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SUMMARY

A comparative analysis of the morphology and the morphogenesis of the kahliellid Parakahliella macrostoma nov. comb. and the
oxytrichid Histriculus muscorum was performed. The morphogenesis of P. macrostoma reveals the following peculiarities : a) The
primordium III originates from the third anteriormost cirrus of the short frontal row, sugggesting a homology with the cirrus I11/2 of
the oxytrichids. b) The cirri of the primordium IV migrate in a posteriad direction, forming the left fronto-ventral row of non-dividers.
The conformities in pattern formation imply a rather close lineage of the Kahliellidae and Oxytrichidae. ¢) Each two right and left somatic
(“marginal”) cirral rows are developed and fragments of the parental dorsal kineties 4 and 5 are conserved as “new kinety 4”. The
homonomy of the dorsal kineties and marginal rows is proposed. Morphogenesis of H. muscorum is similar to that of Stylonychia and
Oxytricha. The phenetic resemblance of 4 alpine populations of H. muscorum is assessed on the basis of 29 characters, by means of both
a multiple comparison procedure and the coefficient of racial likeness. Both methods give a good reflection of the geographical distances
of their sample sites. However, at present it is impossible to decide if the differences observed are due only to effects of the environment
upon the phenotype or if they are determined genetically. The analysis of correlation yields only a few significant associations, suggesting
a rather great taxonomic value of the selected characters. A comparative consideration of the morphogenetic processes in some species
formerly assigned to Kahliella and Paraurostyla suggests the establishment of two new kahliellid genera. Parakahliella nov. gen. is
characterized by the presence of caudal cirri and more than one right and one left selfreplicating somatic (“marginal”) rows. Because of
the conspicuous resemblance of Parakahliella macrostoma and Paraurostyla terricola the later species is also transferred into the new genus :
Parakahliella terricola (BuitkaMP, 1977) nov. comb. The evolved frontal ciliature and the high dominance of the somatic cortical pattern
in Kahliella marina FOISSNER et al., 1982 justify the establishment of a further, presumably ancestral kahliellid genus, Pseudokahliella nov.
gen. The first character separates it from Parastrongylidium and the second from the other related genera.

Key-words : Hypotrichs, Parakahliella, Pseudokahliella, Histriculus, morphogenesis, biometric analysis.

RESUME

Cette étude est une analyse comparative de la morphologie et de la morphogenése du Cilié kahliellidé Parakahliella macrostoma
nov. comb. et du Cilié oxytrichidé Histriculus muscorum. La morphogenése de P. macrostoma présente les particularités suivantes : a) le
primordium III provient du troisi¢éme cirre (ceux-ci étant numérotés d’avant en arriére) de la rangée frontale courte; ceci indique une
homologie avec le cirre III/2 des oxytrichidés. b) Les cirres issus du primordium IV tournent vers l'arriére, engendrant la rangée
fronto-ventrale gauche des individus quiescents. Ces similitudes dans la formation de I'infraciliature indiquent une proche parenté entre
Kahliellidae et Oxytrichidae. c) Les deux rangées, droites et gauches (« marginales ») se reforment, tandis que des fragments des rangées
parentales dorsales 4 et 5 sont conservées, constituant les rangées 4 des deux tomites. Nous considérons les rangées dorsales et marginales
comme homonomes. La morphogenese de H. muscorum ressemble a celle de Stylonychia et d’Oxytricha. La ressemblance phénétique entre
4 populations alpines de H. muscorum est estimée d’une part par application d’une technique non paramétrique de comparaisons multiples
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et d’autre part 4 l'aide de ressemblance raciale sur la base de 29 caractéres. Les deux méthodes rendent bien compte des distances
géographiques de leurs provenances. Il reste cependant actuellement impossible de déterminer si les différences observées sont liées a
I'influence de I'environnement sur le phénotype, ou attribuables a des facteurs génétiques. Les différents caractéres choisis sont en général
faiblement corrélés a la longueur cellulaire, ce qui permet de penser qu’ils ont une bonne valeur taxinomique. Une analyse comparative
des stades morphogénétiques de quelques espéces, autrefois inclues dans les genres Kahliella et Paraurostyla, nécessite la création de deux
genres nouveaux, proches de Kahliella. Parakahliella nov. gen. est caractérisé par la présence de cirres caudaux et de plusieurs rangées
autonomes droites et gauches (rangées « marginales »). Paraurostyla terricola est transférée dans le nouveau genre Parakahliella
(Parakahliella terricola (BUITKAMP, 1977) nov. comb.) en raison de sa ressemblance avec Parakahliella macrostoma. Par sa ciliature frontale
évoluée et par la prépondérance des processus de type « somatique » dans la morphogenése corticale, Kahliella marina FOISSNER et al., 1982
se révele suffisamment originale pour que cette espéce soit considérée comme appartenant a un genre nouveau, Pseudokahliella nov. gen.,
qui est probablement un Kahliellidae primitif : le premier caractére le sépare du genre Parastrongyliduim et le second des autres genres

apparentés.

Mots-clés : Hypotriches, Parakahliella, Pseudokahliella, Histriculus, morphogenése, analyse biométrique.

I. — INTRODUCTION

Hypotrichs with a uniform cortical pattern are conside-
red to be less evolved than those with a differentiated and
oligomerized pattern (BorrOR and Evans, 1979; CoRLISS,
1979; TuFFrAU, 1979). In recent times several unusual soil
species with an infraciliature between those of lower and
higher hypotrichs have been described (Buitkamp, 1977;
FoIssNER, 1982). However, their positioning in the modern
schemes was arbitrary, since no data were available about
their ontogeny, the most appropriate criterion for homo-
logy of the structures usually used in classification of these
animals (WALLENGREN, 1900; BORROR, 1979; CORLISS,
1979).

Fortunately, we have now been able to study the
morphogenesis of one of these species, and the results
allow a comparison with our own data on the evolved
hypotrich Histriculus muscorum and with those on Ka-
hliella published by Turrrau (1969) and FrLeury and
FRYD-VERSAVEL (1982). ‘

In addition, the present paper describes the first
detailed investigation into the variability of different
populations of a non-euplotine hypotrich (GATEs, 1978).

II. — MATERIAL AND METHODS

Parakahliella macrostoma; 11.8.1982; graded ski trail
(0-2 cm), SchloBalm, alt. 1950 m, Bad Hofgastein, Salz-
burg. For a detailed description see “Taxotop H” in
FoissNer and Peer (1985).

Histriculus muscorum, population 1; 9.6.1978; wod-
land, Guttal, Glocknerarea, alt. 1 900 m, Kirnten. For a
detailed description see “SO 9” in FoissNer (1982).
Population 2; 23.10.1980; see P. macrostoma. Popula-
tion 3; 29.7.1981; alpine pasture (0-5 cm), SchloBalm, alt.
1 964 m, Bad Hofgastein, Salzburg. For detailed descrip-
tion see “Untersuchungsfliche 11” in BERGER et al. (1985).
Population 4; 3.7.1982; see population 3.
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Parakahliella macrostoma and the populations 1, 2, and
3 of H. muscorum were cultivated by the method of
FoissNer (1982). Population 4 was maintained in soil
medium with Colpoda aspera and air-dried yolk added as
the food supply. The protargol method to reveal the
infraciliature is described in FoissNEr (1982).

