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Abstrac t 

In the prcscm paper, we havc invcstigatcd thc occurrcllcc und cOlnposition of o il gland -dcrived citral 
in a number of spcc ies of Or ibatida , represcnt ing membcrs of Mixonomata, Des monomata and 
BrachypyJida: in CollohlllQ/lllia g ig(lIIlea. a model spccics for early cilral-possessing mixonomatan 
Oribatida, neral-rich eitral is presc nt (Icss Ihan 10 % gcranial). In PlaI)lnorhms pelllfer, iI mcmbcr of 
dcsmonomatan Oribat ida , tbc ncra1!gcranial-ralio is wcll-ba lanccd and cxclusively in desmonomatan 
NOlhridac, exemplaril y shown for NOlflrllS sill'esrris , geranial-ri ch citral is occurring (Iess lhan 10 % 
ne ral). Citral is lacking in oil g lanel sccretions of Oriborrilia berlesei anel Ellphlhiracar/ls cribrarius 
( both Mixonom3ta), in the dc smonomatan Herll/wlllia g ibba and in /-Iermallllie /la grau/lfala 
(Brachypylida). 

These rcsults rcject thc hypothesis of th c general occurrcnce of geranial-ri ch citra l in »astigmatid
compound«-posscssing O ribat ida and also rcject thc hypothes is of gemnial- ri ch citra l as thc anccst ral 
condition for o il gland sec retion s in general. Actuall y, gcranial- rich citral more likcly is a derived 
alnapomorph chamctcr with in Oribatida and might rerresent a synapomorphy of Nothridac and basal 
Astigmata . 

Keywords: opisthonota l g lands. aS ligmat id eompounds, Co/lohmannia , P/aIYI10Iflrlls , 

NOlflrns 

Z usammenfassung 

C itra l in Öldr üsensekreten von Oribatidcll (Aca r i): Eine Schlü sselkomponcntc für 
phy logenetische Unte rsuchungcn - In der vorliegenden Arbeit wurde das Vorkommen 
lind d ie Zusammensetzung von Citral aus ÖldrUsen bei einer Anzah l von Oribat idenarten 
untersucht, die d ie Gruppen Mixonomata, Desmonol11ata und Brachypy lida repräsentie ren : 
bei Collohmal1nia g ig(lI1lea , einer ModeJlan für frühe C itra l-besitzende Mixonomata, 
exis ti ert Nera l-re iches Cit ral (weniger als 10 % Geran ial-Ante il ). Bei P/aly"ol!Jms pe/li/er, 
ei ner d esl11o nomaten Or ibat ide , ist da s Nera l/Geranial-Verhältn is ausgewogen , und 
ausschli eß lich bei den desl11onomaten Nothr idae, hier exemplar isch geze igt für NOlhrus 
si/veslris, kom mt Gerania l-reiches C ilral vor (Neral-Al1tcil unter 10 %). Dagegen feh lt Citral 
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In Öldr li scnsckreten von Oribotrilia ber/esei und Euphrhiracarus cribrarills (be ide 
Mixonomata), ebenso bei Hermol1l1 ia gibba (Desmollomata) und H ermol/l1iel/a g ral/lila la 

(ßrachypylida) . 

Diese Ergebnisse sprechen deut lich gegen die Hypothese des genere ll en Vorkommens 
VOll Gcran ial -rc ichem Citra l bei ))Astigmata-Kompollcnten«-bes itzenden Oribatiden und 
gegen die Einstu fung von Geranial-reichcm Citra l als Primitivmerkmal von Öldrüsensekreten 
im all gemeinen. Vielmehr schein t Gerania l- rciches Citral ein abge le itetes, apomorphes 
Merkm al von Oribatiden zu se in und stellt mögli cherwe ise e ine Synapo111orphi c von 
Nothriden mi t basalen astigmatcll Mi lben dar. 

