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Abstract 
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Zoolog ieal Institute of thc Russ ian Acadcmy of Sciences, 
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Thc anatom y <Iml ultrastruclurc or thc coxal glands or larvac or thc microtrombic\iid milcs 
P/(I(.\'rrDmbidilllll /asdatlllll (e. L Koc h. 1836) alld Call1erofrumbidi,lll/ pexa{111II Ce. L. Koch, 1837) 
wcrc invcstigatcd lIsing tra nsmission clcctron microscopy. Thc coxa l g lallds arc paircd organs genera lly 
si luatcd betwccn thc brain ami Ihe frontal lobes or thc midgul. nl11ning a long th e axis of the body. Based 
on thc ce lllliar organi sation. th c coxa l glands may gCl1erally be di vidcd in to two dilfcrc lltlllbular portions 
- a proximaltllbllie ami a di staltubul c. The proximaltllbulc co il s "rOll11e! thc diswllUblllc and is provided 
wit h long mi crovilli of lhe ap ie:! l plasma membrane ofthe eells. The di stal tubule possesses in it s middle 
zone basa l infoldings 01' the basal plasma membrane. which contain elongated mitoc hondria. ami 
lenninatcs in a c uticular cClOdcrtlml cxc r~tory duc!. As in the maj orit y o f olher l'ara sitcngona. thc coxal 
glands ol' mic rotrombidiid larvac are dcvoid 01' a proximal saccu lus. Thc ce lls o ftlle tubulcs eonncct w ith 
caeh other via se ptat e dcsmosol11es ami rcveill a parti eular sce retory aetivity Ihrough fUlletion ing ofGolgi 
bodics. Thc ecll s o rtlle proximal alHllhc distallllbulcs are ti ghtly adj oincd to caeh olher amlto the ecll s 
01' thc midgut ep ithelium without a dcl imiting basal lamina bctwccll th eir ce ll s. Thc organisation 01" thc 
coxa l ghmd highl y corrcsponds 10 Illal 01' transponation cpithclia with an additionill sccretory function. 
Thc coxal g lands in Ihe Illicrotrombidii d Jarv:!<:. as supposcdly in OIher Parasitcngona. probab ly p laya 
major role in th e ion/water balance 01' the mit<: org,1llis lll ;md prcstll1lably mostly function in prescrving 
water. preventing desiccali oll of the miles. 

Keywords : Illorpho logy, clcc tron mic roscopy, oSlllorcgulation , excrelion, Paras itcngon<l 

Zus<lmmcnfassullg 

Ultnlstruktur der C oxa ldrlisc ll bei ul1gcfiittcrtcll Mi lbcn larvcll VOll P/afyfrolllbidilllll 

fasciflllllll (C. L. Koch, 1836) lind ClIl11erOfrombidiulII pexflllllll (C. L. Koc h, 1837) 
(Acariformcs: Microtrombid iidac) - Anatomie und Ullrastruk tUf der Coxaldriisen der 
Larven der mic rotrombidiidcn Milben PlatY(fOlIJbidilllll jilsciallflll (C L. Koch. 1836) und 
CamefOlrombidilllll pexa/IIII/ (C L. Koch, 183 7) wurden mit dem Transmi ss iolls-
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Elektronenmikroskop untersucht. Die Coxaldriiscn sind paarige Organe, die zwischen dem 
Gehirn und den vorderen Bereichen des Mittclclarmcs ent lang de r Körperachse liegen. Die 
Coxa ldrüscn können in Übere insti m1llung mit der zel lulären Organisation grundsiit zli ch in 
zwei unterschied liche Tubusabschn itte - einen proximalen und einen distalen TubuJus -
gcteih sein. Ocr proximale Tubulus windet sich um elen distalen Tubulus und hat lange 
iVIikrovi lli auf eier apikalen Plasma1l1cmbran der Zellen. Ocr distale Tubu lus wird begrenzt 
durch einen kutikularen cClOclcnmdcn Exkretionsgang lind sitzt im mitlleren Bereich basal 
umhüllt von der basa len Plasm<lll1cmbran, di e Mitochondrien CllllÜill. Wie auch bei anderen 
Parasitcngona, sind die Coxaldrüsen dcr microt rombidiidcn Larven ohne proximalen 
SacclIIlIs. Dic Zellcn der Tubul i ve rbinden sich untereinander mittels »g<lp jUllctiollS« und 
»sept iren Dcsmosolllcs«, und außcrdcm oOcnbart cine de taillicrtc sek rctorischc Akt ivitii t die 
Funktion des Golgi-Appamtcs. Dic Zellcn dcs proximalen und distn[cll Tubulus berühren sich 
mitcinander und auch mit den Zc llcn dcs Mittcldanncpithc [s ohne cinc abgrenzendc basalc 
Schicht zwischen ihren Zellen. Die Organisation dcr Coxa ldrüse entspricht stark der 
Organ isation von Transportep ithelien mit zusät zlichcr sek retori scher Funktion. Di e 
Coxa[drüsen bei dcn microtrombidiidcn Larven, wic angcbl ich bei anderen Parasitengona, 
spielen eine Hauptro lle in der Aufrcchtcrhaltung des 10ncn-/Wasscrglcichgcwichts des 
Milbcnorganismus und Im ben vermutlich einc wicht ige Funktion I1ir die Bindung des Wassers 
im Organismus zur Ve rhindcrung der Austroeknung der Milbcll. 

t. t ntroductioll 

Coxal (tubular) glands in Arachn ida. emd in particularly in the Acari. are supposeel to 
fun ction mainly in the ion/water rcgulation of thc Illite organism. Thesc paired glands are 
know ll to bc of mesodcrmal origin (ßEKLE1'>IlSIiEV 1964, EVANS 1992) and cach of th cl11 is 
gcncr<1ll y composcd 01' a prox imal sacculus (supposcel rClllnanl 01' thc coelom) and of a 
convolulCd tubu lc or labyrinth (coclol11oduct) (EV/\ NS 1992). The cclls 01' the lmtcr are 
providcd with basal plasma mcmbranc infoleli llgs with many adjaceilt milOchondria 
(mi tochonelrial pump) anel with a microvillar bordc!' on the apica l cell surfacc (G ROEI'LEH 
1969. ALBERTt & STORCII 1974, 1977. ALBEtm 1979, ALBERT! & et<DOKER 1985, EL 5110UR,' 
& ROS II !))' 1985, EVANS 1992, ALBERTt CI al. 1997. A L I3EI~TI & COONS 1999). The saccu lus is 
supposcd ly a site 01' ultrafi ltration of the hac11l0lymph into thc organ (GROEI'LER 1969, 
I-lECKER ct <11. 1969, ALBERT! & e OONS 1999), whereas the organisation 01' thc tubule suggests 
aCl ivc rcabsorp tion of ions alld waler li'om thc lumen of the gland, highly corresponding to 
thc slructurc 01' transporlation cpi thcl ia (DIAMOND & TORME)' J 966, BERRlDGE & ÜSCII MA N 
1969, ß ERRI DGE 1970). The gland terminatcs with a cuticular (cetodcnna l) cxcrctory duct. 

