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Further Studies on Morphology,

Infraciliature and Morphogenesis of

Pseudouroleptus caudatus Hemberger, 1985

(Ciliophora, Hypotrichida).

Estudios adiciollales sobre la Morfología, IlIfraciliatura y Morforgéllesis de

Pseudouro/epltts caudaltts He11lberger, 1985 (CiliopllOra, Hypotrichida).

José Luis Olmo y Pilar Calvo*

ABSTRACT

The oxytriehide hYPolrieh, PselldollroleplUs ca/ulalllS Hemberger, 1985 was found in sediment

samplcs from the Guadarrama river (Central Spain). Its morphology, infracilialure, morphogenesis

and reorganization has been slUdied, using observations of living cells and protargol impregnation.

The morphology and morphogenesis of the European popolation are very similar to Ihose of lhe

type popolalion from Peru. 2% methylcelullose induces l� colldalllS tu shed fragmenls or a eapsule

shaped like itself. Its morphogenesis is very similar to thal ofHemiamplrisiel/a larieola, espeeially in

generating a postoral cirrus. A detailed description on the morphology, infraciliature, morphogenesis,

reorganization and ecology are provided.

Key Words: Capsulc shcdding; Ciliphora; Hypotrichida; Morphogencsis; Morphology; Pseudouroleptus

caudatus.

RESUMEN

El hipotrico oxitriquido, PselldollroleplllS ealldalllS Hemberger, 1985, fue encontrado en el sedimento

del río Guadarrama (España). Su morfología, infraciliaeión, morfogénesis y reorganización han

sido estudiada en vivo y utilizando el método del protargol. L, morfología y morfog.:nesis de la

población europea es muy similar a la de la población tipo dell'erú. Un 2% de melilcelulosa induce

en R caut./a/1l5 la formación de una cápsula cnvainantc. Su morfogéncsis es muy similar a la de

Hemiamplrisiel/a le"icola, especialmente en la formación del cirro postoral. Una detallada

descripción de su morfología, infraciliacián, morfogénesis, reorganización y ecología son realizadas.

Palabrds cla"'es: Cápsula cnvainante; Ciliophora; 1 Iypotrichida; Morfogénesis; Morfología;Pseudonw/eptus

caudatus.

Introduclion

The genus Pselldollroleptlls was ereeted by emberger

in 1985. It shows, aceording to Hemberger (1982, 1985),

Eigner and Foissner (1994) and I'etz and Foissner

(1996) Ihe following eharaeteristies : The oral

primordium originales in c10se contaet with the ACR

t
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(Amphisiellid Cirral Row). The ACR eommenees

anlagen formation within-row and originates from the

three righlmost anlagen. Usually, one postperistomial

cirrus is developed from the third anlage from righ!.

One cirrus Idt of the ACR is presen!. NI dorsal kineties

develop intrakinetally. Altransverse cirral row, nearly

as long as the body, parallels the ACR and originales

from a single anlage. Caudal eirri presen!.

The lype speeies is Pseudollroleptlls ealldallls

Hemberger, 1985. Hemberger (1982) also deseribed



6
J. L. Olmo y P. Calvo

I

ils morphogenesis in his dissertalion. The objetive of

our study is a more detailed deseription of its

morphology, infraeilialure and morphogenesis and to

provide newdata about its reorganization and ecology.

Material and methods

Pseudourolepws caudatus was isolatcd from the

sediment of lhe Guadarrama river 4 km far from

Cereedilla (4°3' W, 40°45' N). This site is 1188 m above

sea-leve\.

The spccics \Vas mantaincd in a comercial mineral

water (Fontbella) enriehed with sterile rice grains.

Thc in l'Ú'O studies \\rerc made with a phasc contrast

mieroseope impeding movement using 2%

methy!cellulose. lts morphology and infraeiliature

were visualized by protargol impregnalion (Wilberl,

1975; Foissner 1991) and scanning e!cetron microscopy

(Valbonesi and Luporini 1990).
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Altempts lo estab1ish pure cultures with usual methods

failcd. The biometrieal eharaeterization was based on

30 prolargol impregnated speeimens (Wi1bert, 1975).

