEH-
HBIX B BOJIY JUILIONOM poxa Myrmecodesmiis BO3MOX-
HO TOT/a, KOT1a BX THAPOPOOHBII Cloii cekpeTa (1iepo-
TEryMEHT) Ha TePrUTax paclpoCTPAHACTCS 10 CTEPHU-
TOB W 3aKpBhIBAET BCE OTBEPCTHS IbIXalel] B palioHe
Ta3ukoB. [1031HIE IOBEHWIBHBIC U CY0ayIbTHEIC CTa-
JIMH, HO He B3pocible ocodu M. adisi (Hoffman, 1985)
u3 noiiM LleHTpansHOl AMa30HHM OONATAIOT TAKUM
(hyHKIIMOHATEHBIM IIepoTeryMeHToM. OTHAaKO eTr0 HET Y
M. duodecimlobatus (Golovatch, 1996) and M. hastatus
(Schubart, 1945) u3 HE3aTOIIAEMBIX HATOPHBIX MECT.

Introduction

Myrmecodesmus Silvestri, 1910 is a pan-Neotropi-
cal genus, ranging from Texas/U.S.A and the Carribean
in the north to Argentina in the south. Three species are
known from Central Amazonia near Manaus: M. adisi
(Hoffman, 1985), formerly Gonographis adisi, inhabit-
ing a blackwater inundation forest in the Rio Negro
valley, as well as both M. minusculus (Golovatch, 1996)
and M. duodecimlobatus (Golovatch, 1996) from an

adjacent secondary upland forest (non-flooded terra
firme) [cf. Golovatch 1996, 1999]. A fourth species, M.
hastatus (Schubart, 1945), is widely distributed in Bra-
zil and Argentina, probably due to association not only
with human settlements, but also with ant nests and
termites [see review in Golovatch 1996].

M. adisi is the only Neotropical species whose semi-
aquatic immatures are capable of surviving submersion
in Amazonian floodplains up to 11 months by means of
plastron respiration [Adis 1986, Adis & Messner 1997,
Messner & Adis 1988]. Its unique morphological struc-
tures are herewith compared with those of first speci-
mens available of M. duodecimlobatus and M. hastatus
from non-flooded habitats, to discuss the ability for
plastron respiration.

Material studied

Relevant morphological structures were investigated with
a Scanning Electron Microscope (Zeiss Nanolab 7), with
micrographs taken from the following specimens:

Myrmecodesmus duodecimlobatus (Golovatch, 1996): 1 sub-
ad. @ (paratype, collection ]. Adis), obtained from soil extraction
in a secondary upland forest (non-flooded terra firme) at Rio
Taruma Mirim near Manaus/AM, Brazil: 251V.1983, leg. JM.
Rodrigues, J. Adis et al. [see Golovatch 1996].

Myrmecodesmus adisi (Hoffman, 1985): 2 immat. (V, VI), 2
subad.$%, 299 (collection J. Adis), under submerged bark of Aldina
latifolia in a blackwater inundation forest at Rio Taruma Mirim
near Manaus/AM, Brazil: 27.111.1984, 18.V1.1987, leg. J. Adis.

Myrmecodesmus hastatus (Schubart, 1945): 1 subad. 9, 1 ¢;
collected from the back yard of a local residence at Cuiaba/MT,
Brazil: 02.V1.1999, leg. L. Wilck. Voucher specimens have been
deposited in the collections of Universidade Federal do Mato
Grosso, Depto. de Biologia — C.CB.S,, Cuiab4, Brazil (UFMT 3



18 Joachim Adis, Sergei I. Golovatch & Benjamin Messner

Fig. 1. Myrmecodesmus adisi: a — cerotegument covering the tergites and extending onto the coxal region of sternites (sbad. ¢,
250:1); b — cerotegument on tergum, with supporting secretion pillars in crevices and their knobs projecting above the surface (sbad.
9, 2000:1); ¢ — cerotegument covering the two spiracles in the coxal region (sbad. %, 1500:1); d — flat sternal cones, secretion pillars
and spiracle opening in the coxal region, visible due to lack of a cerotegument (¢; 2500:1).

