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AHSTRACT

ProtOZ{ltl Cllllll1izc sniJ. tln:orJing lo rhe sC\..Iucncc 01" (1) miL'roflagclJalcs. (2) nak<:J amochac. (3)

ciliatcs. ;lI1d 1¡llall)' (..¡.) lcstalc aillnchac. Envirnnmcntal [¡¡dors. especial!)' moist ure and tcmpcraturc.

inllucllce Ihe cxtClll nf sw:a:ssion. Colonizatioll sludies nI" harren snils shnw that. alÚ:r h,ll.:lcria.

prntozn(l are {he lirst L;nlonizcrs. follm\'cd hy otllt.::r soil [aunu. und lalcr hy plallh. Stuuy nI" Pfotl1/O¡Ul

ClllllmUl1itics and thcir succcssioll in these extreme sojls may providc insights intn the c"olulinn (lfthc

snil fauna, and possihk Jife 011 othcr plancts.

Kc)" "ord .. : cnlnllizatioll. protnzoa. soil. extreme soils. suc¡;essioll.

RESUMEN

I_tl� pnHt1l.t)arios �)ltlllizall el sueh) de acuen.ltl �l la SCl.:UClll.:ia: (1) mit.:n111agclkl<ldos. (2) amihas

l.h.'snulias. (�) ciliados. y 1inalmcntc (4) amibas ll.:slacidas. I ,os factorcs amhicnl ales. especiallllclltl: la

hutllcJaJ y la temperatura. inOuelH.:ian la cxtl:lIsil'm dt.: la su¡;csiún. EstuJins de colonización JI: sucln

ám.lll� mueslran ljue. Jespués de las haeteria�. Ins protozoarios son Jc los primeros ¡;olnl1iz�IJtlres.

"'C'l:uido por ntros allil1wles dcJ suelos. y m;l!\ larJe por la!\ plantas. Los cstudios de las �lmulliJ:lJcs

de protol.oario:-i y su suecsi01l cn :-iudos �íriJ()s pUl.'dcn ayudar a di:-i¡;crnir la c"nlucitlll dc la bUlla Jcl

... udo. y la posihle vida cn otros pltlllctas.

I'alahras dan': t.:oloni/tlcit'lll. pnHozotlrins. sUCCSi(Hl. sucl(). sucln:-i iÍriJtls.

Introd IIctioll

PTtlltl/oa al1llncmatOlles oUl' important organisms

11I ...oils bl'GtlISl' lhl'ir prcdation upon h:u.:leria ami

IlIllgi TCIt.'ilsl' solubk nutricnls tn above ground

planis. upon which all tl'Treslriallifc liepl'nus. ') he

hartcria and fungi dlT(lmpOSe plant (amI III a lcsscr

l'xtl'nl animal) rcsidues. hUI in unvq�ctatl'd soils

Inuno al high altitmks. voJcanocs. anu polar

dl''il'ris. hal.tcria ¡¡nd fun!!-i t1c(:omposl' organic

malll'r dl'pn:-\ilt'd hy wind. 1 n SlKh soib. protll/'o,.

.¡Tl' l!lc first roloni/crs afler hal'leria. antl with

;ll'l"t1l11l1lation nI' mOfl' organic matter and

amelioratiol1 of thl' Sl.lil envi fOllmcnl hy "l'geLat ion,

IllIi;ul .. pdra 1'1 \'UIIlIllf'D Nu. �7 d<' l •• Il"\l\lIl:"t. dt'dil',III" di

Ur. � uUli.. 1""111'/'( kh ..I("ITlld.

l)(op.l11111t'01 "rl":l't'''l�\. E\llluliulI. d mi (11�dlli .. llIdl.l'i"ln�\

Itll.nr llli\t.I.... il�. Nr" ()df'all ... 1.:\. 71111l'l-5fJ')l'l. lI.S .. \.

the pf(lhlZlJ<ln ('ommunity uin'rsil"it's, ftlll()winp. a

succ.:ession that pTtwidl':" insighl into strul'lufl' of

nHHl' compll'x soil protol.oan communitil.'s

clscwherl'. wilh implication to the cvoiulion uf snil

hiola amI possihk lifc 011 olher plallcts.