All measurements were performed with an ocular
micrometer with one unit = 1 pm at a magnification of
1 250 x. Statistical procedures follow methods described in
SNEATH and SokaL (1973), SokaL and RoHLF (1981), and
SacHs (1984). The populations of H. muscorum were
compared by a nonparametric a posteriori testing proce-
dure according to NEMENYI (SAcHs, 1984) : There are k
treatment groups with equal sample sizes n. In this study
k=4 (P11, P2, P3, and P4) and e.g. n = 15 for the
character body length. Rank all (n x k) observations from
smallest to largest when pooled together into a single
sample. In case of ties, compute the average ranks. Sum
the ranks separately for each treatment group and make all
possible absolute differences of these sums. If an observed
difference between two treatments is as great or greater
than a critical value D (Table 180 in SacHs, 1984) then a
real difference exists. The results for 29 traits are illustra-
ted in the right column of Table 2. In order to discern
geographical variation, we added the “number of not
significantly different characters” (NNSDC) for each pair
of populations at 3 significance levels. These values were
converted to percentages with 29 = 100 %, which denotes
“total similarity”. The same data set was used to calculate
the coefficient of racial likeness (C.R.L.). This distance
function was favoured over the taxonomic distance since
it is scale-independent and considers the variances of the
variables (SNEATH and SokAL, 1973; ATCHLEY et al., 1982).
Phenograms were constructed by the unweighted pair-
group method with arithmetic averages (UPGMA ; SNEATH
and SokaL, 1973).

To make plain the changes during morphogenesis,
parental cirri are depicted only by contour, whereas the
new cirri are filled in. Terminology follows WALLENGREN
(1900), KAHL (1932), and BorRrOR (1979). Considering the
suggestion of the reviewer in the summary and the
diagnosis the functional term “somatic ciliature” is used
(BORROR, 1979). In the remaining text the more common
terms “marginal row” and “dorsal kinety” are employed
(KaAHL, 1932).



IIl. — RESULTS

1. Parakahliella macrostoma (FOISSNER, 1982) nov. comb.
(Figs. 1-12, Tables 1, 4).

1.1. Non-dividing specimen (Figs. 1, 2, Table 1).

The in vivo aspect of the alpine population
(140-160 x 50-55 um; n = 2) agrees largely with the type
material (FoissNer, 1982). However, during diastole the
contractile vacuole possesses a posterior as well as an
anterior channel, and the small crystals, which are dumb-
bell-shaped, do not only occur close beneath the pellicule
but also in the remaining cytoplasm. Feeds on Desmidia-
ceae (Cylindrocystis sp.), ciliates, etc. The ciliates were
caught while P. macrostoma is swimming and ingested very
rapidly.

The cortical pattern of this population is very similar to
that of the type material. Nevertheless, we give a characte-
rization, since study of morphogenesis reveals morphoge-
netically recognizable differences in the uniform infracilia-
ture.

Adoral zone of membranelles usually formed like a
question mark, about 1/3 of body length. Paroral mem-
brane shorter than the endoral one. Three hypertrophied
obliquely arranged frontal cirri. Cirri of the buccal and
frontal row slightly enlarged. Left fronto-ventral row in a
line, but clearly separated from the short frontal one,
begins anteriorly at the level of the posterior region of the
adoral zone of membranelles, usually terminates near the
posterior end of the cell. Right fronto-ventral row arises at
the level of the right frontal cirrus, usually terminates more
anteriorly than the left one. Often, additional short rows
occur to the right or to the left of the right fronto-ventral
row. Posterior ends of marginal rows sometimes nearly
confluent. Outer row of right marginal cirri usually longer
than the inner one, often extending onto the dorso-lateral
surface anteriorly. Inner left marginal row J-shaped,
extends from the level of the posterior edge of the buccal
cavity to the cell’s end. Next row usually shorter. The
outer marginal rows are most frequently parental frag-
ments with enlarged distances between the cirri.

1.2. Morphogenesis of cell division (Figs. 3-12, Table 4).

The first morphogenetic event is the formation of an
oral primordium just left of the middle and posterior
region of the left fronto-ventral row (Fig. 3). At the right
anterior part of this area the development of membranelles
has already started. Just anteriorly a small heterogeneous
anarchic field is formed. This and some disorganized cirri
of the middle part of the left fronto-ventral row shape a
ramified primordium (Fig. 4). The second cirrus behind
the right hypertrophied frontal one also commences with
the development of a primordium (Fig. 4, large arrow).
From about this level posteriorly just to the end of the
adoral zone of membranelles some cirri of the right
fronto-ventral row are modified to a streak (Fig. 4, small

arrows). Membranelles of the opisthe’s adoral zone orga-
nize in a posteriad direction. Simultaneously, the prolifera-
tion of new basal bodies occurs at 2 levels in the dorsal
kineties 1, 2, and 3. The nuclear apparatus is unchanged.

The origin of the fronto-ventral primordia of both the
proter and the opisthe is shown in Table 4. Some cirri
behind the anteriormost one of the outer right and the
anteriormost cirri of the inner left marginal row are
modified to the proter’s marginal primordia (Fig. 5). The
middle regions of the same rows are already incorporated
in the primordia of the opisthe. The oral primordium is
not far advanced in the formation of membranelles.

Division continues with the maturation of the primor-
dia (Fig. 6). Both in the proter and in the opisthe 5
fronto-ventral anlagen are recognizable. Occasionally, an
additional small streak occurs to the right or to the left of
streak V (Figs. 4, 5, 6, 9). Presumably it forms those cirri
that appear between or on the right of the ventral rows.
The marginal primordia become longer due to incorpora-
tion of parental cirri. However, none originate within the
inner right and the outer left marginal rows. The macronu-
cleus fragments begin to fuse.

A conspicuous morphogenetic event is the occurrence
of additional streaks within each marginal primordium
(Fig. 7). They form the inner right and the outer left
marginal row respectively. About a quarter of the opisthe’s
adoral zone of membranelles is still unstructured. The
fusion of the macronucleus fragments is aimost completed.

Cortical morphogenesis proceeds with the cirral segre-
gation from the fronto-ventral and marginal primordia
(Fig. 8). The undulating membranes are fused in both filial
products. The right half of the primordium of the adoral
zone is clearly modified to the final number of membranel-
les, while the posterior region of the left one is still
undifferentiated. The anteriormost parental cirrus of the
outer right marginal row and the one in front of the
opisthe’s right marginal primordium are modified to
primordia of dorsal kineties; it is striking that no further
dorsal anlagen can be observed (Fig. 8). Subsequently,
these streaks migrate onto the dorsal surface while conti-
nuing with the proliferation of new basal bodies (Fig. 9).
Caudal cirri develop from the posterior ends of dorsal
kineties 1 and 2. The macronucleus and the micronuclei
begin stretching (Figs. 8, 9).

