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Summary

Historically, one might recognize three principal period's in using protists as
indicators in the activated sludge process. The Age; of Discovery and Exploitation
may be set between 1914 and 1950 when Ardern & Lockett (1914) created the term
"activated sludge" and several scientists recognizeO tne importance of protists in
the cleaning process. The Age of Bloom may be set between 1950 and 2000. lt
commenced with the revision of the saprobic systern (Liebmann 1951 , 1958) and the
studies of Curds & Cockburn (1970a, b). Now the field developed rapidly because
several protistological groups dealt with activated sludgerand practical indices were
developed classifying the performance of sewage plants (Madoni 1994). Since the
turn of the century, we are in a Period of Decline mainly because most of the young
biologists don't like identification and taxonomy of microscopic organisms although
very useful identification literature is available (Berger & Foissner 2003) and shown
in my lecture and in a practical demonstration. Further, I provide a Table showing
what is indicated by certain organism species and communities.
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lntroduction

Historically, one might recognize three principal periods in using protists as
indicators in waste water purification. The periods are connected with technical
innovations in the water works and the increasing concern of the society about the
heavy pollution of many rivers and lakes by organic and inorganic wastes in the
industrialized countries.

The Age of Discovery and Exploitation may be set between 1914 and 1950
when Ardern & Lockett (1914) created the term "activated sludge" and researchers
recognized the importance of protists in cleaning the waste water during the activat-
ed sludge process (Barker 1942, 1943, Liebmann 1936).

The Age of Bloom may be set between 1950 and 2000. It started with
the revision of the saprobic system by Liebmann (1951, 1958), who recognized
the usefulness of protists as indicators of water pollution when combined with
metazoans and some physico-chemical parameters. These and other data were
used by Curds (1966) and Curds & Cockburn (1970a, b) to update bioindication
in waste water treatments plants. Their faunistic and experimental studies lay the
ground for a scientific treatment of the field. They showed which ciliate species
dominate in sewage plants and demonstrated their significance for a clear efflu-
ent (Fig. 1).

Fig,. 6.3. Photograph of effluents issuing from laboratory-scale pilot plants operating
in the presence (+) and absence (-) of ciliated protozoa (from Curds 1992)

.n!

The increasing concern of the society on river and lake pollution caused
stronger government regulations and thus a massive increase in the number of
sewage-treatment works. Concomitantly, problems with the performance of sew-
age plants increased, such as sludge bulking and poor effluent contaminating the
rivers. This stimulated much protistological research on activated sludge, viz., by
Curds in England, Fernändez-Galiano in Spain, Bick in Germany, Madoni in ltaly,
Jenkins in the U.S:A., and my group in Austria. Soon, the number of students
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and postdocs increased and hundreds of faunistic, ecological, and taxonomical
papers were published and finally collected in excellent reviews: Berger & Foissner
(2003), Buck & Buck (1980), Curds (1982, 1992), Eikelboom & van Buijsen (1992),
Foissner & Berger (1996), Foissner et al. (1991 , 1992, 1994, 1995, 1999), Ganner
et al. (2002), Jenkins et al. (2004), Kinner (1984), Madoni (1991 ,1994), Mudrak &
Kunst (1994), Pauli et al. (2001), Schleypen & Gschlössl (1992), Scherb (1968),
and Slädeöek (1973).

During this period practical toots were developed, i. e., methods and indices
classifying the performance of sewage plants (Al-Shahwani & Horan 1991, Curds
& Cockburn 1970b, Madoni 1994, Schleypen & Gschlössl 1992) and specific
identification keys were published (Berger & Foissner, 2003, Berger et al., 1997,
Fernändez-Galiano et al. 1996, Foissner & Berger 1996, Foissner et al. 1991 , 1992,
1994, 1995, 1999). Thus, all was prepared for a successful development of the field.
But things turned out differently.

The Age of Decline commenced around the turn of the century and continues.
It is characterized by a distinct decrease in the number of scientific papers and
loss of taxonomic knowledge, partially due to a massive change in the society but
also due to a saturation of the field. Presently, mos! students and young scientists
are unwilling to identify mioroscopic organisms and to do taxonomic work - in spite
of the good identification literature and unemployment - because it has low social
reputation and of only vague interest in the matter. lndeed, I observed several times
that colleagues who became employed in river pollution classification soon stopped
identification work and allocated it to technical assistants!.

Thus, my lecture has two goats: first, to show how simple it is for an academic
biologist to identify the few organisms occurring frequently in activated sludge and
second to provide a Table §howing what is indicated by certain organismic commu-
nities and species.

Release from the taxonomic impediment

' 
Whatever you want identify, plants, microscopic organisms, orlbeer mats, it

needs good basic knowledge and some enthusiasm, as any work, The protists are a
bit uncomfortable because they are so small that a microscope is needed. However,
when you agree that a sewage biologist should be an academic then the person
should be able to overcome this peculiarity, even in the time of molecular biology
where classic morphology is usually strongly neglected in the university education.
Of course, you need a good identification key, i. e., flow charts where the organisms
are shown.
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The electronic key you get is the most recent one and guides to 357 common
ciliate species, of course including those frequently occurring in activated sludge.
The guide, which is in English language and has 160 pages solves not only the
taxonomic impediment but informs you on pany other things, such as biomass
and indicator value of the individual species as well as on ciliate morphology and
terminology (Berger & Foissner 2003). This I shall show you now on 17 slides using
peritrichs as an example because there are many misidentifications in the literature.

