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Characterisation of monophyletic oribatid groups by oil gland 
chemistry - a novel systematic approach in Oribatida (Acari) 

Abstract 

G ÜNTH ER R ASI'O T NIG u 

IKarl- FranZClls-Uni vcrs ily, Graz, Austria 
' Mcdical Univcrsity, Childrcn 's Hospi tal. Graz, Aust ri a 

Oil glands (a lso ca lied opisthonolal or latcro-opi sthosomatic glands) rcprCSClll the [arges! ami most 
s tri kin g cxocrinc system in bOlh Oribatida und Ast igmata: according 10 CUffen! knowlcdgc, oil g lands 
cvolvcd only ollee in ane ien! Oribalida. lIlld Ihtls. all cx ta nt oil gland-bca rin g taxa are thought 10 
rcprcscnl apart of thc largc mon oph ylcl ic unil of »glandulate« oribatids (in cluding Astigma ta!). 
Reccntly, an importa nt se t oftaxono mic cll<lractcrs in g landulate grollps has arisen by investigat ions into 
chemie<!l profiles 01' o il gland seereti ons: these chcmieal profi les represell t stabl e and speeies· speeifie 
c haractcrs. amI e learly charar.:terise 11lo11ophylctic o ribatid grOllps on any ta:-;o llomic level. 

I-lithcrto ava ilablc chemi cal da ta ean be sUlllmariscd as follows: hydroearboll s havc beeil fo und in 
sccretiolls 01' all spceies so [llr investi gated and afe regarded to be plesiolllorphie. On the other hand. o nl y 
Parhyposomata show naphthols am1 phenols. amI an apomorphie set 01' aromati es and te rpenes. the so· 
call cd »:\stigmatid compounds«, cbaracterises Illiddle-derivati ve Mi:-;onomata ami poss ibly also al l 
groll ps above (i .e. Dcsmonomata. Bmehypylida. Astigmata) . \Vithin this 1l10nophylum 01" »)astigmatid 
eompounds«·bea ring O ribatida, certa in sub·groups are eharaete ri sed by e.g. the OCC lIITcnee 01' di st inctl y 
di[Teren t compos iti ollS 0 1" see retions in juvenile and adu lt individua ls (»c he mical dilllOrphi s ll1 «). the 
rcdueti on 0 1" astigmatid compounds (in a lineage from lligher Dcsn1onomata 10 13rachypylid,l) and by 
!love!. partl y llllllsual compone lli s (e.g. iridoid monote rpcnes anel diterpe nes in oribotriti id 
Euplhi racaroidcll. rhi zoglyphi nyl formate ami farnesal s in ce rt ain DCSlllonomata: alkaloids in 

ßrachypylida). 

Thus. besides traditional sets ofmorphological charactcrs ami newly arisi ng Illolecu lar data, o il g land 
secretion proliles rcpn.::se llt a third . independent pool of character$ for phylogeneti e s tudies in g landulate 
Oribatida . ßy now. sccrcti on profiles 01" about 20 orib;lI id (ami Illore than 50 asti glllatid) spccies ha ve 

beeil eluc idatcd. 

Kcywords: opi stho nota l g lands, asti g1l1atid cOtllpoullds, chcJ1lo taxonolllY, oribatid 

phy logcny 
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Zusammcnfassu Ilg 

C haraktcrisicrull g monophy leti scher O riL>atidengrllppc n an hand ihre r 
Öldrüscnsckrctchc mic - Öldrüsen (syn. opisthonotal glands oder latero-opisthosomatische 
Drüsen) stellen das größte und <lumilligslc exok rine System der Ori batiden lind der 
aSligmalen Milben dar. Nach einer derLeil giingigell Vors tellung sind Öldrüsen nur einmal in 
der Evo luti on, und zwar innerha lb einer Ur-Horll lll ilbcngruppe entstanden; damit gehören alle 
rczentcn öldrüscntragendcn Taxa zu ciller großen monophyletischen Einheit , den sogenannten 
))glandulaten« Oribat idcn (die auch die As ti gmata mit einschließen!). Einc bedeutsame Quell e 
taxonom ischer Daten innerhalb glandulaler Gruppen wird seit kurzem über die chemische 
Zusammcnsetzung von Öldrüsense kreten ersch lossen. Diese chem ischen Profile 
repräsentieren stabile und artspczifi sche Merkma le und kennzeichnen monophyletische 
Einheiten der Oribatiden aufalie Il taxonomischen Ebenen. 

Bisher verfügba re chcmische Daten lassen sich wie folgt zusamlllcnfassen: 
KohlenwasserslO Oc wurden in den Sekreten aller bisher untersuchten Arten gefunden und 
werden als piesiolllorphe Sekretbestandtei le be trachtet. Dagegen zcigen die Parhyposomata 
nur ihnen eigcnc Naphthole LInd Phenole, und ein weitercs Set aus Aromaten und Terpenen, 
die sogenanntcn )}<!stigmatid eompollnds«, kennzeichnet mixonomatc I-I ornmilben (außer 
deren primiti vsten Vertre tern) und wahrscheinlich alle evolutiv höherstehendeIl Gruppen (also 
DeSJ11011omata. Brachypylida, Astigmata). Innerhalb dcs Monophylums der ))astigmatid 
compounc!s«-tragcndell Oribatiden werden bestimmte Sub-Gruppcn durch das Auft rcten von 
deut lichen Unterschiedcn in der Zusammensetzung von Sekreten j uvcniler und adulter Tiere 
(}}chcmischer Dimorphismus«), dcr Reduktion bestimmter nastigmat id compounds« (i n einer 
Vcrwandtschaftslinie VOll höheren Oeslllonomaten zu den Brachypylidell) sowie durch neue. 
zum Teil recht ungewöhnliche Komponenten gekennzeichnct (z.8. iriodoide Monoterpene 
und Ditcrpenc bei or ibot ri tiidcn Euph th irac:'l roidea; Rhizoglyphinylfonn iat bzw. f<arnesale 
bei bestimmten Desmonomata; Al kaloide bei Brachypylida). 