By the time the segregation of new cirri is finished, the
adoral zone of membranelles of the opisthe has its
definitive shape (Fig. 10). The new cirral rows start the
extension and migration to form the mature cortical
pattern. Some of the new marginal rows are still fragmen-
tary. The parental inner right and outer left marginal
row(s) — they do not produce primordial ! — and short
fragments of the parental ventral rows are still preserved.
The old dorsal kineties 1, 2, and 3 are nearly completely
resorbed, while the kineties 4 and 5 are fully maintained
(Figs. 9, 11). Presumably they form the new kinety 4 of the
opisthe and the proter respectively. Both the cell and the
macronucleus are distinctly dumb-bell-shaped. The divi-
ded micronuclei are still connected by a thin filament
(Fig. 11).
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, 2: Non-dividing specimens. 3-6 : Morphogenetical stages in

— Parakahliella macrostoma after protargol impregnation. 1
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stage. For explanation see text and Table 4. 5 : Middle stage. The small arrow heads

and opisthe. Large arrows,

primordia of the proter
ds, fronto-ventral primordia; large arrow, right

point to the 5 fronto-ventral

left marginal primordia. 6 : Middle stage. Small arrow hea

, LMR 2, left
inner and outer right

; FVRR, right fronto-ventral row; LMR 1

, right marginal primordium; RMRI, RMRO,

fronto-ventral row. Scale mark = 30 um. CC, caudal cirri; FC, left frontal cirrus

marginal rows; Ma, macronucleus fragment; Mi, micronucleus; RMP
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— Parakahliella macrostoma. Morphogenetical stages in ventral (7,
additional fronto-ventral streak. 8 : Late stage. Small arrow, left frontal cirrus of the opisthe; arrow head, inner right marginal row

Figs 7-12.
arrow,

; large

, primordium of the dorsal kinety 5 of the opisthe. 9 : Late stage. Small arrow, dorsal kinety 5 of the proter; anterior and posterior

large arrow, parental dorsal kinety 5 and 4. 10 : Late stage; Small arrow,

row. 11 :

inner right marginal

>

dorsal kinety 5 of the opisthe; large arrow

Late stage. Anterior and posterior arrow, parental dorsal kinety 5 and 4. 12 : Late stage. Arrow, left fronto-ventral row;

arrow head,

>

dorsal kinety S of the opisthe. Scale mark = 30 pm. DP, primordium of dorsal kinety 5 of the proter.



TABLE 1

Biometrical characterization and comparison of 2 populations of Parakahliella macrostoma (1).

Character X SD Ccv Min Max n Test
BOY, wooveereeverrmmnnsnnsssssssssss s 1274 20.12 15.8 98.0 171.0 25 ty =
160ZNE (2) covevvererrrrrsrrrrrsersssssssmsssssssssesssessenmnnsens 106.4 13.27 12.5 86.0 130.0 10 3.035%*
Body, 384 8.88 23.1 27.0 61.0 25 t, =
width 40.3 7.06 17.5 28.0 53.0 10 0.588
No. 74 (4) 1.39 18.7 5.0 10.0 25 D, =
Ma 10.6 1.51 14.2 8.0 13.0 10 180%**
Posterior 13.1 272 20.7 8.0 19.0 25 t, =
Ma, length.... 9.3 1.54 16.6 7.0 120 10 4.198***
Posterior 8.3(4) 1.63 19.5 6.0 12.0 25 D, =
Ma, width 5.4 1.59 29.2 4.0 8.0 10 | 190%**
AZM, 44.5(4) 11.29 25.2 320 76.0 21 D, =
length 40.7 6.57 16.1 27.0 50.0 10 50
No. 50.8 12.61 24.8 40.0 75.0 8 t, =
AM 52.5 6.22 11.9 38.0 61.0 10 0.572
No. 5.0 0.00 0.0 5.0 50 25
DK 5.0 0.00 0.0 5.0 5.0 10
No. 29(4) 0.79 26.7 20 50 25 D, =
LMR 42 (4) 0.42 10.0 4.0 5.0 10 200%**
No. 44(4) 0.87 19.7 4.0 8.0 25 D, =
CRR 41(4) 0.32 11 4,0 5.0 10 65
No. cirri.... 45(4) 1.19 26.6 3.0 8.0 15 |D=
FVRS(3) ...... 43(4) 0.71 163 3.0 5.0 9 24
No. cirri.... 17.3 3.24 18.8 13.0 24,0 15 L=
FVRL....... 220 4.96 25 15.0 30.0 8 2.753*
NO. CITTLccvvvtreeneiesesssessssssessssssssssssssssmsssssssssenes 174(4) 3.46 19.9 13.0 270 2 D, =
FVRR 248 4.25 17.2 18.0 330 10 168***
No. cirri 163 42 257 8.0 250 25 t =
RMRI....... 28 5.25 23.0 18.0 350 10 3.829***
NO. CIITLcvoreeseensrssrsesnse s ssssssssssssesesssssssanss 292 (4) 713 244 13.0 370 24 D, =
RMRO.. 326 450 13.8 250 40,0 10 52
NO. CITThurrvevveeeeeeree s see s sssesesssssesncesessssaees 25.0 6.77 211 14.0 47,0 24 s =
LMRI1 29.5 5.36 18.2 19.0 350 9 1,788
[T ¢ TR 16.5 4.26 25.7 10.0 270 25 =
LMR2 20.6 572 217 13.0 29.0 9 2.255*
(OIS 1 ¢ O 8.7(4) 5.55 63.8 3.0 29.0 23 =
LMR3I o sssve s sssssnsssssssene 153(9) 374 243 7.0 20.0 8 113*
No. cirri 6.7 1.50 222 5.0 8.0 4 D, =
LMRA e sesrssesssssmaesssssseas 5.8(4) 3.40 519 3.0 13.0 8 16
NO. o rseeriseerssss st 3.0 0.00 0.0 3.0 3.0 25
CF s sasss s 3.0 0.00 0.0 3.0 3.0 10
No. 3.0(4) 0.84 217 2.0 50 25 D, =
CB 3.9(4) 1.10 28.2 3.0 6.0 10 75
No. basal body 10.6 1.97 18.6 7.0 13.0 12
pairs in DK4 — — — — -~ 0
No. basal body 14.5 243 16.7 11.0 19.0 12
pairs in DK3 - - - - - 0
No. all 48(4) 0.80 16.5 3.0 7.0 25 D, =
CcC 50 091 189 4.0 6.0 10 70
No. CC 3.0(4) 0.57 18.6 2.0 5.0 25
in DK1 - — - - — 0
No. CC 1.7(4) 0.44 248 1.0 20 25
in DK2 ..... — — — — — 0

(1) All data are based on protargol-impregnated specimens. All measurements in um. Legend : AM, adoral membranelles; AZM,
adoral zone of membranelles; CB, CC, CF, buccal, caudal, and frontal cirri; CRR, cirral rows right to the median; CV, coefficient of
variation in %; DK, dorsal kineties; D, test statistic of the Kolmogorov-Smirnov two-sample test; FVRL, FVRR, FVRS, left, right, and
short fronto-ventral row; LMR1-4, left marginal rows, LMR1 is the inner one; Ma, macronucleus fragment(s); Max, maximum value; Min,
minimum value; n, sample size; RMRI, RMRO, inner and outer right marginal row, SD, standard deviation; t, test statistic of the t-test

%, arithmetic mean; *, 0.05 > P > 0.01; **, 0.01 > P > 0.001; ***, P < 0.001; two-tailed.
(2) Upper line, alpine population; lower line, type material.