Possibly, I should mention that a reliable method for molecular identification
of sewage ciliate species is not available but the first trial is promising (Marsh ef
a/. 1998).

Sewage plant performance by bioindication

Although the compilation in Table 1 is far from being complete, it shows
that sewage plant performance by bioindication js possible to a certain extent but
it is not the philosopher's stone. lt is a valuable, integrative method that gives
information on plant pörformance some weeks before and after the investigation.
I think progress is possible, especially when the identification of the organisms is
improved and a combined view is applied, i. e., when the plant type, the structure
of the flocs, the bacterial community, and the usual physico-chemical parameters
are taken into account.
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Fig. 1 Illustrated guide and ecological notes to ciliate
indicator species (Protozoa, Ciliophora) in
running waters, lakes, and sewage plants
H. Bencr,R AND W. ForssNrR

Peritri chia Volume Il

present

Peritrichia
absent'

ep'iZolc

Peritrichia VI

sessile, u,suälly not epizoic mobile

Peritrichia V

absent

lil

connected (arrow)

Zoathamniurn

stalk
rnuscle

interrupted {arrow)

umbel-lilqe;
without detr:itus

dichotürx;
with detritu,s

Z: arb,,uscula
40*70 pm (p.15:2)

Z. proceR,gs
6040 Hm (p.163)

Z. kentii
50*90 pm (p.158

Carchesiurn palypinum
80-140 pm (p.1 37)

rn*de of life 3

ramified; usually > 10 pm

Peritrichia
stalk muscl,B flt ramification

Scyphid{a rugosa
about 90 Um (p.zAS)

I

dichotorn;
without'detritus
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Peritri chia II
with hyaline seam (arrows);

pellicle; contractile väcuote (CV)

from Peritrichia I

Volume ll

srnooth or transversely striated; t or 2
Vorticella

with many tiny blistsrs; 2

arrows) inconspicuous, 1

co'lourlBss or dark to black
Pseudovorllcella
monilata
5O-70, pm (p,130)

yeltowjsh

Pseudovorticella
chlamydophora
50-70 prn (p.1 25)

V picta
50-70 pm (p.101 )

J-shaped in longitudinal
axis of cell v horseshoe-shaoed in

transverse axis of cell

V. marginata
70-e0 pm (p.1 14)

J-shaped or rod-like ln
longitudinal axls of cell

< 30:
pyriforrn

about 30-45; about 35)-45;pyriforrn slightly carnpanulate
rod-like; pyriform to
slig htly cäinpan r,rlate

J-shaped; usually
distinctly ca mpanulate

V. aquadulcis- V. infusionum-
complex complex
30-45 pm (p,59) 45-60 pm (p.64)

V. octava-
compIex
35-45 pm (p.25)

V, rnicrostoma-
complex, usually
< 60 pm (p.78)

V. convallaria-
complex, usually
* 60-80 pm (p.84)

consprcuous;

oblique bulge near posterior end

present absent

V, campanula
60-90 pm (p,105)

macronucleus

V. fromenteli
70-e0 pm (p.t 16)

horseshoe-shaoed in
transverse axis of cell
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Peritrichia Volume ll

with bulge

Episfy/is
without bulge

Opercularia

Campanella
15A*250 Hm

umbellaria
(p.ZZS)

usuallv distinctlv
annulätd, 6 pm width

smooth, about smooth, about
10 pm width 3 pm width

hollow cornpact

1 bulge

O. coarcfafa
40-6,5 pm
(p.168)

horseshoe-sh.apqd iry J*shaped in longitudinal
axis olf celltransverse axis of cell

E, chrysemydis
140-2?0 Um (p.182)

E. hentscheli
1 1 0- 17A Fm (p.201 )

E. galea
1 10-320 pm (p.1 96)

* cylindrold; urnbilicated (ar'row) funnel-shaped; not umbilicated club*shaped; not umbilicated

E. coronata
70-120 pm (p.188)

E. p,licafr/rs
g0-1 60 pm (p,205)

E. entzii
1 25-190 Um (p.t g0)

from Peritrichia I

number of tums of adoral
ciliary spiral on peristomial d,isc

more than 3 less than 2

bulges

O. nutans
60190 pm (p.176)

O, articulafa
90-120 pm
(p,172)

mäcronucleus
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Peritrichia lV
(all sizes refer to the lorica)

from Peritrichia I Volume ll

i

yes

Ophrydium

Peritrichia VII

closeab'le; epizoic
..:

not epizoic present

Lagenophrys
vaginicola
45-80 Hm (p,256)

Plalycola decumb:ens
65-145 pm (p.259)

present (anow) absent

Thuricala Vaginicola

present (anow) absent

* cylindroid

Pyxicola carteri
60*95 prn (p,270)