Öldriisensek rete stel len damit neben tradi tionel len, morphologischen Merkmalen und neu 
au fkommend cn molekularen Daten eillen dritten, unabhängigen Pool von Merkmalcn zur 
phylogeneti schen Analyse ei er glandulatcll Oribatiden dar. Bis jetzt sind Sekrctprofile von 
etwa 20 Oriba tidenarten (und mehr als 50 Arten ast igll1ater Milben) chem isch aufgeklärt 
worden . 

I. Introductioll 

Even thoLlgh Ihe ficld of chemotaxonomy is beltcr known froll1 plant systcmatics (e.g. 
I-I AR ßORNE & TUI{NER 1984). chemical charactcrs have succcssfuily been applied to the 
taxonomy 01' divc rse animal groups as wcll (e.g. J /\C08 1984). In arthropods, for instancc. 
chcmosystcll1a tic invcs tigat ions have bcen performed for diverse insect groups such as beetles 
(DETTNER 1987) and hYlllcnoplcrans (CANE 1983, ßELLES Cl 01. 1987, Cox Cl al. 1989. I-I [FETZ 
1993), but also 1'01' arachnids such as harvestmcn (RASPOTN IG et al. 2005b). In mites, the 
largest arachnid order, a chcmosystcmatic survcy on ticks was publishcd recently (ESTRt\DA
PENA CI al. 1992a, b, 1994, 1996. EST lt ADA - PI ~NA & DUSBABEK J 993). 

1-I owevcr, the most important clemand for a chemosystematic study Oll a phylogcnctical ly-
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rounded bas is eOIH.:crns thc unili cation ofchc1l1ical profilcs: i.c. il is not sufficicllllO compare 
profiles or cuticular ex tracts (as rrequentl y perl'o rmcd). but. on the eOlltrary. ehemiea l 
eompounds must bc dcrivcd fi'om h0l11010gous sources. These rcquirclll cnts are fulfi ll cd whcn 
1) dcaling with exoerine producls o f' a \Ve ll-defin ed g landula r system Ihal is homo logous ly 
prescnl Ihroughoutthe taxon in conside ratioll , and 2) when glandular contents can bc aeeessed 
purcl y. i.e. w ithout contaminati ons I'rOI11 other somccs. Further requiremcnts illc lude 3) 
intraspeeifie stability of' chemi eal profiles o f' glancllliar sec rctions on the one hanel but 4) 
sunic icnt intc rspeeifie variabil ity on the other hand. In oribatids (Acari: Oribatida), these 
prerequis ites for a mode l chemosystcmatie stud y are ideally given. 

Thc majority 01' oribat ids posscsses a wc ll-defined g landli lar sys tem, the so-ca ll ed o il 
glands (synonyms are ))opislhonotal « 0 1' )) Iate ro-opislhosomati c glancls«) that rcpresent vc ry 
large anel bio logieal ly i1ll portant exoerine g lands in the ir basic morphology (Fig. I). The 
potential taxonomie valuc 01' the eharac tcr ))o il glanels prese lll« was alrcaely rccogni sed by 
ca rl y acarologists such as GRA NDJEAN (1950) and STRENZKE ( 1963), but not until recent ly, oil 
glands have emerged as ecntra l paradigms in oribatid phylogenetie research. In detail , oil 
glands are primitively abseilt from near-basal oribatids such as Pal aeosomata and 
Enarth ronota, but oceur in all othe r Oriba tida, i.e. these arc presc ilt in Parhyposomata, 
Mixonomata (with a few cxccptions). Dcsmonomata and ßraehypylida. In homologous fo rm, 
oil g lands a lso are known rrol11 Astigmata (e.g. HAM~ I EN 1980. NO RTON 1998). Accoreling to 
a hypothesis by NORTON ( 1994. 1998), o il glands evolved only onec in ane ient O ribatida, ami 
thus represen t homologous organs in sareoptifonn (= oribatid + astigmatid) Illites. Thcir 
homology is support cd by consistel11 da ta eOllce rning the ir loea tion, their morphologieal 
organisation. but al so by eorroborati vc da ta fr01l1 thc il' chc1l1i slry. As a consequencc, all cxtant 
oil gland-bcaring taxa a rc cons ide red deseenclents 01' an aneestra l oil g land-bearing oribaticl 
group , all togethcr reprcscnting a !arge 111 0nophy lctic unit - the so-callce! ))g landulatc 
Oridatida« - thm also incllldes the Astigmata (Fi g. 2) . Howevc r. the charaelc r ))o il glands 
preselll - abscnt« is devalucd to a plesiomorphic reilturc all10ng g landulatc groups , but a new 
dimcnsion o f oil g land characte rs is opcnecl up by invcs!igations into the chcmistry of' oil 
gland seerctiolls. 

