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couNTrNG oE' PROTOZOA AND SMALL METAZOA IN
ACTIVATED SLUDGE
Augusttn , H . , Folssner, l{. and Bauer, R.
rnstltut für zoologle der unlversltät salzbuEg,
A-5O2O Salzburgr Austrla

A method for the estlmatlon of the abundance of
protozoa and' small metazoa tn actlvated sludge ls
descrLbed. 5 x 10 pI of actlvated sludge are
counted ln vl,vo mlcroscopJ.cally uslng a Thoma-
Chamber and a magnlflcatlon of 1OO:1. The effl-
clency of thls countlng method was tested by
'recoverlprt experinents., 46-1OOt of the clllates
(mean 85tr r = 165 countlngs) were recovered. A
posltive correlatlon between body sLze and per-
centage of recover? could be found. prellmLnary
experlments showed that the method Ls sultable
for nematodes (recovery 95t I D = 10) , rotators(recovery 84 t r n E 10) and testate arnoebae ( re-
covery 78t I D = 1o) r too. The descrlbed method ls
lndependent of the sludge-structure, ls easy to
handre and ls an acceptabre compromlse betwäen
tlme spent and necessary degree of accuracy.

Ftg. 1. Recovery (t) wtth
standard devlatLon and
correlatlon (sttppled

t llne) between body sLze
and recovery for dtfferent
taxa (a11 experlments
pooled) i nurnber (n) of
countlngs I clllates (n =165), nematodes (n = 10),
rotators (n = 10) , testate
amoebae (n = 10) .
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iIle llemiroasElgophorar'a New ProEist,an Phylum frorn Gondwanian Soils,

WILßELM FOTSSNER, uUßERT BL^rrIiRER and ILSE FOISSNER, Unlvcrsität
Salzburg, Institut für Zoologie und Institut für Pflanzenphysiologie,
IlellbrunnersErasse 34, Ä-5020 Salzburg, Austrta.

The norphogcnesis and ulErastrucLure of llemimastix amPhlkineta has
been invest,igatred. This specJ.es occurred in some Aust,ralian and ln one
Chilean soil, buE was absenE in more than 1000 soil samples from
Lauraslan localit,ies. Ihus, lE has probably a restricted Gondwanian
distrjbution. HerniJuastix amphiki.nete is a very snnll (14-20 x 7-10 pm),
coLorless organis,n tirac fooXs aistincely Ciltophora-Iike because of it's
posceriorly located cont.ract,ile vacuole and its t,wo longiLudinal
somat,ic kinet,ies each composed of about. 12 cilia-IiJce flagella. Threse

two kinetles are interposed between two large plicated and mlcrotubule
bearing petlicular plaEes uhich are arrangcd inversely mirror-image
Iike. Hemimast,ix amphilineta has tubular (saccular) mit'ochondrlal
cristailE@x-;"erusores, and two microtubular systems and a

membranous sac associated with each kinet,id. The nucleolus persists
throughout division. A permanenE cytostome-cyEopharyngeal complex,
pharlmgeal rods, strlat,ed fibers, unst,igonemes, and a paraflagellar
rod are absent. This unlque comblnation of charact,ers demonstrates a

very separate lrcsition oH f . _amphiJ<ineta within the known protists.
Thus, the phylun ltemimast,igophora*has been established to include
:H. amphikineta and Sp.ironer{ra mult-iciliatYm Klcbs, 1B?2. Ttre structure

--g---

.@ and the nucrear apparatus of Il. -amphiki.Ire§r indicale
some relationship to the Euglenophyta. Thus, the Hemimastigophora
are included in the assenblage rEuglenozoa' of Corliss (1984) ' FUII

ipaper uiII appear ln European Journal of ProEistology.
L§pppgr.§9g..bv--rli§,-.P.rp jeLt-P-5-Q.B§-.-and--qtt-e--aEß§.'--
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tif fects of organic fert illzcrs on tha soil microfauna of a spruce

Iorest, t':RtJA At:.SCll'l' an«l WII.lllitJl l.'OI1;l;Nl.:ll, Un.tvcrsltöL Salzburg,lnstitut.
f ür ZooIogic, llellbrunnersLrasse 34, A-502O Salzburg (Austrla/europe) .

A large woo(tland, the "Böhmerwald" ln Uppar Arrstria, shows rnarked
signs of foresE decllne. Dcf lciency of magneslrrm has been proved. For
reviLalization, two typcs of fert:ilizar:s (type l: Llactosol o bactcrlal
bionrass, typc 2t. lliomag comp»osed oE 90t magneslte ancl lOt Blosol=fungal
biornass) have becn applied to a youna (lO-40 years) and an oId (BO-100
yc.rrs) spruce sLancl. with these spccial typcs of [erLiI lzcrs lt bras
assumecl Eo minimize strong changcs in tl're soll fauna and to lncrease
the extremely Iow pll (abouc 3). The experiment.al plan corresponds to a
completely randomized bl.ock design. The number of testate arnebae,
ciliat.es, nematodes, and roti.fers (direct counEing method) rthe activlty
of some soil enzymes, and the litter decomposlt.lon have been studierl in
the needle layer (0-l cm) l, 6,19, 50, and 70 weeks after fertlllza-
tion. The effects are more pronounced in the old spruce)foresE and t,he
bactosol variant. (30 kg Bactosol and 20 kg aiomqg/lOO m') , than ln the
voung stand and the biomag variant l2O kg/100 m"). A sionificant ln-
crease of pH occurred mainly in t.he needle layer: about one unit ln the
bactosol variant and half a unit by Biomag. Considerlng the statisti-
cally significant effect.s in the whole period of examinatlon, the pH,
the catalase actlvity, and the prot.ease activity as well as the number
of rotifers increased ( 10-401) , whereas the cellulase actlvlty and lhe
number of ciliates decreased (10-501). one year after fertilizatlon,
t.hese effects fade away. In sum, the applled fertllizers dld not
chanoe soil Iife markedly.

(Supported bv the Biochemle Ges. m. b. H., Kundl (Tirol, Austria))
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New Ciliat.es (Protozoa, CilioJrlrora) f rom AusEralia and Af rica,

wILlltiIJ,! I.'OISSNUR and llUBtlRT I)LA'I-I'ERER, Univcrsit,ät Salzburg, Institut
für zoologle, llellbrunnerstrasse 34, A-5020 Salzburg (AusEria/Europe) .

By living observation and silvcr imprcgnatlon, lJ9 speclos of
cll iaLcs have becn idon[if iccl in 2l soil samplcs f rom Aust.ralia. t^tlth a
few exceptions, all specics are new for tha fauna of thls contlnenE.
Some of the new species occurred in soils from Kenya (efrlca) toq; they
are probably restricted to the Gondwanian area. The followlng new
familics, genera, and species have bccn published by BLATTERER and
FOISSNER in Stapfia l7: l-84 (l9BB) and by FOISSNER in Stapfia l7z
B5-l3l ( l9BB) : Ple*u.ropIices, I. atrstra.Iis, CoripliF.es, C. terricola,
-Phia.l inides, P.. austr,.r l_i.f , /t§:qlll11dllU aust.ra Ie, Trihymen iclae,
'l'rilrymcn.r, 'I. t_err§oIa, Bresslauides, B. aust,ral is, Rostrophryides
iusjrjrlis, P:ey9o,pl lt.ygph,rya sal,tans, 9IadoqrichS australis, lmp\isiella
g]::Iel§, A. meqniqra?uLosa, tlerniampLisiella terrlcgla, ltolostighl.9es
ierric-ola, lusLrllothrix, A. australis, A. a-}win1e, Ig]ggigh.l
ay-:_!_L1_t*i.!, fri.cg'.rone,l 1.1, ]'., ll!_Lll_![l , I.alqrya§ !n§ullll-E§§, oxyLrlcha
Il_' tl'L11-LjrLq, Sll<-1l_t.!_.!,1 gl_,ILy_L]Jcr('r, (tu.1l1lr-lg;[rgf,1, I9§Lym('.n!,
.U. ry-lL,I:(-.-lllljl, Arrsl.r,J[«:-ctr rrrs, A. osclrjrng., A. octonucleatus. The genus
nnp_[i.i.l!f GOUI(RtiT & ROEST:R, IBBB (synonym: tlrolep§oide: WENZEL,l953)
is redefined and restrlcted Eo species whlch have nore Ehan I clrrus to
the left, of the ventral clrr.rl row anrl which hnvc transverso clrrt.
'l'hree nc!, qencra, Amphlslell ldes, P.rralrphlsLeIIa, and ttemiamphislella,
have been erected to include such specics Ehat do not flL on t":le
cl I .'r g no sa s o f 4,mt>h 1 s I c I I a a nd SleIIIy I lglur1.

(Srrpporred by the Ponds zur Fördcrunq rler wlssensclra f rl ichen
[:orsclrrrtrg, pro'l rrct. lr 5t1n(,) nrrrl lry I lro Arrot r r-rl lnrt ;t lrrlotl lr-'ct l(csotlfces
5 t rrtly )
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Ttro Effccts of Pcs[icitlus on Ltru Soil Fuurtit of a Sprucc Foros[ witlr

Special Regard to Protozoa, W0I,FGANG PETZ and WILIIELM FOISSNER, Instituü
für Zoologie der Universi[ät Salzburg, Hellbrunnerstrasso 34, A-5020
Salzburg .(Austria/Europe) .

Thä effects of mancozeb (fungicide) and Iinddne (insecticide) hrere

investigated with a completety randomized block design in active cilia-
tes, teitaceans, rotifers, and nematodes. The effects were evaluated 1,
7, 15, 40, 65, and 90 days after applicaüion of a standard snd I tenfold
dose. Individual numbers brere estimated with a direct counting method.
Mancozeb, even at the high dose, had no pronounced acute or long-term
effects on absolute numbärs of the taxa irrvesüigated. The number of
ciliate species, which decreased 1 day after treatment with the normal
dose (0.05<p<0.1), soon recovered. However, the comrnunit,y structure of
ciliate species bras still slightly altered after 90 days. Test'aceans
were not reduced before day 15 at the higher dose or before day 40 aB

the normal one (0.05<p<0.1). A normal dose of lindane caused acute toxi-
city in ciliates and rotifers (p<0.05) but the lafter soon recovered.
The number and cornrnunity structure of ciliato species urore still distinc-
tly altered after 90 days (0.05<p<0.1) , indicating the critical influ-
ente of lindane. Test,aceans uere reduced only after day 15, nematodes
only on day 40 (0.05(p(0.1). At the high dose of lindane severe long-_
term effecls occurred in soil moisture, total roüifers (p<0.05), total
nematodes (0.05(p(0.1), and in the structure of the ciliate conmunity.
Generally, there were marked differences in the effect of the norfial and
the high dose of lindane but not with mancozeb. Ciliates shovred very
pronouÄced changes after the pesticide applications, indicating their
usefulness for testing biocides under field conditions. Testaceans were
more resistant than ciliates. (Supported by the FhlF, project P 5889).

57
Investigations on the SoiI Fauna of Ecofarmed and Conventionally

farmed Vineyards, GABRIELE LüFTENEGGER and WIL}IELH FOISSNER.

Universität Salzburg, fnstitut für Zootogie, Hellbrunnerstrasse 34,
A-5020 Salzburg (Austria/Europe) .