I.lntroduction 

Thc monotcrpenc aldehyde citra l - a stereoisomeric mi xturc or gerallial (trans-, E- isomer 
of citral) and !leral (cis-, Z-isomer or citral) - is a widcly distributed componcnt in oi l gland 
sccretions or Astigmata and Oribatida. These glands, also called opisthonotal glands, not 
only constitutc thc largest cxocrine sys tem in both Oribatida and Astigmata, but a lso are 
regarded to be homologolls (NORTON 1998), being comparablc in position and Illorphological 
structurc (HOWARD cl al. 1988, RASI'OTNIG et al. 2003) as we il CI S in thcir chcmistry (KU\VMIARA 
199 1, SAKATA ct al. 1995, RASPOTNJG ct al. 200 I, SAKATA & NORToN 200 1). For the taxonom ist, 
th c occurrence or absence of opisthonotal g land s dcvide s the Oribalida into )) non
glandulate« primi tive groups (Palaeosomata and Enarthronota) alld ))glandu latc« Oribatida 
which - in scnsu strictu - wou ld also comprisc the As tigmata, obviously having cvolvcd 
fro m an oil -gland-possess ing ori batid anceSlOr (NORTON 1998). Citral belongs to the 50-

ca llcd »astigmatid compounds« (sensu SAKATA & NORToN 200 1) which charactcri sc the oil 
gland secretions of a proposed cvoilitionary lincage rrom ccrta in mixonomatan Oribatida 
10 Desmonomata and finally 1O aSligmatid mites (RASI'OTNIG ct al. 200 I, SAKATt\ & NORTON 
200 I). Furthermore, thc composilion of oil-gland-derived cit ral - being dominatcd by neral 
or by gcranial - appears to bc grollp-spccific: in the majority of astigmatid mites (gencrally 
believed to rcprescnt the most derivcd mcmbers of Ihis lincnge) nera l- rich citral is prcscnt 
(S HI 1'.-lA NO el a l. 2002). By contras t, basal Astigmata - such as the Histioslomat idae -
possess geranial-rich citral (KUWMIARA CI al. 199 1) wh ich also may be true ror Oribalida 
(SHIMI\NO ct al. 2002). This situation would imply the anceslral occurrence of geranial-rich 
citral in Oribatida and basal ASliglllata and thc presence or nera l-rich citral in ASliglllata as 
thc dcri ved conditi on; th us, thc compos il io ll o r citra l arises as a key character fo r 
phylogcnctic ana lyses. Even though fo ur pub li ca ti ons Oll the chcmistry of oil g lan d 
sccretions are meanwhile availablc (S,\KATA cl <1 1. 1995, RASPOTNIG el al. 200 I, SAKATA & 
NORTON 200 I, SHIM}\ NO el al. 2002), thc in formation on the compositi on of cilral is very 
limi ted. 

Thus, in thc presenl paper, we have invesligated the occurrencc and composilion of oil 
gland-derived citral in a number of oribatid spccies, reprcscnting members of Mixonomala, 
Desmonomata and Brachpylida. 
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2. Matcrilils and Mct'hods 

Spccimcn collcction - Collohmal/nia gigamea Se llni e k, 1922 (»M ixono mata«, 
Collohmanniidae), Oribolrilia ber/esei (Michae l, 1898) (»M ixonomata«, Euphthiraca ridae) , 
E I/ph lh iracarlls cribrari IIS (Berl ese, 1904) (»M i xo noma la «, Eu phI h i raca r i dae), 
P/atYllotlwus pe/li/er (c. L. Koch, 1839) (»Desmonomata«, Camisiidae), NOlhrus si/veslris 
N icole t, 1855 (»Desmono mata«, NO lhridae). Hermallllia gibba (C . L. Koc h, 1839) 
(»Desmonomata «, Herma nn ii dae) a nd /-Iermanniella grau li/ata (Nico le l, 1855) 
(»ßrachypylida«, I-I ermannicllidae) were colleeted from soil 01' mixcd forcs ts in Carinth ia 
and Styria (both Austria), respect ive ly. 