(3) Inclusive the right frontal cirrus.
(4) The values of this sample are not normally distributed (Kolmogorov-Smirnov one-sample test for intrinsic hypothesis; o = 0.05;

two-tailed).




Biometrical characterization and comparison of 4 populations of Histriculus muscorum (5)

TABLE 2

Multiple
Comparison (6)
Character b4 SD Ccv Min. Max n P1 P2 P3
Body, length .......cccocceeeenrcmecvneen P1| - 817 4.46 5.5 72.0 88.0 15
P2| 73.6(7) 8.44 11.5 52.0 82.0 15 *
P3| 715 6.24 8.7 61.0 82.0 15 b ns
P4| 649 5.38 8.3 57.0 75.0 15 b * ns
Body, width 42.8 575 134 33.0 50.0 15
40.7 6.28 15.4 26.0 50.0 15 ns
356 424 119 29.0 44.0 15 * ns
327 397 12.1 28.0 420 15 b b ns
No. Ma.. 20 0.00 0.0 2.0 2.0 15
2.0 0.00 0.0 2.0 2.0 15 ns
20 0.00 0.0 2.0 20 15 ns ns
20 0.00 0.0 2.0 20 15 ns ns ns
Anterior Ma, length .......coovvvcerinrrnieencns 17.4 2.07 11.9 14.0 21.0 15
14.2 293 13.6 9.0 17.0 15 hid
13.0(7) 1.51 11.6 11.0 16.0 15 > ns
14.8 1.28 8.6 13.0 17.0 15 X ns X
Anterior Ma, width ....cccooeovecrvcvccccnnen | 10.3(7) 0.82 7.9 9.0 11.0 15
8.8 0.96 109 7.0 11.0 15 ns
7.1(7) 0.72 10.1 6.0 85 15 > **
7.2(7) 0.53 73 6.5 8.0 15 b > ns
Ma, distance between........cccrmermrrerennne 9.3(7) 3.18 34.0 2.0 13.0 15
7.8 1.89 24.1 5.0 120 15 ns
7.6 373 489 3.0 15.0 15 ns ns
59 2.12 35.7 2.0 10.0 15 > ns ns
Posterior Ma, length.......cocccemrmrrcnennne 17.1(7) 2.19 12.8 14.0 21.0 15
15.1 2.19 14.5 9.0 18.0 15 ns
14.1 2.16 15.3 11.0 19.0 15 b ns
15.2 3.09 204 115 20.0 1§ X ns ns
Posterior Ma, width .....cccoooevrvervinerrnnnne 10.2 0.92 9.0 9.0 12.0 15
8.2(7) 1.03 12.5 7.0 10.0 15 *
72(7) 0.65 9.0 6.0 8.0 15 ** ns
6.7(7) 0.86 12.8 5.0 8.0 15 b * ns
Anterior Mi, greatest diameter.............. 24 0.38 15.6 2.0 3.0 6
21(N 0.20 9.8 2.0 2.5 6 ns
21 (7 0.20 9.8 2.0 25 6 ns ns
23(7) 0.27 12.2 2.0 2.5 6 ns ns ns
Posterior Mi, greatest diameter ............ 22(0) 0.26 11.9 2.0 2.5 6
2.2(7) 0.26 11.9 2.0 25 6 ns
2.1(7) 0.20 9.8 2.0 2.5 6 ns ns
2.2(7) 0.26 11.9 2.0 2.5 6 ns ns ns
AZM, length ...coooovveccrmrconerevecrceren | 3111 2.55 8.2 27.0 37.0 15
29.4(7) 217 9.4 22,0 33.0 15 ns
28.1 2.00 7.1 24.0 31.0 15 * ns
27.5 1.88 6.9 25.0 32.0 15 ** * ns
No. AM ... 31.0 2.29 74 26.0 34.0 9
31.2 1.39 4.5 29.0 33.0 9 ns
30.1 3.18 10.6 24.0 34.0 9 ns ns
29.2 1.72 59 27.0 320 9 ns ns ns
No. cirri right MR ..o | 207 2.10 10.2 17.0 24.0 12
18.8(7) 1.06 5.6 17.0 21.0 12 X
18.4 (7) 1.51 8.2 16.0 220 12 b ns
19.0 (7) 1.04 55 17.0 21.0 12 ns ns ns
No. cirri left MR 19.0 1.10 5.8 17.0 21.0 11
17.5 1.57 9.0 15.0 20.0 11 ns
169 (7) 0.94 5.6 15.0 18.0 11 * ns
159(7) 1.64 10.3 12.0 18.0 11 b ns ns
No. frontal Cirri .....ocoeceevveeeereiinresiesernnns 3.0 0.00 0.0 3.0 3.0 15
3.0 0.00 0.0 3.0 3.0 15 ns
3.0 0.00 0.0 3.0 3.0 15 ns ns
3.0 0.00 0.0 3.0 3.0 15 ns ns ns
No. buccal Cirfic.ovceceerrerrecriiesserceirerenen 1.0 0.00 0.0 1.0 1.0 15
1.0 0.00 0.0 1.0 1.0 15 ns
1.0 0.00 0.0 1.0 1.0 15 ns ns
1.0 0.00 0.0 1.0 1.0 15 ns ns ns




TABLE 2 (continued)

Biometrical characterization and comparison of 4 populations of Histriculus muscorum (5)

