
The Systematics Association 
Special Volume No. 45 

The Biology of 
Free-living Heterotrophie 

Flagellates 

Edited by 

DAVIDJ. PATTERSON 

Department of Zoology, 

University of Bristol, 

UK 

JACOB LARSEN 

Institut Jor Sporeplanter, 

Kebenhavns Universitet, 

Kebenhavn, Denmark 

Published for the SYSTEMATICS ASSOCIATION by 

CLARENDON PRESS · OXFORD 

1991 



7 . Diversity and ecology of soil flagellates

WILHELM FOISSNER
Institut fi)r Zoologie, [Jniaersität SaQburg, Sallburg, Austria

Abstract

About 260 specics of heterotrophic and autotrophic flaeellates havc been

recorded from soils world-wide. Published species lists are highly question-

able and there is thus an urgent need for improvements in taxonomy in this

area. Recent studies indicate that there are autochthonic soil flaeellatcs.

Detailcd ecological literaturc on soil flaeellates is sparsc. Between 0 and

106 individuals per sram of soil have been reported. The biomass of
flagellates (0.05 g dry mass m '2) and their annual production (about I g
dry mass m 2) a.e low compared with naked and testatc amoebac'

Introduction

Protozoa arc an important link in the terrestrial food web and enersy
turnover (Foissner l987; Beck 1989; Meisterfeld l9B9). PIants and

carthworms dcpend on protists as nutrient mineralizers and as food

(Clarholm l9B4; Rouelle et al. l9B5).
'l-raditionally, soil protozoa are grouped into flaeellates, naked

amocbae, testate amoebae, and ciliatcs. 'fhcre arc several gencral
reviews on soil protozoa (e.g. Stout and Heal 1967; Franz 1975;

Foissncr 1987; Bamforth 19BB). Soil flagcllates have not been pre-
viously reviewed in spite ol their almost universal presence and their
potential as causal agents of plant diseascs (Kitajima el a/. l986). The
most comprehensivc works are those of Sandon (1921), Grandori and
Grandori (1934), Cutler and Crump (1935), and Feh6r (1948).

Diversity of soil flagellates

Sandon (1927) and Grandori and Grandori (1934) list about B0 and
130 species of soil flagellates in their reviews, respectively. Since that

The Biologt oJ l'ree-liting Heterotrophic Flagellates (cds David J. Pattcrson andJacob Larscn),

Systcmati"cs Äss,rciuti.,i-Sp.cial Volumc Nio.45, pp.93-l12. Clarendon Prcss, Oxford, 1991. 6;)
'I'hc Svstcmatics Association, I 991 .



94 Wilhelm Foissner

time thc numbcr of spccics recorded has increascd to about 260,

of which 208 are exclusively heterotrophic (Table 7.1). This is a

respcctable number, cqualling those of soil ciliatcs and testate
amocbae (Foissner 1987). Heterotrophic and autotrophic ftrrms are

traditionally includcd in 'soil flagellatcs' and this vicw l.ras bccn
adopted lor thc prcsent review although heterotrophic lbrms arc
f,avoured. Thc numbcr clf spccies per locality varies from few (Ant-
arctic soils; Smith l97B) to 47, which Varga (1956) rccordcd lrom
refrrrestcd saline soils in Huneary.

Table 7.1 Flagcllzrted organisms rccordcd fronr soils of the r,vorld

Species No. T'axon

re«u{;} group'

(ieographic d istribution
rcnra rks'/

..lrlinonnna.s s1't.

,'1. rriraäi1l.r Kcnt
,lllanlion sp.
+,1. lathtltloon Slrndott
*, 

1 I las d i lt lo pht'.rn Sanclon

,'lnphinutnts sp.
,'1. .f u.t i /irm i.r \'l crcsclikor skv
,1. .g/olo.vz Kcnt
il nr'trom on t.r ranlor1a ( Klclts)

l,t'nttne rtnatttt
;lnisonenta s1t.

A. acinu: l)ujarclin
*.1. ninu.s Sattrlott
rl. olale Klcbs
..1. räinlirni Klcbs
,-1. /rzriralürr Stcirr
.,lnlholtbso i'?{?lan.t (\liillcr') Stein
..1 pu s o»utnu: f r o bos t i dr a -\l trrcicli'
.'l ila.iiri sp.

.1. rrtrizlrz Kltlrs
,1. kl ch.si i Lt'tntnt'r'tnittttt
,'1. oh I on.q« ( Skvoltzor')
.,1. octlIult Khau kint'
..1. t,a ri a b I c (Skvortzov)

ßitosoccrt larurlri.r ( llark
Ilolo s1t. (sct' also llrlcrornilu)
B. anocbinu: Lctrtnrt't rnitntr
B. artgu:Iu: (l)ujardin) Iliitschli
l). a I e te i e lli Lt'ttttttcrnrlttrtt
ll. ttu,l,t ltt, ( I )rrj;rltlirr ) St,'irr
/J. relrr Klcbs
l). co »t lt re.s.; tt.s Lctnrnt'rttt:ttr Ir

Runrania. I-iSr\
f losrnopolitan
USA
C.losrnopolita rr

(losnropolit:Ltt; t'r'ctr in S:rlrara

Russia. (lerrtral Asia
Russia
Rtrssia
F)urol>e

Fluropc, LlS,\
Hunsart, I talt'
( iosnropol itan
Er,rropc, US,'\
Hr.rngarr'. It;rlv
Hulrearl , USr\
I t:rlv
F)trro1;c, Russia. .\trt:trt tit a

F)urope . LIS,\. LISSR.
(l rccn l:r ncl

LIS.\
litrropr': ;rlsr, irt .:tlittl s,,il.
H ungarv
F,trri,1rr': :tIs,, irr .;rIirrc s,,iIs

Hrrnglrrv
l)Lrropc: r:rrt'
F)urr;pt'. l{ussia, LiS,\
Errrol;c: Iirrt'st
F)uropt', LlS,\. ,\{l it ir

Clcrrnarrr: lirrest
( )osmopolitan
(losnropolit:rn; also s:tlitrc soils

Eru opt'. S.,\tnt'rit'it.
r\rttart'lit a

2

.)

I

ll
l0

')

I

I
,)

o
o
IS
IS
IS
IS
IS
IS
IS

F]

!l
E
E
F]

F]

cH
IS
E

I F:,

BE
IE
6Fl
rFl
IBI

13 K
IK

l0K
IK

2'3 K
2{l K
7K
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Table 7.1 (cont.)