Extraction or oil gland sccl'ctions - Für 0. her/esei, E. cribrarius , P. pe/l i/er, and H. gibba 
on ly adu lt individua ls wcrc uscd for cxt raction: for C. giganlea adults of both sexes and 
j uveniles 0 1' a ll stagcs and fo r N. si/veslris adults and nymphs were ex trac ted. Di ffe rent 
numbcrs o f mi te indi viduals (3 - 30; depcnd ing on size of individuals, Illomentary ava ilabili ty 
and momcll tary sensitivity 01' analys ing inst ruments) were ex tracted in I 00 ~l of hexane 
each for a maxi mum of half an hour before removing thc supernatant to give crude mite 
ex traets. In all , 16 sampies of C. giganlea eX lracts (froll1 12 1 incli viduals), 12 sam pies of 
P pe/li/er (from 150 individlla ls), 4 sampies of N. silvesrris (from 64 illd iv iduals), 1 sampie 
01' 0. ber/esei (3 individuals), I sampie 01' E. cribrarills (about 20 individuals) and I sampie 
of I-I. g ibba (about 15 ind ividua ls) were used fo r Ihis inves tigation. 

C he mical analysis : ga s chromatograph y - mass spcctromctry - To ana lyse the 
eomposition ofcitral , we uscd a TRACE gas chromalograph (GC) eoupled to a MD 800 mass 
spcct ro J11 ctc r (MS) fro m T hermo-Ques t (V ie nna, Auslr ia). T hc GC-eo lumn (a ZB-
5 30 m x 25 mm x 0.25 ~Im capi llary colll mn from Phcllomenex) was di reetly connected to 

thc ion SOllrce of the MS. Wc kepl the spli tlcss Grob injcctor al 260 °C and lIsed helium as 
a carrie r gas al a constant now rate. Thc ion sourcc (E I-sollrec) was kep l al 200 °C, thc 
transfer line at 3 10 oe. To separate thc isomers of eitral (and also 10 obta in thc rest of the 
o il g land secrction), we used the fo llowing tcmpcratu re program: ini tial temperature 50 °C 
( fo r 1 mi n), with 10 °C/min to 200 oe. with 15 °C/l11i n to 300 °C and an isothermal ho ld at 
300 °C for 5 min. The relativc eomposi lion of citra l was ealculated by integrat ing the peak 
areas 01' nera l and geranial. An au thentie sampie of ei tra l (as a reference compound: 40 % 
ncral and 60 % geranial) was purchascd from Aldrich (Vicnna, Alistria). Iso ll1cri ca lly pure 
nc ra l and gerania l was synthcs ised accord ing 10 RASPOTNIG et a l. (200 1). 

3. Results 

C hemical identil1cation or neral and gcranial - At the g iven gas chromatographie 
cond itions, the aldehydes 01' c it ra l appcared we il separa t cd at retention limcs of 10.06 min 
alld 10.48 min, respee li ve ly. 

80th componenls had EI-mass spectra with charactcrist ic monoterpenc-fragmenlation 
patterns (Fig. I), both show ing intensc ions al m/z 41 (base ion i 11 the first component) 
and at mlz 69 (base ion in thc second componcnl and or iginating from ally lic cleavage). 



46 Günther Raspotnig cl al. 

Thc first component (Fig. IA) only in a few sampIes exhibited a l110lecular ion of very law 
intcllsity (at m/z 152); in ether sampies thc fragment s at m/z 134 (!VI+ - 18: lass of water) 
and mlz 137 (M+ - 15: loss of eH) appeared to bc the ions of highest mass. A comparison 
of thc spcctrum to tlla t 01' authentie nera l revealed uppermost correspondence. 

Thc second componcnt (Fig. I ß) showed a very similar El-spectrum but always ex hibited 
a (relati vely) more prominent molecular ion (at mlz 152) and also Illoderately differed in thc 
re lat ive intcnsi ty of ether fragments. Thc spectrulll appca red 10 be idcnti ca l to that of 
geran ial. 

