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Summary

24 soil dwelling testate amoebae, belonging to 34 populations, are described and biometrically
characterized. An "ideal individual" for each of the investigated species is constructed by means
of the biometric data. Species separation in the N ebela tincta-parvula-bohemica-collaris group is
discussed in detail. In Plagiopyxis declivis, idiosomes of euglyphids occur between the xenosomes
of the shell. The analysis of the coefficients of variation of all species shows the lowest variation
for the length of the shell and the highest values for its aperture. In general, the Testaceafilosa
and shells composed of idiosomes have wider ranges of variation as compared with the Testacea
lobosa and species covered with xenosornes. This indicates that the Testaceafilosa evolve faster or
are evolutionary younger than the Testacealobosa. Pseudodifflugia [aecicularis, Euglypha strigosa
and Difflugia lucida have only 1 central nucleolus, which contrasts with earlier data from literature.
Significant differences between populations of the same species were found and indicate the exist
ence of several geographical races which differ only in their size.

1. Introduction

The testate amoebae hold a prominent position in the energy turnover of the soil
(SCHONBORN 1982; MEISTERFELD 1987; FOISSNER 1988). However, ecological studies
on this group are strongly hindered by taxonomic deficiencies. Characters of the
shell, like size and shape, have been widely used for species identification. This appears
problematical, since size and shape are subject to a high natural variability (HOOGEN

RAAD and DE GROOT 1937; BARTOS 1938; DECLOITRE 1954; STEPANEK and JELINEK
1958; SCHONBORN et al. 1983; OGDEN 1984a). Thus, biometric analysis is indispensable
and has indeed been used by a number of authors (HOOGENRAAD and DE GROOT
1937; DECLOITRE 1954; HEAL 1963; BONNET 1980, 1984; HEDLEY and OGDEN 1973,
1974; HEDLEY et al. 1974; SCHONBORN et al. 1983). There exist, however, innumerable
species descriptions with not or very poor biometric data.

The purpose of this study is to redescribe some common soil testate amoebae by
means of modern techniques, e.g., biometric analysis, scanning electron microscopy
and protargol silver staining, and to compare the results with data from literature.

1) Supported by the Fonds zur Forderung der wissenschaftlichen Forschung, Project No.
P 5889. We thank Ms. KARIN BERNATZKY and Mr. RUDOLF HAMETNER for technical assistance.
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2. Materials and Methods

2.1. Site description and species investigated

Pine forest, "Ziegelwald" near Aigen (Upper Austria); 540 m NN; Litter/raw humus. Species
from 0-5cm soil depth: Euglypharotunda, Trinema enchelys population (P) I, Centropyxis aerophila
var. sphagnicola, C. sylvatica, C. orbicularis.

Pine forest, Oberhaag near Aigen (Upper Austria); 860 m NN; Litter/raw humus. Species
from 0-5 ern soil depth: Euglypha striqoea (PIl), Phryganella acropodia (PIl), Nebela tincta (PIl),
Hyalosphenia subflava (PIl). Species from 3-9 cm soil depth: Trinema complanatum (PIl) ,
Corythion dubium (PIl), Trigonopyxis arcula (PIl), Plagiopyxis declivis (PIl).

Pine forest, "Grunwald" near Aigen (Upper Austria); 1,005 m NN; Litter/raw humus. Species
from 0-5 cm soil depth: Euglypha striqosa (PI), Hyalosphenia subflava (PI), Difflugia lucida,
Assulina seminulum, Nebela tincta (PI).

Meadow, Aigen-Schlagl (Upper Austria); 590 m NN; Brown earth. Species from 0-5 ern soil
depth: Pseudodifflugia fascicularis, Trinema lineare (PIl).

Arable soil, Nii3 (Serbia, Yugoslavia); 190 m NN; Loam. Species from 0-5 cm soil depth:
Trinema lineare (PI).

