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Summary

Species richness, species composition and individual abundance
ol ciliated protozoa were compared on l4 occasions in natural
and artificial substrate (foam units. litter bags) samplings lrom
a mesosaprobic river system near Munich, South Germany. The
artificial substrates were allowed to be colonized lor 2-3 weeks.
Direct samples lrom natural substrates (mud, Aufwuchs, etc.)
were taken when artificial substrates were harvested. A total ol
209 ciliate taxa were identified. Thc foam units sampled sig-
nificantly (P < 0.05) less species (122 taxa) than the natural
substrates (l74taxa): no significant diflerence was lound be-
tween litter bags (l50taxa) and natural collections. Edaphic
species and alpha- to polysaprobic mud-dwellers were more
common in the natural substrates. The latter caused signifi-
cantly higher saprobic indices in the direct samples, indicating
poorer water quality. Differences in individual abundances were
sometimes great. However, averages were very similar for all
methods due to the lack ol a consistent trend. Purr et al.
(1987), in contrast, lound a richer protist community in artificial
substrates (loam units) than in collections lrom natural sitesi
however, their sampling strategy was cvidently biased. It is
concluded that artificial samplers are not as accurate and practical
as natural substrate collections; the river's organic waste load
is underestimated. the species richness is lower, two visits are
required to obtain one sample (one to set the sampler and
one to recover it), and some samples are usually lost by, e.g.
f'loods and vandalism.

Introduction

The choice of the sampling method is not an entirely
academic problem since incomplete and/or selective samp-
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ling may influence, e.g. water quality assessment considera-
bly. Two principal techniques are available: either direct
sampling of natural substrates or artificial substrate sampl-
ing. The advantages and disadvantages of these methods
have been excellently reviewed by RostNnanc & RESH
(1982). They conclude that the correct use of artificial
substrates, as with any other sampling method, requires
that they be placed in similar macrohabitats if standardiza-
tion is to be achieved. Thus, one of the most commonly
claimed advantages of using artificial substrates, viz. that
they permit standardized sampling, obviously does not
hold.

Although there is a great deal ol literature on sam-
pling of macroinvertebrates (for reviews see Bteur-
tvr,r.NN 1987; D.q.Nncrpn 1986; RosTNBERG & Rnsu 1982),
data on protozoan collection are extremely sparse.
These are usually sampled from natural substrates by
collecting algal masses, mud, debris and leaves an<l
by scraping off the Aufwuchs from stones, twigs and
vegetation (Hruss 1976; LrraunNN 1962; Srössr_ 1987).
Our paper specifically refers to a study by Pnerr et al.
(1987) suggesting that artificial substrate samplers yield
many more protist species than direct stream bed sam-
pling. The data provided by Purr et al. (1987) do not
appear very convincing in terms of both sampling strategy
and from a general point ol view as the number of
species usually increases with biotope diversity (ScuwEn»r-
nncm 1975), and there can be no doubt that a natural
river has a higher substrate diversity than any artificial
sampler.
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Material and Methods

Study sites

The investigations were perlormed between June and October

l99l on the River Amper and on a small tributary, the River

Windach. The Amper is the outlet olthe Ammersee (Lake Ammer)
and located near Munich (Germany). Normal discharge in the

outlet is about 20 m3/s, this increases to 48 m3/s about 100 km

north-east of the Ammersee, where the Amper flows into the River

Isar near the town Moosburg. The drainage basin is primarily
agricultural. The river system receives 75 inputs from domestic

sewage treatment plants with a total of 1,250.000 population

equivalents. The river Amper is thus hypertrophic and has a

saprobity index of 2.5 lo 2.9, the higher values are usually

encountered below plant effluents. The sediment contains much

organic mud at all stations.
The Windach, a brooklet with a normal discharge of about

1.5 m3/s, is, like the Amper, highly eutrophic and mesosaprobic.

Station 1: Amper, about 100 m after the outlet from Lake

Ammer. Current velocity low, less than 0.5 m/s. River bed 50 m

wide, water about 1.5 m deep. Samples were thus taken from the

bank area only. Bottom coated with lime precipitates, algae and

macrophytes during summer.