Multiple
Comparison (6)
Character X SD Cv Min. Max. n P! P2 P3
No. cirri beside AZM ....coovvecnvrreeae P1 4.0 0.00 0.0 4.0 4.0 15
P2 4.0 0.00 0.0 40 4.0 15 ns
P3 4.0 0.00 0.0 4.0 4.0 15 ns ns
P4 4.0 0.00 0.0 4.0 4.0 15 ns ns ns
No. postoral ventral Ciffi.....cooc.cccereeerrnn. 5.1(7) 0.32 6.2 5.0 6.0 10
5.0(7) 0.00 0.0 5.0 5.0 10 ns
48(7) 0.42 8.8 4.0 5.0 10 ns ns
5.0(7) 0.00 0.0 5.0 5.0 10 ns ns ns
NO. transverse Cirfi......cmermriseerenninns 4.0(7) 0.41 10.2 3.0 5.0 13
39(7) 0.28 7.1 3.0 4.0 13 ns
39(7) 0.28 7.1 3.0 4.0 13 ns ns
42(7) 0.38 9.0 4.0 5.0 13 ns ns ns
No. caudal Ciffi..coconecrrrmerrrnrsnienrins 3.0 0.00 0.0 3.0 3.0 14
3.0 0.00 0.0 3.0 3.0 14 ns
3.0 0.00 0.0 3.0 3.0 14 ns ns
3.0 0.00 0.0 3.0 3.0 14 ns ns ns
No. DK......... 6.0 0.00 0.0 6.0 6.0 12
6.0 0.00 0.0 6.0 6.0 12 ns
6.0 0.00 0.0 6.0 6.0 12 ns ns
6.0 0.00 0.0 6.0 6.0 12 ns ns ns
No. basal body pairs DK1......cccccovvune. 24.0 2.83 11.8 18.0 28.0 10
20.8 2.15 10.3 17.0 24.0 10 X
19.4 1.58 8.1 16.0 21.0 10 ** ns
21.2 1.14 5.4 19.0 23.0 10 ns ns ns
No. basal body pairs DK2 234 1.51 6.4 22,0 26.0 8
19.6 (7) 0.74 3.8 19.0 21.0 8 >
19.4 2.00 10.3 17.0 23.0 8 ¥ ns
20.3 1.39 6.9 19.0 22.0 8 * ns ns
No. basal body pairs DK3.......ccconmeunne 16.6 141 8.5 14.0 19.0 8
13.1 1.73 13.2 1.0 16.0 8 hid
14.9 1.64 11.0 13.0 18.0 8 ns ns
15.5(7) 1.20 7.7 13.0 17.0 8 ns X ns
No. basal body pairs DK4..........ccccc. 16.3 1.73 10.6 13.0 19.0 9
14.2(7) 1.09 (NI 12.0 15.0 9 X
12.8 (7) 3.49 213 7.0 17.0 9 * ns
14.1 1.90 13.5 12.0 17.0 9 X ns ns
No. basal body pairs DKS5.......cccocue. 10.8 1.99 184 7.0 14.0 10
8.9(7) 1.10 12.4 8.0 11.0 10 ns
8.2 0.79 9.6 7.0 9.0 10 * ns
1.7 1.70 221 6.0 10.0 10 hid ns ns
No. basal body pairs DK6..........ccccoeuu.c.. 4.5 1.51 332 2.0 7.0 13
3.7(7) 0.63 17.1 3.0 5.0 13 ns
4.0(7) 0.71 17.7 3.0 5.0 13 ns ns
44(7) 0.77 17.5 3.0 5.0 13 ns ns ns
Body, width/body, length (8) .... 524 6.32 12.1 39.5 59.8 15
553 6.38 11.5 46.2 69.9 15 ns
50.0 6.46 12.8 42.7 67.5 15 ns X
50.4 4.87 9.7 440 62.5 15 ns ns ns
AZM, length/body, length (8)................ 38.0(7) 2.60 6.7 35.0 46.2 15
40.1 2.50 6.3 36.2 45.5 15 X
39.5 2.85 7.2 357 44.2 15 ns ns
42.1 2.82 6.7 38.0 474 15 > ns X

(5) All data are based on protargol-impregnated specimens. All measurements in um. Legend: AM, adoral membranelles; AZM,
adoral zone of membranelles; CV, coefficient of variation in %; DK, dorsal kinety(ies); Ma, macronucleus fragment (s); Max, maximum
value; Mi, micronucleus; Min, minimum value; MR, marginal row; n, sample size; P1, P2, P3, P4, population 1-4; SD, standard deviation;
X, arithmetic mean.

(6) See materials and methods. ns, P > 0.1; x, 0.1 = P > 0.05; *, 0.05 = P > 0.01; ** P < 0.01; two-tailed.

(7) The values of this sample are not normally distributed. Tested with the Kolmogorov-Smirnov one-sample test for intrinsic
hypothesis (o = 0.05; two-tailed).

(8) The values are given in %.



TABLE 3

Spearman’s coefficient of rank correlation of 17 selected
pairs of biometric characters of 4 populations of Histricu-
lus muscorum (9).

Character | py 1| py |n| P3 |n| P4 |n

Pair
| A 0.627 |10| 0.385 |10} 0437 [10] 0.738* |10
L-MCL ......| 0372 |10] 0.552 |10| 0311 (10| 0462 |10
L-MCR ... 0.307 |10{ 0.563 |10 0.044 [10| 0.762* |10
LDK1 ... 0059 |10| 0354 [10|-0.152 |10 0.629 {10
LDK2 ... 0.038 |10 0.349 |10 —-0.714* | 8| 0.549 |10

L-DK3 0000 | 9 0349 (10| -0.509 | 8| -0.209 |10
L-DK 4 0262 |10 0323 (10| -0.585 | 9| 0477 |10
L-DK 5 0.284 |10 0283 (10| —0.282 |10| -0.580 |10

L-DK6 ... 0370 (10 -0.051 (10| —0.031 |10| 0.624 |10
MCR-DK5...| 0.899** 7| 0249 [10|-0.011 |10 0256 |10
MCR-DK6...] 0203 | 8 0212 {10 0457 |10| 0369 |10
DK3-DK4.| 0251 | 9| 0056 (10| 0358 | 8| 0072 {9
MCR-MCL...| 0567 (10| 0374 (10| 0.763* (10| 0.502 {10
0577 |10| 0491 { 8 0.194 10| 0.707* |10
0.608 (10| 0.677* |10| 0.749* |10| 0.585 |10
0.892**(10| 0325 | 8| 0.672*|10| 0574 |10
L-AMa ... -0.202 (10| 0.752* |10| 0295 {10 0.194 |10

(9) Legend : AM, number of adoral membranelles; AMa,
AZM, length of the anterior macronucleus fragment and of the
adoral zone of membranelles respectively; DK 1 - DK 6, number
of basal body pairs in dorsal kinety 1 - 6; L, body length; MCL,
MCR, number of left and right marginal cirri respectively; n,
sample size; P 1, P2, P 3, P4, population 1 - 4; W, body width;
*,0.05 > P > 0.01; **, P < 0.01 (two-tailed; SAcHS, 1984).

The last conspicuous process is the migration of the left
fronto-ventral row to its definitive site behind the short
frontal row of primordium III (Figs. 1, 12). In both filial
products the streak of the undulating membranes begins to
separate. A cytopharynx is not recognizable either in the
proter or in the opisthe. Both possess 2 new right and 2
new left marginal rows. Occasionally, additional short new
marginal rows can be observed. Most of the parental left
marginal infraciliature is resorbed, but a variable fraction
is preserved in the post-division specimens. The division
of the macronucleus fragments and the mitosis of the
micronuclei is still going on.

2. Histriculus muscorum (KAHL, 1932)
(Figs. 13-35, Tables 2-5).

2.1. Non-dividing specimen (Figs. 13, 14, Tables 2, 3).

Since there is a detailed description of the non-dividing
pattern available (FoissNER, 1982), we treat only the
morphological variability. Six of 29 characters analyzed
proved to be constant within and among populations
(Table 2). At the o = 0.05 significance level the multiple
comparison procedure indicates that 7 attributes — num-
ber of adoral membranelles, postoral ventral cirri, etc. —
are not significantly different between populations. In
nearly all of the remaining 16 characters listed in Table 2

the arithmetic mean is distinctly higher in population 1.
Hence, the tests reveal that most of the significant
differences are between this population and the other
ones. For o = 0.1, 0.05, and 0.01 the phenograms of the
NNSDC method show that population 1 is different from
the cluster P2, P3, and P4 in 27%, 22%, and 18%
respectively (Fig. 35 a-c). The UPGMA cluster analysis of
the coefficient of racial likeness yields a phenogram
similar to that given by the previous method (Fig. 35 d).
The results of the analysis of correlation are presented in
Table 3.