Dcspite extensive literaturc avaiJable tor thc light-optical eomposition allel structure oft he 
coxa l glanels in acarifonn mites (sec ALBERT! & e OONS 1999), littlc is known abolLt clectroll­
microseopic organisat ion orthe glands in Illany taxa, espccia lly their larvae. lnvcstigation 01' 
fine lllorphology may to SO Ille cxtcnt cla rify thc st ructural bases 01' the proposcd 
transponation processcs 01' ion/water across Ihc gland epithelium. Thc lattcr. on the other 
hand. Illay lead to a bctter understanel ing 01' thc ecophysiologica l condit ion anel necels 01' the 
animals. 

Alllong the highcr actincelid mites froJ1l thc eohon Parasitcngona, a group charaClcrised by 
CI eomplex li fc cycle ami larval parasitism on vcrtebrate and invcrtebratc hosts, wa tcr mitcs 
(CRONE BERG 1878, MICIl AEL 1895, TlioN 1905, SCIIMIDT 1935, BADER 1938, MlrclIELL 1955, 
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ALBERT I & COONS 1999), ca lyp tostollla ti ds (VISTORIN-TIiElS 1978). trolll bid iids (Moss 1962, 
ALBEHTr & COONS 1999) anel trolllb iculids ( BRO\VN 1952 . MllCHELL 1964. SII ATROV 1995. 
2000) havc bccll va riously s lLiCli cd in rcspecI 10 the ir Illo rpho logy. inc luding coxal glands, 
mainly, howcve r, onl y by li ght-optica l methods. As is shown in these studies , the coxal g lands 
in Ih is branch of thc Acari , <15 weil as in other Ac tino lrichida, ha ve lost the ir indivieluality in 
thc course of evo lution join ing by the ir duct with ducts o f the prosoma l sa li va ry g lands . thus 
probab ly taki ng part in the f'orInati on or lil e sa li va ry sccrcl ion (M ITCIlELL 1970). Larvac o fl he 
fami ly Trombicul idac. pa rasilising ve rtcbrale an imals anel thus o f I11 cd ica l i1llportancc. were 
studicd previously by both light -opt ical (.I ONES 1950, VOIGT 197 1, SCIIRMv1LOvA 1978), and 
e lcc tron-m icroscopic mc thoel s (SJ-IATROV 1995. 2000). Conversely, coxal glands 01' the larvae 
01' thc c lose ly rela tcd grou p. Trombieliidae sensll lalo, paras itising art hropods have not been 

stuel ieel until now. 

Based on these eonsidenilions. thc main purpose of Ihis stud y is to provide deta il ed 
electro n-m ieroscopic observations ami 10 c larify some phys iologica l funct ions o f thc eoxal 
gl ands in un fe el larvae o f P/aly tromhidi lllll / aSciallll1l (C . L. Koch, 183 6) anel 
Call1 erotrombid illlJl peXO!1I111 (c. L. Koch. 1837) (Acariformcs : Miero tromb icl iidac). Adult 
mitcs o f thcse spcc ics are proposcel to be studicd subscquenl ly. 

2. Materials ami Mcthods 

Larvae useel in Ihis stud y were obtained from adult mites co llcc ted from Ihe so il sur face in 
the Leningrael province cl ur ing Ihe spring-summcr pcriocl of thc years 1996 - 2000. Mitcs 
wcrc initia lly placeel into small plasti c jars wi lh so il part ic lcs as a substrate. Approx ima tcly 
two wccks lu tcr m ites hael laid eggs. from wh ich active ullfed larvae ha tchcel in thc course of 

thc foll owing Iwo wecks ami were laken for fixat ion. 

For transmiss ion e lcctron mic roscopy (TEM ), aeti vc larvac of both spec ics were ini tia l1 y 
fix cd in 2.5 % gilltaraldc hyele in 0 .1 M phosphate bufTc r (pl-l 7.2 - 7.4) fo r 2 - 4 h. A ft er 
immcrs ion into the fi xa ti vc fl uid. mites wcre cithcr ea re full y pie rceel wi lh tiny insee l pins fü r 
be ller penc tration 01' fixative so llLliolls or were le rt intacL ivl ites we re then washed in severa l 
changes of 0. 2 M phosphate bufTe r, pos lfixed in 2 %) osmium tct roxicle in phospha tc buITer 
conta ining 8.56 % suc rosc far I - 6 h to ovcrnighl. dchydratcd in a lcohol and aceto ne scri es , 
anel finall y embedded in an ara ldite mixlUJ"c. Scria l ult ra -thin sec lions bOlh in transvcrse and 
in longi tudina l (sagittal) plancs werc made on an LKB- II I ui lramie roto llle and, aft er s tainillg 
with uran yl accta tc and lead c itra te. examined with Tes la B5-500 anel LEO -900 transmiss ion 
e lcc tron m ieroscopcs at 60 - 90 kY. For pre lim inary allel genera l obse rv<11ions, semi-thin 
sce1ions we!"e stai ned wi th toill idinc bluc anel invcs ligaleel ami photographed under Ampli val 

ami Le iea DMLS-2 light opti cal microscopes. 

3. Rcs ult s 

3.1. Gencral observations 

In ullfed mic ro1rombid iid larvac. one pa ir 01' coxal glands occup ies a late ral anel ventral 
positi on in 1he lll it e body, genc rall y situa1cel bC1wccn the midgut alld the bra in (synganglion) 
anel flln ning a long the axis 01' thc body. In lighl-opti ca l scelions Ihcy a rc hardly 
di stinguishablc having a tubula r fo rm an lcr iorl y bCllea th the do rsa l sa liva ry gla nel s and 
irrcgular out li ncs morc to Ihc pos terio r - on thc sides and be hi nd thc bra in anel bencath the 
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Figs I - 4 Scqucmial Iransverse scctions through [he antcrior ponion 01' Ihe bady of thc unfcd 
microt roll1bidiid larv<! C(llI/emflVlllbidilllll pexallllll on Ihe J!.!vcl 01': 
I: Antc rior parts 01' thc dorsa l salivary glands; 

2: Middlc ponion orlhe bra in ; 

3: Posteria !" termination or lhe brain: 

4: Schind thc brain. showi ng general position 01' thc caxal glands. Scmi·thin toluidinc blue 
5taincd sccti olls. Scal c bars - 50 plll. 