Testate amoebae, nematodes and lumbricids were investigated in two
vineyards, each using so-called 'ecological farming" _as weII as more

conväntional techniqües. In the first vineyard, 5 differently farmed
areas of land were tested: (A) minimal method; (B) conventional methodi
(C) biodynamic method of R. Steiner; (D) organical-biological method of
H. MüIIei; (E) semibiological method. In the second vineyard, a-patch
(I) with organic fertiliier and a patch (II) with compound fertilizer
were comparäd. Generally, the ecofarmed plots showed a richer soil life
than the conventionally farmed sites. Remarkably, f,o considerable
differences exist between the unfertilized plot (A) and the
conventionally fertilized plot (B). The highest abundance, biomass and

species number of testate amoebae and the highest abundance of
nematodes vrere found in the area (E); however, the abundance and

biomass of lumbricids h,ere remarkably lower when compared with (C) and

(0) . Itro obunrjanco o[ IulrrbricirJs ond biorrrusu o[ Lus[itccitns vruro lriglrur
in (0) than in (C). Study area (I) gave greater values than area (II)
for all parameters investigated. Concerning species composition and
abundancbs of the testate ämoebae, the conrrnunities of (C' 0, B, A) lrBre
shown to be closely related, whereas the semibiological variant (E) and
(I, II) were separäted. The dominance index demonstrates t,hat (8, D,

C), (8, A) and (I, II) form distinct groups.
(Support,ed by the Fonds zur Förderung der wissenschaftlichen

Forschung, projei:t P 5889 and by the Bundesministerium für Land - und

Forstwirtschaft)
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tirsL Irrternationat Symposium on Free-Living Heterotrophic Flagellates

(Collection of Abstracts )

gOfL !'IJAGELIJATE8

Helsjngör, Dertrnark, August 1990

pOISSNER, I{. Universität Sa1zburg, Institut, ftir Zool<igie,
brunnerstrasse 34, A-5020 Salzbutgr Austria.

Soil flagellates have been largely ignored by taxbnomists and
ecologists. About, 250 species have. been reported from soils world-
wid'e. Some 10 species seem to be restricted to terrestrial habitatöi"'
the' other:inhabit aLso limnetic and coprophilic biotopes. Howeverlt.
rnbst of the.taxonomic and faunisticirrork. on soil'flagelJ.ates'has'beän'
donei by ecol.ogists': and soil biologists not "speciaLly trained in
ffagellate taxönomyr. I thus. consider the faunal lists published as
highly provisional..and uncertain. Recent, studigq of soil ciliates and'
teätaäeäns indicate, that, mo.re.thorough investigations will prove the
exLstence of many. f.1agelLates restricted to teriestrial habitats (1).
This is substant,iated by the recent discovery of some highly .unusual
and interestin§ species, §pi_romonas gondsrri (21 and . Herninastix
aniphikineta (3), ana a still unnärnea förm (uülsirahnr'ipeis.. ,comm'.)..:
The mqst ,frequently recorded species" arä the kinetoplastidf, Bodö
gaUdatus, ,EE: cä.Iär, B. eda?<, E. globosus, .E!. lens-, B. r,| 8,. Lens-,

ri-:sa}_tqns ,and'. ,L-' a

Plelrrp$gnas, j a-gt aq]. I1S
-r-and . 9. yibrans; the cerciand §. vibranbi the ceiibmonadids Cäröomonas. gres-Eig-agda and;, C..

tonqiAaum chrysomonad.ids o' ono;.= riffiErmo;'aild
the .euglenid §pyto$onas putillEt.
Detail.ed,recological literature on soil f1aqel.lates,:,is. almost rorl:UecaLleq.recoJ.oglQal. .Iiterature on soj-I f].age}laIes':'is' a].mOSt Ron:
existent.,. rnaiiri.dual numbers between o ar,ä Loslg soi.I ,have:beän_____.:.____:_,.-i_,;__._ 

-______. - ., :. , z
reported., Most;countg base, however, on culture techniques which,.do- 3alistic figuie of: the active c611s presänt.. our .ownnot;,,give a f!d.irect counts .in soil suspensions (4) shöw the presence' of, 2.OOO-
J.o.ooo active flagellates/| dry mass ir, "pru"e foiest litter. Recdnt
studies by Meisterfeld (5) indicate -thaL flagellates - in spite of
their high .numb-ers lafoüi x 7. Loe /mz) and stiort generation-time .-
play a mino..r'rgle in the carbon cycle of a submonlane peec.h forest
due, to thgli:siraII size and bionaJs (0.054 g dry,massTm?1 . . .;i

, ..: :' 
I

Future needs: taxonomic studies with modern light- and "f".irär,tnicroscopic methods; thorough faunistic censuses -in representatiyesoil 'ty.pes and biotopes (saline soils, f.o.r example, have in my,.
bxperience a highly ctraracteristic flagellate faunäi' as is,trtie. foi
the ciliates); estimation of. _numbers witfr diräct, counting..inethodsr'
estimation of qnnual produc!,iop in representative ecösystems..

1.
2
3.

Foissner, W. 1f,9al) .'rro§qr.' protistol. 2: 6g-2L2.
Foissner, I{ & Foissner, I. (1984) Protistologica 20:
Foissner, W., Blatterer, H. & Foissner, I. (1988)
Protistol. 232 361-383.

& Adam, H.

22L-227.

:

635-§ 48 .
Europ. J.

4. ttlfteneglgerr G.r Petz, I^I . t Foissn€rr Id.
Pedobiologia 3l- : 95-l-01-,
tr{eisterf eld, R. ( 19Bg ) Verh, Ges , öko1 . L7 :-5"

(1eBB)

tt ... , r' .r- ,..:.

:r Hä11-.
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Systematlc Posltlon of the Brlgnattc 8o11 Clllate Coloodldlum

caudaturl t{Llbert, 1982, HfLHEIJ{ FOISSNER, UnlnerrltäE §alzburg,
iElffineratrasae 34, A-502o §alzburg (Augtrlal .

t{ttbert (19S2) claeglfled 9. caudatuo as colpodld clllate becauge
of lt,s aomartc dlklnettds and lts 2 ctllary fletds located ln an
lnconsplcuous vestlbulum. However, a retnneetlgation uslng varloue
sllver lmpregnatlon aethods showed ürat, C. caudatun has sonatlc
mnoklnetlds, an argyrophttlc granule, presuoably an alveolocYst, le
tlghtly attached to each klnetld and vas apparently nlstaken aa basal
body by t{llbert. Dlklnetids occur only ln a short, curved klnety at
the rtght margln of the'vestltx.tlum*; Ürls klnety ls obvlously a
paroral oembrane. A tlghtly neshed, trregular cilverllne sysEem 18

clearly recognlzable after dry sllver nltrate inpregnatlon. Dlvlelon
occurs ln free-swlrunlng conditlon. Three adoral oembranelles and a
small, but dlsttnct cytopharyngeal basket, are recogntzable durlng
stomatogenesls. Trro of the nernbranelles and the neoatodesmal basket
are sooewhat dlsorganlzed t ot even partlally resorbed durlng Üte last
stages of the cytoklnesls. Ttrese data ehow that C. caudatuo ts near Üre

faoily Furgasonlldae, order Nassullda. :ttrle ls supported by the
locatton of the contraitlle vacuole and ttre cytopyge (both cloee
underneath the oral apparatus), the tlghtly neshed ellverllne system,
the somätlc monoklnetJ,ds and the paroral dlktnetlas). Cofryßl#uq
has sor*e dlstlnct agrcruorphles (dtsplacement. of the oral aPParatus
tc cenfre of cell, rather dlstlnct "vestlbulunr", partlal resorptlon
of the adoral menbranelles and the cytopharlmgeal basket) whlch §ug§€st'
malntenance of ttre famlly Colpodldtldae H.lytorac, Dldler, Detcheva &

Folssner, 1983. It ls, however, transferred from ttre order Colpodlda
to the order Nassullda.
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VERLAG PAUL PAREY HAMBURG UND BERI, IN SPITA[,ERSTR. I2 2000 HAMBURC

,:

ToRDHAM, ts. G.: Miocene-Pleistgcene Planktic ForaminifCrs frorä D.S.D.P. SiteC-208
and'V, and Phylogeny and Clasiificaiion of Cenozoic Species. Evolutionary Mono-i
graphs 6, 1986. Chicago: University of Chicago 1986. 200 pp., 25 plates. $ 28,- (institu-
tions), $ 24,- (individuals)

' Die Srudie bringt eine monograihische Bearbeitung der planktischen Foraminiferen aus dem Kä-
nozoikum. Als Basis dienen dii Tiefseebohrungen (Deep-Sea-Drilling-Project = D.S.D.P.) 77
und 208 im Pazifischen Ozean. Insgesamt aner-kennt dei Autor 138 Nominal-Arten, darunter
auch mehrere neue. Er versucht, die Evolution dieser Taxa mit Hilfe einer kladistischen Methode

- (stratophänetische Analvse) aufzuklären. Die Resultate werden übersichtlich in Form von Tabel- '

.' leo, Kfadogrammen unä ,rielen rasterelektronenmikroskopischen Bildern dokumentiert. Kriti-
. sche Anmeikungen und ergänzende Beobachtungen zu den einzelnen Phäna und ein umfangrei-

cher Index zeigen die gründliche Auseinandersetzüng des Autors mit diesem schwierigen Thema.
Die kladist"ische B"asis der Revision wird in einle'itenden Kapiteln ausführlich dislutiert und

mit früheren Versuchen verglichen. Zur Benennring seiner -Rlado-Grrrppen" entwickelt der
Autor eine neue Nomenklaiur, über deren Praktikäbilität man sicher gäieilter Meinung sein
kann. Sind Namen wie .Globieerinivicesimaeseptimae" oder ,,Globieeriniquintaedecime" wirk-.
lich noch auszusprechen? Die titeraturübersichi endet leider mir dem Ja,hr 7979, da die Druckle-
gung des Werkes durch widrige Umstände lange verzögert wurde.- Diese tiefschürfende Monographie kann allen einsEhlägig arbeitenden Protistologen bestens
empfohlen werden. V. ForssNÄ Salzburg
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THE CILIATE ATLAS - I'{ORPHOLOGY AM ECOLOGY OE THE CILIATED PROTOZOA

USED AS INDICATORS OF WATER QUALITY

wilhelm FoIssNER, Hubert BLATTERER, Heluut BERGER & F"ritz KOHMANN

Universität Salzburg, Instj-tut für Zoologie, Hel-Ibrunnerstrasse 34,
A-5020 Salzburg and Bayerisches Landesamt f,tlr Vtasserwirtschaft,
Lazarettstrasse 67, D-8000 München 19

KOLKWITZ & MARSSON and LIEBMANN,, the founders of the saprobie system,
praised the ciliates as indicators for evaluating the quality of
running and stagnant waters. This has been confirmed by later
investigations. In spite of thisr ciliates are increasingly igrnored by
field ecologists because their identificatl"on is supposedly more
difficult than that of the mesofauna- This is eorrect inasmuch as
handsome and accurate idenLification literature is lacking - a shortage
which should be redressed by öur "ciliate atlas".. zurthermore, hle
reviewed the faunistj-c and ecologic literature distriJcuted in thousands
smaLl.paBers. This provides the saBrobic evaluation of individual
species with a more rel.iable basis and shows research need.s,

Ihe taxonomic and ecologic revision of the ciliates used as biotogic
ind,icators in the saprobic system will comprLse four volumes with
about 90 species each. Volume f has already been published and is sold
by the "Bayerisches Landesamt für lilasserwirtschaft, Lazarettstrasse 6.7,
D-8000 München 19". Vo1ume II is in preBaration. Each species is
freated monographically wtr-ich causes a consid.erable size of the atlas.
§uch a detailed treatment v*las, however, called for since this is the
best way to document the faunistic and autecologic literature properly.
The very popular image-based keys are certainly short and user friandly,
but, easj.ty mislead unspecialized users. trn our atlas each species is
Bre-identified by such a simple pictsure-key; for accurate determination
it is, hou/ever, also described in detail and documented by, Iine
drawi"ngs and photographs. Usually, keys and, descriptions are prepared as
to enable identification from Iif,e. To achieve this goal, we have
reinvest,igated most species and included Bhotögraphs from live and/or
prepared cellst in addition, many species are shown by scanning elactron
micrographs intend.ed to please the eyes and. to heJ"p beginners to get
acquaLnted with the group

Our revision adresses not only river biol"ögists but also those who are
engaged in the control of sewage plants, lakes and drinking waters,
All data relating to these fields have been included.