This cssay tran:s soil protol.oan succcssion hy

comparing stutlics 01' thrcc unvcgctatl'd soils lo a

ricld c.:oloni/ation expl'riment. ami rl.'\"il'ws lhe

rcSCarl'hl's 01" Smith (191.)(1) on harren .Iml sparsdy

\"cgl'ta1l'u suils. to sup.!!-est that proto/oall

Slll'lTSsions can hc uSl'd a:" hioint!it'ators ni

cnvirol1mcntall'hangl�s. amI providl' illsighls illto

cvolutionary sI lidies 01' the soil hin la.
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MateJ"ials and Methods

I"he thrl'l' UI1\''''!--''l'lalcu S«.lils wen' colk'l'1c..'u h�' (lthe..'r

scicntlsts. and cxamilll'd hv me..' al Tu la ne..'

Univcrsity.

l. Surtsl'Y. a volcanic islanu forrncd hy cruplioll

Nov. 196.'. coolcti h�' April 196-l. Vo!canic soil

(tf..'phra): Ctll1cclilHlS fnlm 4 sitcs in.J 111)' I tJf17 -' fmm

� sitl's in i\pril PJhX. hy H. t\1aguirc.

2. I)ry Vallcys. Viclt)ria I,aml. i\ntan:tica. Salim.'

day �llils. "I..'"eral thousaml ycars old: collcctiol1S

trom :'0 ,itc..', hy D. \V. I'rcl:kman ami R.A. Virgi

nia. IlJl) 1-1992. (Sume prdiminary rc..'sults rcportcd

hy Bamforlh el al .. I l)lJ.'\. 19l)ll).

l. KilauL'a Iki Volcano. Ilawaii. Pumin: (Icphra)

rmm Il»)l) cruplion. rorming a..f km plain-likc arca

al 12( 1(1 m clcvalion: Cl)llcclillllS from 7 sites hv \V.i\.

I�RI.!It.:r. 1971. (Sorne pn,'liminary results reporteJ

h" Bamlorlh amI I'ggkr. 1973.)

A rlTolllni/�ttion l'xrk:rillll'nt was performeu on 1\\lO

paslUrt: amI 1\\/0 forcst siles in New Zealand. Al

caeh 01 lhe ..¡ ... iles. J um.iislurheu soil cores (27.0

nn diarnelcr. JO cm <.leer) \":erc cncascu in fXllyvinyl

l'hloridc rings lo prl'velll migralioll uf soil anirnals.

fumigaled with rnl'lhyl hromide. relllTllcd to thcir

original sitcs. anu sarnplcJ al days (l. 1. 5. 12. 26.

54 anu 110. i\Jjacent siles \Vere sampleu as nllllrols.

I'he l'xrerimcnl is fully deserihcd hy Yealcs el al.

( Il)l) I}. amI I have cxtractcd lhe protozoan spccies

data lor analysis in this papel.

In all ollhc"c sludies. material was placcd in Petri

uishl'S. dislillcu waler audcu 10 satllratc hUI not

f1ood. and lhe run.off examincd al .1.4 day intcrvals

l"or protozoa. Audilional spccics of amochac were

founu hy placingsrnall samplcs of slJil on agar plates

streakeu wilh hacteria. ami placing soil inlo wclls

cut inlo hacterizl'd agar plates. anu cxamining at

4.5 uay intcrvals for arnoehac miblTaling out from

IhL' ";(Ji!.

RcslIlts

¡-he specics ridlll<.'ss dala for lhe three unvcgL'taled

snils amI the rl'Co!onil.atioll experimento pTl'sentnl

in .J¡thle 1. with dala from Smith's ()lJ96) revicw.