Station 2: Windach, about 50 m above a sewage disposal plant.

Current velocity about I m/s. River bed 4 - 5 m wide, water about

50 cm deep. Bottom consists of coarse gravel, some larger stones

and leaf-litter.
Station 3: Like station 2, but about 150m below the plant

effluent. Current velocity 0.5- 1 m/s. River bed about 8 m wide,

water 10 - 20 cm deep. Sediment consists of fine gravel and some

big stones. Anaerobic patches occur in the sediment which

sometimes contains dislodged sewage.

Station 4; Amper, about 1 km above the biggest sewage disposal

plant of the catchment area. Current velocity high, i.e. I -2 mls.

River bed about 40 m wide, water about 10-20 cm deep on right
side, more than 70 cm on left. Bottom consists of coarse gravel

and is densely overgrown with macrophytes (80%, summer) and

mosses (10o%, winter).
Station 5: Like station 4, but about 50m below the plant

effluent. Current velocity high, about 2 m/s since the river is
regulated and reinforced with big stones. River bed about 25 m

wide, water more than 1.5 m deep. Samples were thus taken from

the bank area only.
Station 6: Amper, about 50 m above a dam. Current velocity

hence very low, i.e.0.l-0.2m/s. River bed about 30m wide,

water more than 2 m deep. Samples were thus taken from the

bank area which consists ofsand and fine gravel and is overgrown
with reeds.

Sampling

Direct (natural substrate) sampling: This sampling method was

directed at the more obviously definable substrate types, and

collecting procedures were varied slightly to obtain samples

reflecting the variety of substrates (e.g., logs, twigs, rocks, vegeta-

tion, algal masses, mud, debris, leaves). An effort was made to

collect each different type of substrate at each station and to
collect from comparable substrates at all sites. Three samples were

hereby obtained at each station and date: (1) logs, twigs and

vegetation; (2) algal masses, mud, debris, detritus, litter and fine

gravel; (3) Aufwuchs brushed off stones and coarse gravel.

Foam sampling: The method recommended by C.unNs &
HsNssnv (1982) was employed. However. we used natural sponge

(Euspongia fficinalis) instead ol polyurethane loam (PF units)

to avoid possible leaching of toxic substances. The sponges had

a diameter ol about I 0 cm and were tied to a short line. anchored

to a steel pole, so that they floated about 10 cm above the sediment

surlace.
Litter bag sampling: Litter bags with a size of 20x l0cm and

a 1.5 mm mesh were filled with dried leaves lrom Ct»'t'1as auelluta
L. and mounted as described for the foam unit.

Both artificial substrates were exposed for 2-3 weeks near the

centre of the river (stations I -4) or near the river bank (stations

5, 6). This exposure time is more than enough to reach equilibrium
species number in eutrophic waters (CeInNs & Hnurnnv 1982).

At each site and each sampling date one "normal" (direct) sample.

one loam and one litter bag were collected in 0.5 I bottles and

transported to the laboratory in a cooling box.

In the laboratory, the artificial substrates were harvested by

slight, medium and strong squeezing ofthe substrate contents into
three separate bottles. This sampling strategy was intended as

correlating to the three collections used lor the direct method.

Determination of the number and kinds of species,

nomenclature

After a lew minutes. when the coarse detritus had been settled.

a coverslip (50 x 24 mm) was placed on the surface of each bottle.

This is a very simple and highly ellective method for collecting
most of the vagile and sessile Aulwuchs species. The first coverslip

was removed and investigated lor the number and kind of species

and individuals present alter 30 min. A skilled person takes about
25 min. for the inspection ol such a preparation. Thus. the

following coverslips were removed from the sample surface alter

about 60 min. and 80 min., respectively. Alter the coverslips had

been inspected, some drops of the sediment from each bottle were

investigated for bottom dwellers. The evaluation ol one series

(three coverslips each lrom direct. loam and litter bag sample;

sediment investigation) takes about 5 hours; two series were

investigated at each sampling date.