2. Materia ls and MClhods 

O il gi<lIld sccrct ioll <llUllysis: ~11l ovcrvicw 

Chemieal invesligations inw oil g land scc relions 1l1ainly rcl y Oll who le-body extrac tions or 
living individuals tha t di scharge thc ir sec rc tions diree tl y into thc solvent. Cmde extraets, 
eontai ning a mixture or oil gland seeretion eomponcllts (but poten t ial ly :.lI so componcnls from 
other parts o f the body). arc separated by eapilla ry gas chromatograph y. Mass spcctromctrie 
f'raglllcntation patterns 01' singlc compounds (maillly e lcctron impact speetra) are used to r 
stl' lIc turc determination, Icading to prop05ilio l15 fo r the iden!i!y o f cxlrac t componcnlS. For a 
final idcntificat ion 01' extrac t eomponcnts, gas ehrom<llOgraphic retenti on limes (and l11ass 
spectrometric I'ragmenta tion) o f sYlllhe tic re fc rcnce compounds havc to be compared to those 
of cxtract components. Only compounds with matching spec tnl anel matching retenti on times 
are positivcly idcn tilied. (The di scrim ination bctween oi l glalld components of extracts anel 
compol1c l11 s of othe r body pa rts is outlincd in thc ncx t chap ter. ) 
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dcfcncc (1-6) 

Thc oil gland system of Colloltmwlllj(j g igalltea: an cxamplc für chemieal a1;Jrm and 
dcfcncc . Thc chromatographie o il gland sccrctioll pa11em shows (I) 2-hydrox y-mclhyl 
be nza ldehyde. (2) ncml , (3) gcrania l, (4) ncryl lonmllc, (5) tridccanc. (6) pC llladcc:lnc. 
While componcllt s 1 - 4 are powcrful rclcascrs ofalarm bchaviou l". all componcl1ts exhib it 
repellent propcrt ics againsl mitc prcdalors SllCh as scydm:lcnid bccll cs. 

g landulale 
Oribatida 

ENA RTIIIWNO rJ\ 
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Thc monop hylu 11l of g landul atc Oribatida (according 10 NORTON 1998, modificd). Note that 
grollps in box es (Mixonomata lind Dcsmonomata) rcprcscnt paraphylctic taxa. 
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Ext raction procedurc 

In detai l, ext raetion and analysis oroil g land secreti o ll s (al icasl as earried out by Ihe author) 
invo lve Ihc following steps, aecarding to a lready desc ribcd alld slandardised procedures (e.g. 
R AS I'OTNIG ct al. 200 I, 2004, 2005a, e): brief1y, fre shly collcctecl, living indivicluals are 
cxt racted in hexane (one to te ll indi viduals per 50 pi depending on body s izc) rar a maximum 
01' 30 mil1. Crude ext racts are uscd for analys is. 

G as chrom:llography - l11ass spcctrol11ctry 

Thc analyti cal instruments uscd inc lucl ccl a Fi sons 8000 gas chromatograph (GC) coupled 
to a Fisons MD 800 Ill<lSS spec trolll etcr (MS) from Thermo-Quest (Vienna, Ausl ria). Thc GC
colllmn (a DB-5MS fll scd silica capillary column: 30 m x 0.2 5 mm i.d. , 0.25 pm film 
thickncss hOill Fisons) was direc tl y conncctccl to thc ion souree oflhe MS. Thc splilless Grob 
inj ector was kept at 260 °C: helium was thc carrier gas. Mainly, the fo llowing temperature 
progralll was used: inil ial tempcraturc 50 °C für Imin, follo\Ved by an incrcase o f 10 °C/mill 
to 200 °C, wilh 15 °C/min 10 300 oe. and an isothcrlllal hold lür 5 min. Thc ion souree o rlhe 
mass spectromele r anclthe transfer line we re kepl at 200 °C and 3 10 °C, respccli ve ly. Elee \J'on 
impacl (E I) spcctra were reeordcd at 70 eV. 

3. Rcsults :llld DisCllssioll 

Classificatioll 01' cxlntcl componcnls 

Access 10 oi l gland sec retioll s by thc tcchniqllc of whole-body cx traction , as alrcady 
menlioncd above, requires an addilional s tep for Ihc di sc rimination betwecn oil gland-derivcd 
exl raCI componcnts ancl components deri vcd from mhcr regions of lhc body. In a model study. 
using thc g iant oriba tid mile Co/lollllJallllia g igallfea Se llnick, 1922, wholc-body-ext raels of 
milc indi vidua ls with lilled glands were eOlllparee! 10 those that hml the ir g lands al ready 
deplclcd (RASI'OTNIG c t al. 200 I). This inves ti gation bceame possib le as C. g igaJ/lea 

noticeably relcasecl its lemoll -seentee! oi l gland sce retion in the ease of mcehanical irritation . 
Di seharge ofscl:retion coule! bc induced 1'01' severallimes (e.g. by genllc shaking ofmites in 
ajar) untilthe seent reserves \\Iere eomplelcly exhausled. In cxtraets or thesc indi vidlla ls. after 
exhaustion of oil gland sec rction rese rves , sevcral componcnls di sappeared in Ihe 
chrol11alograms (= Ihe o il gland sccrclion componcl1ts !) while o ther ex tract componcnts 
(dc ri ved frorn other body regions) re ll1aincd unaffcclcd. In filet , Ihe stcpwi se (al1(l 
proportionale!) dee linc of o il g land eomponcl1\s after each event o f di sc harge W,IS 

cllromalographically doculll ented (F ig. 3). On thc other hand, il'using hexane as a so lvent allel 
if observing to shon cx traction times (sec Illcthods). only oi l gland secre tion componcnts 
appcared in Ihe chromatograms. ThllS, the ))hexane-method« allowed acccss 10 pure oil gland 
sec re tions w itholll contaminations : Ihis seemed to bc Iruc far o ther oribalid spec ies as weIl 
(R.ASPOTN1G ct al. 2004, 2005a, e). Oil gland sec rcl ions are obviollsly di rectly di seharged inlo 
the so lven t, rnaking il poss ible to ana lyse their origi nal (qualita ti ve alld re lative quanti tat ive) 
eomposil ioll. 

