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PARASITES AND PREDATORS IN AZ'1N.4RI1
(GASTROPODA PULMONATA: CLAUSILIIDAE)
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D r fe Siven on a nunbei ofprcdulfs,nd pd!'ircs of rhe Mcdirerancun chusiliid genus
n /bArr; Diecr obsenalions of prnsirism o! prcdarion by Afl.r-r'lr?n,, spp ( DiSenea: TEmarodd),
D.Lfur spp. (lnsecra: Coleoprera). Eoporli p/orensr (Casrrcpodar Pu hnotlr! ) lnd PDrera !or?pEs.t,
(Castrcpoda: Pulnonara)are descdbed. On the basis ofcncunrsranriil evi<lence. smau namnrh
or birds, a large caubid species (rnsedr: Coleoprera. possibly Culbus b.x1oil. Poircri!.tilatatu
n rg,la?/a (Gasrropod.: Puhronara) nray also be considercd ndu, rl dre 

 

ies of , /rlr,rD. The nraker
ofsmall (0.1mm diadeteo. circrlarholes in albirarian shells rcnuins unrnoqn

Key vords: clausiliidae. Albinarid, pansires. g.srropod,

n€Ail,4r4

Aivovta! otoix.ta o/erlat [L i]dv a$0r{6 0\ltrr(i)! a(L i(,gdir(N ror M€dortlr {o,i ri vo\
A/rirali? tov Clausiliidae oclt"lqlriN. tl€atyaoao!(r (rt.o.< iQ(.ltl'idtr< iclootrLdrLon 'i 0'i'

a ot\aF6& Bftcvhylainaspp. (Digenea: Trcmatodn), Dt'lBspp. (lnsela:Colo em). EotDtr,
' prcbnea (Gasiropoda: Pulmonata) xqr Po,ir.a .oDP€st (Can.oPodr: Pu lmotata ). ti'tt{t{d!u tr!

r< €lbdbl<. prao o4).dotki ii nofl'td, fic tuYGo.ido( o7(r\!ttior (lnsecta: Coleoptera. i*,h
\6\ $ Ctabus banonl. o Poiretia ditatau nt|linxra (CastroPod!: Pu lmonatr ) |[oL)on! €ridnE v(
lho)a$on!,,9 glolroi.lebot tof A/biratia. To <60 rof n(!o roxgi< (0 3 mm,)4rtaoq) xrxlF
d( tu i t rgoraa' ) '1 ! .  ror  A/6rr r ld  ra l ,ar ' iurnf l ,  " "o

Inlroduction

The terrestrial snails ofthe clausiliid genus A/b/rarla vesl occur on Umestone rocks almost

everywhere in Creece, Cyprus, the Lebanon and weslem and soulhem coastalTurkey. The genus

isextremely sp€ciose; at p.esent, more lhan T0species have been described.mosl ofthese showing

a considerable degree of polytypy.

During research on lhe systemalics and lhe evolutionary biology oilhese snails.lhe conchology

and anatomy of hundreds of specimens have been srudied (see Gi(enberger, 1992 and Kemp€rman,

1992). As a by-producl. these investigations have yielded intbrmslion on rhe hitherlo largely

unknown predators and parasiles oflhese snails.
' ln this paper, data r.e presented lhat provide some b.rsic insighl inlo some aspecls oflhe life

history of A./6,'}rr,, species. These dala mny help in determining the selec(ive pressurcs thrt are
?., ' relevant in the evolulion of A/bltara.

Materials snd methods

During field'work. snails werecollected in the islands of Kephallon i.1. lthakr and Crete. Th€
' 

animals were transponed al;ve and, on anival in the laboratory. were checked for the prcsence

of parasites and predators. If any were d iscovered. lhey we.e p.eserved in alcohol ToE or, in the

i. a{/
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case ofadult Drilidae (Coleoptem), were mounted on insect pins and diied. The snails themselv€s
were then either killed and dried or killed and pres€rved in 70% ethanol. The dry shells were
insp€cted for any rraces of predation. The shells of the snails that were preserved in alcohol were
carefully p€eled off and dissecied. Trematode parasites discovered during this stage were stained
with haematoxylin and eosin and mounted in Euparal.

Results and discussion

a Platyhelminthes: Tr€matoda: Digenea: Brachylaimidae:
B ra c h y I a i n a (Dnjzr din lgsl.