Each volume contains a general.parts treating a special field in detail
Volume I, for instance, contains sampling advices and methods needed
for successful identification o.f ciliated, protozoa, e. g. live
observat,ion and silver impregnation protocols.

Supported by the Bayerisches Land.esarnt für Wasserwirtschaft
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Abstract of paper read at the 7th Conference on Ciliate Biology, Toledo,
Spain, September 2nd.-7th 1991

ULTRASTRUCTURE OF THE MYCOPHAGOUS,CII,IATE GROSSGLOCKNERIA ACUTA

( crr,roPnoRA, coLPopre ) AND PHYLÖGENEIrIC AFFINTTTES OF COLPODID

CILIATES

Erna AESCHT, WiIheIm FOISSNER & Maria MULISCH
Universität Salzburg, Institut für Zoologie, Hellbrunnerstrasse 34,
A-5020 Salzburg, .A,ustria and Universität KöIn, Zoologisches
Institut, Köln, Germany

Ultrastructural features of. Grossglockneria acuta FoissHer, 1980 are very similar to those
known in the confamilial speciis, Pseudoplatyophrya nana. The somatic infraciliature
corresponds to the typical colpödid dikinetid pättein. Thä peculiar oral.apparatus is described in
detail. The feeding irb. .orräins about 17 cbncentric cyiostomial microtubular lamellae and

postciliary microtübules. The lamellae are intercor:nectedty dense plaques and their.innermost
mic.otubüles anchor in dense material at the distal end of the tube. The postciliary ribbons of the

paroral kinetosomes extend subpellicularly into the proximal region of the tube. It is supposed
'thrt 

rup.rnumerary postciliary microtubules are proliferated and assemble to the cytostomial
microtübular lameiläe during'stomatogenesis. Feiv transverse microrubules are associated to
some adoral and presumably all paroril kinetosomes; they do not extend into the tube. Most
basal bodies of the single aäoral^organelle lack kinetosomal derivates. Th.e Grossglocknerida
and Colpodida are suggested to 

*be 
sister groups because -they undergo a telokinetal

,rornrtog.nesis in reproäüctive cysts. The colpodid kinetid is-characterizgd b.y. a compound
microtu6ular structrire of posteiior transverie ribbons to the left of tl19 klnety. Several

hypotheses as to the origin äf the typical colpodid kinetid- pattern, especially the. posteriorly
e*iending transverse märotubules,'äre discussed. Available evidence_suggests haptorid or
nassulid 

"rn..rtorc of the colpodidi. Some data indicate a paraphyletic composition of the
'class.
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TAxoNoMrscHE UND öror,oerscgp REVrsroN DER crr,rATEN DES sApRoBrENSysrEMs

$Iilhelm FOISSNER, Hubert BLATTERER, Helnut BERGER & Fritz KOHMANN
Uni.versität Sa1zburg, Institut ftir.Zoologie, Ilellbrunnerstraße 34,
A-5020 Salzburg und Bayerisctres Landesamt für Wasserwirtschaft,
Lazarettstraße 67, D-8000 München 19

Schon KOLKWITZ & MARSSON und, LIEBMANN, die Begründer des Saprobiensystems,
schätzten die Ciliaten a1s Indikatoren bei der Erhebung der GewässergtiLe.
SBätere Untersuchungen haben dies bestät,ügt. Dennoch. werden sie in neuerer
ZgLE immer .seltener zlJT.Bioindikatiön verwendet, weil .ihre Best,immung
angeblich schwieriger ist als beim Makrozoobenthos. Dies ist nur insofern
richti.g, als es keine modernen.und praktischen Anforderungen genügende
Bestimrnungsliteratur gjbt. Diese Lücke soLI durch unser Werk geschlossen
werd,en. Außerd.em haben wiri uns bemüht, die in Tausenden Einzelarbeiten

. verstreute faunistische und.autökologi,sche Eiteratur kritj-sch zu sichten,
um die saprobietrle Einordnung der Arten entweder auf eine soLida BaEis
zu stell"en oder entsprechend.e Lücken auf,zuzeigen.

Die taxonomische und ökologtische Rev.ision der Ciliaten des Saptiobiensystems
wLrd voraussichtlich 4 Bände mit Je etwa 90 Arten umfassen. Band.I i§t
bereits erschienen und kann beim. Bayerischen Iuandesamt für Wassertrirtschaf,t
bezogen werden. Band II ist in Vorbereitung. ,fede Art ist monographisch
dargestelJ.t, was den beträehtliohen Umfang. des Werkes verursacht. Wir
haben uns .für diese Art. der Bearbeitung entschieden, weil nur go
geWährleistet. ist, daß die Deterrrinationen in Zukunft genauer eein werden
und die.vielen. faunistischen und ökologischen Daten ausreichend dokumentiert
stnd. Die so beliebten Bildbestimmungsschhissel sind zwar kurz.und
benutzerfreundlich, täuschen al:er gerade d.en nicht auf die Gruppe
spezi.alisierten Bearbeiter.über die Tatsache hinweg, daß deimit leicht

'Fehlbestimmungen rrögIich sind. ,f,ede Art kann zuerst über einen einfachen
Bildbest,immungsschlüssel "votrbestimmt'l und dann:im speziellen TeiI, wo sie
durch',zeichnungen. und Fotos genau dokurnentiert ist, "nachbestimmt" werden.
Viele Arten haben wir neu untersucht, um Fotografien von leberrden und/oder
präparierten ZeIIen anzufertigen. Die meisten Arten sind auch durch
rasterelektronenmikroskopische Bilder dokumentiert, was nicht nui das auge
erfreueh. sondern hoffentlich auch dem Anfänger die Einarbeitung
erleichtern wird.

Der umf,assen.den Konzeption ent,sprechend, richtet sieh'die Revision nicht
nur an Fließgewässerbiologen/innen sondern genauso an'jene Kollegen/innen,
die in K1ärwerkenr bei d,er. Seenäberwachung und der Trinkwasserau-f-
bereitung tätig sind. Alle einschlägigen Daten wurden in die ökologische
Auswertung aufgenommen.

Neben d.er Beschreibung der Arten enthält jeder Band einen allgemcinen Teil,
in dem ein spezielles Kapitel ausführlicher dargestellt wird. Im Band I
ist beispielsweise die "Frobenahme und, Untersuchung der Ciliaten bei der
Bestimmung der Gewässergtite" deta,illiert beschrieben. Band II wird eine
kurze allgemeine ökologie, Band III die allgemeine Morphologie und.
Band IV einen Bestimmungsschl{isseI für die Großgruppen der Ciliaten
enthaLten."
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Vortrag bei der "Deutschsprachigen
30. September bis 4 . oktober L99I

Irimnologentagung'1 in Monds€Q r

Autor(en): ForssNER , w. , BLATTBRER, H

Universität, Salzburg und Bayerisches
& KOHMANN, F.
Vüasserwirtschaf t
THE CILIATED PROTOZOA

, BERGBR , H.
Landesamt für

Titel: THE crLrATE ATLAs MoRpHoLoGy AIJD EcoLocy oF
USED AS TNDICATORS OF V'IATER QUALITY

AbStfaCt: KoLKWITZ & MARssoN and LIEB!4ANN, the founders of the saprobic
Bystem, praised the ciliates as j-ndicators for evaluating water qual-ity.
In spite of this, ciliates are increasingly ignored by field ecologists
because.their identification.is.supposedly more difficult than that of ihe
megofauna.. This is eo:rrect inasmuoh as handsome. and accurate identification
Iiterature is lacking - a shortage.which should be redressed by ourttciliate atlas". Eurthermore, we revietred, ttre faunistic and ecologio
Iiterature. distrjlcuted in thousands small paBers. This provi.des the
saprobic evaluation of individual species.with a more reliable basis and
shows research needs. In our atlas each species is pre-identifiefl by a
simple picture-key; for accurate determination.it is, however, also
descriJced in detail and documented by line drawings, Iight microscopic
and, scanning electron microscopic micrographs. The revision will comprise
four volumes with about 90 species each and adresses not only river
ecologists but also.those who are engaged. i"n tJre management, oi sewage
plants, lakes.and. d,rink:lng waters. Volume I has already been published
and is sold by the "Bayerisqhes Land,esamt ,für lVasserwirtschaft,
Lazarettstrasse 67, D-8000 Münohen 19".

Beispiel:
Autor(en): DOKULIL, M.T., SCHMIDT, R. & SKOLAUT,C.

iitel: UNTERSUCHUNGEN zUR PoPULATIoNDYNAMIK voN TABELLARIA
FLOCCULOSA IM MESOTROPHEN MONDSEE, ÖSTERREICH.

Abstract: lm Jähresgang wies Tabellaria flocculosa var. {enestrata in den Jahren
1 982 -1 990 einen.......
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DER BODENBIOLOGISCIIE INDEX (BI} EfN QUANTITATTVES

MASS FÜR DrE BODENQUAüIrÄT

Dominik VüODAF.Z, Erna
Univers ität SaJ-zburgr ,
Hellbrunnerstrasse 34

AESCHT und hlilhelm FOISSNER

Institut f ür Zoologie,
r A-5020 SaIzburg, österreich

Der Bodenbiologische Index verrechnet folgende
Eigenschaften von Taxozönosen zu einer einfachen
Maßzahl: Artenzahl, Individuenabundanz, Individuen-
dominanz, Stärke der Bindung an das Biotop
(Autochthonie) und das "ökologische Gewicht" der
einzelnen Arten. Der Index ist so aufgebaut, daß

er ftir verschiedene Gruppen von Bodenorganismen
geeignet bzw. leicht modifiziert werden kann und
daß weitere oder andere gruppenspezifische
Strukturparameter aufgenommen werden können. Die
Auswertung: von Literaturdaten zeigte, daß die
Maßzahl in den meisten Fäl1en gut mit der verbalen
Interpretation der Resultate übereinstimmt. Der
Index ist allerdings keine absolute Größe sondern
nur sinnvoll in Verbindung mit (unbehandelten)
KontrolL- bzw. Referenzflächen zu interpretieren.
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70 (p. 4t.A)
Blology of a Hlgh-Rate Actlvated sludge Plant, of

a Pharmaöäut,lcal Company, ERNA AESCHT and WILHELM

FOfSSNER, Unlversltät Salzburg, Instltut für
?,oologLe, Hellbrunnerstrasse 34 , A-5020 Salzburg '

fträ numberr blomass and specles composltlon of
actlvated sludge organlsms vrere studled ln 1 1

samples, collect,ed monthly, f rom a ve{Y- h19h}y
loaäed (BODq 21 kg,/m! . d; COD 3I kg kglm' . d) blo-
reactor purlfylng waste water conslst,lng malnly of
Ehe medlum used to culture P-e419-U-I-lgm c.hrYso.gqnum.
tffgr, populatlon densitles offifLora anA--
mtörofaü.na lndlcate that the waste water do not
Contaln toxlc compounds beyond tolerable }Lmlts "
The organlc substänce on average amounts to 16 .g -9tymass/ti lt conslst§ of 96t prokaryotlc (bacterlal!
and 4t eukaryotlc (protozoan) blomasg' Related to
suspended sollds the protozoan blomass constltutes
2tl { tons protozoa (wet mass, correspondlng to
800 kg dry mass) are produced ln 1400 mr waste water
dally, On- averago 2 mllllon flagellates, 1 .3 mllllon
globüIar non-motlle organlsßgr 340000 naked amoebae'
SSOOO qtllates and 29 rotl.fers occurred Per mI
actlvated sludge. The hlgh organlc loadr the short
retentlon tlme 124 hrsl , 

-the htgh temperature (30oc)
and the lack of dlstlnct flocs favour few wÖlI
adapted polysaproblc protozoan sPeclesi a nel,
hypötrtctr ctl tate (Paras-tronqyl,ld.lum) has been f ound.