In addition, R AS POTN 1G el a1. (2001) - again on the model of C. g igallfea - could 
del110 nstrate Ihe prcsencc 01' these dcs igna tcd oil gland sec rction-componcIlts direetly in Ihc 
oil g land reservoi rs by hi stochemical means: in detai l. after Ireatment with a high ly-scllsitive 
aldehyde reagenl (Ihree componenls ofthe oil gland sccre tion of C. gigal/fea arc aldehydes!), 
oil gland contenls tllrncd clecply black in individual s wilh filled rese rvoi rs while no 
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Idcl1tifica tion or oil g land sccrclion com poncnls in cthanolic whole-bady cxlr;lcts 01' 
ColfohmO/lI1ia gigolIfell. Slcpwisc and proportionale dccrcas(: of cxtractablc amüunl s 01' oil 
gland sccrct ion componcnts parallcl ing cvcnt s 01' sccrction emission (duc 10 irritation) whllc 
al11owl(S 01' DIller cxlr:lcl componcllIs rCll1ain Lll1afTccICd . (A ) fuH oi l gland reservoirs (= 110 

irritation): (13 ) CX lraCIS after moderate irritation (and Iloticcab lc sccrction emission): (C) 
extracis after hcav)' irritation (ami rcpcatcd sccrct ion emiss ion): (0) extracIs after complclc 
ex haustion or oil gland reservoirs. 

Extract componenls: (I) 2-hyd roxy-6-methyl-benzatdchyde. (2) neral. (3) geranial. (4) nery l 
formate , (5) tridecane , (6) pentadeea nc, (7) tridec'lI1oieaeid ethyt ester was lI sed as an 
internat standard ror qualltifieation. (8) hexadecano ic acid cthyl ester. (9) CI8 :2-carboxy li c 
ac id ethyl ester. (9) C 18: I-earboxylic acid ethyt ester. (19) Cl8-carboxylicacid ethylcster. 
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colourat ion could be observcd in ind ividua ls after exhausti ve discharge of sccre lioll. Apart 
fi'om C. gig rlllfea , indications for Ihe class ilicalioll 01' CC riain cx lract componcnls wilh the oil 
gland secretioll arose froll1 chcmi cal investigations 01' eX llviae 01' Archegozefes long iselOslIs 

Aoki , 1965: eXlraCIS 01' these cXllviae. contain ing wcll-filled oil gland reservoirs. displayed 
the same seI 01' components as whole-bocly extracts of imact indivicluals (SAKAI'A & NORTON 
2003). These basic inves tigations. IOgethcr with a large amount 01' chcmica l dala from 
as tigmatid mite oil gl3nds (K UWAliARA 2004) led 10 the evaluation 01' a set 01' characlcrislic oi l 
glanel secrelion compollents (sec next paragraph). fac ilitaling future class ifications in ex tracts 
01' other species . Fllrthenllore, corroborativc evidence came from chemical invesl igal ions 01' 
non-glandulale groups where thc Iypieal oil gland sccretion cOll1ponents could not be detecled 
(SAKATA & NORTON 200 I) . 

Oribatid o il gland chcmistry 

Chemica l elala on oil glanel scerclions havc been compi led for 21 oribatid spec ies, though 
data far 6 spccies are prelimi nalY allel remaill 10 bc publishcd (Tab. I). In IOlal. 30 differenl 
o il gland cOlllpollents havc hitherto bee il elucidated (Fig. 4). All components belollg to 4 
el istinct ehemical classes, nall1cly terpenes. aroll1a tics, hydrocarbons, allel - aceordi ng 10 a 
mOSI recent publi cation (TAKA DA Cl al. 2005) - al so alkaloids. Th is chemieal »parsimony« 
reslills in a charaeterislic overall chemislry 01' secrctions. Oil gland seeretions, ho\Vcver, are 
llluhi-eomponcnt systems comprising about 4 eomponcnts (such as in ParhypochtllOllills 

aphidillllS Berlese, 1904) anel marc than 10 cOlllpollellts in Trhypochtholl iielae. The speci fi e 
combinat ion 01' thcse compounels leaels to spec ies-spccilic profi les (Tab. I). 

On thc othcr hand, Ihc chcmislry 01' oil gland sccrclions in ASligl1latn has extcllsivcly beeil 
invcstigatcd sincc 1975 by KUWAl-IARA allel col leagues, showing comparable chcmical 
compositions anel I'eprcsent ing a la rge chcmic<!1 data base from a highly-dcrivativc gla ndulale 
grollI' (KUWA llA RA CI a1. 1975 . KUWA II ARA 1991. 2004). In aS ligll1atid mitcs. 67 eomponenls 
rrom 52 spccies havc beeil ielent ificd (SAKATA ct a1. 2003). 

Oil gland secrclion profi les appear to be stable se ts 01' eharac tcrs: RASI'OTN1G CI a1. (2001 ). 
in an extensive in vesti gal ioll 01' the chemical composilion 01' Ihe oil gland sccrction 01' 
Collohmallllia g igallfea ovcr a longer periocl. f'o unel nearly idcntical profi lcs irrespec ti vc 01' 
seasona l aspccls and popu la tions. In certaill Desmollolllata allel ßrachypylida, cven j uvenilc 
profi lcs can elearly bc el istinglli shcd rrom those of' acluhs: examples arc Norl/l'lfS pa/lisfris 