Puc. 1. Myrmecodesmus adisi: a — UepOTETYMEHT, NMOKPBIBAIOIGUII TEPIUTBI U PACIPOCTPAHSIOIJUIACS HA KOKCAABHBIA OTAEA
crepanros (cybasyasras ¢, 250:1); b — yeporerymeHT Ha TepruTe ¢ IOAAEPKMUBAIOIIUMIM CTOADMKAMM U3 CeKPeTa B TPEIJUHAX U UX
BEPIIMHAMY, BBICTYIAIOIUMI B Biae Gyropros Ha nosepxuoctn (cybaa. ¢, 2000:1); ¢ — yepoTerymeHTt, oKphIBaIOmMii 062 ABIXaAbIIA
B paiione Tasukos (cybaa.?, 1500:1); d — maockme cTepHaAbHBIE MIUIIEYKHM, CTOABUKM U3 CEKPETA U OTBEPCTUE ABIXAABLA B KOKCAABHOM

paiione, BUAMMBIE U3-3a oTcyTeTsust yeporerymenta (§; 2500:1).

d'd, 4 92, 4 immat), Muséum dhistoire naturelle, Geneva,
Switzerland (MHNG: 1 ", 1 ¢, 4 immat.), Zoological Museum
of the State University of Moscow, Russia (ZMUM: 1 ', 2 99,
2 immat.) and J. Adis (CA: 1 ', 2 §9, 4 immat.).

Results and discussion

InM. adisi, the cerotegument is a rapidly drying white
hydrophobic secretion layer being deposited shortly after
or during moulting over the entire cuticula. It extends
from the tergites onto the coxal region of the sternites,
where it covers the spiracles in immature stages (ad-
vanced juveniles V, VI and subadults; Fig. la, c). The
entire layer is supported by small secretion pillars located
between cuticular tuberculi on the tergites and cuticular
cones on the sternites (Fig. 2). A thin air casing is held in
this cavity, 6.4-9.6 um in depth on the tergites and about
5.0um on the sternites. This cerotegument is hydrophil-
ous on the outside but hydrophobic on its inner surface,
and has a rough surface with irregular cracks and crevices
(Fig. 1b). Invisible from the outside it enables plastron
respiration where the concentration of dissolved oxygen
is high enough, i.e., in the upper water layers of blackwa-
ter inundation forests [cf. Adis & Messner 1991]. In

adults, the cerotegument hardly surpasses the sternal
region, i.e., it has no connection with the spiracles (Fig.
1d). For this reason adults cannot withstand flooding and
die during the beginning of the flood period. In addition,
submersion is made difficult due to the uncovered part of
the hydrophobic cuticula.

Subadult and adult M. hastatus carry the same type
of cerotegument on their sternum when compared to M.
adisi. 1t is firmly supported by secretion pillars (Fig. 3a,
b). Inthe tergal region, however, the secretion layer does
not cover the spiracles (Fig. 3¢, d). As in adult M. adisi,
the secretion pillars between the cuticular cones are
clearly visible. The spiracle itself carries no plastron-
retaining microtrichia at its entrance which would en-
able respiration underwater, as found in several poly-
desmidan species inhabiting wetland habitats of differ-
ent climatic zones [Adis & Messner 1997]. For these
reasons subadult and adult M. hastatus are solely cov-
ered by an air casing in their sternal region when being
submerged, secured by the dorsal cerotegument, and die
within few hours [Adis, unpubl.]. This was also ob-
served in immatures of Poratia obliterata (Kraus 1960),
a common pyrgodesmid in Amazonian floodplain and
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Fig. 2. Schematic presentation of secretion pillars that support the cerotegument in Myrmecodesmus adisi immatures: in the tergal
region, pillars are located between cuticular tubercles (top) and in the sternal region between cuticular cones (bottom).