For fin al identifica tion, sclf-synthesised isomerically pure !leral and geranial were used 
für a compari son of retention times, demonstrat ing fu H correspondence. 
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Fig. IA, 8 ElectrOI1 impact mass spcctra orthe stcreoisomers of c itral, !leral and geranial (exemplarily 
recorded from thc oi l gland secrcti on of Collohlllmll/ ia gig(lI/lea). 80th components show 
similar fragmentation paltcms, but dilTcr in thc re lative intcnsity of ccrta in fragment ions 
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Composition of ci t nt l in mite extracls - C itra l was prcscnt in cxtracts of C. gigamea, 
P. pe/ti/er and N. pa/mlris, but not in cx trac ts of 0. berlesei, E. cribrarius, H. gibba and 
H. granll/ala. 

On ly in P. pe/li/er, the cOlllpos ition 01' c itrat was well-baJanced, showing a !lera l : geraniaJ
rat io of43.24: 56.76 (with a standard dev iation of8.34). In samplcs orN. si/veslris, geranial
rich citra t was prescnl (gcranial -conlcl1l 97.88 %, standard deviation 1.05). No difTerence 
in th c composition of cilra l was dctcc tcd be twecn salllp lcs of adli lt s and samp ies of 
nymphs. SampIes of C. gigall teo c lea rl y cxhibited a third type of cit ral-compos ition, namely 
nera l-rich citral with a ncra l-colltent on an ava rage of 96.24 % (standard deviation: 2.37). 
Also in C. gigamea, males, femalc s and nYlllphs showed no d iffc renccs in the ir Beral 
gerania l-rat ios. For all three spcc ies , the neral : ge ranial-ratios of the sampies invcstigated 
are sUlllmarised in Tab. 1 - 3. 

Tab. I Composition of citral in P/OIYllolflrlls pe/li/er 

samp ie no. (number of individuals) % neral (i n citral ) 

PI-A (20) 38.65 

PI-B (23) 54.60 

PI-C (30) 50.57 

PI-D ( 18) 27. 15 

PI-E( 15) 45.45 

PI-F (4) 32.95 

PI-G ( 11) 45.02 

PI-H (7) 43.3t 

PI -I (3) 36.54 

PI -J (5) 41.77 

PI -K (4) 53. 15 

PI- L ( 10) 49.75 

Tab. 2 Composition of citral in NOlflrlls si/veslris 

sampie no. (number of indiv idllal s) 

N-A ( 10) 

N-B (22) 

N-C( 16) 

N-D ( 16) 

% !lerat (in citra l) 

0.85 

2.40 

3.37 

1.85 

% gerania t ( in citra t) 

6 1. 35 

45.40 

49.43 

72.85 

54. 55 

67.05 

54.98 

56.69 

63.46 

58.23 

46.85 

50.25 

% gerania l (in citra l) 

99. 15 

97.60 

96.63 

98. 15 
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Tab. 3 Composi ti on of citral in Collohmwlllia gigwllea 

sampie no. (number o f individuals) % nera l (in ci tra!) % gcranial (in c it ra!) 