e. L. Koch. 1839. P/atYllorhrus pe/ftfer (e. L. Koch. 1839). H erll/allllia cOl/vexa (e. L. Koch. 
1840), anel Sehe/oribares a=lfll1oellsis Enami , Nakamura & Katsulllata , 1996, rcspec ti vel y 
(SIlIM ANO cl a1. 2002, RAS I'OTNIG et al. 2005a. c. TAKADA el a1. 2005). In so me spccics, 
however, profi lcs may exhibit a ecrta in range 01' variabililY: for inslance, even though l11ulti
component profiles 01' adult P. pe/rtf'er. samplcd frolll 9 difTerent 10c .. lt iollS in Allstria, 
gCllera lly showcd a characlcri slic cOlllpos itioll , thcy diffcred ill Olle ineonsistcntly occllrring 
compound, namcly y-acaridial (RASPOTNIG cl al. 2005c). Also a reinvcstigation 01' thc o il 
gland secrcti on profi le 01' T/'hypochfhol/ielllis crass/ls (Warburion & Pearce, 1905) rcvca lcd 
ccrtaill diffcrences (SAKATA ct al. 1995, 2003 ): Ih is lattcr inconsistency, however. possibly 
orig inaled frolll Ihc sIllall Tllllllber 01' individllal s used laI' thi s invcstigatioTl. Overall , allel 
incluel ing profi les of astigmatid milcs. compos itions of oil gland sccretiolls appear to be weil 
suited as taxonomie characters, allel evell could sllcccss fu lly bc appli cd to differenlia le 
bctweell lllorphologieall y similar spccics 01' ecrtain genera such CI S Oribof/'ifia Jacot. 1925 
(RASI'OTNIG, incel.) anel TYl'OjJlwglls Ouelemans. 1924 (LEAL ct al. 1989a), rcspecli vely. 
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Tab. I Oribatid oi ! glalld sccrct ion profil es: Status qua 

spccics 

r oh al" l Parhyposomata 

chemiea l profil e or 
srcrction ' 

Parhypocllli/Ollius apllidillllS ßcrlcsc. 1904 5. 17. 18. 22 

Cehypochl llOllius /lnieil/lls (ß crlcsc. 1910) 4. 18, 20. 22, 23 

cohol"l Mi xO llomal:l 

Neh.\jJodlfllOllills P0/'OSIIS Norton & Mctz. 
1980 

Perlolt/l/al/lI;a sp. (undcscribcd) 

Collohll/allllia gigalliea Scl lnick, 1922 

6 spcc ics ofOribotrit iidac (Oribolrilia, 
Me.wlri/Ia) 

co ho!"! Dcs llIo nomala 

18. 19 + IwO unknowlls 
(M~ 1 ;0, M~204) 

2,7,9,24 

1,(2),6,7, 9,18, 19 

15. 16 + other cornponcllIs 

rcferell ees 

SAKATA & NORTON 2001 

RASPOTNIG CI al. 200 [ 

RA SI'OTNIG, incd . 

Trh.11)oc!ul/(J/liIiS j{/jJo/licl/S Aoki. 1970 (1).2.9.10. 11. 20. 23 + 1\\'0 $AKATA CI al. 2003 
unknowns 

TrhypocJuhol/ilis reC:lOrulll (Berlese, 1896) I. 2. 7, 9.10,11. 19.20,23 

Trh.11)OchlllOllielllls cm.ulIs (Warburton & I. 2.6. 7. 9. 18. 19. 20. 23 . 
Pcarcc, 1905) (syn. I-Iydrollolhms c/'ispllS) 24 

Trh.\1)(Jc!lIllOlIiellus sp. (undctcrmincd) 2.6.7.8. 9,20.23 

Archego::eles !ollgisetoslIs Aoki. 1965 1. 2,6,7.9.19.20,23.24 

P/alYllorhl'l/,l" pelt(j'er (e. L. Koch. 1839) (2).3 , 6, 7, 9, 20 , 23 

NOfh/'lIs pa/llsfris C. L. Koch. 1839 7. 9, 12. 21 

He/"lmlllllia COlIl'ex(J (e. L. Koch. 1840) 2·,7*,9·, 13··,20.23 

coho!'t ßrachypylida 

Sche!oribales a::lIJ//aellsis I:nam i. 
Nakamura & Katsumata. 1996 

Sche!oribales sp, (undctcnnincd) 

2 · ,7·,14,26,28,28' 

25.27.29,30 + SCVCIl 
unknowns 

RASl'OTNIG Cl al. 2004 

SAKATA cl al. 1995,2003 

SAKATA ct al. 2003 

SAKATA & NORTON 2003 

RASI'OTNIG ct al. 2005c 

SH1/"o. IANO cl al. 2002 

RASI'OTNIO cl al. 2005<1 

T AKADA ct al. 2005 

lNumbcrs refcr 10 componcnls in Fi g 4, Numbcrs in brackcts indicatc inconsistcntl y occ urring 
compounds 
·Compounds prcscnl injuvcnilcs on ly 
··The c lassi ficalion of compollenl no. 13 ( I ,8-eineole) with oil gland scc reli ons is unccrtain 
Compound no. 28' is nol fu lly charac lcriscd YCI bul chemica ll y related 10 110, 28 (precocc il1clli ne) 
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Chcmieal constitucnts 01' o il gland secretions o f Oribatida : status quo. ( I) 2-hydroxy-6-
methyl-benzaldehyde = 2,6-HMBD, (2 ) 3-hydrox ybcnzene- I.2-dicurbaldehyd = y-acarid ia l. 
(3) rhi zoglyphinyl formate. (4) l -melhyl-2-naphtho1. (5) 3-elhylpheno l, (6) ncryl formate. 
(7) nera l, (8) geranyl fo rmate, (9) geran ial, ( 10) (Z. E )-f~ln1Csa1. (1 1) (E.E)-fa rnesal. (1 2) 
dchydroeineo le, ( 13) 1.8-cincolc (classifi c<ltlon wlth oil gland scc retion uncertain ). ( 14) 2-
(2-pcntell yl)-2-cyclopclltcn- I-onc. ( 15) ehrysomcl idial*. ( 16) ß-springellc*, ( 17) ll ndccane. 
( 18) Iridccane, ( 19) pentadecane. (20) 6.9-hcptadecadienc, (2 1) heineicosadi ene. (22) 
Iridcccnc. (23) hcptadeccnc. (24) penl:,dccellc. (25) pum il ioloxin 23 7A , (26) pllmilioloxin 
25 1D, (27 ) 8-dcoxYPllm iliotoxin 193 1-1 . (28) prccoccc inclline. (29) 6,8-d iclh yl-5-
propenylindo li zid inc. (30) l- cth yl-4-pcn lcnynylquinolizidinc. 