Most species were pre-determined lrom silver impregnated

slides using specific taxonomic literature and our recently pub-

lished monograph on the ciliates ol the saprobic system (Fotss-

Nen et al. l99l). Nomenclature is according to the revisions by

ForssNrn (1988), ForssNsn & Fotssusn (1988) and FotssNEn et al.

(reer).

Estimation of individual numbers

A rating scale was used lor estimating the individual abundance

ol species: I : verY sparse, 2 : sparse. 3 : sparse to medium,

5 : medium, 7 : numerous, 9 : verY numerous.

Calculation of the saprobic index

The saprobity was calculated according to PANTLE & Bucr (1955)

and Zrr-tNrr & MenvrN (1961). The saprobic classification ol
the ciliates was taken lrom the lists of FotssNsn (1988) and

ForssNER et al. (1991).
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Fig. 1. Clusters ol J,qcc,cno similarity indices lor the ciliate communities sampled with three dillerent methods on l2 occasions
at six stations.

Similarity analysis

Similarity between the ciliate communities at each station, samp-
ling date and method was calculated with the indices suggested
by Jeccrno (1902) and Bney & Cunrrs (1957). The simitarity
values obtained were summarized by clustering using the UPG-
MA (unweighted group mean, average distance criteria; SNrern
& Sor.ql 1973) algorithms of the Clusreu program.

Results

A total of 209 ciliate taxa were identified; 174 of these
occurred in the natural stream bed samples, 150 in the
litter bags ar;,d 122 in the foam units (Table l). At all dates,
with one exception, the species number was higher with
direct and litter bag sampling than with foam; thus, direct
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Figs. 2,3, E,xamples fbr the saprobic lcvcls obtained with the three sampling methods tested. Diagrams werc cottstructed accordirlg

to ZELTNKA & Ma.nv,r^* (1961). For each specics the number unit lound in the samples is multiplicd separately by thc lactor lor
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stream bed and litter bag samples yield a significantly
(P < 0.05, U-test) higher number of species than foarn

units. The dillerence between the means of species collected

with the litter bags and the direct method is not significant
(P > 0.05, U-test) since in 4 out of 12 samples most species

occurred in the litter bags (Table 2).

There were often distinct differences in the individual
abundances and sonletimes even the dominant species

differed. However, averages are very similar for all me-

thods due to the lack of a cousistent trend (Table 2).

The mean ol the saprobic index is significantly higher
(P < 0.05, U-test; indicating poorer water quality) in the

direct sarnples than in the foam units and the litter bags.

In contrast, the means of the saprobic index do not differ
(P > 0.05, U-test) in the loarn units and the litter bags

(Table 2, Figs. 2, 3).

Direct and artificial substrate samples are well separated
in the cluster calculated with JeccanD's species similarity
index (Fig. I ) ; only on 27 . 09 . 199 I did the three sampling
methods lall into the same cluster. In contrast, litter bag

and foam units separate indistinctly. Usually, the diffe-
rence between stations is larger than between rnethods
(Fig. l). The distinct separation of the direct samples is

due to the many taxa which were recorded with this rnethod
only. Most belong to two ecological groups, viz., edaphic
species (e.g., Colpotla spp., Plut't'ophr.r'a spp., Pseudo-

plutt'opltrt'u trutru) and alpha- to polysaprobic mud-dwel-
lers (e.g., Colpidium colpoda, Dexiostotttu t'antpvlu. Tetra-

hyntena pyri/'orntis). The increased occurrence of mud-
dwellers is apparently responsible lor the higher saprobic
indices in the direct samples (Tables l,2, Figs.2,3). Only
few species were restricted to the foam units; most of these

are sessile peritrichs (Cothurnia annulata, Epistvlis balcrto'

nit'a, E. nta.jor, E. uvntpltarum, Thuricola fblliculato) whe-
reas sessile suctorians (At'inetcr conlpressa, A. tuberosa,

P odop hr v a./i r a, Tok o ph r y a qu cr dr i par t i t ct) occurred almost
exclusively in the direct samples. These differences em-
phasize the separation of the direct samples in the cluster
(Table I, Fig. 1).