Cathurnla annulata
40-70 pm (p,2§'1 ) V. tincta

8'5-'105 pm (p .ZBT)
V, ingenita
35-60 um (p.283)

poste riorlv fu n n,el-l ike
harrowed; present; absent

like a truncated Gone and covered
with detritus; absent; present

T. folliculata
125-240 pm {p.273}

T kellicottiana
2OA-290 pm (p.278)

T. vasifarmis
about 160 1rm (p,281)

colonies

attatchmenfbf'lorica
on substr.ate

with long side with posterior end

not closeable; absent

lid near anterior
end of cell

* pyrtform

Iorfca; zoochlorellae; cell stalk
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coloniaI

Peritrichia V offi''
Volurne ll

absent present present

ul
,

Peritrichia

notched; present (a,rrows) srnooth; absent wider than body;
§crew.li,ke

narrower than body;
whip*like

+

tesCarch
40-70

ssl
pn

m pec-tinatum
(p. 149)

Eprs{4is procumÖens
60-140 prn (p,.221)

Vorticella natans
70-100 Urn (p.1 2U

Vorticella rnayeri
30"55 prn (p.1 1B)

stu
m

absent (but sss footnotee 2 and 3 on pege Pel.itrichia I

and geRus Ophrydiu,"n an pägo Peritriohia Vll)

on ventral wall of
per"istomial funnel

on dorsal wall of
peristomial funnel

reel-shap+d or coin-
shaBed;-present

like a truncated
coo,ei abse-nt

Astylozoort fallax
4a-70 pm (p.28e)

Äsf1r/ozoon faurei
40-60 pm (p.291)

Opr'sfh anacta he n ne g u yi
100-1 50 prn (p.299)

sotitary

present

Hastate;ffa radiäns
40S0 HITI (p,?.95)

absent

present

shape; adh'esive disccontractile vacuole

Trichodina pedieu/us
35-60 Um (p.304)
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from Peritrichia I

Peritrichia Vl ff+*r Votume ttgritrichia Vl ffl.*r VotumelG#*l 
,fffi ftHi

,drozoäns, oligochaetes smallcrustaceäns annulated smooth

ffi$ MW$fl
ichodina Rhabdostyla Lagenophrys Eplstylls Eplstylls
ediculus inclinans vaginicola digttalls nympharum
5-60 pm (p.304) 45-80 pm (p.246) 45-80 pm (p,256) B0-100 pm (p.212) 80-130 um (p.21

efitriChia Vll 
t 

rrom perirrrchra rv, V Volume ll

@,
present; up to 10 cm absent; up to 3 mm

I spiral on peristomial disc (anowir) I I colony shape I

H
1 112 2 112 up to 5 lndlvlduals in hemlsphsrlcal, utl

lv 
\., , .up-shapod, srimy rorrca to 3 rnrn rn srzo-& *r ,i{ w

lf,l 
ffiffi| M w

Ophrydium versatile Ophrydium eutrophicum Ophrydium crassicaule Ophrydium sessi/e
300-400 pm (p.2321 250-350 pm (p.239) 180-200 pm (p.242) 280-320 pm (p.244

' Often only stalkless, loricaless solitary specimens in running waters and planktonl then diflicult to separate
from Gerda spp., which lacks a lorical

solitary üolonial

hydrOzoans, oligOchaetes small crustaceans
brvozoans. fishes üt/.

smooth
biyozoans, fishei

'ryt\t-§;EFTq-+-/-

Tichodina Rhabdostyla Lagenophrys Eplstylls Eplstylls
pediculus inclinans vaginicola digttalls nympharum
35-60 pm (p.304) 45-80 pm lp.zail 45-80 pm (p,256) B0-100 pm (p.212) 80-130 um (p.217)

Peritrichia Vll 
t 

rrom perirrrchra rv, V Volume ll

pre§ent; up to 10 cm absent; up to 3 rnrn

1 112 2 112 up to 5 lndlvlduals in hemlsphorlcal, up

\\ , -\t-z- 
cup-shaped' slimy lorlca to 3 mrn ln slzo

annulated
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Pgf i t f i C h i a Vl I I (rensth wnhout statk)

with spines

habitus

large, green, globular or flabby and
flattened colonies up to 15 cm across

xr' 11n

ffi
colony

'-l dotsal

Hastatella radlans
40.-60 pm

(p. 4S0)

absent;
present t

different

Plankton Ciliates

ldentification of
peritrichs usually
requires live
observation I

p,resent

Peritrichia lX

Actually, thera is no cha:racter that
wouH unquivocally sepä- rate
stalkless peritrichs from swarmers of
etalked species. $orne experience is
necessaryi and look for stalked
peritrichs at y)ur site. Usually,
swarnrcrs have an aboral ciliary
wreath, do n<rt whirl food into buccal
cävlry andlor have the oral apparatus
recessed and closed. lf moyement ls
slsw and staggering and tfrs perietorne
open, it may be a dylng stalked
peritrich,

like a truncaüBd
cone; absent;

free-living

absenr\

O. versatile
300r-400 pm

(p. 543)

on ventral wall of
peristomial funnel

O. eulrophlcum
250-350 pm

(p.#o)

denride'@ O
contractile
vaCuole peflicular

strbe

reniform semicircular

Astlrlozoon fallax
4f70 pm

(p. 453)

rA. faurei A, enriquesi
3ffi5 Hm 35-S5 pm
p. a55) (p. 455)