72 ( p. 42A)

77 (p. 434)
Polyhymenophora JANKOI{SKI , L967 t a Nerv Name' for the

splrorrichs of BUTSCHLI? HELMUT BERGER and UILHELM FoISSNER,
Instlture of Zoology, UniversiEy of Salzburg,
Hellbrunnersrrasse 34, A-5020 Salzburg, Aust,ria.

The subcJ.ass Polyhymenophora was establtshed in 1967 by
JANKOI^ISKI (Trudy zool . InsE. , Leniogr,.,- 432 45) as t'nomen

novum" to replace Ehe Spirot,richa of BUTSCHLI (1889, Pror,o4oa,
p. t7t9). The most, lmport,ant, charact,er of the Polyhymenophbra
JANK0I^/SKI, 1967, ls the polyhymenium, a litrle-used Eerm for
denoting the multlpJ,e-membranelle sltuat,lon manLfesf ln Ehe
oral area of thls group of clllates. A comparlson beEween
gÜtSCttLI t s spirotrichs- and JANKOI^/SKf ' s poli,hymenophorans shows
no significant, dlfference, 1, €. boEh taxa contaLn largely the
same taxa and have the same diagnost,lc features, JANKOIISKI
introduced t,he Polyhymenophora as ttnomen novumr'. Thls is,
horuever, lncorrect, since gUfSCHt Its name ls not preoccupied.
Obviously t,he "Polyhymenophora" extends only t,he already too
long 1ist, of unnecessary names for higher caLegorles of
ciliaE.es.

ultrastructure of t,he Mycophagous clllaEe Grgisglocknerla
ac_ur,a (Ctlfophora, Colpodeai ana Phylogenet,lc Atf lnltles of

ffiafO ClItates, ERNA AESCHT, WIL1IELM FOISSNER and UARIA

ItUUiSCtl, Unlversltät, Salzburg, InsEltuL für Zoologle, HelI-
brunnerstrasse 34, A-5020 Sal.zburg (Ausrrla) and Unlverstt'äC
Köln, Zoologlsches InstlEut,, KÖIn, FRG'

ultrasEructural features of Grossglo-cknerla. a9Y!1 FoISSNER,

1980 are very glmllar Eo those tcnown rn *re conf,aurlllal specles
psg{g?latvoph.ry_a [!?._ fr! somatlc lnfraclllaEure corresponds

ffiIoafO dlkinetstd pattern. Ttre pecullar oral
apparatu"-rr deecrtbed ln detall. The feedlng tube cont'alns
abouE l7 concentrlc mlcroCubular lamellao and postclllary
mlcrotubules whlch origlnat,e frosr the paroral membrane' It ls
supposod that, suparnum€rary postclllary mlcrotubuler are
präiff"tat,ed and assernbte to the mlcrotubular lamellae durlng
stomatogeneslg. Few trangverse mlcrotubules are agsocLated to
Eooe adoral and presumably all paroral klnetosomoal they do not
extend lnto the ?eedlng tube. Most basal bodleg of the slnglo
adoral organolle lack klnetosomal derlvateg' the Grossglock-
nerlda and Colpodlda are suggested to be glst,er grouPs because

they undorgo .a t,eloklnotal stomagogeneele tn reproduct'lve
cyrcr. The colpodld kLnetld la charact,srlzed by a compound

mtcrotubular sfrucEure of poat,erlor t,ransver80 rtbbons Co Cho

lefE of the klnety. Sevetral hypothescs a§ to the orlgln of t'he'

t,yplcal colpodtd itnettd Pat,tern, especlally the posterlorly
eitcndlng trangverse mlcrotubules, are dlscussed' Avallable
evtdence suggesg hap[orid or nassulld ancesEore of Ehe

colpodlds. Some datö lndlcate a paraphyleUic composlrlon 'of
the cIass.

93 ( p .4LA)

Phylogenetic BelationslliPl_it_otigotrich c.iliates,
hOLFGAile FEf Z and WILHELM FOISSNEß, Universit,ät S911byr9,.
fnsüitut für Zoo1ogie, Hellbrunnerstrasse 34, A-5020 Sa1zburg.

The somatic fineiies of S!-reb.ilid,i$m. caudptpm form a

spiral at the posterior pole.-StroUilids without such a spiral
u"r transfe"rub to the gbnut Rimo.glro,gbi-diUg Jankowski. 14 new

combinations and a nomen novum are necessary. Pleser:eS §g'. is
characterized by I somatic kineties composed 9f lolg,..rather
stiff cilia (nol bristles like in f-lp-lteri3.). @.
has an anterior and an equatorial ffidle of extrusomes. Tlre

morphogenesis of llqse.fes and HgltSgig.. is ve.ry. slrnilar, i ' e ' the
somaric ciliiture-öffiter aiffipffitre end the oral primordium
originate apokinetally on the ceI} surface; the pa.rental somatic
ciliature is resorbed. In strobilids and tlntinnids, the oral
.ni"S. develops in a subsurface pouch and the parental somatic
tinefies, whi'ch are not resorbed, simply elongate by addition
of new bäsal bodies, fn strombidids, the oral primordium
develops in a long intracellular sac or tube. These morpho-

genetit peculiarifies and some clistincü morphologic characters
iu.g., somatic monokinetids, arrangement of adoral membranelles,
io"i"ä) were applied in reconstructing a phylogenetic sy§tem

io" oligotrichi'using hypotrichs as outgroup. This shows that
halterids are more cfosäty related to hypotrichs than other

Supöorted by a grant of the Österreichischen Bundesministeriurns
für lirlissenschaft und Forschung.
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The clrlate Atras Morphology and Ecology of the clllated
Protozoa used as rndlcators of t{ater euarlty, trrLIlEL}l

FOISSN§R, IIUBERT BLATTERER, HELHUI BERGER and FBITZ KOHMANN,
Unlversltät, Salzburg, rnstltut, frlr Zoologle, Hel.lbrunnerstrasse
34 , A-5020 Sa1;burg and Bayerlsches Landesamt, f rlr Wassel*Lrt-
schaf t , Laza,rett,strasse 67 , D-g000 München 19.

clllates are excelrent blolndlcators. rn splte of thls,
they are often lgnored by frerd ecologlsts because thelrtdentlflcatlon ls supposedly more dtfficult than that of the
rnesofauna. Ttrls shortage should be redressed by our iclllate
atlas". we also revLewe{ the faünlstlc and ecologlcal litera-
ture dlstrltnrted ln' thousands srnall papers, Thls causes a con-
sLderable slze of the atlas, vlz. 4 volumes rlth 500 pages
each. vorume r has already been appeared and ls sold tsö usil
by the "Bayerlsches Landest'rirt für lfasserwlrtschaft, Lazarett-
st'rasse 67, D-Booo Hünchen 19". rn our atlas each of the 400
specl,es treated Ls pre-ldent,ifled by a slmple plcture-keyl for
accurate determlnatlon each specles is, however, also descrlbedln detall and documented by line drawlngs, llght mLcrogrraphs ofLlvlng and sllver prepared specimens and by scannLng .iu"Lrot
mlcrographs. usualry, keys and descrlptlons äre prepared as to
enable identlflcatlon from iffe. our revlslon adresses not onlyrlver blologlsts but also those who are engaged ln üre control
of sewage plants, lakee and drlnklng waters. All data relatlngto these flelds have been lncluded.
Supported by ttre Bayerlsches tandesamt, für Wasserwirtschaft.
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45
Orgahization and Dynamics of the Cytoskeleton in
Ciliates: An Imtnunocytochemical Study
A. FlriURyl; M. LRURENT2, J. C. Clünotl,
R. JTINMAIREI, F. Irroorl, A. Aoourrr.l
llab. Biologie Cellulaire 4, I3ät. 444 and 2Service

d'Imagerie, Bät. 441,, Universitd Paris XI, 91405 Orsay
Cedex, France

Three main cytoskeletal components scaffold the cortex and
anchor the ciliature in ciliates: 1) the ecto-endoplasmic layer
(LEE) of microfilaments made up from calciurn binding proteins
anchoring the proximal end of the basal bodies; 2) the epiplasm,
patterned as a continuous submembraneous layer interconnected
with basal body associated rootlets; 3) a supcrficial layer of
microtubules in which microtubular basal body rootlets are
integrated. Data collected through immunocytochemistry have
yielded a'good knowledge at the whole ce]l level about the
organization and the dynamics of these structures in relation to
the patterning of the infraciliature.
Paramecium constitutes a wonderful nrodel for studying the
dynanrics of tltc epiplasnr arrd its irrrcrconncctiorrs witlr thc
in fraci liaru re. Morpl-rögenes is du ring division progresses throu gh
elongation and segmentation of epiplasmic scales following baJal
body mulriplication; this process is correlated wirh sequential
regression a1d clongn'tion «rf orrc ln rgc hnsal body rooilcr, rlrc
kinerodcsmal fiber. Such a systcnr thus appüars ro-bc brsicrrlly u
col'lscrvativc one. On tlre contrary, ciliatcs irr wlrich tlrc cortcx is
scaffolded with a superficial network of microtubules appear ro
[:e regulative systems. A discontinuity in tlre transmission of the
infracili^ry pattern may occur during dre cell cycle; the srudy of
basal [:ody truclcatiott ancl nricr«rtubul:rr nlovcnlcrlrs clurring suclr

tProccss sltows that thc nritin ccllulur tcrrirorics urc "pt'irrtccl" on
the cortex via the patterning of tlre microtubules. Uniorrunately,
vcry fcw datl arc availablc rr[lout tlrc ctynrrrrric of rhc Llitl. '"'

These results show thar the main dynamic chara*erisrics of
n-rorplrogene.sis may at least in part lre ielated to rtre propcrrics of
the cytoskcletal components.

46
The Fine Structure of two New Hemimastigophoran
Flagellates Related to Spironetnct multic;tiittin I(ebs,
1 893
I. ForssNER and §7. ForssNER
Universität Salzbtr rg, Austria-

Spironema multiciliatum is a contractile, heterotrophic freshwa-
ter flagellate with rwo slightly spiralling flagellar rows. 'W'e found
two similar organisms in a mesosaprobic river from Germany and
in r soil sample from the Grand Cänyon area (USA), respe«ively.