List of Abbreviations: AZ - atllcriol' zone; 13 1' - brain: BI - basal infolds: I3L - basa l lami na: 
Cu - cUlicl c: CGl - coxal g land: DL - duct lumen; DSh - dorsal shi cld: DSG - dorsa l 
sa1ivary grand; DT - di s ta l lubulc: DV - dCIIse ves iclc(s) : Ey - eye: EC - cctoderm cell: ED 
- cxcrclOry duc t: EO - exerelory organ; G - Galgi bady; JC - juneti oll cam p lex (sept ate 
desmosomc) ; HS - haernococl ic space; ITr - iniliallrunk; L - lipid incills ion; Lu - lumen: 
Ly - Iysoso mc: M - mitochondria: 1\llg - lllidgut: MgL - midgu l lumen: MI - micratubules: 
Mv - miera" illi: MZ - m iddh: zone: N - l1 uc1cus: Nu - nuc lcolus: PT - p rox ima l tubulc ; PZ 
- poslerior zo ne; R - ribosome; RER - rough cndop lasmic ret ieulum: S O - scptalc 
dcsmosoll1 c: Tr - trachea: TTr - terminal trunk: VSG - venlral sali vary g land 

gu t (F igs 1 - 4) . ß ch ind the brain, thc paired glands lllay COlllC into conlaCI \\Ii th each olher 
being, hO\\lcvcr, scparatcd by delim iti ng basal laminas (see be low). Dcspi te thc cn largc11lcllt 
of the glandular mass in the pos tcrior port ion. the glands obviously lack Cl prox ima l sacculus 
as in thc majorilY of othcr Paras itengona, including [arvac (ß ADER 1938, BROWN 1952, 
M ITCI-!ELL 1955, VOIGT 1971 , SCIIR AMLovA 1978, ALBERT! c t a l. 1997, ALBERTl & COONS 

1999) . Thus, the g lands are total1y cOlllposcd of the tubu lar componcllts. The gJands are 
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\Veakly slained in the ilnterior portions :lI1d stronger in the pos tcri or oncs be ing. howcver. 
elevo id 01' granulation throughoul the ir length (Figs I - 4). Thc overall Icngth o r thc gi<lI1d is 
arollnd 80 - 90 pm in bOlh species (the to ta l length or lhe Ja rvae is 200 - 220 pm). the width 
in the distal (antcrior) tubu la r portion is 12 - 15 pill. w hercas thc proximal (posterior) 
irrcgllla rly olHlincd portion may aehievc 30 ~lm. Thc cxcrclOry cuticular duc t. aftc r Icaving 
thc gland, turns up \Va rds and 500 11 joins the duc t 01' thc dorsal g land. T he comInon sal iva ry 
due t (podoeephalie e:mal) joins the duet 0 1' the vent ra l gJand alld filla lly opens into the 
poste ro-Iatera l a rca of thc subc he lieera l cav it y on each s iel e of lhe body ( Fig. 5). 

Fig.5 

DSG 

Schemali e drawings of micrOlrombidiid milC larvae displayi ng: relativc posi lion 01' the 
sa li vary and cox.L1 glands ,md thcir duct s on long itudi nal (sagittal) planc: cuui ng linc 
indic<ltes <In openillg 0 1' lhe common sa livary ducl 11110 the subchcliccral space (organs of 
on ly onc sidc of thc body are dc rnonstratcd ). For abbrcvia tions sec page 58. 

ßaseel on ceHular organi sation at thc c lcclron-mi croseopic leve l. thc coxal g lands in 
mierotrombidiid Jarvae 1l1ay general ly bc divided inlO I\VO main diffe rent !Ubula r portions - a 
proximal tubule :lt1d a di stal tubule , eOT1linu ing il1to an cc tode rmal cUli cula r duci (Fig. 6) . 
Fo llowi ng from thc excrctory duct in the postc rior direct ioll, the di stal tubu le nlll s stra ight 
backwards up 10 the poste rior cnd of the gland. thcn turns st raight forward going nearly up 10 
the :lnterior end 01' the g land where il is translbnncd illto the proximal tubule. T he latte r turns 
again backwards und coils arou nd the di stal tubule during its cntire course first in the posterior 
a1l(l lhell in the ante rior dircctioll. ami fina ll y ends bl illdJy not fa r from the antcrior term inal ion 
of the di stal tubule (Fig. G). Thus, thc c lll ire g land is composcd of thc Iwo ti ghtly adjoined 

Fig. 6 
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Schcma tic drawings 0 1" mic rotrombidi id Illitc larvtlc di splaying: approxil11tltc posilional 
rc l ~lIions h ip of thc gland tubulcs ami trunks on longitud inal (sag iual ) scction. For 
<lbbreviations see page 58. 
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di stal allel prox imal tu bulcs allel shows !wo trunks cr bra nchcs during it s course. wh ich may 
bc convcniclltly tCfm cc! as thc initial trunk, funning (i'om thc orig ination orlhe duct backward, 
ami the ICllllinal trunk, goi ng from thc caudal turn 01' thc gland in an tcrior dircctioll. In thc 
anlcrior portion of thc g lalld. comprcsscd bCIWCCIl the brain anel thc anlcro-Iatera l gut lobes. 
thc g land tru nks a re plaeed OIlC abovc thc ether, i.c. thc ini tial (runk occupies a ven tra l 
posi tion. whcrcas thc tefminal trunk is loc<1I cd more do rsally Iyi ng abovc thc initial trunk . In 
the postcrior portion 01' thc glalld. bchind the brai n, thc gland trunks bCCOI11C horizomally 
arrangcd with thc in itinl trunk laking a I11cdi .1I posi tion. Whcrcas the initial trunk ofthe g land. 
cspccia ll y in it s antc rior portion. consists o f sharply out lincd proximal ami di stal tubu lcs (F igs 
7,8), thc rcmain ing gland is composcd 01' f'rcc ly convo lutcd anel coi lcd tubules (F igs 3. 4, 9). 
At thc caudal tcrmination 01' thc glands. whcrc scvcr<d bcnds 01' the tubules are prescn t 
together. a part icill ar cnla rgc lllcnt of thc glandula r mass may be observeel. I-I owcvcr, 110 

sacculus at thc tcrmination 01' the proxi mal tublli c was idcntified . 

Thc proximal ami thc di stal Illbu ics <Ire composcd 0 1' ce ll s a rrangcd arotilld thc cCl1lral 
lumen 1I S 11 rosett c. Cell s 01' Ihe Ilcighbouring prox imal ami di sta l tubu les are very tightly 
adjoi ned to each olher without a dclimit ing basa l lamina (Figs 7, 8. 9. 11 ). In their anlcrior 
portions, the initial anel thc terminal trun ks orthe glancl are always cnvc lopcd by an own basal 
lamina a llowillg difTe rent portions 0 1' thc gland 10 be dclimitcd (Figs 7. 8). In the poslcrior 
portions 01' thc g land, CI dcl imiti llg basa l lami na bct"'ccl1 thc glandlliar cclls all el other ti ssue 
such as thc mielgut epi the lium may be abse il t (Figs 9, 10). No special muscle or connec ti ve­
ti ss lIc cllvelopcs were fOllnd surrollnding thc coxa l glands of unfed larvae (Figs 7. 8. 9) . 

Fig.7 

N 

Coxal g land 01' microtrombidiid mitc larvac. Schcmatic drawing 01' transvcrsc scc liOll 
throllgh the init ial tnlllk in its an tcrior third composcd orthe proxirn:l l (md distalillbu les .. nd 
e ncircled with the bas .. l lami na (sec detai l desc ription in text). For abbrevia lions see page 
5R. 
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8: Call1el"Ol/'ombidi/ll1l pexatlllll. tr:lnsvcrse sect iotl of the inilial trunk eomposed of thc 
proximal tubulc providcd with apiea l microvill i 1Iml 01' thc distal tubulc dcvoid 01' 
eonspicuollS basal infolds. wh ich are ti gh tl y adjoincd each olher. Note the basallaminil 
cncolll passing the trun k. Scalc bar - 2 pm. 