We also calculated a cluster using BRAY & Cunus'index,
which rneasures the sirnilarity in species composition and

individual abundance. The cluster was very similar to that
obtained with Jacc.qnp's coefficient, indicating that the

distinct separation of the direct and artihcial substrate

samples is mainly caused by diflerences in species composi-
tion and species number.

Discussion

Our results agree with those of Cn.q.owtcr & CaNroN
(1983), who found that artificial multiplate sarnples pro-
vide less species of tnacroinvertebrates than direct surber

samples. PRrrr etal. (1987), in contrast, collected rnuch

higher numbers ol protist species (ciliates. heterotrophic
and autotrophic flagellates, atnoebae) lrorn artificial poly-
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Table l. Spccics lound with direct. foam and litter bag sampling.
B - bottom (mud) dweller. E : reliably recorded also from
terrestrial biolopes. P : rnainly planktonic. S - sessile Aulwuchs
dwcllcr. V:vagilc Aufwuchs dweller; *:fbund. -:not
lound.

Species Group direct loam

Enthel.t'trktt lin < tu.r CLrt,rttt:»r & L^('uMANN.

I 859

Enthal.rotlon sp.

En ln'l r t !ttttr, t.rttrr.r Krttr. I 9ltr

Epist.rlis hulutoniru Srtrur. l9J I

Epistrlis ur:ii SrtI-un, l9J5

Epist.rlis nnju' Nr:lNIrc;r:tl, I 941{

Epist.rlis n.rntphurull ENt;rru.trr, 1862

ä2lrt.rir.r sp.

Euplotts ul.lhri.t (DLU^RDIN. l84l )

Euploks rur.:'stonru,r Wnzrsllrowsrr. 1870

Eillllt?s ilu)(liusi K,tttt-. l9ll
Euplott,.t putt' I h (MLlr-Lr.R. I 773)

Frontoniu u('uiltiilott (EtjRr:lBrRt;, l83l)
Frontrrtiu «rrgrrlc Klnl, l93l
Furgusoni« hIochnrunti (F,tuni:-Fnt:lrrr:r. I967)

Furgtsonfu rur5ers (Prnrv. l85l)
Furgttsoniu trit'hot'.r'.stis (Sr oKES. I 894)

Fusthcriu l«ustri.s So:rc & Wrsrn t. 1989

F ust hu iu no&t.st Forssi.*.ri. I 981

Gutlu sp.

Gluutonru stitilluns EIIRr-Nrlr.RC. l8l0
G L»to.tt L»tnun rllirrc (Srrtl. I 859)

Hultariu grunditu'llu (M[lLLIR. l77l)
Hi.stiohuluntiunt laans (CL,q.llttt ut &

LACHTUANN. ltl58)