Jhelpecjes from the Grand Canyon iesembles an organiim found
by Good.y (1916) in an Englisli soil but has a roun?ish nuclcus.
Thc finc srructurc of b«ltli spccics i.s vcry sinrilnr to rlrlr of
Hemimastix amphikineta Foissncr er al., 1988, i. e., its pellicle is
composed of rwo plates having diagonal synrmetry. Furtil.rmore,
tlrcy ltitvc vcry sinrilar cxtrusonrc.irrntl fiilrill:rr ri.ss«rcirrrc.s of rlrr.
lxtsitl hutlics. Tltc sltccir:s l'r'unr tlrr (irrrrrtl (lrrn),on sllt,\r,s, lilir
S. tttulticilialunt Klcbs, pronorrrrccd ctrglcnoicl irr,,u",lrcnt srtp-
portirrg our hypothcsis tlurt tlrc l-lcnrirurrsrigoplror:l ilrc rclrrtctl io
the cuglcnoids. Fivc hcnrimastig«rplroran flrigcllatcs carr bc disrin-
guished according co shapc, gitc rirrd conrrn*iliry of body, shirpc
and size of nucleus, Iength of flagcllar rows and äerails of pclliilc
arrd extrusonles. Our fin«tiugs slrow thrrr thc l-lcnrirrrastil5öplro,:a
are more widespread and more clivcrsc than supposcd. 

-'
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47
On thc Biology and Ecology of Mycophagous Soil
Protozoa
\ü/, ForssNER

Universität Salzburg, Institut ftir Zoologie,
Hellbrunnerstr. 34, A-5020 Salzburg, Austria

Many soil protozoa are facultative mycophages; few are obligate
ycast and/or fungal fecders, viz. the naked amoebaerThecamoeba
granifera minor and Cashia myocophaga as well as the ciliates,
Grossglockneria acuta, G. hyalina, Pseudoplatyophryo nana,
P. terricola, P. saltaas and Niualiella plana. Feeding occurs by
perforation lysis (some amoebae, all ciliates) or general lysis. In
perforation lysis, the fungal cell wall is breached by discrete holes
and the fungal contents are discharged and utilized by the
amoebae and ciliates. Those ciliates which are obligate fungal
feeders belong to a single systematic group (class Colpodea) and
have evolved a highly cornplicated feeding organelle, the feeding
tube. Perforation is accomplished very likely by special enzymcs,
viz, cellulase and chitinase. Some species feed selectively on
ccrtaitt fungi and/or ycasts, including plant pathogens. There is
cvidcrrcc frorrr pot cxpcrinrcnts tlrar such activitics call rcd ucc
inoculum levels of plant pathogenic fungi in soils and can reduce
tlre severity of take-all disease of wheat caused by Gaeumanno-
myces graminis tritici. It is, however, unlikely that mycophagous
soil protoz.oa carr significantly reduce soil fungal populätions.

48:
Protozoan Bioassays of Heavy Metal Contamination of
Soils Amencled with Sewage Sludge Using Co lpoda
steinii
'f. A. Fotrcti, J. F. l)atulysHltui, M. L. IJERRow and
A. '§7'nRRnN

Natural Hist«rry Museum, London, U.K.1 Macaulay
Land Use Research Institute, Aberdeen, I.J.K.

TIre common soil ciliate, Colpoda steinii,was used to study the
toxiciry of sulphate solutions of cadmium, copperr nickel and
zinc. Growth of C. steinii was reduced by 50 % bV 0.22r 0.25,
0.10 and 0.85 mg/l of Cd, Cu, Ni and Zn, respecrively within
24 hours. The same growth assay was used to a§sess the toxiciry
of soil solutions cxtracted from soil samples of field plots treared
witlr heavy mcfnls arrd scw.rgc sludge nt cöncentrations equivalcr:t
to, and twice the limits of, recent EC guidelines. The toxiciry of the
soil solutions varied witlr the seasonof the year. None of the soil
solutiorls extracted in the winter (Februa ry L991) inhibited the
growth of C. stcinii.In summer $uly L991), growth was reduced
in solutions extracted from plots that were amended with sludge
plu! additionalZn and Ni. These changes in toxicity to C. steiiii
of the soil solutions berween winter anä summer wäre positively
correlated with changes in concentrations of,Znand Ni berween
the fwo sanrples. These preliminary results suggest that regular
protoT,orln hion.ssrtys nrily bc usccl f«lr rapid monitoring of tlre
biological availability of heavy metals in soils especially when
combined with chemical analyses of soil solutions-.



Abstract zur ,Jahrestagung 1992 der Deut.schsprachigen Limnologen
5.-9. Oktober 1992 in Konstanz

TAXONOMTSCHE UND ÖKOLOGTSCHE REVISTON DER CTLIATEN DES SAPROBIEN-

SYSTEMS - BAND IT: PERITRTCHIA, HETEROTRICH]DA, ODONTOSTOMATIDA

I,Iilhe1m FOTSSNER, Helmut BERGER & Fritz KOHMANN'
Universität Salzburg, Institut für Zoologie, Hellb'runnerstraße 34,
A-5020 Salzburg und, Bayerisches Landesamt für Wasser.wirtschaft,
Lazarettstraße 67, D-8000 München 19

In der mesosaproben und polysaprioben Verunre.ini-gungsstufe sind
die Ciliaten unverzichtbare Indikatoren.. Auch gr.eifen sie hier
entscheidend in d.en Energiefluß ein, da sie eine Siedlungsdichte
von mehreren Milliarden/m2 auf,wei-sen. Dennoch werden sie von
ökologen und Praktikern oft vernachlässigt, weil ihre qualitative
und quantitative Erfassung angeblich viel schwieriger ist als
beim Makrozoobenthos.,Dies ist nur insofern'richtig, als es keine
mod.ernen und praktj-schen. Anforderung:en genügende Bestimmungs-
literatur gibt und hj-nsichtlich der quantitativen Erfassung noch
ein beträchtliches Forschungsd,efizit herrscht. Diese Lücke soII
mit unserem ,Ciliaten-At1as" gesch.Iossen werden, dessen erster
Band eine erfreulich positive Aufnahme bei Praktikern und
Fachkoll.egen gefunden hat.
Der zweite Band. des Ciliaten-At1as behandelt die. "Glockentiet'chen"
und die Faulschlamm-Ciliat.en. Erstere sind besond.ers' w,ichtig bei
der Beurt,eilung der Reinigungsleistung von biologischen
K1äranl-agen, letztere sind'str.ikte Anaerobier, weshalb bereits der
Nachweis von Ej-nzelexemplareri ausreicht, um Sauerstofffreiheit
eines Gewässers zu belegen. So wie im Band I ist auch im Band II
Jede Art bzw. Artengruppe monographisch dargestellt, um eine
sj-chere Determination zu ermöglichen,und die vielen faunistischen
und, ökologischen Daten ausreichend zu dokumentieren. 'Jede Art
kann zuerst über einen einfachen Bildbestimmungsschlüsse1
"vorbestimmt" und dann im spez.iellen Teilr wo sie durch Zeichnungen
und Fotos ausführlich dokumentiert ist, "nachbestirnmt" werden.
Viele Arten haben wir neu untersucht, um Fotografien',von lebenden
und/oder präparierten Ze1len anzufertigen. Vie1e Arten sind .auclr
durch rästerelektronenmikroskopische Bilder dokumentiert, wäs
nicht nur das Auge erfreuen sondern auch dem Anfänger die
Einarbeitung erleiahtern wird.

Der umfassenden Konzeption entsprechend, richtet sich. die Revisi.on
nicht nur an F1ießgewässerbiologen/innen sondern genauso. an jene
Kollegen/innen, d.ie j-n K1ärwerkenr. bei der Seenüberwachung urrd
der Trinkwasseraufbereitung tätig sind. AIIe, einschlägigen .Daten
wurden in die ökologische Auswertung aufgenommen. Ferner enthält
Band I,I einen umfangreichen allgemeinen'Teil mit einer
ökologischen Datensammlung (Abundanzen, Biomassen, Produktionr-
Respiration...) und eine allgerneih verständliche Einführung in
die Zoologische Nomenklatur

Die Bände f und II sind beim Bayerischen Landesamt für lrlasser-
wirtschaf;t, Lazarettstraße 6'l , D-8000 München 19, zu beziehen.
Band IIf wird 1993 erscheinen. Jeder Band hat etwa 500 Seiten
und kostet rund 80 DM.
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Ierstören die Bauern das Bodenlehsn?
Ergebnisse einerVergleichsstudie zur konventionellen und biologischen Landwirtschaft

Das lnstifut für Zoologie
fl-ierkunde) der Universität
Salzburg hat daher in den Jah-
ren 19B4bis 19BB Untersuchun-
gen über die Bodentiere in öko-
logisch und konventionell be-
wirtschafteten Acker- und
Gründlandflächen durchge-
führt. Studiert wurden insge-
samt 13 Vergleichspaare in
Salzburg, Niederösterreich und
der Steiermark. Die Untersu-
chungen konnten unbeeinflußt
von wirtschaftlichen und welt-
anschaulichen Aspekten
durchgefühft werden, da sie
vom Fonds zur Förderung der
wissenschaftlichen Forschung
finanziert wurden. Die Resultate
si nd kurzgefaßt folgende:

1. Viele der untersuchten
bodenzoologischen Merkmale
sind in den ökologisch und
konventionelt bewirtschafteten
Ackern und Wie'sen fast gleich.

,'2." Aitlattende Unterschiede
im'Artenspektrum und in der
Gemeinschaftsstruktur der Ein-
zeller (Protozoen), eine wegen
ihrer kurzen Generationszeit
und ihres hohen Beitrages zum
Ener§ieumsatz besonders
wichtige lndikatorgruppe, sind
nicht nachweisbar.

3. Alle statistisch absicherba-
ren Unterschiede weisen aus-
nahmslos in Richtung einer hö-
heren biologischen Aktivität der
öko[ogisch bewirtschafteten
Flächen. Die zum Teil parallel
mltgeführten bodenkundtichen
Untersuchungen deuten darauf
hin, daß dafür der etwas'höhere
Humusgehalt und der eiwas
lockerere Boden verantwortlich
Sind, " 

i''''
4. ln Ackerflächen aus Tiok'

kengebieten ohne. Viehwirt-
schaft tz. B.Marchfeld) beein-
trächtigt die konventionelle
Landwirtschaft die Bodentiere
stärker als in der attantischen
Klimazone (2. B. Salzburg): mit
gernischter Wirtschaft. Nur in
den extremen Gebieten, wo
z. B. Wasser ein begrenzender
Faktor ist; wird das Bodenleben
durch die lntensivlandwirt-
schaft schwer gestört.