2.2. Morphogenesis of cell division (Figs. 15-34, Tables 4, 5).

Because of the pronounced resemblance to related
species (see FoisSNER and ADAM, 1983 a; WIRNSBERGER et
al., 1985 a), we describe only important and deviating
observations.

The stomatogenesis commences just left of the trans-
verse cirrus III/1 and the proliferation of basal bodies
yields a long and narrow oral primordium which subse-
quently enlarges and differentiates to adoral membranelles
in a posteriad direction. The cytopharynx of the proter is
reorganized (Figs. 15-28).

The origin and the order of the development of the 6
fronto-ventral-transverse primordia of both filial products
are presented in Table 4 and Figures 18-22. About 88 % of
the specimens analyzed biometrically (n = 52) possess 4
transverse cirri (6% with 5 and 6% with 3). The high
dominant set of 17 cirri, of course without marginal and
caudal ones, arises within the streaks as shown in Table 5
and their conspicuous migrations are illustrated in Figu-
res 13, 25-33.

The formation of the new marginal and dorsal rows
proceeds as in Stylonychia vorax and S. pustulata (WIRNs-
BERGER et al., 1985 a). However, the right marginal primor-
dium of the proter originates from the second anteriormost
cirrus (Figs. 21-34).

IV. — DISCUSSION

1. Intra- and interpopulation variation of Parakahliella
macrostoma and Histriculus muscorum

Morphometrical investigations of the alpine population
and the type material of P. macrostoma shows that only 2
of 21 characters, the number of dorsal kineties and
hypertrophied frontal cirri, do not vary within or among
populations (Table 1; FoissNer, 1982). Additionally, in
H. muscorum the macronucleus fragments, buccal cirri,
cirri beside the adoral zone of membranelles, and caudal
cirri are constant (Table 2). This agrees with the results of
FoissNer (1982), who emphasizes the conspicuously low
variability — and hence the applicability at the species
level — of the feature “number of dorsal kineties”.
However, BorrOR and WickLow (1983) avoid the em-
ployment of this character for species distinction within
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FiGs. 13-21. — Morphology and morphogenesis of Histriculus muscorum after protargol impregnation. 13, 14 : Non-dividing specimen in

ventral and dorsal view. Designation of primordia and cirri according to WALLENGREN (1900). 15-21 : Early and middle stages of

morphogenesis in ventral view. 15-17 : Origin of the oral primordium (OP). Arrow, transverse cirrus I11/1. 18 : The buccal cirrus 11/2 (arrow)

and the ventral cirrus V/4 (arrow head) are modified to primordia. 19 : The cirri I11/2 (arrow) and 1V/3 (arrow head) also commence with

the modification to primordia. 20 : The postoral cirrus IV/3 (arrow head) starts with the disorganization. Arrow, primordium IIL 21 : Arrow,

primordium VI; arrow head, right marginal primordium of the proter. Scale mark = 20 um. I-V1, fronto-ventral-transverse primordia; 1-6,
dorsal kineties.
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FiGs. 22-28. — Morphogenesis of Histriculus muscorum. 22, 23 : Middle stage in ventral and dorsal view. The dorsal kineties 1, 2, and

Middle stage. Arrow, primordium of dorsal kinety 5. 25 : Late stage. The segregation of new

fronto-ventral-transverse cirri is finished. 26, 27 : Late stage in ventral and dorsal view. Arrow, primordium of dorsal kinety 6; arrow head,

separation of the dorsal primordia 3 and 4. 28 : Late stage. Scale mark =

3 commence with the proliferation. 24 :

20 um. The cirri of a primordium are connected by a dotted line.
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Figs. 29-34. — Morphogenesis of Histriculus muscorum. 29, 30 : Very late stage in ventral and dorsal view. 31-34 : Proter (31, 32) and
opisthe (33, 34) in dorsal and ventral view. Scale mark = 20 um. The cirri of a primordium are connected by a dotted line.

P1 —— P1 P1. P1
D P2 P2 P2 P2
‘—'lEps _—{Ips _'“P:s —Eps
UPGMA psa UPGMA p4a UPGMA pa UPGMA P4
fes =0923 fos = 0825 fcs =0.837 fcg = 0870
0 5 10 0 50 100 " 80 100 40 20 00
NNSDC g0 NNSDC g 05 NNSDC g0 CR.L.
a b c d
35
FiG. 35. — Phenograms of 4 populations (P 1 - P 4) of Histriculus muscorum. a-c : UPGMA clustering of the number of not significantly

different characters (NNSDC) in % obtained by multiple comparison procedures on 29 characters (= 100 %) presented in Table 2.
Significance levels for multiple comparison procedures a = 0.10 (a), @ = 0.05 (b), and o = 0.01 (c). d : UPGMA cluster analysis of the
coefficient of racial likeness (C.R.L.) basing on the data of 29 characters presented in Table 2. rcs, cophenetic correlation coefficient.

the urostylines because they found some variation among
populations. Recently, WIRNSBERGER et al. (1985b) also
reported some intra- and interpopulation variability of this
character in cultured specimens of Paraurostyla weissei.
However, there is the question if and how much the
different and mostly sub-optimal culture conditions in-
fluence the variability of this attribute, which proves to be
very stable in field samples (FoissNer, 1982).
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Other traits of P. macrostoma, — such as length of the
adoral zone of membranelles, body width — show higher
coefficients of variation in the alpine population than in
the lowland one (Table 1). The differences among the
populations, however, are not significant. The remaining
characters are significantly different, but they always
overlap considerably. This supports the assumption of
conspecifity too (Table 1).



Origin of the fronto-ventral-transverse primordia I-VI in the proter (above) and in the opisthe (below) in Parakahliella

TABLE 4

macrostoma and 6 typical oxytrichids (10).

Primordium of the proter
Species
I It I v \ VI
Parakahliella macrostoma(11).......... UM some or 2nd C some C
all BC behind of anterior
RFC part of FVRR
Oxytricha granulifera ............ UM 1172 and 11172 Iv/3 a part a part
part of of OV of O VI
oo
Histriculus muscorum..........cous... UM [1/2 and 1112 1v/3 Iv/3 de novo
part or part of
of O 1I O VorVI
Stylonychia VOrax.........eesssne UM 1172 1112 1v/3 1v/3 1v/3
Stylonychia pustulata.... UM 1172 11172 Iv/3 Iv/3 Iv/3
Urosomoida agiliformis .. UM 1172 11172 1v/3 de novo de novo
Urosomoida agilis (12)............vveree... UM 11/2 12 1v/3 de novo de novo
Primordium of the opisthe
Species
I Il I v \ VI
P. macrostoma (11) ..eevvvvereerieccs, OP and oP op middle posterior
middle part part of part of
of FVRL FVRL FVRR
O. ranulifera...ececeevvcvrversrenn op 04 opP Iv/2 V/4 v/3
H. MUSCOTUIN ..ooooveveerervereeemrreeainssarsssins () opP opP Iv/2 V/4 V/4
NI 77325 GO oP OP OoP 1v/2 V/4 V/4
S. pustulata (0)3 oP opP 1v/2 V/4 V/4
U. GILHOIMIS ...oovvverrvereereerseesssssssesisss oP op oP Iv/2 V/4 v/3
U. agilis ? ? ? ? ? ?