In an adult spe€imen of A lbinaria senilis flavescens (Boettget), collected in May 1987 near
Chavdata on the West Kephallinian peninsula of Paliki. metacercariae ofdigenean tremarodes
were found between the epidemis of the snail and the shell (figs. 1,2). In total,20 worms wer€
observed, scattered over the surface ofthe animal from jusl behind lhe clausilium p (o the 4th
whorl, with a tendency to aggregale. All were found positioned with mouth and sucker in contact
with the snail's mantle, and were embedded in relatively abundant mucus. At places where lhe
parasites were removed. the snail's epidermis was cratered and showed small perforations witb
somewhat thickened, callous edges (fig. I ). The shell itself was completely undamaged. The snail
was dissected, but no additional parasites were found.

Among the other ten preserved conspecific snails fron the same locality, only one more
specimen was found to contain trematodes. ln this case, however, the worms were not found
between the shell and the mantle, but inside the visceral mass. The life-siage present in this second
individual was not metacercariae, but sporocysts, completely filled with numerous immature
larvae, obviously cercariae (figs. 3,5). These cercariae resemble closely the metacercariae that
we.e found in the first snail,except forlheirmuch smallersize and less elongated caudal region.
Bnef descriptions of both cercariae and metacercariae follow below:

Cercariae (fig. 5): Small, measuring 0.26 x 0.09 mm. Both oral and ventral suck€r are 0-54
mm in diameter. The ventral sucker is positioned at 3/5 ofrhe total length from the head. The
caudal region is somewhat narfowed- The excretory ducts are probably notending intothe urine
bladder but into separaie pores. Melacercariae (fig. 4): Slender worms, measuring approximately
1.3 x 0.4 mm, with side margins almost parallellic. The oral sucker is large,0.2 mm across, and
lhe pharynx is 0.1 mm long. The ventral sucker has a diameter ofo.l5 mm and is positioned at
2/5 ofthe total lengtb from the head. The two gut-arms are initially directed laterally, but shortly
after that are bent caudally. Near the ventral sucker. tbey become broader and less irregular,
rlthough rhe overallshape remains simple and straighr. Excretory ducls (unified near the caudal
ends ofthe gut into the urine bladder) and the excretory pore arc clearly visible.

Two metacercariae, very similartothe ones described above, were also found in a specimen
of Albinaia hippolyti hippo& (Bo€ttger), collected near Tilissos, some l0 km W oflraklion,
in Crete. The pa.asites were only discovered after most ofthe snail had been dissected. Their
original poshion, therefore, could not be established. The Kephallinian specimens were identified
by Dr. Yolanda Manga (Le6n, Spain) as belonging ro rhe Eentls Bnchylaima Dujardin, 1845
(Brachylaimidae). The species of this genus are known for having snails as intemediate hosts
and small mammals and birds as their definitive hosts. The infection of the definitive host takes
place when the snails containing meta€ercariae are eaten. The observation of metacercariae on
lhe ouside of the snails' epidermis is unusual (the above based on peNonal communications by
Manga): however, since netacercariae ofthh genus are normally found in the kidney (Hardambidis

l)
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cl l1.. I 965 )- il docs not seenr liliel! lhrt lhe nrelrccrc.uire hxd nrigftled lro|n the kidney iDto rhe

'p lce bet$een r l re shcl l  Jrd rhc snr i l  scpidel ln is .sopossib l l rh i \spcciesofat l tcht /at t ' t is^n

e\.eprion to lhe |.|iIL'.

ljigs.l-5 a/r./,., /r/n,r \PP. l. \onre nlerlcercrrire nhn!on rhe nrotrlc ol r \Ncinrcrlol l/brnar' \ttr'/'i
' '  

, r ,Nt i r {c , r \ te indic l red$nhircs\ rs . r lc l inc: l r )nr '1  l /brnr ' ; r  /br ' lc ' ' : {a le l ine:  l

nn!. L stuoc) srs n o rhe visccrrl n s{olrlb'/,rtr \c''h /l'rrA'crr: Scrle line:0'l nm
. r . n r . h c e r c ! r i r . h r b i r $ : S c ! l e l i N : 0 . I n n t r i c c r c r r i r ' h r b i r u \ r S ' r l e l i n e : 0 1 n l

The presencc olbrachylaimid cercariae and neracercariae in A/br'' /?:rsuggestsrh thesnails

are preyed on b) one or more (yel unidentificd) vertebrate prcdalors

lr, Moflusca: Gastropoda: Pulmonata: Zonitida€t Eopolita protensa lF6russ cl

On 6. 10. 1 99 1..lt a locrhy nerr the lillnge of Mamrhos Crete. I pulmonale snail Eopolita

p,ror.'re (F€russac). was found eating.rjuvenile A/b/'/ta.ia hippol\ti h iPpolv.i (Boerrger). Riedcl

i1980) menl ions that  the r tpresenrar ives of  rhc zoni l id  t r ibe Oxvchi l in i .  to  which rh is  species

belongs. are nlainly camivores. preying on slrlll invenebrares. such xs orher snrils E p''olets:r

is by irthe nrosr conmon zoDirid gastropod species in Crere ( personrl observrtions lhid aurhor)'
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c- Molluscar Gastropoda: Pulmonata: Oteacinidae: Potier? compte$' (Mousson)