Species No. '['axor.r.

rcc,lrds/' grottp'
(ieographic distribution;
rcnr arks'1

11. arlat Klclrs
B. .lit.r i /itrm i.r (Stokes)

Lt-rtt ttre rrn:ttrtt
ß. grat il i.s ( Ifarrtlranr?)

1i. /rz.r (\lirllt'r-) Klcbs
l]. ninimu.s (Klcbs)
1J. nzzlaäi1l.i Klt:bs
lJ. o bot,a I u.r Lt'rrr rrrt'rrnarrrr
ll. ot'ttlu.t (l)u jarclin) Stein
ß. lnn'tt (Nri{rlcr) Lt'rnrrrcrrlranrr
l). lnl rirut (Stokt's) Lernnrt'rnr:rnn
li. re/aa.r Klclrs

ll. ro:lrolu: (Kent) Klcbs
lJ. :a I lart.; !)lrrt'rrbclg
4ll. lrrrirolus (\[artin) Sanckrn
ßodo I ri a ngul u ri.r (Stokcs)

[ ,t'rl rrrt'rrrr:r rr rr

ll. untinalu: (Kt'rrt) Klebs
ß. rwriabili: (Stokt's) Lcntrttt ltrt:rntt
llolo lts i.r t I k ntt n.t ( KIt'lrs)

Lcrtt rrrt'rrtrztnrr
l). .qolholli l,at'kcv
(.u rlu it,ltu.gt,t tzlll'l r rritzk;rj;r
(,'. oiala.Jacobson
( ;. sthtrI ltl i Szalrarkrs
(.1 ltlttl,,lhtmtitttll 1y, lufttutt \1titt

(,lrnholo syt.
(,. ur!ili.: (\lorrll ) Lcrttrttt'r'rtlrtut
(,. uI tvit l lii Lnrrnrt'rnrirnrr
(.. larla (.\lcvcr') Lt lttttrclttrrtur
(i. ligiloli.t (\lcrcr) [,t'rrrrrrcrrrlLru)
(,. .q rttrl i t ( \l irskt'll ) [,r'rtrnct rnluttt
( ;. .qrtn u I i fi' ru Hollarrrlt'
(,. ot'tlu.t ( Klt'lrs) Lcrrturt'r'rtuuttt
(.. rarliultrs ( Klclrs) I.r'nttnt'rttt:ttut

(,. sinltltt (\loroll) Lorrrtrclrr:rrtn
+ (.'. t' i bra t: Sitttclort
(,trtontottt slt.
(,. trt:;itrturla l)rrj:rr rlilr
( ;. Ion.qiraudu I)rrjirlrlirr
(,hilontontt s1t.
(,'. 

1ru ru ntt i rnrt lllrlt'nlrt'rg
(,1 hI a nt t lontota t s1t.

()r>srnopolitanl also saline soils
Rtrtnani:L; lirrrst

S. r\fi'ica; pr>ssiblv nomcrt
n ttcl u nr

(iosrnol>olitan; :rlso salinc soils
F)uropc, Rtrssia, Al;rska, I-lSA
F)r.rrope. Rtrssia, US,,\
(iosnropolit:rn: also salinc soils
( bsrnopolit:ur; :rlso salinc soils
Flurol;r'. Russia. S. ,'\fiica
F)rrrrrpc; also s:rlitte soils
F)rrro1;c. Rrrssia. LIS'\: :rlso

salirrr soils
Hrrropt'. llussia, ,\li ic:r
( lrslnopolitanl also salinc soils
llrrropt'.,\ntarctica; s:rlirrc soiIs
F)trrope. [JS'\

HLrngan, Russiir
Rurrr;rni:r. Rrrssia
llttrr,lrl; .\ll it:t: ;tls,, .:tlitrr'

soils
LlS,\l Irinc Iirrcst
Hrrngarvt fi('lcls
H unsan : [iclcls
Hrrngarr I rlrrrrg
Inrli:1..Java. S.,\nrclicl.

,\ntirr< tit lr

Hrrr':rsi:r. LlS.\
( losnropolil:rrrl irlso sirlirrt' soils
llulg:rriir. .'\lecliir
llur:rsirr. .\liica, .Javl

'\sia.'\ls('r'iir. .Javl
(it'rrrr:rnt. .\lqt'rilr. .f:rr a

\[t rit rr

llrrrasia. r\lgt'ril
F)rrropc. RLrssil. '\lgclia. .f ar ir.

I rs,\
(icrrrrLrrr. .\lgt'rilr (S:rlrrlit)
(losrrropolitrrn: also salirrt' soi]s
( iosrrrolxrlitlut
( losrrropolillrr: llso salirtt' soils
(iosrttopolil:ttt: rtlso sit]ittt' soils

Lrs.\. S.,\tii<.a
( losrrrol;olilrrn
flru rrsirr- .\rrlrrlt licrr

:i+ K
IK

IK

'27 K
ll K
t0 K
22K
20K
7K
+K
tl K

[JK
3+K
t0 K
2K

2K
3K
.] IS

I ts
I (l
I (l
I (l
(;K

1} IS
21) IS

2 IS
11) IS
3 IS
:i I:i
I IS
+ IS
7 IS

IS
IS
IS
IS
IS
(:R
( :R.

(:
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Table 7.1
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(cont.)

Species No. Taxon. Geosraphic distribution;
records/' eroup' remarks'1

C. alboz'iridis Stein
* C. angu.t lae c I I ip.soi dea lVatanabe
*C. borillari.r R. & L. Grandori
*(;. chloro.slellota Flint & Ettl
C. cingulata P:rscher
C. cultcn.r b-,ttl
C. lepau/nralo Pascher
(i. clmnfurgii Goroschankin
(;. .qloeogunta Korschiko{l'
(,'. I on r! eot'a I i.t Pasc:hcr
(,'. arrlia KIcbs
*C. nttsali.s [JischolI'& Rold
C. ntoeuussii moeu:usii b',ttl
C. ntonadina Stcin (samc as O. ringulata
* C. nun.ti co la \\':rt:rnabe
('. ntu tabili.s Gerlofl'
C;. 2eterlii Gt'rlar:h
(;. pult'i.vuI u.; Hhrenbers
(i..rnou'iue Printt
(). unhonola unilonola l)ttl
( ) hl ora n.qium .t I ?nl o r i nu»l