Standard deviation and eoeffieient of variation were

calculatcd according lo statistics textbooks.

"

Tcrminology is according to Borror (1972), Corliss

(1979), Foissner (1982), Hemberger (1982), Eigner

& Foissncr (1994) and Petz & Foissncr (1996).

Results

Rcdcscription of the morphology of PJellJollro/eptlls

caudalu.' (Fig. 1 to 7; 13ble 1)

Sizc in vivo aboul 150-270 x 40-70 flm. The main

biornctrical characteristics oC R caudalus are shown

in Table J. Body elongated, with rounded anterior

and tapercd posterior end, flexible, flaltcned dorso

vcntrally and slighlly twisted along main body axis

(Fig.l ,2,7).
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Figs. 1 tu 3. Pseudouroleptus caudatus aHn: (1) and al'ler prolargol imprc�nation (2,3). 1. \.entr.11 "oiew of a t)Opical spccimcn. 2,3.

lnfrdciliature. ventrdl and dorsal "-iew of Ihe spccimens. ACR - amphisidlid cirral row; AZ:"•. adoral lOne of membranclles; IIC 

buccal cirrus. CC - caudal cirri; DK 1.4 • dors.ll kinclies¡ E�I. endoml mcmhrane; FC- frontal cirri; Ll\IR . lel'l mar�inal ru\\"; �Ia •

macronuclus; Mi - micronucleus; PC • postpcristomial cirrus, PM . parural mcmbranc; R...\IR - righl marginal ro\\"; TeR. lcolllo,,"ocrsc

cirml row. Arrow hcad marks cirrus len of ACR. Scale bar dil-ision 10 Jlm.

l
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Figs... to 7. PseudourQleptus caudatus, somalic and oral inrr.u:i1ialure ur morphoslatic ccl1s ancr prolargol imprcgnation (.a,fí.7) and

in scannin� eleclron microscope (5).... S. 7. Venlral cilT.a1 pattero of interphase spc'Cimens: 1,2,3 are frontal cirri; ",5 cirri lell or ACR.

which produce anla�e 3. 6. Anlerior dorsal bod)' portion. 7. Arrowhead marks out un addilional midH�'nlral ro,,". ACR. amphisiellid

cirral ro"; AZM - adoral rone uf mcmbrdnelles; De • buccal cirrus. ce - caudal cirri; cM; endoral mcmhranc; FC; frontal cirri; LR - Icn

marginal I'()\\-; Ma - maeronucli; Mi • micronuclci; PC - poslpcristomial cirrus. pM - parordl membrunc; RR . ri�ht marginal ro,,"; Te

• tranSH.'rsc cirral row. Seale bar division 10 �m.
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Table l. Morphometric data from Pselldollro/eptlls calldatlls.

Character X 1\1 SM SE CV Min Max n

Body, length 217.1 220 27.9 5.1 12.8 160 280 30

Body, widlh 66 65 llA 2.0 17.3 45 90 30

Adoral zone of rncmbrancllcs, length 67.9 65.5 9.0 1.6 13.3 55 85 30

�hcronuclear segment, length 43 45 4.6 0.8 10.8 35 50 30

Macronuclear segment, width 21.8 22 2.3 0.4 10.7 18 25 30

Micronudcus, Icngth 10.2 10 1.1 0.2 10.7 8 12 30

Micronuclcus, width' 7.6 8 1.2 0.2 16.8 6 10 30

Macronuclear scgmcnts, "urober 2 2 O O O 2 2 30

Micronuc1ei, nurober 2,6 2 0.9 0.2 35.8 2 5 30

Adoral rncmbraneJles, "umber 49.3 49.5 5.1 0.9 10.3 40 60 30

Right marginal row, "urober of cirri 59.9 60 4.9 0.9 8.2 48 68 30

Left marginal row, "umber of cirri 52.0 52.5 5.5 1.0 10.6 39 62 30

Frontal cirri, "urober 3 3 O O O 3 3 30

Buccal cini, number 1 1 O O O 1 1 30

Cirri leCt oC the ACR, number 1.2 1 1 2 30

Transverse cirral row. number of cirri 58.3 58 4.8 0.8 8.2 47 68 30

Amphisiellid drral row, number of cirri 51.8 54 5.9 1.0 !lA 40 63 30

Postpcristomial cirrit numbcr 1.2 1 O 2 30

Caudal cirri, "urober 3.4 3 3 4 20

Dorsal kinctics, "urober 4.1 4 4 5 30

Data are hased on protarxol.impregnated specimens. l\Ieasurements in �m. X • arithmetic mean; 1\1 - median; SI) -

standard; del'jalion; SE . standard error oC arithmetic Olean; CV . coefficient oC variation¡ Min. mínimum; l\1ax .