At three different localities on KeDhallonia. Porteri, compressa was collected, while atiacking

A/brrrrla. At Mark6poulon (21.3 1988\. ̂ Poirctia.ttas removed from a small crevice in a rock'

The snail was almost comPleiely enveloping an adult A lbinria contaninata peipo'onKemperman

& Gittenberger. At bolh Laknthra (22.4.1987) and Troi[nata (25.4.1987)' Poirelra was collected

f.om between stones on tbe soil, while devounng A contaninata contaninata (Rossmassler)

ln none ofthese cases touching the predator caused it to relcase its prey. During atlempts to

remove the shell of the prcy, Poteaia tried to wilhdraw, which caused the release ofconlents of

rhe oesophagus and stomach, consisting of large parts of ,A/bltffa tissue.

d. Arthropoda: Insecb: Coleoptera: Drilidae: ,ri,ftE spp. Olivier

At almost every lo{ality, large numbers ofsheus were foun'l with one or rnore oval holes in

the whorls, the cerv ix. or the clausilium (figs 9, 10) Such shells invrriablv proved lo contain the

larvae (figs. 6.7 ), larval skins, or adu lts (fig. I I ) of the beetle-far n ilv Drilidae. In one case' lt dead

l:rrva was found halfway lhrough ihe orifice. npParenlly havi,rg died while emerging (fig 8)'

Many adull shells showed two orifices: one narrowing outward the olher narrowing inward lhe

fo.mer alwtys slightly larger than fte latter (table l ) Appar€ndv. the ourward lv narrowing hole

is the one that is made by lhe predator on enrering the shell lhe oth(Jone ismade while leaving

the shell. The exit-hote is larger, as the predator gtew rfier ha\ ing devoured the shell's former

Table I La.gesr diamere6 (in nm) ofinwardll and oulwa.dlv Mrowing drilid holes in a number ot
A/ririrl, shells, showinglhalfte forder tyPc of hole is alwr)s srallerthan the lalter'

inwldly nadowing hole

0.46
0_69
0.54
0.46

I o.o9
0.46
0.17
0.62
0.18
0.85
0.11
0.5.1

ourwanll! mtrowing hole

r  3 r
1.23
1 3 8
1 0 8
I  r 5
r  l 5
092
r 0 0
1.08
I  t 5
r 2 3
0.92

Dri l idae a.c wel l -known fortheir  mol lusci lorous wtry of l i l r  ( l ' l l re l95l)  The h.vaeol lhe
Weskrm EuroDcim specics Dr.r/s t ve.rcrs (Ceofroy ) anack he lic id snails bv enrering thruugh
thc npenure. Thcy rhen devour the living snail. Unlil thcir melrnnnlhosis tbev will kill seve'al
snails in lhis |nanner. Howeler. none of the authors reporting on dre biology of lhis and other
d.ilid spec ies (Crawshay. 1903i Plare, I 95 I ). mention rlte ir abil ity ro perforate shclls This bab;l

is known. however. Ior a relaled frmily, the Lanrpyr;d.tc (Mienis. 1975).
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figs.6-10 D/i/u'spp.6. hJr_mnf l.rua irom. slrcllol .lft,l?"i "ere"Jr S"le linc: I nnn (prrolo b)

. \ .  IHoot i r .7 . f ts l iDsu! lx i \ ' . in thedpicrL$hor l :o f r \hel lo f " lJ lnr l t rS ' r leh le:01nnn
It- L!n.ii\r.L l!,\r enretging lrom a holt in rhe \h€ll of l vralrt: Scalc liner 0'l nnn (SEU

pholob\J.Goud) 9. cldusiliLln l$n a shcll of. {/b,'!'r a'rr/t'er' nn^r irrg ' di l perlo uonr

scrLe line: 0 5 Nn. l0. ulrimre $horl\ o1 .1/r,n:,ri.,rrt 'r' nNs ing ! tl| ilid enrrrtce hoLe:

5.r lc  l$e:  I  nrnr '