(Ehrenberg) Steirr
(,thlorogoniun sp.
( ). euth I orun ( F)hn'nlrerg)

EIrrcnltcre
C. elonsillu»t (l)arrucarcl)
* ( I hl o ro »t o nos pa I n c I I o i d t: Broach'
(i h ro m ul i na .ffu i,izlr.r lJiitsch li
O. ochrutea (Hhrcnbcrg) Bütschli
(,'. orzli.r Klebs
( ;. ro;ano /fii (\\'oronirr ) Birtschli
C'. r'rrrzrro.ra Klcbs
(l lu 1'v n ot h a rarüaz.i Klcl;s

(,iltr1'sorultst planktoniru pnscher
(,1 h t t'.;o ftt t i.; äzy'r.r Stcil
( ; i I iolh r1'.r i ty'i r ionu m ( lictrk.rvski
(,'lulomona.r sp.
(,1 I o.r I e rc nt .vrriali.r Stokes
( ;, ut,, ru'' i.q, t h o I r t I i.t I l'll r rr.rr I r,.r'p )

Kcnl
(lolo no : i rlo Is i.s rolili Senn
Cot I ono na s .grrzrlrll.i ( lih rcnbcrg)

Stcin
* a:ollofuIIo gonrleri (I.'oissner &

Iroissnt'r) Pattcrson & Zijl{lel
Ool poncnta /o.ralr.r Stcin

Russia; ir.l,:rlid species
Sumatra; paddyfield
Italv, Hunuarr,; s:rline soils
Antarctica
Europc; norncnclattrre unclear
Nep:rl; rneadow soil
Hungarv, Italv
F)urope, S. Africa
Inclia; padclvfield
Huneary; {irrests
Hrrnuary; lorcsts
USA; soil of'Precamlrri:rn ro<:k

Sumatrzr; pacldy ficlcl

.fapan; soil ne:rr poncl
Ncpal; Iirrests
Hungarl,; firrcsts
Polancl; invalid spccies
(lzechoslo" akia
Sunratra; cass:rva ficld
Rumani;r; nonrcrrcl:rture

unclear
Hurrsarv. Iliclia
Italr,', Asia, S. AIi'ica

r\sia: nomcncl:rtLrre trnclcar
An tarctica
Europe, Australia
F)urope, Asia, r\frica
Asia; rarc
(lzcchoskrvaki:r; Ii»'cst soil
US.'\l rart:
Europc. USA, S. ,\f ica.

,\rt tarctica
Europt'
Europe
LiSA
Spi tsbereen
US,\
Etrrope; :rlso salinc soils

Bulsaria: fields
I tall'

;\ustria; cctoparasite ol'
the c.iliatc Colltoda
(lln m:rrrr. Hrrrrtan'. .\lqer i;r

tcl
I (l
'2 ("
I (l
2 (l
I (l
3 (l
2 (l
IC
I (l
| (l
I (l
I (l
scc alrovc)
| (l
l(l
I (l
I (l
I (l
I (l
t(;

2 (l
.1 (l

I (:
I (l
ICH
I (rH
ICH
ICH
I (:H
5 (rH

I (:H
ICH
r()
I ts
I Ft:'

3Co

I (r()
I C:'

IS
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Table 7.1 (cont.)

Specit's No. Taxolr
recordsä eroup'

Gcographic distribution;
re m a rks'1

* (,. .r-1, 7n21p 1 rl rn S;rrrclon
( )o ltrmtona.s .rizlllil.r I )obcl l

( )r1: p togl cna rbigrzr F)hrcnbcrg
( ) ry' f ktn ona.s nlalrz F)lr renbcrg
( ). obot'o i dro [):rsr']rrr
( )t,o11ru,,n,,.n., lrzztala ( Hhrcnbcrg)

l"rorncn tel
I ) t I I i ngc ri t dr_),sl o I i Kc nt
I ) i n a.s I i gam oe b a ra rt i a t a Klcl>s
* I ) inas t i gr I I a I r t, f atLi /int i.r S:rnclon
I ) i nor ph a nrirlar.r (,nrlrt'r'
l)inonota; sp.
l). lubtrrultlt Kcnt
.1). i,ora.r Kcnt

I ) is I ign a /ra1ez.i Eh rt'nbcrs
l)unaliella 1a1erzr1i.r I)ascht r &

.J alroclir
I,)nto:ilthon. qt.
1i. oi,nlrar Stokcs

l'). tlrulan (l)rrjarclin) Stcirr

l')u.qltna sp.
,1i. arz.r Flhrorbcrg
1i. r1c.ie.i Ilhrcnlrt rq
l'). t I o nrlo I t Scht-w'iakoll'
f-. grarrli.r Klt'bs
li. intcnncdia Klt'bs
l'). I imnolh i I t Lrrnlncnnanrr
li. minula l)rtst ot(
li. o.t-l,u r i t Sclt ntlt'rla
li. pi.rrifirni: Klelts
li. ln l.t n o rltln [)arrsc:rrcl
li. ftxt xi n a l)arret'arul
l'). t I i ro.ql, ra Flhrcnbcrs
* l,). lcnirola I):rrrgeard
1i-. r,r1a1a KIclrs
li. t' iril i.r Fllrrcnbcru
l')u I n' f I i a z'ir ir1l.r Pcrtr,
Olcnortiniun sp.
( i. lru li'i ttulu.s ( Flhrt'nbcrs) Stcin
( i I u«,l i t i tr lt trlttlatrurr Klt lr:
I IcIkerimatti.t .färrimla \\ixrdcot k

* I ltnimt.tli;; unlthikinela l"oissncr,
lllattcrt'r & I"oissnt'r'

()osmopolitan; saline soils
Flnelarrd
Su'eden, LiSr\
USA, Russia
Spi tsbergcn
Fluropt, US;\

r\lgcria; cvt-'n in Sahara clt'scrt
Pol:rncl
Scotlarrcl, US;\
Europc, ,\lgeri:r
I{u ssi:r

Hunt:rn; clung
Iiurop,. Russi:r. L S.\: s:rlirrt'

so ils
Fiurasi:r, LISA, \{cxico
Ne1>al; mt'aclow soil

Italr'
Hungary, Italy; also s:rlirre

soils
(losmopolitän. ext:ept

An tarctica
Europe, Inclia, Nerv Zealancl
It:ilv, Russia, USA
Europe, S. Afiica
I talv
F)urope
(lzechoslovakia
Italy'
India; ficlcls
Ital,v, S. ,\liica
[{ungarv; clung
Irrclia: Iielcls
Hung:rry: {irrest soils
S. Aliica
Runr:rnizri fields :rnd firrests
(ierrnany
Eurasi:r, USA, S. Alrica
F)uropc. LISr\, Java
USA; lirrests, srasslancls
Hungary, Poland, S. Afiica
r\nt:rrcticai in mosses
(.losmopolit;rn; even saline

soils
Australia, S. America,

(]errn anl'