Co-A ( 10) 89.26 10.74 

Co-8 (13) 95.28 4.72 

Co-C( II ) 95.33 4.67 

Co-O ( II ) 97.70 2.30 

Co-E (4) 93.86 6. 14 

Co-F (6) 98.28 1.72 

Co-G ( 10) 97. 15 2.85 

Co-H (5) 98.0 1 1.99 

Co-I (3) 97. 19 2.8 1 

Co-J ( 13) 97.94 2.06 

Co-K (4) 99.05 0.95 

Co-L (5) 96.93 3.07 

Co-M (6) 95.40 4.60 

Co-N (7) 97.40 2.60 

Co-O (7) 96.64 3.36 

Co-P (6) 94.46 5.54 

4 . Discuss ion 

According 10 our results, the hypolhesis of gerania l-r ich citra l as an ancestra l o il gland
cOlldi t ion as specified in the introduction and the OCCllrrence o f geranial-dominated citral 
in Oribat ida as discussed by S I-m.I,\NO et al. (2002) Illllst be rejectcd . With regard 10 (the 
still vel)' limited amounl of) data on the oil gland chem isll)' in Oribatida, citral has obviously 
evolved first in middlc-dcrivativc mixonomalan oribatids: not ye t being present in ca rl y
derivat ive mixonomatan Oriba tida such as Nehypochthollius POroSIlS, it can be found in 
mixonomatan Ori batida such as in Pel'lohmalll1ia sp. in va riab le composition (SAKATA & 
NOKTON 200 1) and in C. gigalltea in the form of neral -rich citra l. [Neral in elhanol ic exlrac ts 
of C. g igalltea appears to be vel)' uns table and qllickl y isomerises 10 form gerania l unli l 
a well -balanced neral : geranial- rat io is ach ieved; Ihis fac t hindered R /\SPOTNIG et al. (2001) 
10 determine neral geranial -ralios exacIly in a prcviolls invesligalion. Thi s phenol11enon 
is also known [ro m neral-rich secre tio ns of diverse ASligmala (KIZ /\WA cl a l. 1993)]. 
Inlercsti ng ly, neither 0. berlesei Ilor E. cribl'arills (bolh Mixonomala senSli GRANDJEAN 

1969) possess c ilra l even thollgh Euph thiracaroidea are s lipposed 10 represelll elose 
relatives to Collohmanniidae (sensli H AU/o.·IANN 199 1). In bOlh spec ies , the lack of citral in 
oil g land secrelion s may be rega rded as apomorph ic, the more than there are so me 
indications that basal members o r Euphlhi racaridae da synthes ise ast igmatid compo unds 
(NoRToN, pers. comm.). In more-derived Oribalida such as in Desl11 onomala, ci lral is present 
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in we ll -balanccd co mpos it ion in ' -lydrollOlltrwi crispl/s (= Trltypochthonielllls crass liS: 
Trhypochth oniidae) (SAKATA ct Cl l. 1995) an el a lso in Plalynothrus pelti/er (Cami siidae) 
and poss ibl y th roug ho ut thc C rolOni o idca (unpubli shed data). I-I owcver, thc rcmain ing 
Desmonomata - even though bc ing g landu latc - appear to be no members of thc lineagc 
o f as tigmatid compo unds-bearing Ori batida: as shown for the desJ11onomatan /-I. gibba, 
no ci tral is present (probably being true for a ll Hennannioidea and also for all anher
ma nn io idea: unpubli shed observat io ns; a lso Hermanniella gran/llata, a vcry basa l 
brachypylid oriba tid mi te, has no citra l). Furthcrmorc, within thc Crotonio idca, cxclusivcly 
dcs l11 onomatan Nothridac appcar to posscss gcrani al-rich cilra l as it is the ca sc in nymphs 
o f' No/I1ms palustris (SI-II;\'IANO cl a l. 2002) amI in adult s and nymphs o f N. silvestris. 

In conclus ion, Oribatida do not show uniformly composed cilral : thc ncral -rich cit ral of 
C. gigalllea may be regardcd as an apomorphy within ll1ixonomatan Oribat ida as it is 
ge rania l-rich citra l in Nothridae fo r Desmonomata. A well-ba lanced composit ion o f cirral 
may represenl the general and most frequcnt ly rea lised sta te w ithin c itral-possessi ng 
Mixonomata and Desmollomata. I-Iowcver, thc occurrence o r geran ia l-rich citra l in Noth ridae 
may aiso be seen as a synapo morphy with basa l Asti gmata, confinn ing astigmatid m ites' 
evo lu tionary o rigi n w ithin desmonomatan Oribat ida. 
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