Maximumj n . sample size.

Two ellipsoidal macronuclei left of median. Close to

them 2-5 ovoid micronuclei (Fig.1,3). Contractile

vaeuole near posterior left side of AZM. It is of

channel type and ean be scen i/l vivo. The whole cortex

is full of eolourless, irregularly distributed granules

1-1,3 Ilm diameter. The cytoplasm is usually browo or

grey due to ingested food.

Adoral zane of membranelles extends about ooe third

ofbody length, eomposed of 40-60 membranelles, eaeh

eonsisting of 4 rows oC kioetosomes (Fig. 4,5,7).

Endoral membrane on right side of buccal cavity,

consists of a single row of kinetosomes anchored in

dorsal wall of buecal cavity, continues toward

cytostome. The paroral membrane consists of a

longitudinal series of short (2-6 kinetosomes), oblique

rows !hat are longer io the middle and shorter toward

the anterior and posterior ends of the membrane.

Endoral and paroral membrane usually eross each other

in the anterior half oCthe buceal cavity (Fig. 2, 4).

The somatie ventral ciliature comprises three slightly

enlarged frontal cirri with the right cirros near the

distal eod of the adoral zane of membranelles. (Fig.

2,4,7). One or two cirri oceur right of the ACR in lhe

frontal field. Buceal cirros near anterior end of

uodulating membranes. Close beneath the peristomial

vertex apperars usually one, rarely two, post

peristomial cirri; rarely it is lacking. The amphisiellid

cirral roW (ACR) eommenccs ncar the distal end of

the adoral zane of membranelles and usually

terminates toward the Icft side of the posterior end.

The rightmost ventral row of cirri is in fact a row of

transverse cirri which is longitudinally arraoged and

extends from the aoterior area to the tapered posterior

end (Fig. 2, 7). Sorne impregnated specimcns show

ooe additional short row between the ACR and the

transverse cirral row (Fig. 7). The right margioal row

commenees on the dorsal surface oear the anterior

end of the body (Fig.6); both marginal rows extend to

the posterior end of the cel!. The dorsal cilia are

arranged in four rows, cach consisting of 30-55

dikinetids. 3-4 caudal cirri on posterior end of dorsal

si de (Fig. 3). This species cao perform capsule

shedding when immersed in 2% methylcellulose (Fig.

8,10) (See Discussion).

Occurrence and ecolog)'

Pseudouro/ep/us caudatus is a bcnthonic and

omnivorous species which feeds on bacteria, ciliates

(e.g. Chilodo/lel/a lI/lci/la/a) and diatoms.

It moves slowly through lhe detritus and can form

spherical resting cysts, 50-60 Ilm io diameter. It is

probably a cosmopolitan species as it was origioally

described in soil samples from Pero. This species has

been found in association with ciliate species indicating
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figs. 8 lo 10. Pseudouroleptus caudatus lea".in� the capsule

sheddin�.

B.rnesosaprobic water conditions such as, Paramecium

aurelia, Halteria grandinella and Chilodonella lIncinata.

Divisional morphogcncsis (Fig. 11-23).

lbe nuclear apparatus and the marginal rows divide

in the usual way and thus demand no forther commen!.

Slage 1: (Fig.ll, 18). Slomalogenesis

commences near the middle portion of the ACR. lbe

ACR and the postperistomial eirrus appear

unehanged.

Stage 2: (Fig.12). A field of basal bodies

develops along the Idl edge of the ACR and exlends

to lhe parenlal perislomial vertex. lbe poslpcristomial

eirrus has apparenlly dissolved and ineorporated in

this field. So, two portions can be observed in lhis field:

an anlerior portion whieh includes lhe postperistomial

cirrus ano a long posterior arca.