9: P/atytromhidillmj(lsciml/lI/. transverse sec tion through the eoxal gland consisting or the 
terminal (dors<ll ) amI initi al (ventral ) trunks comprcssed betwccn th c midgut (on the 
right side) <1l1(l lhe brain (on Ihe leli si ele nOI visible here). Scalc bar - 2 pm. 

10: Pl. jasciatlllll , longi tudinal sec tioll Ihrough the lIlidgut wal l lllHl the prox imalwbu1c in 
its middle port ion showing light contact betwecn thc midgut and thc glandular epit helia 
.md .1 co lla psed gland lumen ma rkcd by lighl ly pack cd microvi ll i. Scal c bar - 1 pm. 

11: C. pe.nll/ml. contact zone betwceT1 Ihe proximal ami the dista l tubulcs with th c \Vide 
lumens. <1t th c postcrior portion 01' thc gland. Scalc bar - I pm. For abbrev iat iolls sec 
page 58. 
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3.2. P roxi ma l tu b ulc 

Thc proximal tubulc, duc 10 its mille!" cOl1voluted character, cspccially in thc poslcrior 
regions, possesses quite irrcgu lar aUl lines with a genera l di ameter vary ing from 5 10 10 p m 
or larger. SOlllct imcs, thc tubulc givcs thc impression 01' bcing a chaotic pile of ce lls, 
espccia lly in arcas Oll thc periphery or lhe gland , where thc ccntral lulll cll is not visible (F ig. 
9). In general, in a trallsverse secl ion ara partielilar tubule, from 3 10 7 ce ll s may be iclent ified 
groupcd around thc cent!"al lumen (rig. 12). Thc gland bordcrs Oll thc do rsa l salivary g land 
anel thc bra in, from which it is separated by Cl dclimiting basal lamina. At thc same time. thc 
proximal tubulc also bordcrs on thc midgul wa ll in an extensive area that is dceply inscrl cd 
into the midglll cpithelium (Figs 9, 10). Thcre is no basal lamina betwccn thc glanelular anel 
the midgut ce lls throughout their eIltire border. so that the ce ll s of thc diffe rellt ti ssue 
ill1ll1edia tely contact each other without any dclill1iti ng structures 01' spaces (F ig. 10). In thc 
most poste rior portions 01' the proximal tubule. tltc basal lamina underncath thc gland ular 
epi the liulll is aga in prese llt , delimiting the paired glands (Fig. 13). 

Thc prox imal tubu lc is composcd of oval, prisJ11atic or irrcgularly shaped celJs with a 
rc lati vc ly dcnsc cyloplasm freqllently prov ided with Ilumcrous rrec ribosomcs and long 
curved c istcrns of rough cndoplasm ic reticu lllm (RER) (Figs 12, 13). Thc ce ll s are clearly 
ou tlincd duc 10 nat margins with a narrow strip of thc c lear cy lop lasm underneath thc latera l 
plasma membranc (Fig. 14). Thc arieal cytoplaSTll is typica l1 y free 01' organelles and appears .. . : .. 
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rigs 12 - 14 TE M micrographs 01' Ihc prox imal lubulc 01' C(fl/lero{l'OlIIbidilllll pexa{1/111 larvac 

12: Transverse sccli on through thc proximal <!m!lhc di sta llubulcs ligllll y associalcd wilh 
each olher al thc postcrior ponion oflhe g land sUlToundcd by cells oflhe midgut. Scale 
bar - 2 ~Iln. 

13: Conlact zone 01' thc paircd eoxal glands, Iheir proximallubules, in Ihe area beh ind Ihe 
brain. Scale bar - I pm. 

14: Golgi body in Ihe cell or Ihe proximal Illblllc; nOle lipid indusion anel Ihc cell borders 
indicalcd by Ihe elea r zO ll e bCllcalh Ihe lateral cell membrane. Scale bar - 0.2 ~tm . For 
abbrev iations sec page 58. 
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elee lron-Iucenl. Thc nllclci 1llay be nattened aga inst the basal o r late ral plasma membrane 
cspccial ly in the anlcrior portions of Ihe gland. where the lubu le is narrower (Fig. 8). 

Converscly, in the posterior ponions of the gland, where the g land IllUSS is expanded, Ihe 

nudei are large, up to 2.5 - 3 pm in d iamcter, con taining a large, round, ccecntrically locatecl 
nuclcolus anel re lative ly small hCleroch romatin partic les scatt e reel within the c lear 

nuc leoplasm (Figs 12, 13). Somcwhat swell ed mitochondria are large oval and cJcctroll­
Illcent, alld provided wilh loose ly packec! cris lac (Figs 12, 13). MilOchondria are relat ive ly 

numerous ami scatte red in groups frec ly Ihrollg llolll the cytoplaslll except Ihe apica l ee ll zone. 
Golgi bodies cons is ting o f few narrow clec lron-dell se c is terns accompaniecl by a grollp 01' 
small vcs icles at the di s tal po le are typically loeated near thc perinllclear zone and s iluatcd in 
thc aren that is mainly frec of ribosomcs (F igs 13, 14). The Golgi bodies appear to prodllce 

rel a ti ve ly small and searce e leetron-clense ves icles . whieh a re appare ntl y transpol1ed towards 

the apieal p lasma membrane and obviollSly di scharge their conte nt s into thc lumcn between 

the mierovi ll i (F igs 15, 16). As a result , the ecnt nll lumc n of the tubule , cspee ially in the 
posterior portions of the gland. is frequcntly f'illcd by an C1morphous elec lron-dellse mass 

(secretion) (Fig. 16). Nevertheless, the lumen in the ante rior port ions of the tubule is always 
e mpty. Scaree c!ec tron-dcnsc secolldary lysosomes as weil as res idual bodics ancl lipid 

inclus io l1 s may aiso somc times be seen in thc ce ll s o f the proximal tubule. In contrast 10 

trombiculid Iarvac (SI-[i\TROV 1995) and same water mites (Au3EJn l & COONS 1999), the ce ll s 

of the proximal tubules 01' thc coxa! glands of unfed miero trombidiid larvae do nol contain a 

notieeable amount 01' g lycogen particlcs. 

Thc most s ignificant characleristie 01' thc ce ll s 01' the proximal tubule arc long, tightl y 

packed clectron-Iuccllt microvilli of the apical plasma mcmbmne f~lc ing the lume n 01' the 

tubu le (Figs 7, 8,1 1, 15 , 16). The lumen ma y bc inco llspicuous (collapsed) ( Fig. 9,10). or 
volulllinous (F ig. 8) irrespcct ive ofthe position ol't lle IU bule. Ve ry OftCIl , however, large a reas 

oftlle gland Il1UY be oceupi ed by these microv illi , thus indicating the potential presenec orthe 
cent!'a l lu men (F ig. 10). In contrast 10 trombicu lid mite larvac (SHATROV 1995. 2000), these 

microvilli do not contain a central co re 01' mierofilamcnt s 01' fibrcs. Thc basal p lasma 

membrane remains na t throughout the proximal tubu le allel docs not form conspicuous 
invaginations into the cy top las l11 (Figs 8, 10, 12. 13). The intcreelllliar spaec bctwcen adjaeent 

ce ll s is quite narrow anclmay rarcl y show smaillocal dilations (Figs 14, 15). The eell s conllect 

cach other via long septate desl11osolllCS at the apieal ce ll bo rclers wit h an intcrce lllilar e le f! of 

abo ut 10 - 13 11m. Thcse des l11oso llles, typieal for invcrtcbrate epithc lia (HUDSI'EH I & R EVEL 

1971 , SATIR & GILULA 1973, LANE 1982), possess harclly identificd scptae, w hieh are 
predominantly masked by an c lect ron-dcnsc extracelllliar matrix, cspecially in Ihe upper 

portions orthe junc tio ll s (Figs 11 , 15). These septate j unetions arc frequently aceompanicd by 
a Ooccule nt electron-dellsc material 01' s till lInknown origin that is more c1early secn in the 

di stal tubule. 