B

B

S

S

S

S

S

B

B

B

B

B

B

B

S

B

E,V
E,P

B

Holosticho (hargaril) Fotssrlrn. l9l{7 E. V

Holostilfu lurllata K,tttt-. l9lil F., V

Hrilostithu naltistiluru KAnL. l9l8 E. V

Holosrit'hu pullustt'r (MüLLIR. l77l) V

Honrulogustru,r,to,vr KrHt-. 1916 E. V

Honrulo:oonttrnriulurt,(SroKlis,l887) B

Kuhlilanthus l)tsilirnr.r (K,rnr-, 1926) E. V

Krt.r'tllu nritwtu I'-ussuiR. 1979 V

Lutr.rnturiu lililorn rir M,rsxr:t.t-. 1886 Il

Lru .t nru'iu olr (M üllutt. l7tl6) B

Luu .t'nru'iu tttgittilu r Sot'tc & WlI-urrr. 1989 S

Luu .t nruriu sp. I B

Lu<t .t nruriu sp. 2 B

Lt»thaliut /r«rrr,r (Mesrrll. l[i87) B

Lanthulion rraglrari (Srort:s. l8tl7) B

Lepidotrothaloph.rllunt sp. V

Ltltolhur.t?.\ rorlrrlris Mlttttou. l9l,l E. V

Litonotus tlpt.stris ForssNr.R. 1978 V

Litonotus t.t'gnus (Müt-t-cu.. l77l) V

Litonotus lustiolu (MüLLIIR. l77l) V

l-itonotus lunrllu (MüLLF:R. l77l) V

Litt»totustrichot.t'stlliru.rFuss:'irR.l984 V

Litonotusur'.ttticnsirWrzr:s:t«twsxl.l870 V

Losotfus striutu,t (ENCELMAN\. 11162) B

Lo.utph.rllwn /rclrr.r (Sroxl:s. 1884) V

Loxophrllutu rrcy'ca,qrr.r (Mülrrn. 1773) V

Lo.tophrllwn utrinluri« (Prr,tn». l9ll) V

Muotlitinm arar,i Slr:r:r. l86J P

Mrto('itrcttn.t'stt(iilu(Errtr:urtt;.I8lI) S

ltlitrothorm hilütutui KAUL. 1916 V

Mirothortr trililtotu.\ Prr,rnu. l9ll V

Miullhotu.\ sp. V

M.t'riotu.r'onltufurkut,hni(Bürsorlr.l889) B

Nrs.vufu titu K,qul. l9ll B

Nt§silfu li('til (irir-r:r,r. lll8ll F-. B

Ofurtruntiu dur( (EIIRTNBI;RC. l8.ll) u

Odontothluntrs a/4,rlrr,r l-orssxrt. l9l'il E. V

Optrtuluriu utti(uluto Gor-nr,uss, l8l0 S

Optrt'uluriu sp. S

Species Group direct lbanr litler
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Atürcriu irtt'urttttu DUJARt)tN. l84l
.4t'intriu mtirutu Tucolr.sco. I962

Atitttu tr»nprcssu CLelenrut & LecHmeils.

I 859

Atitrctu tuhcro,;u (PALLAS, 1766)

Anrphilqtus clupuredii Srur, 1867

Anphileptus lisitlens (K,qrt, 1926)

Antphilcptus plt'urosiqau (Srort:s, 1884)

Amphileptus protanr.r (Prr,ltto. 1922)

,4ntphilcptu.s punttutrrr (K,qHl, I916)

A.spidiscu dtatla (Müt-utt. 1786)

Aspitlixu l.rnrcu.s (Müt-lr:r, I 773)

Bl a p h uri s»ut hi nt i ron u c I ru I unt

VrLLF:Nr.uvE-tsRAcHoN. I 94[)

Blcphuri.vnu /irri/linarr Prrrv. 18,19

( o l.r p t o t ri c h a I un ugitrtst (Pt:x,ttto. I 922 )

Cutpmtlh unfullartu (LrN:iAr-us. l7-58)

Curt'hcsiunt pol.r'pitrunt (LrNNAr.us. 1758)

Ch«net torrutiutla Forsslrn. l9ll4

Chilotlonellu x/kll(rd (EURI:NBI:RG. l8l8)
Chilodonellidae Gen. sp.

( hil odon op.tis r/t7rrs.vi (Prur r. 1 852)

ChltunylontIh alTr,rtlir Forss:rrn, I979

C h I mt.y loru I h rorlraar (Vuxe.i.rovrcr. I 963 )

Chlmr.t'dorullu sp.

C h I untr tlona I I o p.si t p I uriuu' u o I u t u

BLATlr..Rr,R & f orssrrn. 1990

C ittt t o t' h i I unt nrurgn'i t ut t mtt ( EI{RENBt RC,

lsll)
Colorulfu rrztcra (Lrrov. lt{77)

Cobps hirtus (Müt-lrr. l7116)

Coltps nolundi K,uu-, 1930

Coltps spttui ForssNr,R, 1984

Colltitlitm col2or1a (Los,rN,r. I 829)

Colpofu tpcru KAUL. l93l
Colpodu rutullus (MüLLF:R. l77l)
Colpodu huncgut i Fe,BRtj-DoNtrRcur. 1889

Colpodu irtllutu (SroKr.s, ltt84)
(olpodu stdnii Mlut,ns, lti83

Cothunit alnrlalrr Sllrt:s. 1885

Cristiguu arirror Prr,qr». l9ll
C t tdo< t uru urunt hoü.t lt u Srorcs. I 884

Ctrlidium gkutna Müt.lr:t. l77l
Cytlitliun fuptttrihunt Sccwterot,t,, 1893

C.tt|ilirun r,rrsalllr, Pt leto, I9ll
CvIoh.ttncnu rilriri (Blncrt & I-olssilrt.