Diese Daten zeigen, daß eine
differenziefte Betrachtungswei-

ln den letzten Jahren wird verstärkt der ,,ökologische" oder
,,biolögische" Landbau propagiert, der weitgehend oder ganz
auf rasch lösliche, synthetische Mineraldünger (,,Kunstdün-
g€r"), Pestizide (lnsekten- und Unkrautvernichtungsmittel)
und Wachstumsregulatoren verzichtet. Durch sorgfältig auf-
bereitete natürliche Dünger (Mist, belüftete Jauche, Stein-
mehl etc.) und durch schonende Bodenbearbeitung (Verzicht
auf schwere landwirtschaftliche Maschinen, pflugloser Ak-
kerbau) sollen das Bodenleben aktiviert und/oder erhalten
und die Ertragsfähigkeit der Böden langfristig gesichert wer-
den. Von den Gegnerry der ,,Biobauern" wurde aber mit Recht
darauf verwiesen, daß es sich bei diesen Meinungen mehr um
ein Glaubensbekenntnis als um wissenschaftlich fundiefte
Fakten handelt.
se nötig ist. Mit Schlagwörtern siert werden. Neue Wege in der
wie ,,die konventionelle Land- Landwirtschaft müssen erprobt
wirtschaft zerstört das Boden- und von bodenbiologischer
leben" oder ,,alles ist in Ord- Forschung begleitet werden.
nung" ist niemandem geholfen.
Die hier und auch in Deutsch- Anmerkung für pOlitiker
land nachweisbare Beeinträch-
tigung der Böden durch zu in- Zum letzten Punkt eine An-
tensive Nutzung sollte ernst ge- merkung für Politiker und lnter-
nommen, aber nicht dramati- essengruppen. Man hat in Salz-

74 zä
&.d

Naturnähe wird beim städtischen Gartenamt großgeschrieben
w%%%ffi**%mruffi%ffiWffi%%%W%%wryW

burg und in anderen Bundes-
ländern einen sogenannten
,,Bodenkataster" erstellt. Aber
nicht, wie es schon der Haus-
verstand fordert, unter Ein-
schluß der Bodenbiologie, son-
dern wiederum nur mit che-
misch-physikalischen Metho-
der1, obwohl dazu ohnehin
schon zahllose Daten vorliegen.

Diesbezügliche Einwände
von seiten der Expeften hat
man großzügig überhört, und
das Angebot der Universität,
entsprechende Untersuchun-
gen durchzuführen, ist in den
Schubladen der Beamten ver-
sickert. Ein Bodenkataster oh-
ne Bodentiere ist ein ,,alter Hut"
(= unzeitgemäß), und die Politi-
ker sollten über eine alte Weis-
heit nachdenken: ,,Handwerk
ist auf die Dauer besser als
Mundwerk."

Die Sorgfalt beim Umgang die viel'Er-fahrung und Fachwis-
mit der Natur wird auch auf die sen verlangt.
Sportplätze in der Stadt ange- Was im Grünbereich der
wendet. Sportvereine müssen Stadteinschließlich Stadtberge
einen Düngeplan vorlegen, um manchmal als ,,ungepflegt" er-
die Düngemittel zu bekon'rmen. scheinen mag, ist in Wirklich-
Das Gartenamt sorgt auch fur keit der lebendige Ausdruck ei-
einen spielfesten Rasen im Le- ner intakten Natur, die nicht ,,zu
hener Stadion, eine Aufgabe, Tode gepflegt" wurde.

Auch dafür sorgf das sfädtrsche Gartenamt: Daß der Rasen im
Lehener Stadion auch für Spitzenfußball bespielbar rst Foto: Krug

Prof, Dr. Wilhelm Foissner, Zoologisches. lnstitut der Universität Salzbvlg;

ffimm

Das Stadtgartenamt setzt bei
Pflege und Betreuung der viel-
fältigen städtischen Grünland-
schaft bereits bei der Auswahl
der dazu eingesetzten Mittel
und bei der Erhaltung eines
größtmög lichen Artenreichtums
der Pflanzen und der mit ihnen
in Symbiose lebenden lnsekten
auf Naturnähe.

Die Schönheit der Anlagen
und die Frtichte der ,,sanften
Landqchaftspflege" bestätigen
die Richtigkeit des eingeschla-
genen Weges.

Schädlinge werden nicht
durch Pestizide bekämpft, son-
dern durch den Einsatz nützli-
cher Lebewesen, Unkraut wird
nicht durch chemische Vefiil-
gungsmittel beseitigt, sondern
mit lnfrarotgeräten.

,,Entwicklungshilfe" für po-
tentielle Biotope in öffentlichen
Grünanlagen wird ebenso wie
die naturnahe Bewirtschaftung
von Wiesenflächen in Zusam-
menarbeit mit dem lnstitut für
Botanik an der Universität Salz-.
burg betrieben.

wr
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W. Foissner (Salzburg) & G. Burkl (München):

Ciliates and testate aboebae in acidified mountain streams.

The ciliates (qualitative) and testate amoebae (qualitative and quantitative) in the
sediment (0-3 cm) of three small streams with differe-nt pH (Eger, pH 6; Röslau, pH 5;
Zinnbach, pH 4) were investigated in spring and autumn 1992.
The species number of ciliates decreased with decreasing pH (Eger 53, Röslau 41,
Zinnbach 38) and acidophilic taxa were most"nurnerous in the Zinnbach. The species
number of the testaceans was similar in all streams (42 - 45 taxa)- However, acidophilic
species, mainly of the family Nebelidae, increased from the Eger to the Zinnbach. The
individual number and the biomass of the testate amoebae distinctly with decreasing
pH: Eger 8125 x tg3 inA.llnz lltl mg), Röslau 11250 x 103 iÄa.t^z (606 mg)I
Zinnbach t4375 x 103 ind.lmz (1323 mg).
These data indicate pH-dependent protozoan corlmunities. The high number of testate
amoebae in the sediment suggest that they play an essential part in the energy transfer,
especially in acidified streams where the macrozoobenthos is often depleted.



Verhandlungen der
Deutschen Zoologischen
Gesellschak 86.1
Proceedings of the German Zoological Sociery
86'h Meeting in Salzburg, May 31to.]une 5, lgg3

Gustav Fischer Verlag ' Stuttgart 'Jena ' New York ' 1gg3

The Hemimastigophora, remarkable heterotrophic flagellates possibly related to euglenoid
protists

Die Hemimastigophora, eine außergewöhnliche Gruppe heterotropher Flagellaten, die vielleicht mit den
Euglenophyten venrvandt ist

W. FOISSNER and l. FOISSNER, Universität Salzburg, lnstitute ftir Zoologie und Pflanzenphysiologie,
Hellbrunnerstsasse 34, A-5020 Salzburg, Austia

The phylum Hemimastigophora was established in 1988 by Foissner W et al (Europ J Protistol 23,
361) for a unique flagellate, Hemimastix amphikineta, discovered in Gondyanian soils. Later, two new
species and a new genus were found in frestrwaters and soils from Europe and North America (Foissner l,
Foissner W: J Protozool, in press). The Hemimastigophora have a unique combination of characters: 2
longitudinal rows of cili+like flagella are associated with 2 microtubular systems and a membranous sac
(Fig. 2); the flagella rows are interposed between 2large, plicated and microtubule-bearing cortical plates
having a diagonal (rotational) symme§ (Fig. 1); the nucleolus persists throughout nuclear division; the
mitochondrial cristae are saccular to tubula[ complex exfusomes; lack of a permanent cytostom+.
cytopharyngeal complex, pharyngeal rods, striated fibres, mastigonemes, and paraflagellar rods. Three
of the five species known show distinct euglenoid movement (Fig. 3) which, like the special diagonal
symme§ of the cortical plates, argues for a @mmon anchestor with the euglenoid-kinetoplastid
flagellates (Fig. 1). lt is unlikely that such complex synapomorphies evolved twice. However, other
characters, especially the lack of euglenoid mitochondrial cristae and the distinct flagella rows with their
complbx 'infraciliature' indicate a long-lasting, separate evolution of the Hemimastigophora. We thus
suggest to keep separate these puzzling organisms from the euglenophytes at phylum or class level. The
Hemimastigophora give an idea how the complex infraciliature of the ciliates may have evolved (Fig. 2).

HEMIMASTIX

Fig. 1. A Hemimastix-llke organism can be modeled by taking 2 opposite cortical plates and their
associated microtubules (black dots) of an euglenoid flagellate and inserting 2 flagella rows between
them. - Fig. 2. Comparison of structures associated with somatic monokinetids in the Ciliophora and in
Hemimastix amphikineta. A simple rotation by 90" of the short microfubular ribbon (dotted anow) of
H. amphikineta produces a nearly (note, however, absence of kinetodesmal fibre) ciliophoran kinetid. -
Fig. 3. Extended and contracting Spironema tenicola. This species shows euglenoid movement. B = basal
body, G = granular substance, KF = kinetodesmal fibre, LR = long microtubular ribbon, S = membranous
sac, PR = postciliary microtubule ribbon, PS = parasomal sac, SR = short microfubular ribbon, TR =
transverse mlcrotubular ribbon.

136

%--
[:

Y



Y

t

t, t:*,r

The Journal of Eukaryotic Microbiology

Yolume 40 January-February 1993 Number I

LOA 116
A Weighted Coenotic Index (WCI): Description and Application

to SoiI Animal Communities, DOMIIIIK WODARZ, ERNA AESCHT and
WILHELM F0ISSNEB, Uni.versität Salzburg, fnstitut für Zoologie,
Hellbrunnerstrasse 34, A-5020 Salzburg.

The Weighted Coenotic Index (t{CI) unifies in a single value
four basic parameters of biological communit,ies, i.8., the
total individual abundance, the specles richness, the dominance
structure, and ecolog5.ca1 weights, €.g., habitat preferences
and positions of species in the r/K continuum. Studies r.rith
simulated biocoenoses show that ecological weights and dominan-
ce structure are major components of the index; the ecological
weights must be related to the group of organisms studied and
to the scope of the investigation. The WCI is a relative
measure that needs a reference (control) site for a conclusive
interpretation. Compared to several diversity indices, the I.ICI
has a much better discriminant ability due to the inclusion of
the ecological weights and the dominance structure. The index
has been applied to published data from several field studies
using protozoa (testate amoebae, ciliates) and earthworms. The
results show that the l.rCI is an appropriat,e tool to measure
changes and to monj.tor recovery processes in disturbed
communities. The t"JCf has been developed on a protozoological
background owing to the authors' familiarity with this fie1d.
Mathematically and practically it is also applicable to other
groups of soil and freshwater organisms.
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SINGH'S DILUTION CT,ILTI.JRE METHOD IS INAPPROPRIATE FOR
ESTIMATING INDIVIDUAL NUMBERS OF ACTIVE SOIL CILIATES
A. BERTHOLD and W. FOISSNEI{, Universitat Salzburg, Institut für Zoologie,
Hellbrunncrstrasse 34, A-5020 Salzburg

Methodological problems interfered and still delay progress in soil
protozoology. We have shown by direct examination of srspensions from various
soils that Singh's widely usecl dilution culture method cannot reliably estimate the
number of active soil protozoa. This is sustaind by results from a comparative
study counting the same soil samples with Singh's technique and our direct
method (see TABLE).

Singh's method rvas used with a tsofold dilution in 15 lryels with 8

replicates per level. Direct counts rv€re performed in soil suspensions using 0,4g
soil and a magnification of X40-100. Recovery experiments proved an efficienry
of about 70o/o-

The overestimation of the abundance of active soil ciliates is due to several
peculiarities of Singh's method Half of the soil sample is teated with 2o/o HCI
to kill all active ciliates. The dilution series of the unteated half gives the total
number of oryanisms, i.e. excysted and active forms. The number derived from
the acid-teated portion, i.e cysts, is subtacted from the total number giving the
number of active ciliates. This estimation is therefore indirect and depeods on the
assurnptions that all rysts survive the acid teatment and that all cysts excysl
These assumptions are obviousty incorrect.
TABLE: Numbers (g-t dry mass of soil) of acive ciliates in meadow soils;
confidence intervals in paranthesis.