*prcl iminary dala ( RASI'OTNIG . incd.) 
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Oi l ghllld sccrctio n protilcs and or ibatid phylogcn)' 

Oil g lancl sccrc tion profi les are dc voted 10 cvolulionary changcs as any se t 01' charactcrs, 
ami oribatid phy logcny is rc fl cctcd as folIows: J-I ydrocarbons are distri bulccI in eil gJand 
sccrc tions 01' all spcc ics so rar invcstigatcd, inc luding Parhyposomata (thc first group 
posscss ing oi l glands), Mixonomata, DcsmOllomata anel Astigmata. Thus. hydrocarbons are 
thoughl to rcpresc ilt ancient c il gland sccrclioll componcnls (= s)'ll1 plcsiolllorphic characlcrs 
o f glandulatc Oribatida). No data on hydrocarbons, howcvcr, a re ava ilablc Oll Brachypylida. 
By contrasI, se ts 01' s)'napornorphic componcnts characlcri sc distinci groups wilhin g landu latc 
Oribatida: Naphthols alld phcnols <Irc found in Parhyposomata on ly, allel a largc group from 
mieldlc-dcrivati vc Mixollolllata upwarels is possibly charactcrised by so-callcel »)astigmatid 
compounds«. SAKATA ct a\. ( 1995) and RAS POTN IG et nl. (200 1) noticcd an )Hlstigmat id mite
!ikc« chcmislry whcn invcstiga ting o i! g land sccrcli ons 01' cc rtain middle-elcrivativc 
Oriba tiel a. In fact. oil glancl profil cs from C. gigal/lea (Mixonomata) anel l~vdrollolhf//s 
crisplis (= 7i'h)jJoc/ul1onielllfs crassl/s) (Dcsmonomata) strikingly resembled the oil gland 
sccretioll profiles {'rom astigmatid mites, showing (in add it ion to hydrocarbons) a set 01' 
terpenes a11(1 aromatic components. Subsequcm ly, SAKATA & NORTON (200 I) evaluated a set 
of 5 terpenes allel arolllatics that werc eO l1sielercel characteristie for Astigmala and a restricted 
SCI 01' lllidclle-derivativc Ori bati cJa. Tilese »i1stigmatiel compounds« eOlllpri sc neral , geranial , 
ncryl formate, 2-hydroxy-6-mclhylbenza ldehyde (2,6-I-I M BD) anel 3-hydroxybeJ1 zene-I.2-
diearba lcJehydc (y-acaridial). These are nOI found in early-derivative glanelulate Oribatida 
such as Parhyposomata nor in early >Hl1ixonolllatans« such as Nehypochlholli/ls poroSI/S 

Norton & Metz, 1980. Thcir hitheno known distribution strongly suggests that they arose 
slcpwisc in ancestors 01' middle-dcrivative M ixonomata: in Per/o/JII/wlllia Berlcse, 1916. only 
a pan 01' them is presenl (SAKATA & NORTON 200 I) , but in CollohJ//wlllia. the full sct of 
astigma ti el compounds is alrcady devcloped (RAS I'OTNIG ct al. 200 I, Fig. 5). Most probably, 
»tl stigmalid eompounds« have evol vcd only onee, and they are eOllsidcred 10 have bcen 
transfcrrcd to all groups above rVl ixonomata; i. c. these componcnts would eharacterisc a large 
monophylctic unit wit hin glandu latc ori batids, the »astigmatid compounds-bcar ing« 
Oribatida (Fig. 6). In f~lc t , bcsidcs Mixonomata, astigmatid compounds arc wcll known from 
desmonomatan groups ami are cspecia lly charaeteristic ofTrhypochthoniidae. (In this rcspccl, 
thc evolutionary origin 01' as tigmatid mitcs mny be founel in oribalid ancestors that al ready 
produecd astigmatid compounds. undcrlining an idca 01' NORTON (1998) hithcrto having bcen 
based on morphological evidenec on ly). Rcsults frolll reccnt investigalions, however, indicate 
a wider di stri bution of as tigmatid-compounds in Oribatida. These compouilds. though 
reduccd in riehness, also oecur in non-trhypochthoniids such as Nothridac (SIII i\'IANO et a\. 
2002), anel RAS I'OTNIG cl a\. (2005a, c) demonstrated their prescncc in desmollomatan 
Camisiidae allel in »higher DcsJllonomata« sueh tlS I-I erm<lnn iidae. [n these groups, ;'lstigmalid 
eompounels arc subjcctcd to reduc tions anc! rcplaccments by olhcr (apomorphie) eOl11poncnts. 
Also in certain Brachypylida, at least in sOlllc juvcnilcs, aSligm<l tid compounds werc de tectcd 
(TAKADA ct al. 2005) allel furt her arc to be cxpecled (SAKt\TA & NORTON, pers. eoml11.). Thus, 
hitherto known data 0 11 the di stribulion 01' aSligmatid eompounds (Tab. 2). Ihough being 
fragm cntary yct, clcarly support the above I11clltiolled hypothesis 0 1' a large monophylctic 
group 01' astigmalid compounds-beari ng Oribalida. 