ShOWl'd thl' four l,t'olog.ical groups fullO\\'l'd the

sucl'essioll uf microflagellatcs. then naht.l

alllochae. ciliatl's. allll finally tcslan'a (tl.':-.talt'

amochal'). In lhe rcculonizalioll cxpt-'rirnenl, 1\\\1

f1agl'llale:-.. ();ktmumw. lel1no ami /'It'ulommw_\

JlIculans (/Jodo sallllns). ami a small \'ahlkampfid

amodla survi\'cu the fumigation. Thc nrst colollisb

\vere //deromila ¡.:/ohosa ami nodo mll1ahalis, thell

other microllagcllatcs. Small nakcd amoehal' then

arreaR'd. folhlWCU hy smal1 cilialcs. thn:e l'oIJll,tlid�

(Co/poda in/Tala. C. ",,('illi. and l'lalyophym l"(Jr(Ll:)

ami (\'didiwn Inusci('o/a anu f.cplophal'ynx('()sllllln.

(Hher ciliatl's. mainly hypotrirhs appl'.m:u laler,

lollll\\'l'u hv leSlal'f..'ó.l.

I hl' samc c( lit Inil'.alion pal tern was (lhservell i I1lhl'

lhrcl' unvcgelatcd soils. arrangcd in 'lithll' I illordl'¡

(Ir increasing nH11p1L'xity. "ll1e same mlcrona!!dlall'�

in the reollonil.atiun study werl' the only prolo/!la

fnunu in thL' .,-4 ycar old lephra soils 01' Surls<:y.

l\1icrnflagcllates \Verl' prl'Sl'nt at l)()'Yr of the silL's

in the Dry Valh..'vs. anJ amochac. mainh

/1cllnl!ram()('/JlI spp. anJ Ilanmallclla "('l1m/onm,.

Were prescnt al 7W;1, nI' thl' sites. Thl'rl' WCTl' _'

specil's of ciliates. une al cach (11' ., siIL'S. r\ rnorl'

diverse cilialc populatioll OlTurrL'd in lhe Kilalll'<l

Iki lephra. accompanil'd hy Sl'\"en species of filo,t.

lestan'a.

DiSl'lIssioJl

('olonization nI' soil hy protol.oa follo\\'s a

dircctional changl' in cornmunity nlmpnsitioll

(euJlo!tical succcs.si(H1). the ex'ent llfwhit.:h dcpcnds

upon cllvironrncllIal fac(()r�. surh as tcmpl'ralUre,

moislurc. soil typc. anu organic inputs. Ihl'

prcdictahility 01' this succcssion is detcrmincd hy

�oil porosity and n:produl'tive rate l'or slll'l'es�ioll

01' Ihe four ccological groups. and hy \'agilil�

(uispL'rsal ahility) anu r/K selertion for SPCcil'S

arrcaring w¡thin lhe !--ITIlUpS.

Soil pore si/e detl'rminl�s Ihe spatial Jistrihuliull

01 protol'.oa (Bamforth. Il)XS). Microfla.l'Cllatl'sand

small amo'chac are lhe mosl ahundanl soil proltll1l:!

hecausc lhey occupY all pore spaccs down lo X mm

diamL'tl'[. wherc they can prey 011 those hal:tcri.l

unavaiJahlc to larger protol.oa ano Ill'matodcs. amI

hl' protcctl'd from preuation. anu to a l'crl;¡in

cxtcnt. from cn\'ironml'ntal stress (c.g.. the .'

surviving spccics from mcthyl hromidc in Illl'

recolonizali')Jl expl'rimenl). ('ilialcs. and lhe rn\lrt.'
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slowly growing tcstacca. inhahíl the largcr pore

'paces (wilh nemalodes). Wilhin eaeh of lhe four

ccologieal ¡''fOUps. easily dispcrsed (vagile) spceies.

and r-sclected. rapidly rcproducing, cnvironmcll

tall)' toleranl spccics usually appear hcforc

intcrmcdialc ano K-selccted competitivc spccies.

wilh narrowcr cl'ological nichcs.

Ihis succcssional pattern also determines the

appcarancc of spccies in richness culture methods.

l'ht largcr. and a few of the smaller prolozoa

arpear in the non-floodcd Petri dish melhod

(Foissncr, 1987), and follo\\' lhe suc.:cession

nhserved in lhe rccoionizalion expcrirncnl.