(i

I

2

3

I

1

I

I

')

+

I

I

l0

u

I

IS
Fl

!l
cR
cR
(rR

IS
IS
K
()
IS
F]

IS

ll
(l

IE
3E

E

IS

+E
3Fl
3E
IE
tFl
2 t'.
lti
rFl
2b"
IIS
2Fl
lu
IH
2Fl
lFl
6Fl
4 I,l

2 I)I'
3 I)l'
I I)l'

14 IS
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Table 7.1 (cont.)
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Species No. 'l'axon

recordsD group'
Geographic distribution;
re marks'1

* I! crpe lomortas terrico I u I'antham
Ileteromita sp. (sce alsct Bodo)

H. globosa (Stein)
Iteteroncma sp.
11. acu.r (Ehrcnhcrg) Stcin
H e.ranti t a infla/a l)ujardin
I l.tuIogonitm ,(/rärii P:rsclrcr

La ge no eca gl o bu I os a b' r utc (

Leltlonutna.s .jarulz»r ( Ldgcr)
Ltmmernr:urIt

,llallomonas sp.
.lf asligunoeba sp.

Äi,. a.sfera St:hulzc
,1/. irrrarlez.i Klcbs
,ll. linax \Iorolf

.11. lozgililizm Stokes
*,lI . nrinula R. & L. (lranctori
,l/. rr/laz.r Stokes

.\lastigella sp.
,ll. tonunulan.s ( \4cyer)

(]olclst:hrnid t
*,11. ntutobili.s R. & L. (lrandori

,11. llilrlis l'cnard
;ll. penardii Lt'mmt-rntattlt
,ll. Pol 1,7'nn161 n1a ( \'loroll)

( ioldsch nr i cl t
,lI. raliull (\'toroll) (loldschrniclt

JI. .r'inry'1r.r Kent
,lt. t, i I rea (]olcls<:hnriclt

,l I en.o id iunt i narrtttrt ( l'rtstrr i us)

KIcbs
.'Iloria.r sp.
,l [. a moe b i n.a \'l t'y' tr-

.ll . arhabdomona.r (Fist:h) \{cvcr
,ll. elongtta (Stokt:s) Lcmtnermatltr
,l I. dangeard ii Lcnrtncrtnatttt
ll. guttula Ehrorbcrg

tll. ttinina Nlcvcr
I [. ob I iqua Schcwiakoli'
,ll. .rociali.r (Kent) Lemmermann
,1/. .rorlaälll.r \{c1 cr
.l I. t'irilora F)hrenbcrg

IK
4IS

40 IS
lFl
6Fl
6 I)N,I

tcl
2 clo

IK

2 C]H
13 R\,t

5

I

I

2

t2
I

l5
+

2

20

I
,)

lt
,2

t7

R\,I
R\,I
R\'I

I{ NI

RN{
R\I
R\,I
R\,I

R\I
R\,I
R\I
R\,I

RII
R\1
R\{
F]

cH
cH
cH
cH
(:H
cH

cH
CH
cH
cH
cH

S. Aliii:al nomcn nudum?
England, India, Antarctit:a
Cosmopolitalr; in salilrc soils
Russia
l)urope, Russia, [JSA
Europe, Greenland, I-ISA

I tal_v

Gcrmzrnv, Alecria, cvt-Ir

Sahara
Gernrany; Ibrests

Rumania, USA
Eurasizr, USA, ()reenl:rnd, S.

i\liir:a
Hungarv; Iirrt:sts

Flurasia, Algeria, cvctr Sah:rr:r

Europe, f,ISA, \'lexico, .Jal'a,
r\lgeria

USA. Alaska
Ital1 , Hungarv
(iernrarrv, USA, i\lgcria
(lzcch<;skrvakia, Rttssia

l)urope, Russi:r, Algcria

Italy, Hungarv
Algcria, evetr Sah:rrn
(icrrnarrl. Htutqatr'. .\)qt li;t
Algcria, cvt'tr S:rhara dest'l t

()crrnan1 , Russia, Algt'ria
USAI Iitter
AIgcria, c'n <'tr S:rh:rr:r clest'rt

LIS,\, S. ,\tnt'ric:r

Flrrrasia, USr\, r\nt;trctit:a
,\lgeria, evt'rr Sah:rr;r clesct't

F)ur:rsia,,\lgeria, .l:rva
Eurasia, US.\
I t:rlv, Hungar,v
OosmopolitaIr, crccpt

An tart:ti<:a
Flirr:rsia, L.ISA

Rnssia, .f :rva

F)urope, Russia, LIS,\
Russia, llulgaria
Europe, Rrrssia, Algeria, [JS,\

.l ava
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S1;ccies No. I'axorr
records/' group'

(icogral>hic distributiorr
rcln:rrks'/

.ll. t,ul.qari: ((lie nkouski) Scnn
,llonosiga sp.
,lt. bret,ilte.y Kent
,l/. grarilrl Kcnt
,11. ar,ala Kcrrt

^ 

I ul t i(i I i a larri.r/rl.r L:rutcrborn
,11. pa1u.r/rl.i l)cnirrcl

trtcllmtrhIoris irlrerln ()eitlcr &
(]irncsi

N' o I osol en u: ar.ärt rrlari.r Stokcs
OLln onont: rrazala Klcbs
0. »lz1aäi1i.r Klt'bs
0. rariahili.s \'lcycr
Oikomonas sp.
O. dallinscri Kent
O. yntntlrtlo \';tkirn,,ll ,y' a/.
O. nulubili.t Ktnt
0. ohliquo Kcnt
O. quodrala Kent

O. roslralu K<'nt
O. .rorialr.r \loroll'
0. .i/eirrli Kt'nt
O. letmr' { lilrrcrrlx'l q) Kr.rrt
0philonout: s1t.

Pandorina »rorzn (\ltillcr) Borv
Parulnlylont sp.
+ l). ttlu ru.Jlntt'sorr
Poralelr ami tus .jzaa.rri.r ( [):Let')

l'crancna sp.
l'. {ranul i fcra Pcn^rcl
P. lrithollnrum (Ehrorlrcru) Stcirr

Itrlolontonu: s1t.