Alpine pasture, SchloLlalm area near Bad Hofgastein (Central Alps, Salzburg, Austria);
1,965 m NN; Podsolic brown earth. Species from 0-4 cm soil depth: Euglypha cristata, Trinema
enchelys (PIl), Schoenbornia viscicula, Phryganella acropodia (PI), Cyclopyxis eurystoma.

Pine forest, "Haitzing AIm", SchloLlalm area near Bad Hofgastein (Central Alps, Salzburg,
Austria); 1,750m NN; Brown earth. Species from 0-5cm soil depth: Corythion dubium (PI),
Trinema complanatum (PI), T. penardi, Trigonopyxis arcula (PI), Plagiopyxis declivis (PI),
N ebela parvula.

Meadow, 2.5 km south-west of Salzburg city (Austria); 430 m NN; Calcareous typical gley.
Species from 0-2 cm soil depth: Centropyxis elongata, Cryptodifflugia oviformis.

2.2. Light microscopic investigation and biometric
characterization

The testate amoebae were stained either with protargol silver or methylgreen-pyronin (I %
aqueous solution) for a study of their general shell structures and their nuclei, respectively
(ForssNER 1979, 1982, 1983). All drawings were performed at a magnification of X 1,000 (objective
x 100, ocular x 10) with the help of a camera lucida,

For the biometric characterization, the shells were embedded in a saturated tylose solution
(Merck). According to SCHONBORN et al. (1983) the following parameters were computed with an
electronic calculator: arithmetic mean (x), median (M; this value was used to construct the ideal
individual), standard deviation (s), standard error of the mean (s,,), coefficient of variation (V),
extreme values, random numbers (n).

The comparison of two populations of certain species was done with the two sample KOLMO
GOROV-SMIRNOV statistics (SACHS 1984). To compare the populations of T. lineare and T. enchelys
a "pairwise multiple comparison" was applied (GA]}IES and HOWELL 1976). A "weighted mean"
was used to calculate the mean of the coefficients of variation (SACHS 1984).

2.3. Scanning electron microscopy

The specimens were fixed with formol, then cleaned by several transfers through distilled
water, placed on small glass slides which were coated with fresh egg albumen, and air-dried. The
glass slides were mounted on aluminium stubs, furnished with conductive silver, and sputtered
with gold (2 x 5 min). The examinations were done with a Cambridge Stereoscan 250 operating
with 5 k V,

2.4. Designation of characters and identification of species

There is some confusion in literature concerning length and height of testacean shells: The
parameter "length" is often used instead of "height", although the "height" of a species can be
clearly defined by phylogenetic findings (SCHONBORK 1966a, 1983; BONNET 1975). The "length"
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Table 1. Biometric characterization of the investigated testacean species. x = arithmetic mean;
1\1 = median; s = standard deviation ; Sx = standard error of the mean; V = coe fficie nt of variation
(%); Min = Minimum; Max = Maximum; n = number of investigated individuals. All measure-
ments in JIm. *'" 0.01 :2: P > 0.001; * 0.05 :2: P > 0.01; + 0 .1 :2: P > 0.05; ns = not significant

Character n x M s 8x V Min Max Test

C. aerophila var, sphaqnicola

(1) 30 37 .5 36 3.7 0.7 9.9 32 45
(2) 31 59 .9 59 6.1 1.1 10.2 49 75
(3) 31 59 .1 59 5.7 1.0 9.7 49 72
(4) 31 28.6 28 4.9 0.9 17.1 20 44
(5) 30 14.5 16 3.2 0.6 21.8 9 23
(6) 18 6.6 7 0.9 0.2 13.6 5 9

C. elorujatu

(1) 30 27.2 27 1.7 0. 3 6.2 23 32
(2) 30 55.9 56 3.8 0.7 6.7 47 63
(3) 30 33.1 33 2.2 0.4 6.6 29 36
(4) 30 17.3 18 1.4 0.3 8.0 15 20
(5) 19 14.1 14 1.4 0.3 9.8 12 17
(6) 23 4.5 5 0. 7 0.2 15.5 4 6