Supp!tmental mcthods reveal a grcatcr divcrsily

of the protol.oa inhahiting srnall pore spaces.

Placing covcrslips, underlaid with lens paper, on

(OP oC the material in lhe Pclri c..Iish. induces

rtlloni/.ati(m hy a divcrsity of microllagellatcs within

a day. due to anaerobic conditions produccu by the

w\"cr slip, driving the llagcllales out of small pore

.ip:KCS. More :.trnnebac appcar using the culture

rnclhods descrihcd earlier: Ihe hacleria on Ihe a�ar

plale induce amoehac lo rnigrate out from lhe soil,

and the thin water film ovcr the agar inhihits ciliales

(and nemalodes) from the larger pon: spaecs.

Addiliooal examplcs 01' SUl'ccssion have heen

deserihed hy Smilh (1996) on marilime Anlarelie

islands. ("lhle l.) In Ino. 13 speeies of

micronagcllatcs and ciliates were found on

Dcccplioo Island. i\ volcanic eruptinn sterili/cd

par! of lhe island. huI 10 monlhs laler. Ihe firsl

recoioni7jng spccies was fnund, and colonization

procecded al ao cstimatcd rate 01' 3.1 spcl'ies pcr

ycar to produce. 10 ycars lalcr. 36 spccics. frorn all

4 ccological groups.

'11m arncliorating inl1uencc ofvcgclation, providing

more organic maltee ano more favorable habitals.

is evidenl nn Signy Island, where moss-peal hahilats

supporled twice Ihe numhers (50) of Ihe speeies of

soil prolozoa as lhe rdalivdy harren fellfidds.

Elcphanllsland. with grass aswell as moss hahilals.

also supporled a lar!,,,, number (54) of spceies.

rabie 1. Spt.:cics richncss 01' lcrreslrial prolowun communilics.

Localion Ilahilat Sites Prolozoa*

Surtscy

1967

1968

Ilry Vallcys

Kilauea I ki. Hawaii

Ileeeplion 1.

1970

19S0

Sigoy Island

Fcllficlds lephra = moss (12) 11 O

Moss.peal moss (6) 16 O

E1ephanll. moss + grass (23) 17 4

. "e-'I. �eala.nd fl)resls {21 � I.? ..
:\ew Zealand: foresls (4) paslure

Rccolonization exp.

Ilay O

Ilay 1

Ilay 5

Ilay 12

Ilay 26

Ilay 54

\lal' 110

lephra (4)

lcphra (8)

morraine (50)

lephra (7)

lephra (6)

lephra + moss (6)

• r = F1agellates A = i\moehae

F

4

6

5

6

6

11

2

6

7

7

7

9

12

e = ('iliales

Soun:c

A e T

O

O

7

5

O O This sludy

O o This sludy

2 O This sludy

14 7 'Ibis sludy

7 O Smilh. 1'196

1'1 4 Smilh. 1'1'16

O

2

9 4 Smilh. 1996

17 17 Smilh. 1'1'16

18 15 Smilh. 1')l)6

42 17 Yeales,"lal.I'I'I1
�- --- - ..... -. --- --- - - -_. - - - - - -- - - - --- ---

Yealeselal.. I'I'I1

I

3

3

O O

4 o

5 O

7 O

16 O

43 I

48 4

11

6

lO

15

T = Testacea
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-'"he limiting cffcct of sevcre climatc on protozoan

succcssion is cvidcnt in thc paupcriz.ation 01' the

largcr protozou - cil¡ates am.J testacea . with

increasing latitude in Antarctica (froID 60 S to 78

S). Foissner (1996), reporting ciliales from 59

Anlarelie region silcs, foond a mcan of 9.6 species

in lhe leasl severe region, Signy Island; 1.0 for the

Anlarelie Pcninsula; and 004 in lhe Dry Yalleys.

Many sitcs. even under moss, diu not contain any

ciHates, anu most of the few specics were early

successional, r-selected ubiquists.