(10) References : BUITKAMP (1975), FoissNER and ADAM (1983 a, b), WIRNSBERGER ef al. (1985 a). Designation of primordia and cirri
according to WALLENGREN (1900); see also Figs. 1-6 and 13-22. Legend : BC, buccal cirri; C, cirrus; FVRL, FVRR, left and right
fronto-ventral row respectively; O, opisthe’s; OP, oral primordium; RFC, right frontal cirrus; UM, undulating membranes of the parental

cell.

(11) The primordia I-III of this species are very probable homologous with these of the oxytrichids. However, we could not decide
which of the primordia IV-VI is “absent” in P. macrostoma. Hence, their designation IV and V is arbitrarily.
(12) The origin was ascertained from the Figures 3 and 4 in Burrkamp (1975).

In contrast to the alpine population of P. macrostoma,
the number of adoral membranelles of H. muscorum shows
low coefficients of variation and insignificant differences
among populations (Table 2). This result implies the
likelihood of high selection pressure, which is said to
stabilize characters (SteBBINS, 1980). LyNN and BERGER
(1972) made similar observations in the scuticociliate
Plagiopyliella pacifica.

Because of its low variability among populations, the
cell width/length index proves to be an excellent attribute
that supports the conspecifity of populations (Table 2).
Recently, BorroOR and WickLow (1983) also recommended
the employment of this index for species identification.

The analysis of 4 alpine populations gives a good
reflection of the geographical distances of their sample
sites (Fig. 35). Both the NNSDC method and the coeffi-
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TABLE 5

Differentiation of new cirri
in 7 typical oxytrichids (13)

Primordium SUM
Species L nfw[w]v]w]|™
Gastrostyla pulchra........ 1 3 3 4 5 5 21
Stylonychia pustulata ....| 1 3 3 3 4 4 18
Oxytricha granulifera....| 1 3 3 3 4 4 18
Urosoma
macrostyla(14) .......| 1 3 3 3 4 4 18
Histriculus muscorum .| 1 2 3 3 4 4 17
Urosomoida agilis(15) .| 1 2 2 2 3 4 14
Urosomoida
agiliformis (14) ......... 1 2 2 2 3 4 14

(13) References : WALLENGREN (1900), Burtkamp (1975),
FoissNER (1983 a), FOISSNER and ADAM (1983 a, b), WIRNSBERGER
et al. (1985 a). Legend : FVT, fronto-ventral-transverse cirri.

(14) The interpretation is different from that of FOISSNER
(1983 a) and FoissNER and ADAM (1983 b).

(15) The numbers were ascertained from the Figures 6 and 7
in Buitkamp (1975).

cient of racial likeness (SNEATH and SokAL, 1973) yield a
high phenetic resemblance among the populations of the
SchloBalm (P 2, P3, and P 4), while population 1, which
was collected at nearly the same altitude but 20 km away,
forms a separated branch in the phenograms (Fig. 35). The
populations 3 and 4 were sampled in 1981 and 1982
respectively at the same site in an alpine pasture. Popula-
tion 2 occurred in the raw soil of a graded ski trail with
a sparse vegetation cover and hence deviating edaphic
factors (FoissNER and PEer, 1985). This habitat is located
about 500 m north of the sample site of population 3 and
4. Of course, we are unable to decide if the observed
morphological differences are only due to effects of the
environment upon the phenotype or if they are already
determined genetically (SokAL, 1965). Within the asexual
testaceans, however, similar differences are now used to
discriminate races (SCHONBORN et al., 1983).

The aim of correlation analysis in H. muscorum was to
obtain an estimate of the association of some variable
characters used in Table 2 to ascertain the phenetic
resemblance of the populations (Table 3). Most attributes
prove to be not significantly correlated with body length,
indicating that they do not comprise redundant informa-
tion. This justifies their use in Table 2. LyNN and BERGER
(1972) found in a scuticociliate that most of the attributes
are independent of somatic length after protargol staining,
but all are significantly correlated when the Chatton-
Lwoff method is used. The results obtained with protar-
gol-impregnated specimens of Stylonychia pustulata, ho-
wever, suggest that at least in firm hypotrichs correlations
remain unchanged (WIRNSBERGER et al., 1985 a).

In H. muscorum and other hypotrichs the anterior parts
of the right marginal primordia differentiate to dorsal
kineties (Fig. 24; Buitkamp, 1975; FoOISSNER and ADAM,
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1983 b; WIRNSBERGER et al., 1985 a, b). Despite this close
relationship the coefficient of correlation is significant
only for the character pair “number of right marginal
cirri/number of units in dorsal kinety 5” of population |
(Table 3).

2. Morphogenesis of Parakahliella macrostoma and Histricu-
lus muscorum.

The cortical morphogenesis of the frontal and somatic
ciliature of P. macrostoma shows 4 remarkable features :
a) The primordium III originates from the third anterior-
most cirrus of the short frontal row (Figs. 4-7). It is evident
from Table 4 that in H. muscorum and some other
oxytrichids streak III arisis from cirrus I11/2 (Figs. 13,
18-21), which has nearly the same position as that of
P. macrostoma. This suggests a homology of these cirri.
b) The migration of the cirri of primordium IV in a
posteriad direction (Fig. 12) to form the left fronto-ventral
row of non-dividers (Fig. 1). Row B; of Kahliella sp.
(FLeury and FryD-VERSAVEL, 1982), but also the anla-
gen IV and especially V of H. muscorum show a similar
displacement. The right frontal row of P. macrostoma and
the rows B¢ of Kahliella sp. and the cirri of the anlage VI
of H. muscorum commence uniformly at the level of the
hypertrophied frontal cirri (Figs. 1, 13). These conformities
in the formation of the frontal ciliature imply a close
lineage of the Kahliellidae and Oxytrichidae. ¢) The
formation of each 2 left and right marginal rows and the
preservation of parts of the parental left marginal ciliature
in the filial products. The latter feature explains the high
variability of this character complex (Table 1). This
interesting and apomorphic feature also occurs in species
of Kahliella (HorvATH, 1932; TurrFrAU, 1969; FLEURY and
FrYD-VERSAVEL, 1982) and Engelmanniella (FOISSNER un-
publ.). d) The conservation of the parental dorsal kineties
4 and 5 as new kinety 4. To get the typical infraciliature
of a non-dividing specimen both parental dorsal kineties
have to migrate in a posteriad direction (Figs. 2, 9, 11).
This is the only way we can explain the origin of the
“new” dorsal kinety 4 in both filial products. The arithme-
tic mean of the number of basal body pairs in dorsal
kinety 4 is significantly smaller (P < 0.001; one-sided
t-test) than that of kinety 5. This indicates the resorption
of some few units (Table 1). In many other species — e.g.,
H. muscorum, O. granulifera, and P. weissei — the kinety 4
arises by early fragmentation of the primordium of the
leftmost unshortened row, in the middle stages of division
(Fig. 27; FoissNEr and ADAM, 1983 a; WIRNSBERGER ef al.,
1985 a, b). Thus the proter of P. macrostoma possesses 3
(adoral zone of membranelles, left marginal cirri, dorsal
kinety 5) and the opisthe 2 (left marginal cirri, dorsal
kinety 4) parts of the parental infraciliature. Previously
Euplotes had been the only hypotrich in which fragments
of the old dorsal kineties have been found to be preserved
in post-dividers (FoissNer and Apam, 1983 a). However,
the morphogenesis of the dorsal infraciliature of Euplotes
proceeds very differently from that of Parakahliella
(HeckMANN and FRANKEL, 1968).