3.3 . Dis t ~llltlbui c 

Thc di stal tllbule is e haractcrised by a morc regular arrangemcnt 01' the ce ll s around the 
central lumen, whic h l11ay bc wiele (Figs 8. 17), o r. rarcly, totall y e loscd (Fig . 19). The lumen 

is prcdolllinantly cmpty, 01' may cOll tain c lcctron-dcnse boelics pan!y rcscmbling residual 
boclies (Figs 7. 22). In tra nsverse sect ions. thc ou tlines or the d ista l tubulc arc irrcgula r in the 
posterior portions 01' the g land (Fig. 17 ) alld beeol11c rouild in the anterior OIlCS (Figs 20. 21. 
25). Correspondingly, thc diameter 0 1' thc tubule va ri es {'rom 7 10 15 pm. 
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Figs 15 - 16 TE~'l ll1icrograph s oflhe pro:xima!lllblllc oflhe coxa ! gl and ofmi crot rombidiid mile larvae 

15: Camemrrolllbidilllll peXalltill. longillldinal sccli on Ihrollgh Ihe tllbulc: note dcnse 
vesiclcs indic:lIing probable sccrelOry activilY ami tight!y packcd microvi!li on Ihe 
apieal ecll surfaec . Sea!e bar - 1 pm. 

16: P/a(yrmlllbidilllll j(lscia!lIl11, Iransversc sccli on Ihrough the Illbu!c eomaining a elcnsc 
m.ltrix in thc lumen imd Sllrrounded by thc Illidgut epilhe!ium. Scalc bar - I pm. For 
abbrevialions see page 58. 
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Figs 17 - 19 T EM mierograph s or lhe d is!al tubule 

17: P/mytrombidilllJl !lISCimlllJl. Iransverse section o r thc poslcrior 1.011C 01' thc 11Iblile 
ti ghtl y adjoincd Ihe proxima l tllblllc bordcri ng wi lh the brai ll. Scak bar - I pm. 

18: COlI/eml/"O/IIhidilll1l peXafl/lll. postcrior bc nd o /" the tllbulc indical ing thc margin 
bctwecn thc initial :l1ld thc terminal trunk. Iransverse sccti Oll. Seal c bar - 1 pill. 

19: PI. jclsc:illflllll. Irall svcrsc scction through thc middlc zOlle 01' thc di slai lubulc wilh th\! 
co l1apsed lumen ami providcd with basal inrolds containing mitochondria. Sca lc bar -

I pm. For abbreviations SC\! page 58. 
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Thc cells orlhe distallubulc are more e lectron- lucclli 1hal1l1105C orlhe prox imal tubulc und 
typica lly lack prominent RER elements allel vast amounts of frcc ribosomes (Figs 7, 19, 20, 
2 1). Thc nuclci are also sOl11cwhat smallcr, 2 - 2.5 pm in diamete r, and are characlcrised by 
11 Illore irrcgular shape <Inel CI relati vely sIllall nuclcolus. Ncvcrthclcss, thc organisation 01' thc 
Golgi bodics accompanicd by fe\\' dcnse vcs icles is ne<!!"ly thc same as in thc ce lls oi' Ihe 
proximal tubu lc (Fig. 23). Ccrtain amou!1Is of sccondary lysosomes anel lip id inclusions afe 
also prcscnt in thc cells 01' Ihe disHlllubu lc (Figs 21, 22). [n contras! 10 thc proximal wbulcs. 
thc apieal eell membrane eloes n01 form lang microvill i but on1y scarce shan irrcgular 
processes of the ap ica l cylOplasm extcnding inlO the lurncn (Figs 7, 22). Rarely, long 
microvill i may bc oceasionally seen bordcring the lumen of the distal IUbule only in the 
posterior portions of the gland (Fig. 18) . The cytoplasm 01' the apical ce ll zone, as in the 
proximal IUbules, is mainly clectron-lueent emd typiea lly eOlltains only few organelles (Figs 
21 - 23). In the most posterior portion of the gland. thc caudal be nd of thc di sta l tubulc. 
indicati ng the ll1argin bctween the in itial and the terminal trunks oflhe gland, occms (Fig. 18). 

Based on the general organisa tion 01' the cells of the tubll lc alld cspcc ially the charaClcr of 
the basal ccl l mcmbrane and distribution or lhe milOchondria, thc distal lubule may bc dividcd 
inlO th rcc distinct ly rccogn isablc portions - a posterior zone, amiddIe zonc and an anterior 
zone, the margins 01' which are not sharp. The ce lls of the poslcrior zone are more electron­
densc and irregularly outlincd and cOlltain round milOchonclria scattercd frccly throughollt thc 
cytoplasm (Figs 7, 17). Thc basal plasma mcmbranc is flat and does not fo rm conspicuolls 
invaginations in to the cylOplas1l1. This zonc occupics thc emire lcngth of' thc terminal trunk 
and thc grcalcr part 01' Ihc initial trunk. 

Fi g.20 Schcmat ic drawing of transverse sect ion orthe distaltubule in its Illiddle zone with tbl: basal 
labyri nth (see explanation in text). For abbrcviations sec pagt: 58. 
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Thc ce ll s o r the middle zone are more regularly pri smalic and are characlerised by 
prominent basal inroldings orlhe basal plasma membrane (basal labyrinth) occupy ing 1/ 2 to \/~ 

01' the ce ll he ight (Figs 19 - 22.24). The cytoplaslllic compartlllcll lS 01' the labyrinth conlain 
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Figs 21 - 23 TEivl micrographs 01' thc distaltubulc 01' th c caxa l gland 
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21: Call1erofrombidilllll peX(ll/IlII, transvcrs~ sctlion 01" (he rOllml Illbuic in its middlc zone 
wilh th c \Vide ami c ill pty lumen inlO whieh Ihe eomaet eell zOlles are cxtclldcd. Sealc 
bar - 2 pm. 

22: Phu)"Irombidilllll !ascia{lIIlI, trans verse scct ion 01' thc middle zone 01' thc tubu1c with a 
dcnsc partielc in thc lumen :\ml a dcnsc noceulcnt malerial indieating (he apieal cell 
CO lltacts, Scalc bar - 1 )1111. 