In addition. sub-groups (on any taxonom ie level) within the astigmatid compounds-bearing 
Oribatida exhibi t their OWtl (additional) cli stincl chcmistry. 
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In cuphthiracaroid Mixonorna ta (4 spccics 01' Oribor/'iria Jacot , 1925 <1ml 2 spcc ics 01' 
Mesorrilia Forss lund. 1963 havc prcliminarily bcen il1 vcstiga tcd), aS liglllatid compounds tend 
10 bc reduced, but arc replaccd by a promi nent ami very lIl1usual irodoid 1l10noterpcnc 
(possibly chrysolllelidialo but not yct full y characlcriscd) .md a ditc llJCnC (poss ibly ß
springcne). Chryso l11c lid ial ami ß-springcllc a re not only uil ique for o il g land sccretions or all 
Sarcoptiformcs (= O ribat ida and Astigmata) bu t also for all arachnids: il is very likc ly 11m I 
these cOlllpounds are synapol11orphic ror OribOlriliidac (RASI'OTN1G, ined.). 

In Desmonomata , oi l gland secrctioll profiles in thc genus rrhypochlhol1ilfs Bcrlesc. 1904 
scelll to bc characlcrised by (apo111orph) farncsa l!\ wh ile these compounds arc absent from 

Tab. 2 I-lilhcno known di slriblllion of ))asligmtltid compounds« withi n glandulatc Oribalida 

Spccics asti gmatid cO lllpolillds rcfcrc ll ccs 

J\ li xono mala: 

Perlohlll(ll/lIi(l sp. nera1. geraniaL '/-acaridi ,!l SAKATA & NÜRTON 200 1 

Co/lohlll{/lIl1i{/ gigfllll(!(/ !leral. gcranial. ncryl formal C. 2.6- IIMBD. R /\ $I'OTN la cl al. 2001 

y-aca rid ia l ' 

OribOiriria Imllhi Ilcral. gerani~l R /\ SPOTNIG. incd. 

OCSIllOllom:lla: 

rrhypoclllho llielllls crasslIs lleral. ger:Jnial. neryl ronnalc: . 2.6- S ,\K t\TA el a1. 1995. 2003 

(= l-IydnJ/lulhrus cri.<JjJIIs) I-I MI3D. 

y-acaridia l" 

7i'hypochlllOllielllls sp. 1Ieral. gcranial. ncryl fontWlc. y-acaridial SAKATA CI al. 2003 

7i'hypoclllllOllil/s j apollicus geranial. (2.6- II M BD)3. y-acaridial 

7i'hypochrl/Ollil/s reClOr/l1ll !lern!. gerall ial. 2.6- lI i\iII3D. y-acaridial R /\ SPOTN IG el:ll. 2004 

Arcllego=eles /ollg;selOs/ls I1cral. gcr:mial. neryl ronnatc. 2.6- 11i\iIBD. S ,\Ki\ TA & NORTON 2003 

'(-acaridial 

No/llrlls pall/slri.\" gcrania l SIl I ~-It\NO cl al. 2002 

P/mYllorhr/ls pe/li/er neml. gcranial. Ilcryl formate. y-acaridial RASPü TNIG cl al. 2005c 

Henll(lllllia cOllvex(f~ l1era l. gerallial . y-acaridial Rt\Sl'üTNIG CI al. 2005a 

Br:lchypylida: 

Sclteloribll ies a::lll11aellsi/ gcran ial. y-acaridial T ,\Kt\DA CI al. 2005 

INOllllelll ioned in RASl'OTN1G CI al. (200 1). but illcollsislC!ll ly pn.:sent 
"Profiles givell in SAK/\ TA CI al. (1995. 2003) dift~r wi lh regard 10 neryl rorma te ;Jml y-acaridial 
32.6- I-I MBD was abseilt in OIlC (o flwo) popu lat ions in \'csti galcd 
-ICompounds prcselll in juveniles only 
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o no aSlignl~tld compound3 
I'hlhiracaroidca o ncr.ll. j;C:l'J.nL3.I, y.:u;:mdI31 pr ... .>t~u Euphlhiracaroidea 

(c!; OrdJ(J/rI/"'1 • :,ddIlUln3I1y l1I:ry l formale .md 
2: ·hydroxy·6-mc;thylIw7.aldchydc (~.6· IIM 111») prc~em 

Fig.5 

Fig.6 

Collollll1t/llllia 

• Dcslllonomata 
• Ast igmata 

Ndl.l 'pocllflllJllill.f ? Brachypylida 

M i xo ll o m ala 

Slcpwisc cvolulion 01' »(\sligm<ltid compollnds« in mixonomata n Orib:uida. \Vhitc c irclcs 
(asligl1latid compounds nOi pfeSen! )'el). dotted circlcs (asligmatid cOinpound panly 
prcscll l). b lack circlcs (rull set or astigmntid compounds dcvclopcd; rcductions in 
Dcsmonomala. Astigmata and Brachypylida possiblc! ). In Pluhiracaro idea oil glands are 
rcduccd: in Euphlhir:lcaroidca. a trend lowards rcduction and rcplacemcllI of astigmatid 
com pounds is obvious (sec tcxt). 

gJanduJah! 
Oribalida: 
h ~'d n ll: :l r I JO ns .. .. ........• ~ ...... ...... .. . . ~... . . ..... 

1/: . .. .. ... . .. ';':;;:::, .. :,:,:::> \ 
j;::~'~:'~ ~~:~~'~:\: .... < .. / 

I'hl' lIols :lIId ......• '\ 0 " • 

_",., ............ ........................................\>i 

.. ppcarancc or 
oil glands 

lls t ig ma tid cOIIII'Oll l1d s
hearing ori batids 

Oil g land secretion prolil cs and oribatid systcmatics: the tIlotlophylll n1 of ) <!stigmatid 
compollnds«-bea ring Oribatida. 