I 987)

C.r'rtoh.r'ntnu iltus(orun (KAHL. l93l)
(v tolophosis lrr«'lmla Srorts. 1885

DL,.rios t onru rrarryry'a (Srorrs. I 886)

Da.riotrithu trunquillus (K^nL. l916)

Diditiunt nu.tutunt (MüLLF:R. 1773)

Dilqtus anguillulu Krul, l93l

Dilqtus nrurguritilrr (EHRENRI:RG. l83J)

Dilqtus »totilutus (Srr)Kris, ltlli6)

Difuptus L,isxhe ri Dn,rc;rstu. l96J

D.t.ttt,rfu .;t'ulttllunt Wrlllnr. l97l

Ent'hrlyliun ttililnzr, (Knul, 1930)

Entfulrtlinn sp.

S

S

E.V
E,V
E.B

E.B

S

S

S

B

E.V

E.V

P
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B
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B
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(Table 1 continued)
Species Group direct foam litter

Species Group direct foam litter Srrongiidiun sp.

S t io n v h i a r0lr?xr-Complex

St1'lony'chia pustulala (MüLLER, 1786)

Tac hysoma pe llione lltm (Mürtr.x, 177 3)

Tetrahymena ( rcrlissi? ) THoMpsoN, 1955

Tet rahtmena p t r il ornn-Complex

Tetrahvrcna setosa (Scsrwrl«orr, 1893)

T higmogasler op pos it e uucuo latus

AuGUsrrN & ForssNer.. 1989

Thigmogaster potamoplrilu.r Forssrvr:n, 1988

Thur it ola.follit ulat a KeNr, I 88 I

Tintinnidiun senidliatum (SrEnrr, 1879)

Tokophrra quatlripartita

(Clurnroe & LACHMANN, 1859)

Trachelius olurr (Euneuorxc, l83l)
Trachelophtlhon sigmoides Kesl, 1926

Trichoclin pediculus EunrNsenc, 183 I

Tric ho tota xis t rinargittata
(Jrnxowsrr, 1979)

E,V

B

B

B

S

S

S

B

S

Trithigmostonru cucullulus (Müllrn, 1786) V

Trithigmostoma sr«nrcki Forssuen, 1988 V

Trithigmostoma sl?ürl (BLocHMANN, 1895) V

Trochilia nimta (Roux, 1899) V

Trochilioides.fimbrirtris FotssNrr, 1984 V

Uroleptus gallin (MüLLER, 1786) V

Urolepnrs limnetis Srores, 1885 V

Urolepnrs pist'is (Mürlrn, 1773) V

Uronema parduc:i ForssNER, l97l B

Urosonoida agilifonnis ForssNer, 1982 E, V

Urosonnida agllr (ENcr:lul:w, 1862) E, V

Urostt'la grandis Esnrurenc, 1830 V

Urotritha annata Krut,1921 B

Urotricha.farctaCLe.p,c.Reor&LecHlnr,rr{, B

I 859

Vorticella cantpanula EHneNsrnc, l83l S

Vorticella dtrina MüLLER, 1773 S

Vortitclla rcnmllaria (LIN\AEUs, 1758) S

Vorticello irfusionunr Dulnn»rN, I84l E, S

Vorticelh octaua Sroxrs, 1885 S

Vortirclla picta (EHRF:NBERG, I83l) S

Zosterodasts ttatlswrsa (KlHr-, 1928) V

Ophryoglena sp.