Smilh ami Wilkinson (19R7) found a luss of 3.3

species for every 1° e urop in mean January

tcmperaturc for testacea, from 26 spccies in the

Soulh Orkney Islands (Signy and Elephanl) lo 5

species in South Victoria Lanu. Antarctica. In the

latter region, a few uhiquitous r-sclecteu species.

espccially COf)'/hion duhium, preuominated.

The infiuenee of oolh c1imale sevcrily and organie

malter is dramatizcd by comparing the soil

proloma of lhe young, 12 ycar old Kilauea Iki

tephra ano the several thousand year old Antarctic

Dry Yallcy soils (Iable 1). The barren lIawaiian

lephra are c10se lo vegetated colonization centers,

in a lropieal clima le, whereas lhe Dry Yalley soils

are isolatcd, with short summers, and the protOl.oan

succcssion in them is arrested.

"Ibe composition of lhe soil protoi'',Oan population

al Kilauea Iki in 1971 O"ble 1) was similar lo lhat

of one warm ano two coal U.S. deserts (Bamforth.

19R�; Bamforlh and Bennett, 1985) bUl in lIawaii,

succcssion has continued to produce a community

rescmhling thc soil JXlpu1alions of adjaccnt forests.

whereas in the deSl:rts. as in the Aotarctic Dry

Valleys, protozoao succcssion is arrested hyaridity,

evidenced hy the high proportion of r-selecteu

ciliates. More stable conditions, e.g., in New

Zealand foresls (Iable 1), reduce environmenlal

stresses in the larger pore spaccs of soils, to favor

persisting K-stratcgist polyhyrnenophoran spccies

of'cilialcs. anu K-strategist taxa of testacea, such

as nullinu/an"a••\'chlVuhia lernco/a. and lIeleopera

spp.

Most soil protozoan comrnunilies Jie hctween those

of Surlsey in 1967 and of lemperale foresls (e.g.,

New Zealand). Individual speeies in lhe

communitics. and lhe stagc uf succcssion of

cornrnunilics thcmselvcs can serve as hioindicators

of soil condilions (Fuissner, 199�).

Colonization of unvegctatcll soils hy protoi'.oa

suggcsts that a soil biota could have ariscn bcforc

plant cvolution on JaIlU. For cxample. in (he

Antarctic Dry Vallcys, protozoa of small pore

spaccs (microflagellales and amoebae) are found

in low nurnhcrs. 'Ibe few ci'iates share the largcr

pore spaces wilh three spccies of nematodcs

(Freekman and Virginia, 1997), henee lhc mosl

extreme terreslrial environment nn carth supporls

a low-divcrsity soil fauna. 'Ibe dominant nematode,

Scottnema /indsayae. is a psychrophilic cndcmic

(Overhoff el al., 1993), imptying Ihal sorne o[ lhe

oldesl soils in the world contain an ancient faunal

cornmunity. In the c1imatically less severc maritimc

Antarctic regions. soils havc developcd fu rthcr,

supporlingalgal mats and rnos.'ies; aod 00 I�Jeph�lnt

Istand, grass, lhe bcginningo[ a vascular planlland

flora. 'Ibese soils also support a more divcrsc soil

fauna (e.g. rolifers and lardigrades). IIe1ee lhe

soilsofthe Antarctic region su�est how a soil fauna

could develop.

Precambrian terrestríal microbial life dates hack

lo ROO.12fKI million years (1lorodyski and Knaulh.

1'I9�). 'Ibe lerreslria¡ proto7.0a living in lhe lop

several cm of cxposetl soils of the Antarctic Dry

Yalleys and Signy Island fellfields lend sUppOrllo

Swan's (1992) hypolhesis lhal a soil fauna precc.

ded lhe land llora; organic maller blown [rom thc

sea onto (he laml. colonizcd hy bacteria and latcr

hy fauna. providing a favorable environmcnt rm

Jam.1 plants to evolve. Additional studics of

protozoa in extrcme cnvironments, such as Smilh\

(1996) descriplion o[ physiologieal attribules 01

four Antarctic microflagcJlates. can providc in-;ighls

into lhe biology of lhe firsl soil fauna. and perhaps

to the origin of the firsl organisms. Thcse

implications cao extend to the nature of life on

olher plancts.
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