1 The bdsües usually clearly separata Astylozwn spp, ,frorn

swarme'rs of stalked perftrichs

1m":[g*H::o#'*T"'äTH"Ei"§J[iltrffi, lY H5ff" on["{"!J{riÄ u*
within buccal cav"lty (see infoduction ta grolp; p. 450). However. p. a7?)
att€lr Opistttoneda specles have a no{mal-sized oral äpparatus
and ars thu§ ovefl more dlfficrllt ta ssparatE frotn swanners af
stalkod peritrichs.

on dorsal wäll of
peristorriat funnel

,Astylozoon faurei
coin*s,haped or reel-

shaped; prss€nt; epizoic
Trichodina

inconspicuous;
24:36; hydrouoan§,

bryozoans, fish

,W

\
A Opisthonecta

hennogtuyi2
10ü-150 pm

(p. a67)

conspicuous;
19*22; planktonic

copepods

T domergue
megamicronucleata
diameter 50=-75 prn

(p. a7e)
Species not trested in detaill

Ophrydium

aboral cili:ary
wreath (AW);

bristles in centre
of posterior end

oomptex

micronucleus;
number of
denticles in

adheslVe dlsc;
trost

0

Bioindication with protists in the activated sludgp process: solution of the taxonomic impediment

Curso sobre Microbiologia Aplicada del Fango Activo

4?5

present;
absent



Peritrichia lX
Plankton üillates

from Peritrichiä VIll

(length without stalk) I Occasionally, epiplanlctoil'iö, colonial
peritrichs detach with the stalk from the
substrate. lf in doubt, follovr keys
"Perihichia X, Xl"

Bresent (usually hyaline or dasertad
and thüs easity overlooked)

Ophrydium ver,satile sr
O. eutropfticum (*r Peritriclria Vlll)

Tlere ale rattrtr rnäny bricate
epiphytop lanktonic perifich s (Vaginicola,
Thurial4 ...),,.vviiich are poorly krnwn and

wafe thus Excluded from thä book
(for detenninäüon, ffitsull XAHU 1935,
sotutMER 1951, STIULER 1940, 1971)

attached to othei :pla nktonic
organisms (or debris)

Perltriihia X

euplanktonic, that is,
not attached to other

plankton organlsms or
debris I

branched, (colonial) unbranched (solitary)

contractile;
campanulate; absent

äcontractile;
vase-shaped (globular

when conffäcted);

vase-shaped;
present;

acontractile

cämpanulate or
campanulate;

absent
pyriform; absent;

mntractile

Epicarchesium
pectinatum
40-70 Um

(p, 508)

Epistylis
procumb,ens
60-140 pm

(p. 52Tl

I

Ophrydium
naufftanni

solitary or in
small colonies

40-50 pm
(p. 551)

Pelagovorticella
natans

70-100 pm
(p. 482)

Pelagovorticella
rnayeri

3O-55 pm

(p, 480)

absent

present

wider than body;
srew-like (anow)

n,arröwer than
body; whipe-like

peristomial collär

peristomial collar;
statk coiltraction
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frsritrichia X
(length without statk)

present

Vorlicella
chlarel/ata

Plankton Ciliates

branched (colonial)
Epis tylis

Peritrichia Xl

15:55 prn, usually
35 pmi p,friform;

coarse transverse
striae: very

inconsplcuous

40-5$ Hm, Gäffip:anulate;
ftne kansver§,e §triae, few

to numersu$ hlisters;
inconspicuous

50-70 Hrn;
carnpanu,late,; fine
lransverse slria,e;

conspicuous

helical; usually 2 body
length

Vorticella and
Pseudovorticella

absent

Epistylis pygffia*uffi
2?,50 pm

epibiontic on pianktonic
rotifers a nd crustaceans

{p. 535)
ar Rhabdostyla species

50-70 pm;
eampan ulate; vesicular;

inconsplcuous

t'{
!.F

contractile
vacuole

bentltic ard
epiphyto-
ptanktonic

Vorticella
aquadulcis complex

(p. 486)

usually atlached
to p:lanktonh

diatorn colonies

Vortia*lla vernalis
p. a$a)

arrülrrs mark Voücelfa chlarellata

Pseudovorticella
t trtonilata
I

,l

see Peritrichia ll

Vorticella picta \_\

both or1 ventral wal[ of petfstomial
funnel

P. infravaüuolatus
47-67 Hrn
(p. 501)

one on ventral, the othe,r on dorsal walt of
peristornia!-fun neI

P. anabaenäe
40*50 pm

Species not treäred
in detail!

unbranched (solitary)

@

44-.64 um Present
(p. 4S1) t-
zigzag (sinuous);

usually s body length
Pseudohaplocaulus

qusualfV s66shed to
Anabaenal

absent

size, shape;surFace; granules oR stalk muscle

usually
benthic

usual[y
benthic

locatian of contrfrctile vfrcuoles (arrows)

dors,al
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Perltrichia Xl Plankton Ciliates
from Perttriclria X

(tength withottt stalk)

annulated

>60 pm

rnäcronucleus

epizoh, r*aniy
cyclopüds

Epistylis digitalis
60-120 prn

(p. 523)

Episttiis pygrnnsum
{p. 535}

60-100 1rm; f12 ilrm;
funnel,shaped

>100 Hm; 20*26 tJm; barrel-shaped

refractlle granules

macronucteus

eptzooplanktonic,
usually on

crustacuans

Epistylis anaslalica
(p. 515)

Epistylis nymphärum
(p. 521)

Spec[es not treatsd in detäil!

uSUafy attached
i .. .-. l:.-..--.,1 .r ..-. -;.* -.