Thc Dr i l id{c lbund ro prey on A/bnal / rseenr prd iculdr l \  $e l l  npted to thei r  prev Lelc ls

ofpfcdrrion rrc SeneBlly qune high. as table I indicale!. At sonrc siles. ore lhrn hrlfrheluvenile

shclls tbund dLrring latc sLrn ercomnined first_insr.u lrrvae (fig.7) Lasr- instar lrrvtte 'rnd adulls

however. $cte usurlly tbund in adull shells dudng edrlv su rmer' This suggests thar rhe bcedes

rcproducc during suffmer. when the snails a.e aesti!r(ing. During rhis period lhe sDrils glue

rheir shclls to the rocks by nreans of lough plug like epiphrrgms This lnav exphin whv rhe

beerle lair'ae are forced ro perfomte rhe shclls oi lheir prev The presence of lroles in lhe clausilium

(fig.9) however. indicales rhrt the predalor may aiso enter via ihe rpenure. appxrentiy not hindercd

by the c l rus i l ium.
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Tabte 2 Fnclions of Cretan A/rlrar, populations amcked by Drilus sPa. at a number of locdnies

a.juvenile prcdation in la'e sumner

t6Ea
5 t %
281o
t5%
33o/a

l 4 t 3
1643
t4t4
I 4 t 5
1394

t244
I t29
l 0 l 8
1025
I l8l

b. aduh predatior in eany summer

15s.
39to
20't

In spite ofih€ir predators' efficiency, some snails apparenr ly survived their attlck by unclear
means. A numberoflive snails were found in which an entrance hole of Dtlus had bcen repaired.
In some €ases, the dried-up larva was stillsticking to the outside ofthe shell.

i,',!:['itt.ii
ii)tl

, ;  , 1  i ; j

ri;iiiii
lr; i i ;

lit,ll;iii

iiiiijil

FiB. I I Drlus spp.. h.birus ol nale fom I (lei) and female (right
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Live Drilidae werc only found in Crete, during field-work by the first and third authors. In
tal, 20 aduit males, 9 aduh females and hundreds of larvae were found. The females were of
e wetl-known larvifonn appearance, lacking wings and elytra (fig. I l). The nales came in lwo
rms, one uniformly black (b€low refened toas form I), the ofierwith a brighdy orange thomx
elow refen€d to as form II). In fig. I 2, the distribution of bolh forms in Crete is given, indicating
ar rhey may be geographic races or vicariant sp€cies. A briefdescription ofthe larvaland aduh
sects is given b€low-

Last-instar larva (fig. 6): Approximately I 0 mm long, flatlened. The head and the app€ndages
e reddish brown, the restofthe body isblack.The surface is shiny. The headcaniestwo ocelli,
ort, trianiculate antennae and slightiy uplumed, sickle shaped mandib lae. The pronotum has
'ew long. brownish bristlesalong its'narg;ns. Si'nilar bristles are presenl allover the abdominal
gments, especially on tubercles that are siluated on the posterolateral angles ofeach stemite.
re llst abdominal segment Lanie\ two rhick. sharp cerci.

Female (fig. I l)r6.2-9.2 mm long. Larviform. Light-brown, withdnrker lateralspots on each
dominal tergite. The surface is covered with sho(. brownish hai.s. The head is square, wirh

Male (form I, fi9. I l):6.2-8.5 mm long. Black,leSs dark-brown. The slrrface is shiny, in spile
a coarse, bur not very d€nse, puncration. The body is cove.ed with shon, dark hairs. The fronlal
ge of the clypeus, between the antennal bases, is concave. The eyes are hemispherical. The
tennae are slightly senated. The sides and base ofthe pronotum are distinctly marginate. its
solateml angles ar€ slightly tumed upward.

fDal,i d, lon I

B.l2 Map ofCrere, showinS locrlities d which Mult m.le drilidr were tbund.

Male (form ll): 5.0-7.3 mm long. Black,lhe femora dark-brown. rhe ventral side ofrhe head
onsisting of gula. postgenalareas and mouth'pans).a spol on rhe clypeus. rhe thor.rx (scutellum
cluded). the last abdom inal segment. the tibiae and tarsiornnge. The body is covered with shon
Lirs that are yellow on the orange pans ofthe body. bor dark elsewhere- Not only rhe basolateral
'mers. but also the lateral margins ofthe pronotun are dislinctly iumed upwrrd. Fo.Ihe rest,
rm II is similar to form I.
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It proved to be practically inPossible to ideftify the sPecies involved Wittmer (1944) lists

23 species of Drilidae from the Meditenanean, including several from Crete The species in
question probably belongs to D/llusOlivier. However' the differences belween this genus and

MalacogasterB^ssi apPar insufficiently defined (Zurcher' l9 I I )- Comparison with type-specimens
from the Mus6um National d'Histoire Naturelle (Paris) eliminated D cE,.,sP|c' D. funeb s

Retre., D. latithorax Pic ̂ nd ,. /otg!1rs Kiesenwelter as nanes for the A/6'tata predators The

original descnptions of the remaining candidate species are too briefaod super{icial to make a

safe identificadon possible. For tbis reason any tentative identificalion is refrained from md the

species is referred to as ,nrt,J spp.