23: C. pex{/fl/I/I. apieal ee ll port ions in thc llliddle zone 01" Ihe lubu le \Vit h Golgi body and 
dcnse vesie le. Scak bar - 0.5 pm. For abbre\'ialions see page 5X . 
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elongaled lllilOchondria. The mitochondria lllay bc long anel curveel, achieving 1.5 pm in 
Icnglh. with a morc clCClron-dcllsc matrix Ihan thai ofthe Ill itochonclria ofthe proximal lubule 
allel wilh obliquely slacked cristac (Figs 19. 24). Correspondi ng 10 such a ccllular 
organ isa tion. thc irregularly shapcd nuclei preclolllinanlly occupy an apical position above the 
labyrin th (Figs 20, 2 1), 01', cOlllrarily, are illllllersed inlO the latter (Fig. 19). NlImerous 
Illicrotubules running in different directions are obscrved in Ihe apical cytoplasm as in thc 
subsequcllI . ante rior zO lle orlhe tubule (Fig. 24). In thc most anterior portion ofthis zone, Ihe 
regions of the intercel1 ular conneclions project apica lly inlO thc lumen (Figs 20, 2 1) as in 
SOI11C acaridid miles (ALBERT[ & COONS 1999). In this portion, the ce lls form a regu lar rosette 
<!round the central lumen, wh ich is prcdolllinanily frec 01' conlents and devoid of microvill i 
(Fig. 25). Th ree 10 five ce lls lllay be idelllified in Iransverse seclions oflhe tllbule. The middle 
zone occupies a relatively shorl dislancc in the antc rior porti on 0 1' the initial trunk situated 
be[ween the brain I'roJ11 Ihe median siele anel the dorsa l sa livary gland from the lateral side. 

Finally, in Ihe anterior zone, located j ust beneath thc anterior termination 01' the dorsal 
sali vary glands, Ihe ce lls 01' the middle zonc are replnced by elcctro ll -lllcent ce lls mostl y 
lacking the basat labyrinth ilnd microvilli on thc apical ce ll surf'ace (Fig. 25). This zone is 
probablya hOl11ologue ofthe end-piece ofthe coxa l glands ol'the other mitcs studied (ALßERT[ 
& COONS 1999). The centra t lumen in this zonc is wide, round alld fi'ce of conlents. Duc to 
the absence 01' the basal infolcls, the lluc1ei becollle rounder anel contain cleetron-lucclll 
ll11cleoplasll1 with scarce chromatin particles. Thc an terior zone 0 1' the distal I"ubule is 
characte ri slically not accompanied by the prox imal tubu le, wh ich tenn inates more postcriorly 
(Fig. 6). In th is area, thc gland lics frcely wi thin thc haclllococ1, being cnvelopcd by thc basal 
lamina that always remains nat (Figs 25, 26). Among the larvac studicd, the terminal ZOlle 
may be va riously cxpressed. being weil developed or nearly absent. 

The distal lubule cncls with morc dense and compacl ectodenn cclls, wh ich prodllce the 
cll licle 01' the excretory duct (Fig. 26). This process is realiseel nearty by Ihe same manner 
dcscribcd previously for the dUCIS 0 1' thc salivary glands (SIlATROV 2004). Apparently, no 
terminal bladder (sac) 01' the coxa l glands, as shown in some w<He r miles (M!CHAEL 1895, 
SCIl1'>HDT 1935, BADER 1938. ALBERT[ & COONS 1999), is fb und in llnf'ed microtrombidiid 
larvac. 

4. DisclIss ion 

A gcnera l description and cOlllparative analysis 01' thc coxal glands in the Arachnida was 
made by BUXroN (1913) and aHerwards the organisation o f' thc coxa l glands in different 
arachnid groups was 10 some cxtcnt clarified Ll sing cleclron-microscopic met hods (RASMONT 
1959, GROEPLER 1969, HECKER CI al. 1969, ALI1ERTI 1979, EL SIIOURA & ROSIIDY 1985) . Thc 
morphology 01' thc coxal glands 01' [he studied 1.I nimals indicatcs that their main I'llllction is 
Ibcused on osmoregulalion. showing at the same time part icu lar va riations according to the 
ecophys iological eondil ions, under which the given animal li vcs. Si nce in the CO Ufse 01' 
onlOgcllesis anel moulling processes the cn tirc glanel is nOI relle\Vcel anel does nOI undergo 
significant challges excepl 1'01' Ihc cuticular cxcrelOry duci (SIlATROV 2000). Ihc coxal gland is 
apparently 10 bc o f' a mcsodermal origin as in ot her :lracllllids studiccl (BEKLErvIISIlEV 1964). 

As shown in thi s study, Ihc analO lllY or tlle coxal glands in thc unfcd microtrombidiidlarvae 
gencral1y agrecs with that dcscribed I'or other acti nedid milCS (A LBERT! & STORCH 1977, 
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ALBERT! & COONS 1999). Such an organ isation 01' the tubu lar portion 01' Ihc eaxal glands 
eonsisli ng 01' proximal ami distal 11Iblllcs may be also reeognisecl in the olher mites sludiccl 
(AU1ERTI & COONS 1999). eharacte ri sed by dincrent eel l types in dilferellt lll blilar port ions. 
In adults of the trol11bidi id mi te AI/Oll1l'Ol1Ib;1I1II lerouxi Moss, 1962, the tubula r (coxal) glands 
are also eOlllposed of two tubes runni ng back ward and forward , allel 1110reo\'e r have a distal 
elongated sae serv ing supposeell y as a saliva reservoir (M oss 1962). Thc posterior belld orlhe 
glanel allel Ihe presence of IwO difTerent panielllar Irunks 01' lubes were. however, nol elearly 
indicatcd in tTol11biculid l11il CS, ncither in adults (B!W\VN 1952, MlTCI! ELL 1964) 1101' in la rvae 
(VOJGT 1971, SCI-IJV\ 1\'ILOV .. \ 1978 . SI IATROV 1995). No distal saccullls \\,.IS found in lllitcs of 
this groLlp. In wate I' mi tes, whieh show a !arge vari cty in Iheir biology and Illorphology. Ihe 
coxal glands appe<lr to have corresponding 1110rphological variations (CRONEBEIW 1878. 
MITCIlELL 1955), posscss ing tubes lllat run backwarcls and forward s (BADER 1938) as weil as 
a dislai bladder(s) (MICH AEL 1895). In the erythraeiel mites, the tllbula r glands are sho\\'11 bent 
several times but laeking a dislaI saeculus (TH OR 1904). Conversc ly. the coxal glands 01' 
calyplO slOlllatids cO llsist of a sacculus ami a tllbli le (VISTORI N-TJ lEIS 1978). In other acari form 
mites bcsidcs Parasitcngona. thc coxal glal1ds arc Iypica lly cOl11posed of a tube curving 
scveral limcs in d iffc rent dircc lions anel of a proxi ma l saeclllus Ihm is shown in Actincdida 
(MICHAEL 1896. ALUERTI 1973. ALBElni &. STORCH 1974. 1977. AU)ERTI &. COONS 1999) and 
Oribatida (WOO DRJ NG & COOK 1962, WOOIJRlNG 1973, Aumrn & STOlKIl 1977. ALBERTI cl 
a1. 1997. ALBERTl & COONS 1999). However. a simplc Illbule with only OIlC eaudal ben eI and 
without a proximal sacculus is foulld in the Tctranychidac (BLA UVE LT 1945. MI LLS 1973. 
AU)ERTI &. STORCH 1974. M OTHES &. SEITZ 1980. 198 1, ALBERTI &. CROOKER 1985). I n t h e 

Myobiidae, a ralhcr thin eurlcd tubulc or tll e g1anel is fa und terminating in a dila led distal sac 
scrv ing, supposcdly, ror rcabsorption of nuids (FII.I/"o.·IONOVA 2004). Th is apparcntly excludcs 
Ihe llomology orlhe distal sae in myobiids am!the blaclcler in eenain water mitcs. Conversely. 
in thc Acaridicla , whcre Malpighian tubules are originally prese l1t, thc so-ealled supracoxal 
glands are fo unel 10 be ralhe r modilied and CVCI1 reduccd (PRASSE 1967. RHODE & OEt\IICK 
1967, ß RODY ct al . 1976, WI-l ARTON & FURUMI ZO 1977. ALBERT I & COONS 1999). 