l'. ulttti.t.srt (l)rrjarclin) Stein
P. nngu:lu (Kiclts) Lcrnnrcrrnatrn
P. an.qutla oi'a1ir Skvortzor'
P. tnsu.sla y'a.rl11n (Klcbs)

Lt'rnrnt'rrttan rr

l'. nedioraul lotu Stcitt

l'. nrlionnel Iala rli.mrraln Stokcs
P. n. ltleuroritnra Stokes
l'hatu.t s1t.

lt cH
I ( r()
I (:()
I C()
{i ( r()

F)ur:rsi:r, r\liica, cvcn Sahara
Hrrngan'
Hurrgalr.'; liclrls
Hungarl't lielcls
()osrnopolit:rn, ext:rpt

Anlarclir';r
F)trro1;c.,\lecri:r, cven Snhnr:r
(icrrn:rnv, Algcria, rvcn

Sahar:r
\'lexico

I iS,'\l lirrt'sts an(l grlrsslilnds
L-IS,\

S*,t'clcn, Fltrngalr', \lcri<'o
Hrrropt'
Flurasia. [-1S,,\

LIS.\
,\sia
( losrnol;olitan; in s:rlinc soils
Hurrgarr,; <ltrrrg
(it'rrrrarrr',,\lgeria. cvcrr

SaItara
!)uropc. Ilussia
F)uro1;c, Russia
llurasia, US,\, S. '\liica(iostttopolilan: in saline soils
F)n{rl;rrrrl; rrou' a sull;hur

ll;rctcrirrrrr
I)olancl: liclrls
LIS'\; Iielrls
[.1S,\; sarcl('n soil
St:otlanrl
( lzt'r'lroslovrrkia. l{ussiir
( lzt'r'ltoslovakiir; Iirlt.sts
( iosnroltolitirrr, cr<'r'1tt

r\rrtarctit'a
Iirrlopc. [,rS'\
Srlt'tlt'n: giLldor soil
l)urolrr'. LIS.,\, .\trt:rrctica
Hurrgarr'; Iielcls
( lzeclroslrx akin. -.\rrtart tica

F)rtropt'. (ircenlarrrl. I iS,\.
,\ rr ta r'<'t i ca

Etrropt',,\ntarctir':r
s. .\ll.i< a

I nrlia

3

I

3

I

n
I
,2

26

I

3

IS
I:i

HII

F]

(rH
cH
cH
cH
cH
cH
(:H
cH
(rH

5CH
9CH
(; cH

ri3 (rH
lo

I (:
I (l
I (l
I H,\
2u
3u

t3 I.l

+Fl
IE
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Table 7.1 (cont.)
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Slrtr irs No. I:rxolt
rcrlrclsr' qrouP'

(it oural;ltit tlistrilrrttion
n'lla rks'/

l'. Ion{itaudt (})hrcnlrclg)
l)uialclirr

l'. orbitultrit Hiibncr
l'. 2truni (F)hrcnlrclg) Stt in
l)lmlat.slrritm sp.
l). ligilolum Stt'in
* l'. toliltriunt Sirnrlorr
l'htllonilu.; s1>.

P. a nrl o fth u rlu.s Kl(lß

l'. unlulan: StL'il
Phl stttttotttt.t s1t.

l). tlongalu St<tkts
/'. .vrririli.i Kcrrt
l't eu ntnout : .jtrr/al.r I)crtv

l' o l.t' I t.t c u rl o f t t I i t t.s h t r I t r i o i d t u s

I)rrsclrkarc*'
l)ol1'lnn1n trr.
+l'. taululurtr u:li.gntkt R. & L.

( i ra ncL rli
l'. t1'l i nl ruceu m l'asclrcr
1'l'. rlortii,rnlrulc ltoltilltltn R. &

L. (ir:rrrcloli
+ l'. lon.gi.rlitna IL ct L. (ilanclori
P. ninu: I)rrst'lrt'r
l'. ltul i I I tlu trt l)ascht'r
l). .t ft itu I u»t K lirssi lstschik
P. ut tllu Flhre nlrt'rg

Pnlrftlornontt faer'trlla \\rrxrdcock
Itrol otnona ; anrr'li (( licrrkr>u'ski )

'/,opl'

l'rott ulkiu s1't.

P. n i ntc-k oh l.t'ukrlraz' \'akirrroll'
l'. lurktsltniru \'akirrroll' & Zcrcrr
ll h i;on a.s t i.t grarili.r Alcrcicll'
ll/tolononus s1t.

R ln' ru' ln n o n ts ra.vrla (Slokt's)
Klcbs

*,\ttirtouron rnikroltrott Sattclort
*,5'. arrr Sarrclon
,\'alltirttotta sp.
,\'. t»tlulla K<'nl
,\'. a n fln t i di un (',lark
,\'. toni,al I ario Stein
,t. oälorrga Ste in
,1. f t o l-1' g r t t ut I t n t l' t n ir r cl

,§. /1'.rlrlrrri Kcnt
,\. urnolalt Kcnl

F)trropc. US,\. S.'\liit'a,.JiLva

Italr
llrrssirL. IiS,\
Inrlial <r»rrlrron
I I t'ritrr
( losnroPoliI irrr
S1;its lrcrgerr
F)rrropc. [.1S,\. .\l)'it a,

I rrrlorrcsia
(losnroltolitanl salirrc soils
(lortral .\si:r
Srvt'rlt'n, [JSr\
Su'cclcrr; garclen soil
(losrrrol;olitan (sxn. Bolo

.roltan:!)
F)uro1;t',,.\ntart tica

Flurasia. S. r\rtttrit ;r

I talv

I talr
I talv

I talv
lJungarvl fiekls
Hrrrrgar'1; Iiclcls
Hrrngarvl licl<ls
Flutrsiu, LiS'\. .f ar.'a.