IO planKlonrc
rotifers and
crustscäsns

size; stalk; shape

usually on benthlc
invartebrstes
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parcrfll urrybrane:, 1 undularirug=membrarts.
p*lli.cl*': *skig" nf'the ciliatesl;fß{Isu laro',idsntie*l with a üör*r 

t*x Iieniurstricto wirh c*tt rnembräfie aud p+llicular +
akäoli *

prristoffiIsi r -*| pral appara:tu§.

ät -qfrgä: throaq,nonciliärc4 tubular p*sss\ray leacling froTr' 
thä -+ c.y.tostomr,Früper,, in1o th+ _inntr, TliEop-lasrn;'rrpi-
callg ,:+'fopd ***,iolä are.f.o,r,med *t, its ipnef end; ofren
.strelt#hened by-oral u'a*[.et rods '{nernat esfi1*tä" # otal

b*skät) rn'ade of rnierortubulss'
posrorali hehind (r+ndernearh) of ? or*l *Bp*rafus.

lreorah in front (*bove} of -) onal äppyätl*.
prot ar6oll s ilner- p rotein-compaund { -+'silver impr* gnation }'

ie*rg*fuzation b,andl sp+eial *ectioh in' the -t'mäc{onu-
eläu of *omeeiliatös (,-+ h,y;lo-*iihq, =1 oligottichs,f, invol-

Yed itr DNA replica'tion asd histone synthesisr

replicatiou :bmd,:. i:+ reorggnization b&iid,'

rhabdosr *r trral baskt"ti
sro,p *mll*, for ing*d-*rt1§ ent'=r.o{gänglle ätpos'

täiiun poli oi'' .+, pülttri*s, The ana|gg.qu§ :strüetüre o{
st*lked'-+ §tlEto-rians ii named scopuloi{,

*e,otiea; ueual[fn ä, *mdl gSogp'o'f b*rtän -+ basal bsfies un*

de..r,neath thi or od aäpruälusi {uting3 stgryatof;,§1rcsiso

a,t**t of th,e,ne,Iry *räouth is fofmed bI this sftuqture,
,wirich occur*, önny in dre *cr*ticociliates {for exämple, -+
Hts*ia;bah*it+tn)* * group,'of the --+ lfmeno§tornes.-

silver :impregpatioru clrgotpgicsl methods tvhere silver iq3§

(e,S. i prät*tg+I, silverni-rrä[ei {gpe*it q"tq arffirophilfc
*,i#* {espeeiall}, the ** basal hodiesi 1nd yS*$,ar1i 4**
*i*iUtl iä *r* tight microseopfl. For a.de'tailed,descripti-ou

of these metho&, scc Fotssr et al' {1999'}.
*ilyerline systemii striated or reticulam cortical 'sttructur+,

which can he st*ined (imp1tgtläted) wit} *$rrer niträte.{?
silvir irrrpregnation);:usüal$ cnlnpo# of'+ übrs§, 1pd
possibiy it uätoed in-.a nrorphogenetic, prffie§res :an#or

äu n ductio-n s f 's timuli,
som*tic belonging to,thc bodlti.a§ opposed to üra'l.

*tomfftosene§is,i färmation sf i new -r oral appars'rus

dGng mll division {--+ mgtpt o.genpl§}, ,
**rmä It** ttnear späce,l€ft, betrryfä the ends ofco-$re{gibg

eiliar;y rot#§ (for-+xmPlel,in fiout of',end hind the' -+

oral ap-paffitus oI * Fi?n:tsnia) ?:

§wflrffieri fi*ely msrils disperse: sf,a,ge in 'the,[fe cgcle g.-t n

""mb*r 
of sessile ciliate§; f.or +Narnplel of + peritrichs

and -lsuctorian§.
*y*Uiutic qlg*tl: singlecelled algae, Ii$isg'*Tnnb-iotic in the
' 

ciliate, crtopläsm {-.+ zoochlorell*9,}.
toxiqfrt$! 

' 
-+ §xtruso,nres filled"srith p0ison and u*ed f-or

capture of prey.
trich:ocystsl rie*ä1*-sh*ped -? c;ffrussilIs§ used fo.r drefencS.

t1rye *p**i**t qpecies dn :which ä Se"jrus ir" bnsedS the sole
" sp*iirs which 

"rnnot 
be renroyed $om lhu genu$.