Comparative analysis of some typical oxytrichids re-



veals that the origin of the 6 fronto-ventral-transverse
primordia is very similar (Table 4). It is evident that
H. muscorum is in the very close lineage of Stylonychia sp.
Additionally, morphogenesis shows clearly that in H. mus-
corum caudal cirri originate at the posterior ends of the
dorsal kineties 1, 2, and 4 (Figs. 13, 14, 30). Hence, the
rows of left and right marginal cirri are not confluent
posteriorly, as already supposed by FoissNEr (1982).

WALLENGREN (1900) stated that reduction of fronto-
ventral-transverse cirri within the oxytrichids commences
in the anterior part of the cell. This is true for the step
Gastrostyla — Stylonychia or Oxytricha. However, a further
decrease in the line Stylonychia — Histriculus — Uroso-
moida is due to the resorption of the left transverse cirri
(I1/1, I1I/1, 1V/1) and the ventral cirrus V/2 (Fig. 13,
Table 5; Buitkamp, 1975; FoissNER and Apam, 1983 b,
WIRNSBERGER et al., 1985 a).

3. The homonomy of marginal and dorsal rows

Species of Kahliella possess rows the anterior part of
which consists of basal body pairs whereas the posterior
part is formed by cirri (HorvAaTH, 1932). FLEURY and
FRYD-VERSAVEL (1982) observed that the ratio is rather
variable. Parakahliella macrostoma possesses up to 5 cirri
in kinety 1 (Table 1). We found no criterion by which to
decide if such a row must be designated as a marginal row
or as a dorsal kinety with a high number of caudal cirri.
In the oxytrichid line Gastrostyla — Stylonychia, Oxytri-
cha, Histriculus — Tachysoma there also exists the ten-
dency to reduce the cirral contribution to the dorsal rows
(FoIsSNER, 1982; BERGER et al., 1984). The equal develop-
ment by “within proliferation” of marginal and dorsal
rows (BORROR, 1979) and the ultrastructural identity of
both marginal and caudal cirri (JERKA-DzZiADOszZ, 1982) are
further indications that these structures are homonomous.
Thus it is reasonable to summarize marginal rows and
dorsal kineties as somatic infraciliature (BorRrOR, 1979).

4. Comparative morphology of Parakahliella macrostoma
and related species

Parakahliella macrostoma was originally described in
Paraurostyla, which is now considered to be a member of
the Oxytrichidae because of similarities in the morphoge-
netic pattern (BORROR, 1979; FoissNEr, 1982). The most
closely related species is Paraurostyla terricola BUITKAMP,
1977, which must also be transferred into the new genus :
Parakahliella terricola (BuiTkAMP, 1977) nov. comb. Unfor-
tunately, nothing is known about the variability of this soil
hypotrich. Hence a modified t-test was used to compare
the data (SokaL and RoHLF, 1981). The only significant
differences from both populations of P. macrostoma so
found were in body width and number of cirri in the left
fronto-ventral row; there were additional differences from
the type-material in body length, number of adoral
membranelles, and cirri in the right fronto-ventral row.
Our criteria for the discrimination of the type species from
its very similar congener are the mean number of adoral

membranelles (nearly twice as high, and even the mini-
mum value is considerably higher), the less fragmented
fronto-ventral and right marginal rows, and the possession
of small crystals (FoissNEr, 1982).

5. Characterization of two new kahliellid genera

e Parakahliella nov. gen.

Diagnosis : Kahliellidae with caudal cirri and more
than one right and one left somatic (“marginal™) cirral
row. Some parts of the parental left somatic (marginal)
infraciliature are preserved in the post-dividers.

Type-species :  Parakahliella macrostoma (FOISSNER,
1982) nov. comb. (Paraurostyla macrostoma FOISSNER,
1982).

Recently, FoissNer et al. (1982) described another
peculiar lower hypotrich, Kahliella marina, with an evol-
ved frontal ciliature but an apomorph morphogenetic
pattern. A comparison with Kahliella, Parakahliella, Psilo-
tricha, and Parastrongylidium (TurFrAU, 1969; FLEURY and
FrRYD-VERSAVEL, 1982, 1984; FoIssNER, 1983 b) shows that
this character pair justifies the establishment of a new
genus.

o Pseudokahliella nov. gen.

Diagnosis : Kahliellidae with an evolved frontal cilia-
ture and numerous self-replicating somatic (“right margi-
nal”) cirral rows.

Type-species : Pseudokahliella marina (FOISSNER et al.,
1982) nov. comb. (Kahliella marina FoOISSNER et al., 1982).

Both morphological and morphogenetic data demon-
strate Parakahliella and Pseudokahliella to be in the
kahliellid lineage “which includes all genera of the
hypotrich suborder Stichotrichina the species of which
lack transverse cirri and show an untwisted meridional
arrangement of the somatic rows” (TuFFrAU, 1979). Para-
kahliella is easily distinguishable from all other genera of
this family by the character pair “caudal cirri and two or
more left and right marginal rows” (HORVATH, 1932; KAHL,
1932; Coruiss, 1979; FoissNer, 1982, 1983 b).

JErRkA-DziaDosz and Banaczyk (1983) described a
variable number of left marginal rows in clones of Parau-
rostyla weissei crossed in the laboratory. This aberration
could be an argument against the use of the diagnostic
feature “number of marginal rows”. However, the observa-
tions on the morphogenesis and the biometrical analyis
show that this character is very stable in natural popula-
tions (Table 1).

The monotypical genus Pseudokahliella is characterized
unequivocally by a clearly differentiated frontal ciliature
and a high dominance of the somatic cortical pattern. The
former attribute separates it from Parastrongylidium
FLEURY and FrRYD-VERSAVEL, 1984, and the latter one from
other related genera. The plagiotomid morphogenetic
pattern implies an ancestral position within the Kahliell-
idae and hence a close relationship to “non-hypotrichs”.
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