9

Slage 3: (Fig.13, 19). The oral primordium

splilS: lhe large posterior field differentiates adoral

mcmbranelles at its anterior end, the srnall anterior

portion begins lo form the ophisthe's anlagen 1-3. lbe

buceal eirrus disorganizes to a streak of basal bodies.

Stage 4: (Fig.14, 20). The formation of lhe

opisthe's adoral zone of membranelles proeeeds

posteriorly. The parental undulating membranes

disorganize (proter's anlage 1). lbe streak formed by

lhe buceal eirrus enlongales (proter's anlage 2). lbe

eirrus Icft of the ACR disag¡,'regales and forms a slreak

(proler's anlage 3). The proter's anlage 4 very likely

develops de novo. lbe cirri in the central portion of

the ACR disorganize and form a slreak ofbasal bodies

(proler's and opisthe's anlage 5). lbe righlmost streak

(proter's and opisthe's anlage 6) is eilher generaled

also by disorganized eirri of the ACR or develops de

novo. AII cirral slreaks align and lengthen. Six anlagen

eaeh in the proler and opisthe are reeognizable and

organize in the sarnc rnanner.

Slage 5: (Fig. 15,17,21,23). The formation of

the opisthe's adoral membranelles is almosl eomplele.

Anlage 1 splilS longitudinally lo form the paroral and

endoral membrane as well as lhe first fronlal cirrus.

Anlage 2 develops lhe buceal cirrus and the second

fronlal eirrus. Anlage 3 develops lhe lhird fronlal

cirrus and the cirrus left of lhe ACR. Anlage 4

dcvclops cirri which migrate in t\Vo directions: the

anterior cirri migrate to the right to align with anlage

5; lhe posteriormosl cirrus migra tes posleriad to

become lhe poslperislomial cirrus. Rarely lwo or no

poSlperislomial eirri develop. Anlage 6 migrates in lwo

direelions: the posterior eirri migrate posteriorly lO

bccornc the row of transvcrsc cirri; thc anterior cirri

migrate ameriorly and to lhe left and align wilh anlage

5 and the anterior cirri of anlage 4 to form the ACR.

New dorsal kineties 1-3 develop within lhe old one

(Fig. 16, 22). Kinely 4 is formed by poslerior

fragmentation ofthe new dorsal kinety 3. Usually one,

rarely two, caudal eirri eaeh differentiale al lhe

posterior end of the kineties.

The cirral migration proceeds while cytokinesis

cornmenccs. The postperistornial cirrus rcaches its

final position usually in the post-divider.

Rcorganisation (Fig. 2�, 25).

Physiologieal regeneralion largely resembles the

development of the pro ter. Reorganisers are

distinguishable from dividers by lhe faet thal the
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Figs. 11 (o 17. Morphogcnesis or Pseudouroleptuscaudatus, protargol imprcgnations (,'cnlral "icws, cxccpl Fi�. 16). Fi�. 11.l\'1orphogcnesis

commences "ith a prolireration of basal hodies oear the middle porlion of lhe amphisiellid cirri row. Fig. 12. The oral primordium

elongates and extends over the postperistomial cirrus. Fig. 13. Early dividers showing formalion of cirral anlagen in the opislhe.

Differentation of adoral membranclles commenccs at the anterior end of the oral primordium. Arrow marks disinlegraling buccal

cirrus. Fig 14. l\tiddle divider showing six slreaks, lhe former 1.4 anlagen in the same way both proter and opislhe. Anlagen 5 and 6

deH'lop from the amphisiellid cirral row in both filial ccllsj anlage 6 possibly develops de novo. Fig.15. The amphisiellid cirral row is

huilt by all cirri of anlage 5 and by lhe cirri uf the anterior portian of anlage 6, which mi�ratcs anlcriorly (shurl arrow) to align wilh

musl cirri of anlage 4 (trianglcs). The posterior portion of anlage 6 becomes lhe lransverse cirral row (long arrow). The posterior cirri

f anlage 4 becomcs lhe postpcrislomial cirrus (dOlled arrows). Fig.16. N'ew dorsal kinctics develop wilhin old ones. Fig.17. Cirral