*rniulatins nnembrafi§ (psr,oral merubr-anc,); {He- o§ senreral

ro** of-narrowly späced clli1, whieh usually adhere ra-

gedrer at th,e right margin of the ''-i'or:al'apBaratu§i ,§Ee

also -r endoral qlemhriltre'
vacsolel vesictrq -' contractile vacuole and "*r'f,nod'vac,uele.

v-estibuluml -+ buccal cadrY"

,oo*.t lbr*llas --) symbiotic algae of the,;,gryus :ClJoteIIa-

äo"iAu: the individuals of -+ p*ritrichs'with branehd sulk'
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* ffi§fdsumrnary 
o{thespecies contained :T::*i*ffi-tllffi1ä.ä?;.nä*läffiäiffi:Hl}il::('leblel bitat rvpe, coäÄunity rlo.rtioo,'*d saprobic classifica-

rahre liu r_s+_utiou ortabres coemrpedr" 
T?ffm,.: :ffiJ:fiftffii1#ii#:äffi1 .ä:-$ltlr*;#,1;

al. {1995, 1999).ir qrient-ates abouqlive biornass (and thus tffiiäi=i;;:ifiä ffi;"äää:
much more üscful thää',frttüiy fiteratur-e d.o'U"t"äloä ää srÄpr'iex (12731and Sr"eotte'K er aL (1981)'

Table 1: Eaos ital ch+re+eriatiou of thertpqciqf describ€d 11 6s Ciliate Atlas (Iolsg,lrs et &1, ,199In 1-99{ 1914, 1995) +nd dre plankbn
book iForswm. .,-*liiilf . a = 

jphamescsaprobrc A = Äufw-uchs (perirphytqn), Al = a[gae (occept of diamms; but inclu+ive

;;;;;pltilGc"ids), t = Ucurmcs'orapmUi".g = bcrahal, Ba = 
'bEetcria, B-o_= terEqetrial.(mo$dy wcsla-d) soils, BOD = mfiuenr+

;i;ääü;äsi,-ö =.iti"i.,*. Cer. = e*.chesittosum polypinae, COt: Colpidietunr,cqtpq$ae, Cy =:c-y4rlobaeterit
ää = Cft;h.ää,. = *rysapr"bie" ppl ==qp"lqic; ECP lrillektoplc sg §/aasbactcria, ffi'= gpiBffio.glaokionic,

Eä-= "J;;täd;;;fu = "pl;""j,til1*ira+,f =-aö*il,rg 
vaters' F = Eceoaoghic$aeclhgr Fs = qlaeröbie.mrrd (etld asasrobic

,rrrr il.113#"d;iffi-:l,i*.Jj[a;#r"dfrE =.highjioad and/or,oxygen ärfieient acti,t*sed sludgq ]rc.= holo+§ryhaline,

i = is*rp*bii X LJ-*rge+r"tr".rr**orL la"tiva*ii'sludgc plans), Ki = diatoql q: gfuaprohic" M = mixouophic, ths't i§,

,o*ooütrt iaü.1o smiSjotic qlgsc or,scq6a$ured chloroplasul and hgrcrotrophig MÄR =.MarFetum, MEI; tt4asqp$lm"

niOO :,;iii induenäe mpc = fucso* tq äo,ly{ur-yhalinB: npe = mcso- to Potytstsrohsline, NBE = riormäl- actitatad rludgp,

0 =:o*Eiicroqs (f9g65 onlautog'qphic and'laerorrophr Prorisa,-soqletipcs e{'crr qa sruall metazoaru}, o = ohgEsaprobic,

; = "E;;*hdfui 
,OLI * Otie"triü.r.a üake influcncc), gn-rg 

= olfgo- to mcso+ur'jüdinq omr = el[s. ta qres+r;ttnotr4lirie,

o;=.jü;i#äU*f-i p 
= 

p"-l:pq[.obic, P=pgbgial, pr=.poiy-curyhatine f,IE:= P.leurorrcmsl,m coronaP& pi = t4]y+rmohaline
R = o,rc?aciols (feeds'ön ehtozsa. gtosdy Äliatix, somä spilcics cvst if,gF§t sqe[ trErexoä-Sq)' 

'Bo 
= rotifotq S = stasüänt weterq

E ='iobü{r b;ä;j" §{ä = stentäienrm, t = cpizoici TÄI = Ttidrigrnostorne.turn cuqrlluläe; r = ,.Erroseprobic.

§peeiru Biopras
(mS) o.f'10'

ind'{o}

M+in foad §*liuity
,o1**n*güi

Oecw,renee

Prcf+rrrd
hahirat

Commrmiry.tc) Saprobiry{d}

55 R hs F;S,K &B cot* HEE IH

l,ri"*;r u*ir*rto TQ R o$ ,F S,K &'s cot" NBE a-p

Aeineta fl*aa 30 ß üe? F,S ä',r b

Acinetn gcrzdis 15'0 R of? frS A,T k
Aciwt{ tubträ§ä ,2,,ü R '.tr* §rF,K A,T ä-b

Aainobolitlr radißns 1,2,5' R qs}. §'F P., A. B OLI b

L'1 M,R ü§ § PrS otI
.z§-Ü R orn*? § EP,,,Be üU a

90 h'[' R s, s ff,t OH

.2ffi. R S,F A gAR a

60 R hc? §-F A a

150, R oEl§ §rr ÄrB STE Ls

I60*15S0 R o§ §rF ü H
R os $iF &,ß, *

32 ALC §, $ EP 0rr

20, M ffi s §p otr
: '1. I

As,kcwsia velpox $'J fl,* ocl S,F P,B otl b

Aspidism cicada t0 he* Fr SrK B,A " lBL gYfT, IS.E a*b

Atpidisca lyryse*t Ba omcl F,5, K E,Ä TSI, CYR" NEE b-*

Asp:ldiscn tfniu :/. B4 he F;S,K qA NBE a-b

3,0 Ba o§ s EP MA& QU b-e

Astylorw* f:wrr,ai 50 Ba offi$? §rF BP MA& OtI b-ä

A styl,w wn { wr ei*omPl ex 50 Bs aslsi §rF EP MA& OH fa
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Table l. Microfaunal species and communities as indicators of sludge plant perforrnance.