Conccrn ing thc ultrastructural organi sation of the coxal glallels. thc main problem is 10 
eorre1atc observed morphologica l charactcr istics ort lle given gland <lnd ils proposed runetions 
rea lised in thc particuJar eeophys iological condilions lInder wh ich thc mite li ves. 

Regardi ng mites. it is gCllera ll y aeeeplcd that the saecul us. ir prcsem. is speeialiseel for 
filt ration 01' ultrafiltra tion cf Ihe haernolymph Ouid into Ihe lumen 01' the organ. whcreas thc 
eonvoluted tubule (labyrinth) wi th its microvil lar border ami high mitochondrial density 
(m itoehondrial pUlllp) serves. convcrscly. for Ihc ac ti vc reabsorption 01' ions allel water from 
the Ilunen back into the haelllolYlllph (EVt\NS 1992). Admission 01' ultrafiltration across the 
wall ofl ile coxal gland in ils proximal port ion (sacculus) as a meehanism for urine formati on 
inevitably implies a signi ficant blood (haemocoel) pressure in Ihe body cavil Y. On thc other 
hand, thc simpl c fi ltration 01' so lutes (di ffusion) along an osmolie graeliclll maya Iso take placc 
ae ross the wall of the saeeul us without substantial hacmocoelic pressure (BERIUDGE & 
OSCI!MAN 1969). Another mechanisll1 01' fi ltration 01' the solution from the haclllolymph ill lO 
Ihe fihratin g ehambcr oflhe coxal glands is desc ribcd in ti cks, where mllscJes aC110 dilatc thc 
ehambcr 's vo lumc Ih us prov iding hacmolymph pressure (LEES 1946). SlI bscqucnt 
reabsorption orions takes place during 1ll0VCll1ent orthe Ouids along thc tubulcs oflhe gland. 

Coneerning the Parasitengona. as we il as olher AClinedic!c1. the most imponant queslion is 
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thc oCCUrrCllCC orllle caxa l glands as apart orllle prosolllal gland complcx. FUllctionally, Ihis 
CvOIUliollary acquisitioll in thc llighc!" trombid iform mitcs might corrc lalc with thc closing of 
thc midgul alld transformation of the hindgut into a spcciali scd cxcrclory organ (MITCI! ElL 

1970, EVANS J 992). Thc rcduction of an imll1ediate joint cf thc ll1idgut allel thc hindgut 
(excrclory organ) in thc [lighcr trombidifo rm mites like thc Parasi tcllgoIHl leads, first , to lass 
of thc Malpighian tubulcs in rcprcsciltalivcs of Ihis group with a transfer of thc cxcrctory 
fllllctioll 10 thc cxcrclory organ , ancl, sccond, 10 thc Ilccd 01' rClllov ing thc cxccss waler 
ingcstcd during fccdillg outside orllle gut. Such a morphological adaptation apparently results 
in the fonnation of prominent coxal glanels fUlletioni ng lllostly in oSllloregulation. In those 
groups where thc junctioll of' the midgut allel the hindgut is nol totally redllced, like 
tetranychids, a prominent filtraling saccul us is not prcsellt (ßLAUVELT 1946, ALBERTl & 
CROOK ER 1985). evell iflhcse mitcs take IIp large amOllnts ofwater (Mc ENROE 196 1a. b). In 
thi s case, the elimination 01' wa ter takes place via the gut , whcreas thc transpiralion (loss 01' 
water) is supposcdly realised through the walls 01' the tracheal trunks (Mc ENROE 1961 a). 

ThllS, the hindgut in Ictranychids apparcntly functions in reabsorption of wal er thaI is a 
charae terist ie feature 01' the coxal glands 01' Illore derived groups (McENROE 1963). On the 
other hand, in those grollps, like the Aearidida. in whieh olher organs (Malpighian wbules) 
function in reabsorption ofwatcr, the coxal glands may bc modi lied 01' even lost (WOODIUNG 
1973, WIIAlrroN et al. 1979, ALBERTl & COONS 1999). Ineleed, in representatives of the 
Acaridida. which have passed to rccding on hare! substrates . likc keratin eIe .. thc need to 
relllove the cxccss wate r significantly decreases, Icading to a restrietion ofboth filtration and 
reabsorptioll ami so to deviation alld minimalisation 01' morphologieal express ion 01' the coxal 
(supracoxa l) glands (BRODY et al. 1976). Thc tcrminal sac in myobiids (F tLl~'IONOVA 2004), 
supposedly function ing in reabsorption. probably inelicates thc necd für additional 
conscrvation of wate I' in the organism. Anothcr l1nusllal sourcc 01' waler is a particular 
secretion (containi ng POlaSS illl11 chloride) 01' some acaridides, wh ich absorbs water from the 
air during mOVClllent down the podoecphalic canal (WI-tARTON & FUIWI ... II ZO 1977). Entcring 
the buccal cavity. such a sccretion becomcs cnriched with wa ter allel is ingcs ted back into the 
gut. 

It is evidclll I'romthis general considcration thatthe more liquid subs tances thc mitc ingests 
during feeding, the larger the prox imal liltrating portion 01' the coxal gland evolvcs, 1l10stly 
fun ction ing in thc rellloval the exccss water from the organisl11. In this considcration. the 
absence of' a sacculus in parasi lcngoncs, wh ieh ingcst !arge Il1<1SSCS 01' liquid lood during 
fecding duc to ext ra-oral (extra-intestinal) digestion (MITCH ELL 1970), looks somcwhat 
strange. Moreovcr, thc joining 01' the coxal glallds wi th thc salivary glands may be 
funetionally explaincd only by IWO basically cO ll trovcrs ial reasons: firstl y. by feeding on f'ood 
withoul a largc amounl 01' water allel , sceondly, by thc necd für conecil tration and reserva tion 
ofwatcr in the organistll (BERRIDG E 1970). Ifthe former is not evident. the laller is cxt rcl11ely 
impOrlanl ror rnites, wh ieh cannot live in a dry atmosphere and active ly lose w,lIer by means 
01' transpiration. which is espceially rclevant for trombiclllids (SIIATROV 2000) and for nearly 
all othcr mi les with a soft cuticlc. Conscqllently, the fUlletio n of'watcr conservation apparcntly 
predominates over thc fun ction 01' rCllloving cxcess wate r in mitcs 01' this group. 