migralion as described in figure 15 proceeds during e)'tokinesis. Numbers 1-6 indieate cirral anlagen. Sealc bar division 25 l.un.
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figuras.18-2J. Pseudouroleptus eaudatur dilisional morpholoJO' afier prolargol impregnalion. Fig.18. Early divider shm,,'inJ: oral

primordium close lo ACR (arrowheads). Fi�. 19. The or.t1 primordium splils in two Iields. Fig.20. The numbers indicate the sh slrcaks

in proter and opisthe. Fig.21. Late dh'ider wilh cirr.tI segregation. Fi¡:::.22. Dorsal \'iew of la le dh'ider ",ith new dorsal kineties and

caudal cirri de\'eloping at the posterior end of (he new dorsal kinelies. Fi�.2J. Late dhider showing migralion of cirri und comencing

cJtokinesis.
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proximal portion of the parental adoral lOne is

reorganised. Six anlagen develop and organise similar

as in the proter of eells in division (Fig. 24, 25). A

complete scqucnce, howcvcr. has nol becn obscrvcd.

Discussion

Pselldollroleptus is one of the genera that were induded

by Eigner & Foissner (1994) and Petz & Foissner

(1996) in the Family Amphisiellidae and recently by

Eigner (1997) in the Family Oxytriehidae ("Neokinetal

3" anlagen and long primary primordia present). The

morphology of European populations of

Pseudouroleptus cauda/us matches the dcscription

given by Hemberger (1985) based on Peruvian

spccimens. Thc only differcnces \Vc can mention are:

(i) Presence of a second cirrus on the left of the CR.

(ii) Hemberger described one or no postperistomial

cirrus, we observed also two such cirri. (iii)

Pseudouroleptus cauda/us can shcd fragrncnts ar cven

show a capsule shedding as it occurs in other ciliate

speeies as BlepharislIla (Gjese, 1973), Slentor (Tartar,

1961) or TelrahYlIlella (Tiedtke, 1976). In Blepharisllla

and Slentor it is no! yet known whieh cell organelles

I

6

Fig.24. Regeneration. Sil anlagen can be obscn'cd.

produce the capsule material. In Tell"llhYlIlella, the

mucocysts were found to produce this substance

(Tiedlke, 1976). In P. Cllllda/lIs the capsule is formed

or produced by the cortical granules, which are very

likely mueocysts.

The morphogenetic proccsses fjts lhe destTiption given

by Hemberger (1982). Curiously, Mártin el al.(1981)

already descrjbed the morphology and morphogenesis

of a specimen idemified by them as Uroleptus sp. that

also match the features given far PselldollroleplUs

calldatus.

The Iitcrature mentions fouT more Pseudourolepllls

species, viz. P. lerresllis (1Iemberger, 1985), P. hlllllicola

(Gcllert, 1956, Hcmbergcr, 1982), P. procems (llerger

& Foissner, 1987) and P. bllitkalllpi (Foissner, 1982,

Bergcr & Foissner, 1987). 1I0wever, morphogenetical

data on these species are laeking and thus their

systematie position remajns doubtful. lf we compare

lhe two genera llemiamphisiella and Pseudouroleptus,

both induded in the family Oxytrichidae, with the two

single specics, Hemiamphisiella terricola and

Pselldouroleptus caudatus, the fundamental diffcrcnce

eonsists in the length of the transversal eirral row: in

;f
I
6

4

•
�

Fi�.25. Lale slale or re�eneralion showin� lhe mi�ralion or

anlagcn 4 and 6 (arro"heads).
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R cauda/us the two nearly body loog ventral rows, while

in ll. lenicola the middlc part of the right most ventral

row is missing. The morphoc':netie origin of this TCR

is, however, the same fOl both speeies (from anlage 6)

as well as for the other anlagen.

An important differenee eoneerns the origin of the

two left dorsal kinelies adjaccnt to the right marginal

row: in R caudalus they are formed hy splitting of one

DK, and thos this speeies has four DK in interphase,

whcreas in JI. ten-ico/a no such proccss occur and only

tbree DK can be observed in morphostatic specimens.
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