Puc. 2. Cxema, noKaspiBaiolyast cTOABUKM U3 CEKPeTa, KOTOPBIE HOAAEPSKUBAIOT LEPOTETYMEHT Y HeB3pocAblx Myrmecodesmus adisi:
B paliOHE TEPIUTa ITU CTOAGUKM PACIOAOSKEHBI MEXKAY KYTUKYASPHbBIMM Oyropkamu (cBepxy), a B pailoHe CTEPHUTA MEKAY
KYTUKYASPHBIMM TMIIeYKamu (BHU3Y).

Fig. 3. Myrmecodesmus hastatus: a, b — cerotegument covering the tergite, and knobs of secretion pillars projecting above the
surface (a: sbad. @, b: @; both segment V); ¢, d — flat sternal cones, secretion pillars and spiracle openings in the coxal region, visible
due to lack of a cerotegument (c: sbad. ¢, segment VI; d: ¢, segment V). Scale bar in wm.

Puc. 3. Myrmecodesmus hastatus: a, b — yepoTeryMeHT, HOKPHIBAIOIIUIA TEPIUT, 1 GYTOPKM CTOAGUKOB 13 CEKPETA, BBICTYIAIOIUE
Ha nosepxHoctn (a: cybap. 9, br 5 v obenx cerment V); ¢, d — maockme cTepHaAbHBIE IIMINIEYKHM, CTOABUKM U3 CEKPETa WM OTBEPCTUS
AbIXaAel] B PaiiOHe Ta3UKOB, BUAMMBIE M3-3a OTCYTCTBUS epoterymenta (c: cy6as?, cerment VI d: €, cerment V). Macirab B MKrM.
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Fig. 4. Myrmecodesmus duodecimlobatus (sbad. ?): a, b — cerotegument covering the tergite, and knobs of secretion pillars
projecting above the surface (a: segment XIV; b: segment XIII); ¢, d — tile-shaped sternal cones, small setiform secretion pillars and
spiracle openings in the coxal region, visible due to lack of a cerotegument (c: segment X, d: segment XII). Scale bar in um.

Puc. 4. Myrmecodesmus duodecimlobatus (cy6aa.?): a, b — 1JepOTeryMeHT, TOKPHIBAIOIYHI TEPIUT, 1 GYTOPKY CTOABMKOB U3 CEeKpeTa,
BhICTYMAOIne Ha nosepxuoctn (a: cerment XIV; b: cerment XIII); ¢, d — uepenmueobpasHble CTEPHAABHBIE IIUIIEUKM, MAACHBKUE,
HOXOKME HA IJETUHKMU CTOAGUKM M3 CEKPETa M OTBEPCTIUS ABIXAACL B PAaiiOHE Ta3UKOB, BUAMMBIE U3-32 OTCYTCTBUs yepoTerymenta (C:
cerment X, d: cerment XII). Macirab B MKm.

upland forests [Adis et al. 2001; Golovatch & Sierwald,
2001], which has the same morphological structures and
dies about 24 hours following submersion (water tem-
perature 24°C, 6.5 mg O,/1) [cf. Messner & Adis 1988].

Material of the terricolous M. duodecimlobatus
contained only one subadult female. Structures are sim-
ilar to those of M. hastatus (Fig. 4a—d) and plastron
respiration is therefore considered impossible. Ofthe 41
specimens of M. duodecimlobatus collected, 80% were
found to inhabit the upper soil layers (0-3.5 vs. 3.5-7 cm
depth) [Adis & Golovatch, unpubl.]

Only two other examples are presently known for
Polydesmida in which an amphibious mode of life is
facilitated by means of a functional cerotegument: the
circumtropical Aporodesminus wallacei Silvestri, 1904
(Pyrgodesmidae), recorded as semiaquatic from Austra-
lian creeks, and Serradium semiaquaticum Enghoff et
al., 1998 (Polydesmidae), endemic to several Italian
caves [Adis et al. 1997, 1998].
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