,\tt t:r rt't i c:t
( losrrroyrolitarr
l)olancl

l{ussi:t
. \s i;r

.\sia
F)ulopt ; Iiclcls, Iirrt'sts
S. .\liica
llur:rsia,,\lgeria, t'r't'n Sah:rra

(iosnrol;olitan
S1>it s lrt'r'gtn
Hrrngan l Iit'lcls
Pol:rrrcl
Slveclcn; garclcrt soil
Polancl,.Jar':r; {ielcls, lirrt'sts
Hungarl; fit'lcls
Hurrg:rrv: firlcls
r\lgcria. rr.etr S:rhar:r
(iernranl i fört'st soit

(i

I

I

I

,)

I

I

I

l9

7

I

t0
I

I

I

I
,2
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u
IS
IS
IS
K
K

K
cH
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K
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K
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K
K
K
IS
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Species No. 'I'axon

records/' group'
Gtographic distribtrtion
re nr a rks'/

S. aa.qjrrlrola Stein
,9r he r I fe I I i o nto n.as .qran u I a I a

Szzrbados
St], lon oros p tt.; i I I a Stein

,\phe no nto na.t .mlia1i.r Stokes
,t. /rrr.i (Stein) Klcibs
,9pironona.; sp.
,5. an{utla (l)u jarclin) Kent
Sf i roncm o mu I t it i I i a lum Klt'lts

,\ p o nd-t, I o n ut ru m q u a r I e nru r iun t

F) lr rcn brrg
,\pongonnnn.t s1t.

,t. alallzr Stcin
,l I erronona.s Jit rnizrlrza Ken t
,l I rc p ton o uts rorrlala ( Pcrty ) Klt'bs
7'elranilus sp.
7'. r1z.vi.l.rrr,i Pcrtv

7-. p1'rifirnis Klebs

'l-. 
ro hus I u: Sz:rtr:rdos

7-. roslralus P<'rty
*'l'. 

.t:pi ra I i.s Grxrder
7'. .vr1ra1z.r KIebs
7'. r,aria&1i.i Stokcs
'l'rachelonnnas s1:.

7.. hi.rpida (l)ertv) Stein
7'. oüoi,a1n Stokcs
'l'. uolt,ot i nu F)lrrenbt'rg
l-re ftonto nu.t rzgili.r rolr»lzn r.r KIelrs
I i rtLoI u.t ry1o.r1olrz.r (Steirr )

\'l t'rcs<'[i kou,skt'
Ii. enl:ii Szabaclos

Cermany; Ibrest soil
Hungar,v; durrg

Ciosmopolitirn; cr,cn salinc
soils

T]SA
I taly'
[-rSt\
C)osmopolit:rn
Europe, S. Arrrerit'a,

Ant:rrctica
S. A{rica

C.iosmopolitirn
An tarctic:r
Russia, ,.\lgeria, cven Saharir
Asia
Flurasia, US.\
(.]erm:rnr'.,\l geria, even

S:rhzrra
llurasi:r. S. America.

r\ntarct ic:r
Hung:rry; clung
()osrnopoli tan; sirline soils
()osmopolitan
Italr,, Htrngarv. Rurnania
Europt', USA
India: ficlds
I tali
I t:rlv, Hungan,, Rum:rnia
Fiurope, USA
Fiuropc
S. Aliica

Hungarv; clr.rng

lco
IIS

27E

I

I

I
l0

5

I

4
2

I

5

2

6

I

20
l3
+

2

I

I

.,

4
I

I

F]

E
IS
IS
IS

(l

IS
IS
(rH
IS
}'IA
H.\

H,,\

HA
H,\
HA
Hi\
HA
F]

F]

E
E
I)\{
F]

E

"'fablc bascd on about 160 papcrs u,hich contain inlbrmation orr thc nunrbcrs and kinds of
flagcllatcs prcscnt in r':rrious soils. Spccics rnarkcd rvith an astcrix (*) rvcrc first dcscribcd fiorrr
soii. \4ost spct:ics arc listcd as rcportcd. N{any idcntifications arc probably incorrcct and thcrc
arc prolrably nlany s)'tronvnlics. Holr,cvcr. thcsc mattcrs callllot bc cfltctivcl,v addrcsscd in thc
alrscncc ol'appropriatc taxonomic rcvisions. Nanrcs arc bascd mainlv on 1)ir Szj.r.ra,a.r.rer-Flora

l)cut.rchhnd.r, O.sterrtit'h.s und der Srhueil (Lcnrnrt:rmann, Paschcr), on Stcin (1878). and on
original dcscriptions.

i'Numbcr of rccords rclirrs to papcrs and not to sitcs.
"l'axonomic eroupines nrainlr,according to \{argulis r/ a/. (1989) and Pattcrson and Zölflbl

(Chap.26, this volumc). Abl;rcr,iations: IJI: bicosoccids, Cl: chlorophl'tös, CH: chn'so-
phytcs, ()() : clroanof:lascllatcs, CR : cryptomonads, DF = dinoflaecll:rtcs, DN'[ = diplorno-
rrads, E = cuglcnids. Hi\ : hctcroloboscids, HNI : hctcronronads, IS : imertae.rrdi.r, K :
kinctoplastids, O : otbt'rs.

'/'Cosmopolitan' docs not includc Australia lor rvhich almost nothing is known about soil
flaecl latcs.
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Several conclusions are obvious from Table 7.1.

l. Thc most common (220 records) 'species' are Bodo caudatus

(23), B. celer (28), B. edax (34), B. lens (27), B. oboaatus (22), B. ouatus

(20), B. saltans (34; plus a further 34 if records for Pleuromonas
jaculans are added), Cercobodo agilß (29), C. uibrans (21), Cercomonas

crassicauda (44), C. longicauda (40), Heteromita globosa (40), Monas
quttula (20), Oikomonas mutabilis (26), O. termo (63), Pleuromonas

iaculans (34), Sclttomonas pusilla (27), and Tetramitus rostratus (20).
All lack chloroplasts, arc bacteria fceders, and many have been

assigncd to the kinetoplastids. Only few isolatcs of flagellates from soil
have bccn studied with modern methods, such as elcctron micro-
scopy. Patterson and Zöl{Iel (Chap. 26, this volume) consider many to
havc an uncertain taxonomic position, supportins my view that thc
soil cnvironment has been associated with the evolution of special
types or at least has favoured colonization by aberrant forms from
freshwater. Some of the more unusual species are depicted in Figs
7.1-7.8; rrthers are described by Darbyshire et aL. (1976; Paratetramitus
jugosus), Karpov and Zhukov (1986; fresh water strain of Apusomonas

proboscidea), MacDonald et al. (1977; Heteromita globosa), Vickerman
(1978; Dimastigella trypani,formis), and Vickcrman et al. (1974; soil
strain of Apusomonas proboscidea).