SITE DIRECT COI]NTS SNGH'S CULTURE IUETEOD
A2 98 (69 - tzT, 27.000 (13.400 - 54.000)
A3 19 03 - 25) 84.000 (45.200 - 158.100)
DI 0 37.000 08.000 - 73.000)
n? d1 n1- 6t\ q?oo ( n6rvt - r*60n)

l8A
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Ttre Ciliate Atlas - äorphology and Ecolcgy of the Cillated

Prctozca Used as Indicatcrs of Water Qualit-v, WILHELU EPISSNER,
HUbgnt BL.qTTERER, HELMIn BERGER and FRITZ KO-I4AI.IIV, Universität
Salzbu:7, Hellbrunnerst,rasse 34, A-5020 Salzburg.

Ci-iates are excelle:c indicators of water quality. In
spite :i this, they are increasingly ignorec by field
ecclog:sts mainly because their identification is supposedly
more c::ficult than that cf the mesofauna. Ihis is correct
ina smu:h as handsome . ani, g-g-g_u5g_t_e-_f@.Ig§l*§__ i_a_
Iackir:; - a shortage which should be redresEed by our 'ciliate
atlas". Furthermorer w€ revlewed the faunist,ic and ecologic
lit,era:ure distributed i; thousands small pa;?ers. This provides
the sa:robic evaluation of individual species with a lnore
reliable basis and shows research needs. In cur atlas each
specie; is pre-ldentifiei by a sirnple picture-key; for accurate
deterc,:nation it is, however, also describei in detall and
docume:.teC by excellent line drawings, llght micrographs and
scanni:.g electron microscoplc micrographs. Ine revislon will
cor.pri;e iour volumes with about 90 species each and addresses
not or:,ly river ecologises but also those whc are engaged in
t,he ma:;agetrent. of sewage plants, lakes and i,rinklng *aters.
Printi.g quality is high and the price is lcw due to support
by the Bavarian government. VoLume I (Cyrto;horida, Ollgo-
trichiia, Ilypotrichia, Colpodea) is already available and can
be orcered from the senior author (W. Foissner) or fron the
publisier (Bayerisches Landesamt für Wasserrirtschaft,,
Lazarectstrasse 67 , D-8C00 München 19, Germany) . Price
(i;icluiing postage) for cversea orders 80 US-DoIlar, The book
has 41ipp., 1320 figures and 34 tables.

47A
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Divisional itorphogenesis in Bakuella sp. andRe-evaluation of the classif icaffiuröstylid
Hypotrichs (Ciliophorä), PETER EIGNER and WfiHeLm
r]orssNER, universität sarzburg, rnstitut f ürzoologie, Hellbrunnerstrasse 14 , A-5020 salzburg.

A new h.vpotrichous ciliate, pakuel la sp. ,colonizing vineleaf and pear-trFlfIEr isdescribed. Bakuella sp. differs from the other
species of G-ffiTs lry having distinct ro$/s ofyellowish cortical granules. §everal morphogeneticdifferences separate Bakuellg_sp. from g: eäaphoniand other congeners, especmry in that-the
transverse 'c irri do not participate in the f ormati-onof the oral primordium. the typä population of
Eseuflor*roslvr? cristata hras räinväsl,igated. Two
r ronEot.ermrnar c rrri a-re recogni-zable in dividing
lpecimens indicat,ing that thia genus is varid, i: € .diffgrgnt 

_ 
from urostyla, which very rikery rackssuchcirri.the@rinehypotriärrsarereco9nized

as _monophyretic taxon by two äpo*orphies , vLz. themidventrar cirri and thä partiäl or compietereorganization of the proter's adorar ,äne ofmembranell.: during cett division. phyrogeny andevolution within the urostylids are much less clearsince character states are uncertain and morpho-genetie data are stirl too sparse or inaccurate.This is exemplified on a seräcted set of grenerausing Hennicri s phylogenetic method.

4qA
109

Morphogenesis in soure Freshwater Tintinnids (Ciliophora,
OligoLrichida), WOLFGAI§G PETZ and WfLHELII FOISSNER,
Universit,ät, Salzburg, Institut für Zoologie,
Hellbrunnerst,rasse 34, A-5020 Salzburg.

The morphogenesis of four freshwater tintinniis was
investigated using prot.argol silver impregnation a::d scanning
electron micröscopy.' Division is'rather similar in Tintinnopsis
cylindrata, TiBtinnidiura pusilluu and T. semicilia:um, e. g.
the oral primordium develops apokinetally posterior of somatic
kinety I and t,he somat,ic cillature originates by tr.o rounds
of intrakinetal basal body proliferation before cytokinesls.
The pecuriar ventral organelles found in some species form
without apparent contact with parentar clriary st,ructures
as do the adoral membranelles and the paroral oembrane; thus,
the ventral organelles might be part of the oral apparatus.
The norphogienesis of Codonella cratera differs fron that of
the other specles inv@ byE;eorganization of some
parental ciliary rows and by a second round of sonatic basal
body proliferat,ion after cytokinesis. Based on trorphologic
and rcrphogenetic similarittes, Tintinnopsis cylindrata is
transfer-re§ f_fgp t-he _"eodon_e-llldae to the Tintinnii,ae. A unique
combination of characters defines ollgotrlch ciliates, vLz.
the polar oral apparatus and the apokinetal origin of the oral
prirordium. A further synaposlorphy is the enantiotropic ceII
division possibly caused by the restriction of the newly
formed oral struct,ures to a snall area..gf, the bodl' becoming
the apical pole of the cell. Morphogenetic similarit.ies
suggest a sister group relat,ionship between tintinnids and
srrobilidiids. (suppsrted by rhe BMfI{F}
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NN { EFFECTS OF ORGANICALLY ENRICHED I{AGNESITE

"1. FERTILIZERS ON THE SOIL cILIATES AND TESTATE

P. 5 AMoEBAE oF A spHUcE FoBEST

E. Aescht*, Foissner H. **
rD6er6stierreichisches Landesmuseum, Huseumstr . 14 , A-4010
Linz, Austria, and **Institut für Zoologie, Universität
§alzburg, Hellbrunner Str. 34, A-5020 Sa1zburg, Austrj.a

A large woodland, the "Böhmerwald" in Upper Austria,
shows marked signs of forest decline. For revitalization,
two types of fertilizers (bactosol=dried bacterial bio-
mass; biomag=9O% magnesite + ß% dried fungal bionrass)
have been applied to an about 40y and an 80y old spruce
stand once in 1987 in an amount of 30kg 'bactosol + 20kg
biomag/ 100m4 and 20kg biomag/ 100m? , respective).y . The
experimental plan corresponds to a completely randomized
block design. The number of protozoans (direct counting)
and the activity of some soil enzymes Here studied in
the needle layer (0-3crn) 7 to I times during a S-y-peri-
od. Fertilization caused I short-term increase in pH
from 3 to 4.3; five years Later, the pH differed by
about 0.6 units from the control and the numbers of
acidophilic testaceans like 9gry.lhiot duilgm and l,lebel,a
spp. significantly decreased, yhereas the euryoecioüC
9.r,yjto4ifflugiq oviformis and Trinema spp. increased.

stanItall!-altered the species
numbers, while the total abundances of ciliates and the
biomasses of testaceans |rere significantly decreased.
The donrinances of Avestina lu.dgiqi, Rostrophryides aus-
tralis, and Cyc1io@r -
zation, rhereas grossglocknerids and Colpqda spp. becarne
more abundant indicating changes in the number and kind
of fungi and bacteria. These observations suggest that
both fertilizers slightly enhanced decomposition (in-
creased catalase and protease activity, decreased abun-
dances of active ciliates due to an enhanced production
of antiprotozoal substances) snd improved soil conditi-
ons (pH-rise, increased individuaL and species numbers
of K-selected ciliates, increased dominances of acid-
intolerant testate amoebae) .

041 METHoDoLocICAL PRoBLEMS IN soIL PRoro-
* a\ ZOOLOGY: ABUNDAI.TCE ESTIMATION OF ACTIVE
f' 'r CILIATES

A, Be,4h.old- Foissner §/.
Universiut Salzburg, Institut ftlr Zoologig Hellbrunnerstasse 34, A-5020
Salzbtug, Austia

Methodological problerns interfered rnd still delay progrbss in soil proto-

zoology. Therefore we comparcd Singh's (1946) widcly uscd dilution culture

method with the direct counting method described by L0ftcneggcr et al.

(1988). Dilution methods cstimate dcosities of organisms by using MPN
(most probcblc uumbcr) calculations. Two dilutios scries rre eet up from one

soil sample: One part is used to record tbe totel (rctive + cystic) number of
ciliates. To distinguish betrpeeo active rnd cystic cclls the recond part of the

srmpte is tcrted with HCI or heat to kill off tbc rctive cells. The number

derived from this portion, i.e. cysß,. is rubutcted frorn the total number

givfurg the numbcr of rctlvr clltrtcr, uüich rre thus ßccrtrincd lndircctly.
Our cornpantive counts from diffcrent typc$ of coil ahow tD ovcrcstirnation

of active ciliatcs up to 25.000 timcs W thr dilution mcthod! There are two

main reasotr3 for these highly dicparrte rbundanccs. Fißt, the MPN ttatistics
reguire r bomogenous distribution of particlcs (cclls) throughout the liquid.
This is ocrenrly diflicult to obuin with eoil aamples. To meet the accond

basic rssumption for rppticrtion of dilution cutturc methods rll cells must

excyst rnd multiply to a noticeablc level during the incubation pcriod; a

high$ unlikely rssumption! Thc orcysting ratc is reduced by rll known

culture media due to the very diverge fecding and repoduqtion ctrtqies of
aoil potozoa. Further, maay cysB do not withsttnd tbe HCI or heat-teaünent

or, it lcrst do not orcyst 
-afrer 

tbir ücatneot. These deficieucies ctuse tn
ovaestirn*tion of active cclla üre to the rcciprocal rehtion meationed rbove.
Vrrirnce rnalyris ghowed thrt üe direct counting mahod pecisely dif-
fcrcncirtcs thc typcs of roil invcatigrrcd (mca&un, pine rnd bech forest

liuero). Thc timc consuming MPN*nethod nns sveu trot r§currte enough to

rcoder thig dirtirction. Ow comparativc atudy Proves that-dilution culture

mahodg re baa with mahodologicd rnd biologicrl errorr. Thcy *re
inappoiri*te to estimate the abundrnce of rcdve aoil potozoa.

N?7 THE CILIATE ATLAS: AN UNIQUE GUIDE TO THE

"Y: IDENTIFICATION AND ECOLOGY OF FRESHWATER

P'11 cILTATES

H . Bgrßer* , Foi ssner h' '. t , Kohmann F . **
*UniversiLät Salzburg, Institut für ZooTogle,
Hell brunnerstrasse 3L, A-5020 Salzburg ,i Austria , and
t*Balrerisches Landesamt f ür l'rrasseruirtschaf t '
Lazaret tstrasse 67 , h' '-8000 München , Germany

Our clllate atlas cornprises 4 volumes uith about, 500
pages each and descrlbes 1n detall the morphology and
ecology of .about 320 species listed by SLADECEK et al .