Oualorhabdos sapropelica Forssusn, I 984

Or-'ttritha haemaloplasma Blerrrnen &
ForssNnn,1990

Oxt'trkha relEelo SroKES, l89l
Papillorhabdos rarciesil Forssrlrn, 1984

Paracolpitlium trtmcotum (SroKEs, 1885)

Paruenchel,-s spirdrs FotssNnn, 1983

Paraholosticha musritola Krsl, 1932

P orame tiun aure lia-Complex

Parameriwn ärrsarla (EunrlrrRc, I 83 I )

Parantecium caudatum EHRENBERG, 1833

Paramecium putrin um Cupenr»e & Lrcsvlu,
I 859

Paranophr,-s sp.

Paraurostyla remei (SrttN, 1859)

Paruroleptus caadalas (Srorus, 1886)

P hialina ue rmiuilarß (MüLIER, I 786)

Plarus luciae (KaHI-, 1926)

Plocus cf. .ralina

Plagiocampa rouxi Kmr, 1926

Plat t ophrya maüostoma ForssNrn, 1980

Plattophrw uora,r Kesl, 1926

Pleuronema coronotum KENT. l88l
Podophrya fi.ra (Müllen, 1786)

Prorodon ovum (ErmeNnenc, l83l)
Prorodon teres EsnrNaenc, 1833

Pseudochilorlonopsß algiuora (Kmr, l93l)
P seudoc hilodonopsß c awlata (Prxru, 1852)

Pseudochilodonopsß.fluüatilß ForsNrn, 1988

P se udoc hilodonopsis pol yüacuolata

Forssuen & Drplrr., l98l
Pseudochilodonopsß smrr'lfu SoNc & Wrlsenr,

1989

P seudochlanv done lla rhe ophi la

Burrrnup, Sorc & Wrlrrnr, 1989

Pseudomicrothorar agrTrs Mrnmoo, l9 l4
Pseudoplat rophn a nara ForssNrr., 1980

Pseudoprorodon sp.

Pseudororticella chlomydophora (Peileno, 1922)

Pseudorort ice lla monilat a (T rrtu, 187 0)

Pseudorort ice I la splagri ForssNun &
ScurnnurNr,l. 1974

Sathrophilus musconr»l (Kml, l93l)
Sparhidim spathula (Müllrn, 1773)

Sparhidium sp.

Spirostomunt nr)lus (Roux, l90l)
Spiro:ona caudaru Kt*r,r, 1926

Stammeridium kalr/i (Wxzrl, 1953)

Stentor coeruleus (Pelus, 1766)

Stentor igneus EHntNsenc, 1838

Stentor muelleri (BoRy DE Sr. VrNcrNr, 1825)

Stentor mukiformis (Mür-lm, 1786)

Srentor polttnorphLLs (Müllen, 1773)

Stentor roeselii EHneNsenc, 1835

St e rkie I la his I r iornust orum

(Forssrr:r, Blnrrenrn, Benccn & Kolru,qNu,

r99r)

Stithotricha ((?r/cola WRzEsNrowsrr. 1866

Stichotrithu sccrlrla Punry, I849

St roh i lidiLm catdaum (F xouu.*rel, I 876)

Strohilidium hunilc Pr,Nlu.», 1922

Strombidiun rehraldiPr.rz & ForsNr:n, 1992

B-++
B-++
V+++

+++
+++
+++
+++
+-+

+
+-

E,V

B

B

E,V
B

B

B

B

B

E,B

E,V
E,V

S

B

B

E,V
B

S

S

E,S

E,V
E,V

B

B

E,V
S

S

S

S

S

S

E,V

E,S

S

S

P

P

+++
+

+-+
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+++
+-+

+
+++

+++
+++
+++
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+
+++
+++
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+++
+++
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+++
+++
+++
+-+
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+++
+-
+++
+-
+-
+-
+++
+-