2. Of the 260 species listed, there are 55 euglenids;40 chlorophytcs;
36 chrysophytes; 34 kinetoplastids; l4 choanoflagellates; 14 rhizomas-
tigids; 6 heteroloboseid amoebae; 4 cryptomonads; 2 dinofl agcllates; 2

diplomonads; I bicosoecid and I l.reterom<nad; 44 species arc of
unccrtain systematic position (sce Patterson and 7'ölffel, Chap. 26,

this volumc). Thc high numbcr of euslcnids has bccn not rccognized
previously and is remarkable. I havc found that cuglenids are present

Figs 7.1-3 Hemimastil anlthikineta,:rn enigmatic specics and sole mcmber ol'thc
phvlurn Hemimastieophora; pellicle structure suggests some rclationship with the

euglcnids. (l) Silver carboniitc impregnatcd specimen in phase-contrast. Ilar :
l0 pm. (2) Electron microgrirph showing conspicuotts membrallous sac postcrior
to thc lrasal ]rody. Bar : 200 nm. (3) Electron micloeraph showitrg a longitudin:rlly
st:crioned kinctid. 'l-he small arrows point to the transitional plate whiclr extends ttr

thc ciliart'membranc. The short thick arrou,s mark the transitional fibres which are

zrnchored slightly:rbove thc proximal end olthe basal body. Note thc abser.rce ol'the
epiplasm (EP) in the nricrotubule furrow. Ilar: 500 nm. Abbrcviations: DR : dense

body, EP : t:piplasm, F : flagcllunr, flaecllar row, FV : ftxrd vacuole, G : granular
substance, GO : Golgi apparatus, LN{ : longitudinal microtubules, LR : krng
microtubular ribbot.t conticcting kinctids u'ithin the kincty, MF : microtubule [itr-
row, NIl, M2, l\'13 : subpellicular microtubule groups, MI : mitrochondrion, MN
: micronemes, NIP: rnicropor-es, N,IR : microtubule ring mediating contäct l)c-
tween host and parasite, N : nucleus, NF : rtaked furrow, i.e. without microtubules,
pp : pelliclc ol. the ciliate, R : ridge bctweett and arottnd thc flagella, S :

membrzrnotts szrc, SR : sh<-rrt microtttllttltrr rillllon.
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Figs 7.4-7.5 Reconstruction of pellicular and subpellicular organization ol llemi-
mastix amphikineta (4) a:nd Colpodella gonderi (5) (from Foissner and Foissner l9B4

and Foisstrer el al. l9BB). Sce Figs 7 .l-3 for abbrcviations.

in almost every soil sample, whereas dinoflagellates are extremely
rare.

3. Most of thc species rccorded wcre originally described from
freshwater habitats. Only 27 taxa have been recorded first from soil.
'fhis would suggcst that most soil flagellatcs are invaders from fresh-
watcr. As with soil ciliates (Foissner l9B7) it is reasonablc to assume
that some or cvcn many of the soil flagellatcs are new species and only
superficially resemblc those found in frcshwater. Most identifications
wcrc made by workcrs whose prime intercst lvas ecology and not
taxonomy.

4. Most of the 260 species have been recorded less than l0 times.
This should not be interpreted as an indication of a restricted geo-

graphic distribution but probably reßccts a lack of appropriate culti-

Figs 7.6-7.8 Colpodella (formerly Spiromonas) gonderi, a species related to the api-
complexan sporozoa because of the common presencc of a three-layered pellicle with
microporcs and an apical complex with micronemes (from Foissner and Foissner
l9B4). (6) Inrerfcrence contrast light micrograph ofa Colpoda steinii parasitized by

thrr:e Colpodella gonderi. Bar : l0 pm. (7) Electron micrograph of the pcllicle with a

micropore (MP). Bar:400 nm. (B) Electron micrograph showing the parasite
(flagellate) attached to the host's (ciliate) pellicle by a rins olmicrotubules (MR).
'l-he arrows mark the membrane which separates the parasite lrom the host. Bar :

400 nm. See Figs 7.1-3 lor abbreviations.
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vation and idcntification methods. Some spccies, as with ciliates and
tcstate amoebae (Foissner l9B7), may havc a restricted Laurasian or
Gondwanian distribution (Foissner et al. 19BB).

Ecology of soil flagellates

l. Indiuidual number, biomass, and annual production

Flagcllates are prcsent in almost evcry soil, evcn in dcserts and
Antarctic envircnments (Varga 1936; Smith l97B). Hattori (1988)
isolated flagellatcs from B0 per cent of l-2 mm sized soil aggreeatcs.
ln spite of this, thcir ccology has bccn poorly explored. There is a larsc
bulk of available data about numbcrs in various soils of the world (e .g.

Heal l97l). Most data, however, are based not on direct counts in
fresh soil samples but on culture methods which arc inappropriate for
cstimatins the number olactive cells (Bodenhcimer and Reich 1933;

Foissner 1987).
I)ircct countins methods, which wcrc widely used bcfore thc

culturc tcchniques (c.g. Cutlcr and Crump 1935), indicatc relatively
lew activc soil hagellatcs, usually lcss than I0'' g_' of soil (e.g. Martin
and Lewin 191 5; Koch l9l6). 'lhc direct countins techniquc of Lüfte-
nesgcr et al. (l9BB) gives 2000-10000 active flascllatesg I dry mass
(i.i. about 7 30 x l0(; cclls m 2: 3-12 mg protozoan dry mass) in
thc littcr laycr of a spruce forest (Fig. 7.9). Culturc techniqucs yield
much higher abundances, usually morc than I05'cellsg 'uf soil (c.g.