(1981) as indicators of water quality. Many ciliates are
valuable indicat,ors of organic pollution because they are
confined to I or 2 saprobic zones. Furthermore, t,heir
morphology is well known enabling a reliable
identification from life. Each species is described
monographically, including a list of import.ant synonyms,
a discussion of nomenclaLure and taxonomy, a differential
diagnosis, and a comparison vith similar taxa. The
ecology sect,ion treats the occurrence and Seographical
distribution, t,he autecology, and the saproblologlcal
classificat,ion. This section is followed by line
drar.rings, Iight micrographs of living and silver prepared
specirnens, and scanning electron micrographs. l'lost
species are documented by more than l0 figures. Volume I
treats the Cyrtophorida, the Oligotrichida, the
Hypotrichia, and the Colpodea; Volume II the Peritrichia,
the Het,erotrichida, and t,he Odontostomatida; Volume III
is ln press and contains t,he Prostomaf,ida,. the'
Hymenostomatida, the Scuticociliatida' the Hypostomata,
and the Trichostomatida; and Volume IV will contain the
Karyorel ictida, t,he Haptorida , the Pleurostomatida, and
the Suctorida. A sp€ciality of Volume III is the detailed
compilation of toxicological and ecological data from the
widely distributed Benera Paramec.ium and &§Ig.h.ygng.
This should provide the user with background data to
assess Ehe effects of many hazardous substances common in
aquatic ecosystems. Suppoired by the FWF (Projekt P8924-
Bio) and the Bayer. LAWA.

049 REvISIot'i oF rHE GENUS Gt§T§gugIt,_Blrtsctttt ,

p. iI I 889 ( CI LIoPH0RA , CHLAI'IYDoDONTI DAE )

H. Blattefef & Foissner W.**
*Amt der oö-l"andesreBierung, Stockhof st,raße 40, A-4020
Linz, & **Universität Salzburg, InstituE für Zoologie,
Hellbrunnerstraße 34, A-5020 Salzburg, Aust,ria.

There are 3 well defined specles of G-astronaura dis-
tinguished by the composition of the dorsal brush and
the arrangement of t.he vent,ral kineties. All spec i es
were studied in vivo and in prouargol silver lmpre-
gnated slides.

G. membranacp.us BÜTSCHLI , 1889: Postoral field non-
ciliat,ed; dorsal brush consisEs of 2 short kineties,
viz., a row each at anterior end and in anterior third
near left margin of cell. Lives in fresh and brackish
u/ater. Considering the highly characteristic dorsal
brush §astronauta runcila IdILBERT, t97l must be con-
sidered as junior synonym of G. memblaEac.eus. PENARD
(1922) supposedly found G,. meJnFranaceus in mosses;
however, his specimens lack .the non-ciliated postoral
f ield and thus resembJe.G, _clatraqgs_ DEROUX, 1976.
PENARD did noE mention the dorsal brush, thus his
population cannot be reliably assigned,

G.. glatra.tu: DEROUX, 1976: Postoral f ield ciliated;
dorsal brush consists of 4 shorE kineties, viz., I at
anrerior end, I at post,erior end' and 2 near anterior
left margin of cell. Lives in fresh- and brackish u/acer.

G. derouxi BLATTERER & F0ISSNER, 1992: Postoral
field non-ciliated; dorsal brush consists of about 7
groups of evenly spaced, paired basal bodies along
anterior dorsal margl n . Pref ers terrest.rial biot opes .

Probably all soil records of G, membranaceus belong to
9, de-rogxi; unfortunarell', nofficed bt an
investigation of the dorsal brush.
Literature: BLATTERER H. & F0ISSNER l{. (1992): Morpho-
loBy and infraciliat,ure of sorte cyrtophorid ciliates
from freshwater and soil (Protozoa, Ciliophora). - Arch.
Prot istenkd. , 142: l0l-I18.
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Ilse Foissner*, t{ilhelm Foissner**
ffis"t,u...'g,InstitutftirPf1anzenphy?io1ogie,
snd ,,*Universität Salzburg, Institut für Zoologie,
Hellbrunnerstrasse 34, A-5020 Salzburg, Austria

cirrophrya t,erricola Foissner, l987 ie a colpodid ciliare
witb typicafsc-trryid eomatic dikinctids and peculiar
port..iär protuberances which have a size of 4x? pm and

are uged to anchor the ciliate to solid rubsErates, The

cylindroid procuberances conEain a cylindroid body uhich
i; bounded üy two unic uenbranee and consiste of an

elecEron lucident and 8n elecgron dcnae porrion filled
with membranous cisterns, riboromes, and a compound,

nail-ghaped stick. Developmentel sta88s hsve been ob-
served in the ciliatets cytoplasm. They rhor a nucleus
and many microtubules which originate from e gtructure
anchored on the inner nuclear roeobrlne . The obre rvat'ions
suggest that these ttlittle feet" eont,sin oicrosPoridian
;ffiionrs (parasites?) Possibly belonging to the fenily
Iletchnikovel l idae .

Cosmocolpod" o"t"hb.tg"ti Fois3ner, 1993 has sPectacular
arranged tran§varsclY to the

main body 
"*i, 

and thus form ladder-like PsEtßrns wirh
the longirudinally coursing ciliary rowt. The ridges are

corticat diff"r"oiiations and are aupported by a thick
Layer of epiplasm; usually they eontain a large cistern
of rough endlplasmic reticulum. The fibrillar associates
of the basal üodies separate the ridges from the longi-
tudinally arranged mitochondria. The Etructure of the
eomatic äitio"tias is very similar to that known from
Colpoda spP., indicaring that C'-:na-sc,trb:IE:Il belongs to
EffiiIy cälpoaidae . ihe con§Euous cort ical ridges ,

which do nog cäntain special structures, are obviously
a young acquisition po"ribly related to t.he biotope,
viz, costal sand soils.

t §2 THE CoLPODTDS, AI.l INTRTGUTNG GP.oUP OF
I t"- pRED0IITNATELY sorL-DWELLTNG cTLTATES
P'qO 

I

tlilhelm Foissner
ffiugB, rnstirut für zoologie,
Hellbrunnerstrasse 34, A-5020 Sa}zburg, Austria

The lacture introduces my monograph on colpodid ciliaEes
and discusses their phyleEic relationships and evolution.
Taxonomists, ecologists and cel1 biologistr uil1 find
detailed keys and descripCions of all species and
synonyms which are illustrated by 2000 line drawings and

900 photographs.Faunistic data and the ecological end
physiological literature are comprehenrively reviewed.
Thic monograph should set a new standard in species
revirions of ciliated Protozoa and enabler the user to
deterurine species without referring back Eo the original
literarurß.
TwenEy years ago the colpodids were a soal1 SrouP of
trichostome ciliates consisting of about l0 genera and 50
Epeciet. Today, Chey are a seParate clars containing 7

ordere, 2Q fenilies, 50 genera, and 175 sPlcils. Thir
dramatic increase was not only due to the diecovery of
Bany neu species but also due to the inclurion of many

known buE misclas sif ied taxa . If31yspbgy! and Sg-rogeng r
for insr,ance, rere originarry ääffi rhe ffir-
gymros tomes , ByJ-s_ar,ia and Elo,trgjgPg were cons idered to
ü" typical heffihs, a Ila has
been clagsif ied as a cyrtoptro is-
classifieations were caused by inconplete obeervations
of. the oral structures which are unbelievable divers in
colpodid ciliaEes. In contrast, the souatic ciliature
(dikinetids with conspicuous transverse microtubular
ribbons forming a "left kinetodesmal fibre") is highly
conservaCive and the main claSs character. I could not,
find clear relacionships between eolpodids and other
ciliaE,es, but hapcorid or nassulid anceEEors are likely.
The phylogeny and evolution of the orders and familiee is
also rather uncerEain because Ehere are some convergenE
evolut.ionary lines. e

t 5 t pRorozoA AS BrorNDrcAToRs rN poLLUTED sorls
p. t0

I.IilheIm Fois sner
ffiurBr Institut für Zoologie,
Hellbrunnerstrasse 34, A-5020 Salzburg, Austria

Protozoa have aeveral unigue charactericticr favouring
their use as bioindicators in nat,ural and huoanly-
influenced ecosysEems, viz., rapid growEh, delicaEe
external membranes, eukaryotic genones, large nunbers
sven in such ecosystems that are almogt or compleccly
devoid of higher organisms due to cxtreue environuental
eonditions (".9, polar regions, deserEs)r and an almost
st,able and ubiquitous distribution.
Current evidence suggest that soil protozoa are et leasr
aE Eensitive to environmencal hazards (pcrticides, heavy
met,alr, etc.) as more cormonly used test, organiens (e.g.
earEhworrns). There is thus e strong likclihood Ehat
protozoa can replaee vertebrates in 3one a38ay8,
Likewiee, protozoa are very rapid indicaEorr of the
recovery of biological activity in soils that have been
subjected to gross physical or chenicel dieturbence,
Methodologieal problems stilI delay progre§s in soil
proE,ozoology and incerfere with their uBe aE bioindi-
cators. The methods available for crtiuacing thc numbers
of acEive eoil prot,ozoa are eirher rat,her tinc-consuming
(diffiTounting in diluted suspensionr needs 3-8 hours
per ranple) and/or unreliable (e.g., dilution cult,ure
methods I see poster BERTHOLD & FOISSNER). Overconing the
methodological problems is a criticel raquirement for
guch problems as teratologic testing and adaptarion to
EEresr. tlell designed field experinents are still rare
and should help to make soil protozoology more'
reputable. There is, in my opinion, e genuine readiness
by ecologists, governmenEs and private companies to use
protozoa in the future as rapid indicaEorc for the
re-est,ablishment of biological scEiviry in heavily
polluEed or disturbed soils and in eBs&y3 for hazardoue
materials like pesticides and heavy mer,s1s.'

2AZ MoRPHoLoGY

p . §3 PARASTTE '

AI{D MORPHOGENESIS OF A COI4MON FISH

ICHTHYOPHTHIRIUS MI'LTIFILI IS

R.e.inhol.d Haunss.hmid, l{ilhelm Foissner
Universität SaIzburg, Instltut für Zoologie,
Hellbrunnerstrasse 34, A-5020 Salzburg, Aust'ria

Our observatlons on the nrorphology of the theront and the
trophont of T. gultijjrliis largely agree with those by
Canella & Rocchi-Canella (1976). HÖweverr w€ could reveal
the somatic and oral lnfraclliature much Eore clearly
uslng the pyridinated'sLlver carbonate method and

scannlng electron mlcroscoPy. Wlth these methods a

detailed Etudy wäs possible of the Processes assoclated
with divisional morphogenesis and the transformations of
the lnfracllr.ature durlng the llfe cycle.
Division occurt in reproductive cysts. The trophont
rounds up, produces a thln membrane, and resorbes the
oral structures. e proliferatlon of basal bodies produces
an anarchic fletd whlch forms an oral prlmordlum each ln
the proter and oplsthe. Division continues until 200 to
1000 offsprings are produced. The size of the anarchic
field decreases wlth increasing number of divisions.After
the last blpartltion the basal bodies of the anarchic
field nultiply and produce short streaks whlch develop to
three double rowed adoral membranelles. At this late
tomite stage, a paroral mernbrane aPPears along the
j.nnermost vestlbular kinety. Then the vestlbulun deepens
to a cylindrlcal depression which becomes lined by Ehe
multiplylng vestlbular kineties .-a-nd the paroral membrane
which, however, is resorbed in late theronts; at least,
it is not recognizable in trophonts. The adoral membran-
ellerorlentateperpendlcularll'LothreIongtttttlltrr.ll..",'tl.
axir trhorO thr vllftbul"" k.lnetieg abut. In t'he t'rophonU

they mlgrate deeper lnto the vestibulum and two of then:

are reduced to single rows of basal bodles '
Our results do not agree wtth the findlngs of Rogue et
aI. (1967), but show that the stomatogenesis of
I. m}rIlif illis is slnllar to that of _S>hryoglelta muql{era
as aescrf»ed by Puytorac et aI. (1983).