T races of other p redators

TheobservationsabovearerestrictedtodircctrecordsofpredalionandparasitismofA/b/i?an.
In addilion. at many localities, dead shells were found with damage, obviouslv caused bv some
predator or parasiie. These tmces are discussed b€low.

i. Small, circular perforations

At many localilies, dead shells ltere found with small (approximalelv 0 3 mm diam€ter).
circular perforations (fig. l5). Their size, circularity and lack of any inwardlv or outwardlv
narrowing distinguish these holes from the ones produced by ,zlrs spp. It remains unclear to
which organism this type ofdamage may be attributed; the appearance ofthe holes suggests some
type of worm. Van der Land (personal communication) is unaware of any worm known to produce

such holes. However, because oftheir epigean mode of Iife and their known association wilh
rerestrial molluscs, a species ofthe Nematode family Mennithidae night be considercd (van

der tnnd. Dersonal communication).
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Fi8s. 13. | 5 Dxnrge donc t, . 1/6,i'rrir \h.ll\ li\ \ rridr\ Prtd.roA l I r \hell of { /6''r';r 'dlcl^r \: probrbl)
.- 

Orn,.,!-r t' Parctir titrt.h D1t t!x111.: S.rlc linc: I nn! lPhoro b) A l tloolir' 1-{ !shellol'

Albiltlx pta..ltNltrc{tttt po$rbLJ dxnlrsed Lrr .rrrbi{l b..rLei Srdl' linc: I nln (photo bv

A I Ho.ii] r j. inlll circuhr penbrrriot ii rhe shcll ol .l ll'itNtit utnxhte'dti k M'de b\

!  )e r  un ide t r l i f i cd  p .edr lo r i  Sc !1 . l ine :0  1  nnn

ii. SheI crushed across seretul thorls

I n C r c r . . i o n r c . l / b t r : r / l r \ p c c i c s $ i r h r h i n N a l l e d d r e l l s n o r t r b l r . { t / x c c t u r " ( P l c i t t e f )  A

l}/grol-r 1t ( Boelrg.r ) rrrd .l. ,?rlzrri (Boeltger )  c otien prc\ed or b)  1'rlttniin thrl ibrciftrllv

b r e r l s r { r \ I h c n t ' l l . r c i o s s s c l c r t r l $ h o r l s ( I i g  l + } .  I i i e n i s ( l ' l s i I f c p o n ' o n s u c h b e h t l n n l r

b\ rhc Crftibi{l b.clL. 5.?rteJ flrr1r.\. frc}ifg on h.licidri Pos\ibl\. rilso h'rc lh: ffedrtor rs a

Cxrxb be.r l r .  . \  l i t ! l \  cxrrd idrr"  i \  rh .  lu fsesr .  and qui re conlnron.  Crc l rn Ci t r . 'b id sp 'cre\ '

a,?brl\ il,.rrr Dej.rn.

iii. She vraped rtla.t on.rne side

In Kephr l l iu i l . l rhrc.  rnd $esrcm Crcre.  eDrf t \  / t /br?, r ' )  \hc l ls  r re of tcn tbund whichhrve

been lcr rpcd a$rr  r r  one \ ide ( i is .  l l ) .  This  k ind ofdrmtgc In ighr  b.  c . rL lsed br  t  predarorv

pulmomre ofr l re gcnLrs R' ; r r i i  F ischer  ( I - . l l 'ncf  l9911 168- 169. l ig .  l1)  1 Crele.  rh is  is  qui te

iikel). rsdrnrxgcd A/b/'/,r,i shell! rtre liNxl onl\ on lhc \csrem fNfl ol rlre islrnd. which nratches

e \rcrl) rhe disrribulion oi lhc CrcIun feprscnltLri!e of th is gcnrs /? dliran rt,/:!r'r:Il, (Weslerlund )

(Nlmrsen.  l99 l ) .  Di rccI  ohscnr l ions (scc rbole)conf i  n  Poi ' , r . r ,  as I  prcdatoro lKcphal l in i 'n

.'r/br;?:rr7'.i. rllhoLrgh rn) scraping behrviou. s.ri not obse'ved.
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