Qlganisms Perfbrmance Remarks Liteiatura')
Species (usually when subdominant at least)
Aspidisca cicada (Fig, Z) Good Stable plant conditions
Coleps hirtus Good Effective nitrification with good removal

of ammoniacal-N in eflluent
Enchelyomorpha vermicularru (Fig. 3) Poor Microaerobic; overloading; hydraulic'

problems
213

Euplotes patella (Fig. 2) Mediocre When abundant and in connection with
many rotifers indicative for an increasing
sludge volume index; otherwise underload

2,6

Holophryo discolor Mediocre Microaerobic; intermittent and very low
oxygenation; high N-reduction

Litonotus lamella Poor Deficient sludge setting
Litonotus obto,su,§ Poor Poor sludee setti l6
Metoprl,s spp. (Fig. 4) Poor Anaerobi c condition s; overloading; l, 2, 5,

hydraulic problems
Plagiocampa rouxi

Spirostomum'teres (Fig. 3)

Mediocre

Mediocre

Microaerobic; intermittent and very low
oxygenation; high N-reduction
Microaerobic; intermittent and very low
oxygenation; high N -reduction

Trimyema compressum (Fig. 3) Poor Microaerobic; overloading; hydraul ic
problems

2,3

Vorticella campanulo Good High effluent quality; underload 2, l0
Vorticella conval lar ia (F ig. 2) Mediocre Lack o f nitrification
Vortice I la conval lar ia and
Arcella hemnphaeyica

Good High sludge retention time; underload 2, 16, ll

Vor t ic e I I a m ic ros t o nr a/ infu s io num
(Fie. 3)and Opercularia sp. (Fig. 3)

Low clearing efficiency, especially when 7,8,9, 11

connected with high flagellate abundance;
anaerobic; high sludge load and sludge
volume index

Poor

Vorticella striata Poor Poor effluent qualify

Communities (when dominant or
Small flagellates Oxygen depletion; overloading; sludge

maturation period; onset of nitrification

subdominant)
Poor 8, l8

Small naked amoebae Poor Very high load; not easily degradable
and flagellates material; sludge maturation
Small flagellates, naked arnoebae
swarmers of peritrich ciliates;
rnany dispersed bacteria

Unstable sludge; sludge maturation;
toxic infl uences

Poor 2,9

Testate amoeba Ciood Underloading, high sludge retention tirne;
usually found in N-removal plants

Testate amoebae; crawling ciliates;
attached peritrich ciliates with width
peristome; nematods; rotifers (Fig. 2)

Healthy, low-loaded, sufficiently aerated
and well-flocculated sludge with high
effluent quality

Good L2

Glaucoffil, Dexiostoma campylum
(Fig. 3), Vorticella micrctstonra and
peritrich swarmers, fl agellates and
naked amoebae

Insuffi ci ent oxygenation;
many dispersed bacteria;
poor effluent

Poor 2,9

Vorticella infusionum (Fig. 3);
Opercu laria coarctata ;
Acineria uncinata (Fig. 2);
small flagellates

Poor High-loaded with insufficient oxygen;
shock-load; high ammonia; many
dispersed bacteria

l2

Heterotrich ciliates and
many flagellates

Poor Poor operation of RBC system

Ep istyli.s, large naked amoebae,
rotifers

Good When in last stage of RBC system l3
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Opercularia spp, Takophrya spp.

Eplsfy{is spp" Clnefochilum
margarttaceurn

Oexiofricha spp.

Asprdrsca sPp-

50 prn

VorfirceI/a
ca.nvallaria

Chilodsneila
unainata

Euptates spp. .Sferf<le/Ia
filsfnorn{/§corum

Ciliate commuri§ of healthy ("normal") activ,ated studge" An assortrxent of ,species usuall,v oceurring in moderately and heavily
polluted (alpha-mesosaprcbic to beta-r,resosaprobic,, ahla-mes.rxaprobic) running waters is foUnd in ''normäI" adivqted sludge. The
speeies of lhis comrnunity indicate sufüeient oxyge-n supplrv. and appronri+Ie load Ottetr, ciliarcs aehieve high abuodances (> 10000
individuals I ml) and l'eed on bacleriq tlereby reducine the tl§bidity of the efllueat (Cr,rde 199?} 8ee Schleyper & Gschlössl ( 199?) for
detailedadvice on activatedsludge investigation. Scale berdivision l0 trrm.

Prodiscophryq collfni
Podophrya spp.