Frolll thc eylologica l po inl of vicw, thc prcsencc 01' the long microvilli in thc apiea l ee ll 
surrace 01' thc prox imal lllbulc apparently suggests the probability of thc transport of fluids 
rr0111 thc lumen into the hac1l10lymph (DI AMOND & TOIUvlEY 1966, BER IUDCi E & OSCll i..,IAN 
1969. BEIU{lDGE 1970. WALL ct al. 1970 etc .). i. e. rcabsorption 01' so lutes and watcr (Fig. 27). 
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Figs 24 - 26 TEM lllicrographs 01' thc di sla1tubu1e orlhe coxa1 gland of Plot.\'t/'O/Ilhidillllljiuciallllll mi tc 
larvae 

24: Part ofthe wa ll oflhe Illiddle zone provided with the basallabyrimh al1(l ap ieal surface 
lac king miera"i lli. Sca1c bar - 0.5 plll. 

25: An arca 01' transformation of the middJc zone wi th dark ccl ls ill to thc amerior zone 
co rn posed 0 1' Ihc cicet ron- Iu eent ccl ls wi lho ll l the basa l info lds: lransversc scclioll . 
Sca le bil l" - 2 pm. 

26: Longi tudinal sec tion orthe teflninal ponion. allhe base orlhc cxcrctory duci cOlllposed 
01' clee tron-dense eCloderm ceils: note lhe absence of cn vclope 01' lllllscle or con ncclivc 
ti sslle around the caxal g land. Scale bar - 2 pm. For abhrcvia lions sec page 58. 
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At the same time, thc absence 01' mitochondria situatcd elose 10 thc microv iJl i as we il as thc 
total absence of intc rccl lular spaces allel basa l infoldings in thc ce ll s of thc proxi mal tubulcs 
secm 10 indicatc law transport inlc ilsity in Ihe unfcel larvac poorly providcd w ith ffCC 
hacl1101ymph. l!lelece!, 10 rcabsorb thc cxccss water il is Ilcccssary, first Drall , 10 absorb flui ds 
into the lumen. Thc lumen 01' thc tubulc in un fcel larvac is not \V ide or can eVCJl bc collapsed. 
On thc other hand, ultrafiltration 01' fluid s across thc epithelium from thc haclllo lymph 10 thc 
lumen in thc proximallubulc ean also doublfu lly bc vc ry high, becausc unfcel larvac rcccntly 
hatchcd fro111 cggs apparcll ll y canllot ercate thc ncccssa ry hacmolymph pressure. 1-lowc VC L 
filtration of partic li lar substanccs across thc glandular epithe lium fro l11 the haeillolymph into 
the organ along an oSlllotic gradiellt c,ltlnot be tol<t ll y cxcludcd (Fig. 27). Prcscncc of large 
!lumber of milochondria in thc cc ll s of the prox imal tubules may indicatc activc transport of 
so lutcs as wc ll. Otherwisc, it is hard to imaginc why such a long proxi mal tu bll ic Iws 
dcvc lopcd. It is most likely, howcvcr, thaI it is a prc-adaptat ion fUllctioning in duc course in 
large adu lt mi tes. 

Convc rsc ly, the di stal lubulc, duc 10 the presencc o f basal in fo ldings ancl the apparent 
mitochondrial pump, appear to be ablc 10 selcctivcly absorb and filter some amounts of ions 
and water from the hacmolymph into thc lumen of thc gland (Fig. 27). Ncarly thc same 
situation is obscrvcd in trombicul id larvac (SIiATROV 1995,2000), where the proximal portion 
of the gland is ri ch in microvilli in the apical ce ll sllrface, whcreas thc ce ll s 01' the distal 
port ion arc providcd with the basal illfüldings. It is intcrcs ling 10 note that du ring fceel ing 01' 

trombiculid larvac on verteb rale hosts, thc intcrce llll!m spaces in thc coxa l g lands do not 
conspicuo ll sly di !ate , whcrcas thc lumcn 01' thc intcrna l channc! become wider (SIlATROV 

2000). During thc subsequcnt coursc of dcvclopmcnt through active allel qu icsccnt instars, the 
organisation 01' thc coxal gJands of trombiculiel mites eloes not undcrgo any significant 
changes, cxcept sOlllcwhat incrcasing the glandu lar mass anel accuJ11ulating waste matcrials in 
the cytoplasm in thc form 01' la rge hetcrogcneous residual bocl ies. 

Fig.27 
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The 1110St rClllarkab lc fea ture of thc cox<!l gl:lIlds arrangement in rn ic rotro illbidiid larvae is 
the ve ry light assoc iatio ll orllte glandul<l r cells and Ihe midgul epi lhelium. being devoid ofa 
del imi ting basal lamina throughoUl the ccll margi ns. Spce iali scd junetions as weil as basal 
cylOpl:.lsmie extensions betwccn the cel ls of thc eoxal glands and the midgut epithelium. 
whieh supposedl y Illigh t play a ro le in thc transport or n llids and ions (sec ALBERTI & COONS 
1999), were not clca rl y observcd in thc spcc ics studicd. Nevcrt hcless. slich a vcry tight 
assoc iation sugges ts i.I ra the r illl imatc rclationship bct\\'ecn these two org<llls and possible 
rellloval ofcxccss wa ter from the gut il11 llledia tcly through the ep ithe lium o rthe coxal glands 
(F ig. 27). It is most li kcl y, however. that thc organisat ion of both thc midgut aJ1(1 thc coxal 
gl;.llld epithe lia in the unl"cd larvae are 110t dc fi niti vcly forllled :md have to ullde rgo fun hcr 
developmelll duri ng the process of the larva l fecd ing and subscquent tranSfOnllation into 
long-liv ing dClI lOnymphs ,md adult mitcs. 

Excretion docs 1101 cv idcll tl y take place in the tubula r g lands of microtro ll1 bidi id la rvae. 
a lthough it is shown für somc acarifor1ll 1lli tcs. in parti eula r oriba tids (WOODRING 1973, 
ALBERTt & COONS 1999). As is weil know n. in the evol ution of Ihe Parasitcngona, a (DIa I 
fu nct ional separa tion has taken plaee bc twee ll thc eoxal glands. which take part in thc wa tcr 
balancc of the organi slll , ancl the cxcrc tory organ, which fune tio ll s in the excre lioll of 
ni trogenous residucs. The obscrved sccrctioll in both prox imal and d istal tubules cannot bc 
adcquatcly cxpla ined from the functional point of view and nceds f'urther eluc idalion. in 
part icula r, in comparison with feed ing larvae ,md post larva l instars. It cannot be exc luded, 
however. that the coxa l g lands, be ing part of the sali vary g land eomplex, a lso produce so me 
part ieu!<l r sccrclion tha t plays a role in composing the sali va all el its action within Ihe hos t/prey 
timles (MtTCtI ELL 1970). 

Bascd on the orgilni s.uion of thc coxal glands in l11icrot rombidiid larvae. it Illay be 
eoncl uded that these organs. as supposed ly in Ihc olher ParasilC ngona. play a role Illos tl y in 
watcr retcntion in thc mitc organism add itionally to thc behavioura l reaetions prevcnting 
dcsicea tioll of thc living mi tcs. 
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