Cutlcr and Crump 1935; Bamlorth and Pelicz 1977; Perss<>n et al.

l9B0) bccausc trophic and cystic cclls cannot be separated propcrly
(Foissncr l987). The rc is strong evide nce that flage llatcs are suppresscd
by soil microbiostasis in evolvcd soils (Foissncr 1987) because thc
numbcr of activc cclls markcdly decrcascs with increasing fermenta-
tion of thc littcr (Rosa 1957; Szab6 et al. 1964). Dcspitc the high
numbcr o{'llagcllatcs in many soils, thc proportion that is activc is
unknown. Thc data lrom dircct counts suggcst that most arc in an

inzrctivc cncystcd condition, as is truc fbr ciliates and bacteria.
'fhc problcms inhcrcnt to thc culturc methods are possibly thc

rcas()l) lor di{Iicr.rltics in corrclatins abundancc with environmental
factors (Cutlcr and Crurnp 1935) or why in watered litterr fcwcr (or
cvcn no) activc flagcllatcs werc rccordcd than in dry litter (Parker el

al.1984).
Meistcrf-clcl (1989) f<runcl 1.6 x 101) cclls m 2 (U.3 x 107-

1U.9 x 10r') in thc uppcr (0 3 cm) and 1.2 x lOs cells --' (6.1 x 107-
7.3 x 101') in thc lowcr (3 6 cm) littcr and soil layer of a [rccch ftrrcst
in Gcrtrrerny. Biomass ztnd annltal production wcrc low wl-ren ctim-
parccl witl'r thosc of thc nakcd and tcstzrtc amocbac, duc to very small
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Bärenstein Pflegerwiese

Fig.7.9 Nunrber (indi,,'iduals g I dr),mass of Iitter) olactive fiaeellatcs in the littcr
I:ryer (0-3 cnr) olan old (80 years; 13ärenstein) zrnd a young (40 years; Pflegcrwicse)
spruce firrt:st stand in Uppcr Austria (lrom Aescht and Foissncr, unpublished obser-
\'zltions). Counts by the direct method olLüfienesecr et al. (l 9BB). Ka, \i :.c,,,trol
plots; N{a, mj : f.ertilized plors (nraenesite plus l0% dried luneal biomass);Oa, oj :
fbrtilizcd plots (dried bacterial biomass Irom sewagc plant). Diflercnces betwecn

stands are sienificant, thosc ltetwcen variants are not.

sizc olthc flagellates (Fig. 7.10). The numbcr (40 x l0t' individuals
m-2) and biomass (16 me dry mass m 2) estimatccl by Persson a/ a/.
(1980) in a Swcdish pine forest are similar to our data (see above)
althoueh thcy wcrc obtaincd with a culture method. Davis (1981)
calculatcd 1.5 mg (0.8-2.5) flasellate dry mass in Antarctic moss
communitics, which is much less than in thc sites mentir)ned above,
possibly due to the unfavourable envirr)nmental conditions.

'lhc influence of natural and human activities on the number olsoil
protozoa, includine flaeellatcs, is reviewed elsewhere (Foissner l987).

2. Adaplations and autecolosical studies

No special morpholoeical or physiological adaptations have been
reported for soil flaeellates. Data on food selection in Cercomonas
crassicauda and the scncration times of Oikomonas lermo and Heteromita
globo.ra are to be found in Sinsh (19+2), Cutler and Crump (1935),
and Huehes and Smith (1989), respectively. Recently, Hughes and
Smith (1989) found that an Antarctic isolate of Heteromita globosa is
subject to a(adversity)-selection. This is an extreme form of r-selec-
tion, ensurins survival durins diurnal freeze-thaw cycles and optimal
utilization of resources durine short periods of favourable conditions.
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Flagellates Naked amoebae Testacea lolal

Fig.7.r0 .,\r,t.ragc biomass, annual production, and I'/ts <lltotient (biomass turn-

,,r,i.) ,rl'tlre protäz.zr i. zr suSmonr..c beech fbrcst in Germa.y (fronr N'{cisterfeld

1989). DNl : dly nrass ol'protozoa'

Gcncrally, small sizc (mosr <20 pm) and amocboid flcxibility
allow flagcilatcs to inhabit even the small soil pores which cannot bc

cxploitcd'by most other protozoa nor of course by metazoa. I agrce

-iin Bn-foirh (l9BB) that there is a protozoan domain in the smaller

porc spaccs and a protozoa-nematode domain in the larger oncs.
' ts *ltt othcr s;il protozoa, flasellates form resting cysts which

withstancl desiccation. Goodey (1914) reanimated Monas lermo, Cer-

cüm\nas crassicauda, C. longicauda, Bodo saltans, Telramilus spiralis,

and Spironema multicilialum from dried soils which had bcen stored

for 50 ycars. Varsa (196 l), however, r:ould reanimate only a few

species (Monas uuigaris, Bodo celer, B. edax, Scytomonas..pusilla) from a

litt". s^..,plc storä for B years. Cysts in moist soil have a lowcr

tempcrat;c (up to 50'C) tolerancc than thosc in soils which werc

air-äried for several months (up to B0'C) (Bodenheimer 1935)'

3. Enrichment and isolation

A simple but effective means fbr estimating spccies richne-ss is thc

non-fläoded petri dish method as described by Foissner (1987). It
involves pla.ing l0-50g of a fresh or (better) air-dried litter or soil

sample in a petri aisfr (tO-tScm diameter) and saturating but not

flonäi.,g with distilled water (note: material must not be flooded;

water s-hould bc added to the sample until 5-20 ml will drain rlffwhen
the pctri dish is tilted and the soil is gently pressed with a finger; this

.r.,joff contains the protozoa and can be used for further investiga-
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tions). Usually, inspection of the cultures on days 2,6, 10, 14, and 20
is sufficient.

Individual cells can be isolatcd from such cultures with micropipettes
and cultivatcd in appropriate media, many of which are described in
Varga (1934), Marsulis et al. (1989), and Cowling (Chap.27, this
volume) .

Summary and future needs

Soil flaeellatcs have becn larsely ignored by taxonomists and ecolo-
sists. About 260 specics have been recorded from soils world-wide.
Twcnty sevcn spccies werc originally described from soil, the others
were first found in limnetic or coprozooic biotopcs. Howevcr, most of
the records and taxonomic work on soil flaeellates have becn pro-
duccd by workers not spccially trained in thcsc fields. Spccies lists arc
highly questionablc. 'fhere is an urgent need for improved taxonomic
skills in this area. 'fhc 'specics' most commonly reported are the
kinetoplastids Bodo caudatus, B. celer, B. edax, B. saltans, B. lens, and
Pleuromonas jaculans; the cercomonads Heteromita globosa, Cercobodo
agilis, Cercomlnas crassicauda, and C. longicauda; the chrysomonads
Oikomonas mutabilis and O. termo; and thc euslenid Sc2tornonas pusilla.
Thcsc taxa necd especially urgent attention as their abundance sus-
uests they are idcal candidates for autecolosical studies. Detailed
ecolosical literaturc on soil flaeellates is sparse. Althoush numbcrs
between 0 and l06per g of soil have been ieported, most counts rely
on culture techniques which do not sivc an accurate indication of the
active cells present. Future work should include estimates of numbers
with direct countins methods and estimates of annual production in
representativc ccosystems.
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