Acineria
ancinata

Garcfiasiurn spp,
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Trimyerna
ücmprBssum

tta t r.\\

ffi,

Metopus spp.

Dexiosilörna
campylum

Paramecium
putrinum

Vortice{la
infusianum

colpoda

Enchelyomürpha
vermicularis

Parapdophrya
solifönzis

Acineria
incurvata

%)i
5opm

Para'meciu;m
caudatum

Sprrosto mum
lere§

Ciliste comnrunitv of overloaded anrt/or ox"'-gen deflcient activrted sludge. An assorhnertt of species usualiy trccurring in heavity and
very heavily polluted (atpha-mesosaprobic to polysaprobic, polysaprobic) running waters is fouud in overloaded anüor oxygen defictent
activaied sludge. The species of this community indicate insuffrcient oxygen supply (I,ärficella inftxionum-cöhrplex, Duiosroma).
anacrobic coirditions (e.g., Äl.eiopus, Triniyerna) or overload (e-g., Colpidiwn, Dexiostoma,.Parameciuin). The eflIuent is ö]fteri tuibid
because ftee bacteria are insufficiently eliminated. See §chleypen & Gschlössl (l)92) for detailed ädvice ön activated sludge
investigation. Scalebardivision I 0 pm.

Qpercularta
asymmelrica
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Discornorphella
pectinata

Caenornorpha spp,

Metopus spp.

Loxades spp.

Trimyema
compre§surn

Enchelyo:motpha
vermiculans

Pseudotohnit,amäus
pusiflus

La'gynus
efegans

Epa/xella spp. Saprodth ium spp,

5Ü l-jrrr
Flagiopyla
nasufa

Ciliate conrmunis of *naerobic mud {ilteto,peuru)1, Inlicator speciss ar.e meflbsrs of the genus i{etoprrs (s.-1.) and certain heterotric-hs

(all described- in Vol, tD. Moiit of the speies belonging to the Memp.eium are strictly tiound to .uraerftic sonditions, i.e, oxygen is

poisonous for them; they do upt häve rnitpchondri-a but hydrogonosomes and tolerate thc richly occurring HrS rrithout damage. This

communiry is often poor in species and indirziduals and feeds mainly on (sulphur) basteria: IhE occurreuee of one or several of these

speciesina srmpleisanuqfailingindication ofmiuoaerobieoranaerobic condition*. Scalebardivision 10 Um.
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Table 1. (continued)

Qfe4nisms Performance Remarks Literatu re')
Green algae on plant wall Good Underload since a long time
Srnall swimming ciliates Mediocre Too short sewage retention time;

insuffi c i ent oxygenation
Lqg. syimming ciliates (Fig. 3) Mediocre Overloading; insufficient oxygenation
Crawling ciliates
(abundance > 2000/ml)

Good Sludge volume index < 200

Sessile and crawling ciliates G«lod
C:e*ling and attached ciliates Good High ratio indicates good effluent 15

Sessile ciliates Decreasing Transient phenomena, sush as recent
sludge extraotion, discontinuous load

Sessile ciliates Good
Ciliates Good When abundance is 10"/l or more
Ciliates Abundance ( l0a (poor), t o4-t 06 11, 17

(mecliocre), > 106 (good)
Metopetum (Fig. a) Poor Anaerobic conditions; overload;

hydraul ic problems; putrefäction
2,9

Swimming and attached ciliates Mediocre When highly diverse indicative for stable
sludge but insufficient effluent quality

2,9

Swimrning ciliates Mediocre Often dominate in plants with short
retention time; eftluent mediocre;
disappear after pH-shock

l, l8

Vo rt ic el lct m icros to,ma and
V. camparyula

Good Well-setting sludge t0

Cyrtophorids, hypotrichs, Good
scuti coci I iulqEpleqlostom ati ds (F ig. 2)

Good operation of RBC system
(Rotation Biological Contactor)

Opercular ia, Uronema, nematods Poor Indicate overloading when in last stage of
RBC systern

13

Carnivorous ciliates, o. g.,
Litonotus lamella, Amphileptus

Poor Poor-sefting sludge l0

Aspidisca cicada,
Chilodonella spp.,
Vortic:ella striata (Fig. 2)

High sludge retention tirne 10

Ep istylis plicatil is and
Vorticella striata

Decreasing Indicate beginning sludge bulking when
their abundances distinctly increase; high

t4

sludge volume index (SV|

') I : Manrn-CBRpcppa et al. (1996), 2 : ForssurR et al. (1995), 3: Ppnrz-Uzet al. (1998), 4 : GeuNpR et al.
(2002),5:ManrrN-CeREcEDeetal.(2001),6:Cn'rcoLANretal.(1991),7:Gonretal.(1991),8:Meoour
(1994),9: SculevpEN& GscHLössL (1992), l0: LEp etal. (2004), ll : DEMAnco er al. (1991),12:
DRzewtcrct&Kt;lxowsrce(2011); l3=BERnr&Crs,qscHr(1991),14=Huetal. (2013); l5=Beoocvretal.
(1991), 16 : Znou et al. (2006), l7 : ToMAN (2002); l8 = Cysrs & HoneN (1997).
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