Thc monophylclism of Parhyposomat<l is not supported by oil gland chemislry: 
Parhypoeh thoniidae anel Gehypoehthoniielac cac h show autapolllorph oi l gland secrction 
profil es, thc fo rmer phenols. thc lauer naphthols (Si\Ki\Ti\ & NORTON 200 I). 
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(poss ibly morc basa l) trh ypochthoniids of genera TrhYPoc/u//Ollielllls Wiltmann . 1928 and 
Archego::eles Grandjcan, 193 1 (SAKATA & NORTON 2003, SAKATA CI al. 2003, RAS I'OTN1G e t a l. 
2004). Farncsa ls. on thc o ther hand. wcrc also dctcctcd in cct1ain Astigmata, at Icast in the o il 
gland sccrction 0 1' SlIidasia lIIedaellsis Oudcmans 1924 (LEAL ct al. 1989b). Rhizog lyphinyl 
formate , foune! in thc oil glanel sccretion 01' P/OIYIIOlh,.IIS pe/I{j"er and hithcrto a lso uniquc in 
Oriba tida , may characte rise ce rta ill Camis iidac (RAS IlOTN tG CI a!. 2005c) but , aecording to 
currelll knowledgc. is a lso prcse nt in two ast igmal id spec ics (SATO el al. 1993, TARUI el al. 
2002). 

In adu lt Brachypy lida, a f'undamelllal change in thc chemical compositio l1 s of oi l g land 
sec rctions becol11es obvious: a fourt h di stinct chemieal cJass of o il g land secreti on 
eomponcnts, IHlIlle ly alkaloids. was demonslr<lIed in the o il g land scc re tions 01' Sehe/aribales 

O::lIl11oellsis anel anolhe r (lInde termincd) Sehe/oribates spceics (TAK1\DA CI aJ. 2005). 
In leresti ngly, remains 01' asti gmaticl compollnds we rc still fOllnd in juven iles. fm ther 
underl in ing a trend that was a lrcady observa ble in highe r Dcsmonomal<t: i.c. , a te ndency to 
thc rcduetion alld replaccment 0 1' astigmutid eompounds in o il g lands scc re tions 01' adult s onl y 
and a hCllcc rcsulting »chcmi e<!1 dimorphisIll« 01' j uvcnile ami adu lt sec ret ion profiles. 
Di fTcrcnti a ll y composed secretions in j uvcniles alld a(hll ts o f thc samc spec ics wcre re ported 
fro m Nothridac (SIlIMANO c t al. 2002) and. in an ext reme form. al so f'rom a spee ics of 
I-Icnnanniidae (R /\ Sl'OTNIG et a l. 2005a)_ Overal l. thi s tre nd Illay charae tcrise an cvoluti vc 
lineage from highc r Desl11onomata 10 Brachypylida . In eonsistcncc, I-Icrmannio idea are 
eonsidered Il ear-basa l 10 Brachypylida al so by Illorphologiea l elata (e.g. I-I AU~'IANN 1991 ). 

4. Co nclus ioll 

Currcnlly recogni scd taxonomi e systems 01' Oribat ida are a rt ific ial : not only thc 
phylogcnet ic re lationships 01' large oribatid groups, so-eal lcd »cohons« (sensu GRi\N DJE/\ N 
1969) havc remained unclea r bu t a lso the re lationship 0 1' O ribatida to outgroups is s till 1.1 

subjec t 0 1' eont rovcrs ial di seuss ion. Moreover. O riba tida eOlltai ll a se rics 01' paraphy lctic 
groupings, e.g. the Mixonomata anel Ihe Deslllonomata represent (known) paraphy lcti e 
assemblages (c.g. NORTON 1998) a lld al so the Paronola (or poss ibly thc Braehypylida as a 
whole) may be paraphylcti c (e.g . WOAS 1990). A similar si tuation. howcver, is truc for many 
lower oribatid taxa: Many genera . fami lies and super-families have rcmaincd monotypie (as 
they ean nOI be classcel w ilh o ther groups), 01', on the o thcr hand, paraphylctic !<lXii have bcen 
generatcel (e.g. 1'rhypochthoni idae sensu WI LLMANN 193 1). 1'hus, cu rre11l e lass ifications 
actually reprcse ll l kcys for idcntificatio l1 onl y. but conspicuoll sly laek a phylogcllcl iea ll y 
foundcd bas is (e.g. KR ANTZ 1978, JOI'INSTON 1982. BALOGII & BALOG II 1992). 

Bes idcs NOlrrON (e .g. 1998). onl y a fe \\' authors - such as thc »grand scigne llfH of 
O ribmido logy, F. GRANDJEAN (c.g. 1969), bu t a lso G. HAUMANN ( 199 1) alld G. WE1G~,tA NN 

(e .g. 1997) - have emphas ised phylogcnctic aspccts: howcvcr. a lt of these studics a re 
excl ll sively based Oll the eva luat ion 0 1' charaetcrs from trad itional exte rnal 1110rphology. In 
orde r to answer the problems I11c ntioned above alld to reach a sound basis Icr oribatid 
taxonomie rescarch, a synopsis 01' charac ters fro m ditTc rent somces is aellt c ly ll ccdcd. 1'hus. 
besides Ihe applieat ion o f newly ari s ing Jl10 lecular data (e.g. AVANZATI ct al. 1994 , SALOMONE 
cl al. 1996, 200 I. M/\Ri\UN et al. 2003. 2004), the chcmistry 01' o il gland sceretions provides 
a prom is ing th irel allel indcpendent set 01' ehamelcrs for a chclllosystcmatic approach to 
oriba tid phyloge ll Y (Si\KATA & NORTON 200 I. 2003, R/\S I'OTNIG el al. 2001 , 2004. 2005<1. e. 
S,\KATi\ e t al. 2003). 
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