+-
+-
+++
+-+

+-
-+
+-+
+++
+++
+-+
+++
+++
+-

+

+
+

+
+
+
+

+

+
+

+
+
+
+

+-
++

Total numher of taxa

% terrestrial species

% bottom dwellers

% sessile Aufwuchs dwellers

% vagile Aulwuchs dwellers

% planktonic species

174 r22 150

21.3 15.6 11.3

28.2 27 .0 31.3

17.8 18.9 16.0

50.6 51.6 50.0

3.4 2.5 2.7

+
+
+
+

+

+
+

+

+
+
+

urethane foam substrates than from natural stream bed
samples (Table 3). However, their sampling strategy was
apparently biased: "Average species richness from artilicial
substrate collections was less variable based on estimates
of species equilibrium values but generally fell within a

similar range as total species numbers from natural sub-
strates. The sum of species numbers over time was greater
for artificial substrates, primarily because of the greater
number of samples examined. A few artificial substrate
samples (three or four replicates) can provide an equivalent
estimate of species richness at a site as 10- 12 samples
from several natural substrata". These statements are
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Table2. Species numbers (SN), average individual numbers (lN; ranked individual abundances divided by number of species) and

saprobity indiccs (SI) with direct, loam and litter bag sampling. Samples were lost on02.07 by a flood and on 17.06 and 15.08 by

vandalism. i : arithmetic mean. M : median.

Station Date Direct sampling Foam sampling Litter bag sampling

INSIINSNINSN

18.07.91
I l. 10.91
02.07.91
2'7.09.9t
02.01.91
27.09.91
17.06.91
15.08.91
30. 10.91
17.06.91
15.08.91
30. 10.91
18.07.91
I l. t0.9t

48
'75

45

6'7

ftl
46
47

49
38

56

42

56

52

l1

t.t7
l .55

1.29

t.69
1.53

2.04
1.28

l.l0
1.47

t.2t
t.t2
t.4l
I t9
1.48

38

39

32

29

28

44

1.40

1.23

1.4'7

1.07

l.6t
1.27

l.3l
1.59

1.30

53

66

3l
4t
44
63

50

2.1

2.5

2.7

2.6

2.8

2.9

2.7

2.'7

2.5

2.9
2.6
2.6

2.7

2.6

2.5

2.3

53

4'7

42

59

45

2.4
2.4

1.3

2.7

2.8

2.4
2.4
2.6

2.6

2.5

2.4

25 1.44

40 1.23

5l
44
44

1.45

t.l l

tt, ,o
t.42 2.1

t.16 2.7

l.l5 2.'7

1.34 2.5

L48 2.4

1.56 2.6

t.s2 2.6

t.3l 2.5

1.40 2.3

Average number ol
species per sampling date

x 54.3

M 50.5

37.6

39

47.2
47

Total number ol species

lound at all stations
and dates

122 150

Average of individual
abundances

i
M

1.40

1.35

1.36

l.3l
1.39

1.42

Average of saprobity
indices

x

M
2.1

2.7

2.6
2.5

2.5

2.4

Table 3. Total number of protozoan taxa collected. Flint River-
Lake Blackshear. 1983 (from Pnnrr et al. 1987).

Spring Summer

Natural substrates
Artificial substrates

clearly contradicted by our data (Tables l, 2). Likewise, we
cannot support B.c.N4noR.ru's (1982) observation that foam
units damp the number of attached species, although
suctorians were less frequent, because peritrichs were
more common in the foam units than in the natural
collections.

The saprobic indices calculated from the ciliate com-
munities of the loam substrates were significantly lower
(indicating better water quality) than those lrom natural
collections, which contained more alpha- to polysaprobic
mud-dwellers (Tables 1, 2, Figs. 2, 3). This is a significant
and reasonable difference: a floating substrate cannot

representatively collect the mud launa mainly because it
is better aerated. However. the assessment ol the river
quality must include the bottom community as com-
prehensively as possible since the stream bed is the
"ecological fabric" where most of the self-purification
takes place.

Further disadvantages of artificial substrate samplers
noted during this study and by others (e.g., Plrrwslr-
1975; RosrNeERG & RESH 1982) were the loss of samplers
by floods and vandalism (Table 2) and the financial burden
due to the two visits required to obtain one sample: one

to set the sampler and one to recover it. We thus do not
recommend artificial samplers for routine investigations of
ciliated protozoa.
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