C. orbicularis

(1) 21 72.4 75 6.6 1.4 9.1 61 80
(2) 21 102.8 103 5 .6 1.2 5.5 93 112
(3) 21 106.4 108 6.3 1.4 9. 1 95 119
(4) 21 44 .8 45 4.9 1.1 11.0 3(; 55
(5) 21 18.3 19 2.3 0.5 12.6 14 23
(6) 21 11.8 13 1.5 0.3 12.6 10 15

C. sylva tica

(1) 15 59.2 59 4.5 1.2 7.6 52 65
(2) 15 91.5 95 9.0 2.3 9.8 69 101
(3) 15 83 .4 85 8.7 2.2 10.2 67 95
(4) 14 38.5 39 4 .3 1.1 11. 1 32 49
(5 ) 14 25.0 25 3.2 0 .8 12.7 20 32
(6) 12 9.7 10 2.0 0.6 20.9 7 13
(7) 6 18.5 18 2.5 1.0 13.2 17 23

C. eurpstoma

(1) 32 38.8 38 3.3 0.6 8.6 30 45
(2) 32 51.7 52 4 .5 0.8 8.7 42 63
(3) 32 24 .8 25 2. 7 0.5 10.8 19 30
(4) 25 4.2 4 0. 7 0.1 17.2 3 5

Di lucida

(1) 30 59.0 59 3.1 0.6 5.3 54 65
(2) 30 29.1 30 2.1 0.4 7.1 24 32
(3) 30 18.2 19 1.1 0.2 6.0 16 20
(4) 30 14.6 15 1.3 0.2 8.7 12 17
(5) 30 9.7 10 1.6 0.3 16.4 7 15

H. sub/lava (PI) 1st line, (PIl) 2nd line

(1) 35 75.4 75 5.0 0.9 6.7 60 85 **
13 67.8 68 5.0 1.4 7.4 55 72

(2) 35 49 .2 49 3.0 0.5 6.1 42 56 *
13 45.8 45 3.3 0.9 7.1 42 53
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Table 1 (continued)

Character n x M s Sj{ V Min Max Test

(3) 34 33.2 33 2.7 0.5 8.0 29 39 ns
12 33.3 33 2.7 0.8 8.1 29 39

(4) 35 14.8 15 2.5 0.4 17.1 13 20

(5) 36 8.1 8 1.1 0.2 13.1 7 10

N. parvula

(1) 32 91.9 95 8.5 1.5 9.3 76 105
(2) 32 68.4 69 6.8 1.2 9.9 55 82
(3) 32 35.8 37 4.7 0.8 13.2 25 50
(4) 32 21.7 22 2.3 0.4 10.6 17 25
(5) 32 13.5 13 2.4 0.4 17.7 10 20

N. tincta (PI) 1st line, (PIl) 2nd line

(1) 20 100.8 101 6.6 1.5 6.6 90 113 *
13 90.1 91 9.4 2.6 10.4 73 104

(2) 20 75.4 76 6.8 1.5 9.1 68 90 ns
13 72.0 73 8.9 2.5 12.4 59 84

(3) 20 37.6 37 3.6 0.8 9.7 32 45 ns
8 38.9 39 3.2 1.1 8.3 33 42

(4) 20 20.9 20 2.7 0.6 12.9 17 27

(5) 20 13.8 14 2.0 0.4 14.4 10 17

(6) 20 35.9 35 6.0 1.3 16.8 25 50

(7) 20 4.9 5 0.6 0.1 12.4 4 6

P. declivis (PI) 1st line, (PIl) 2nd line

(1) 26 44.6 45 3.4 0.7 7.7 40 50 **
17 49.9 49 3.9 1.0 7.8 42 58

(2) 26 71.2 70 3.5 0.7 4.9 62 80 ns

17 73.9 74 5.2 1.3 7.1 65 86

(3) 26 69.9 70 4.1 0.8 5.8 60 77 *
17 74.4 72 6.1 1.5 8.2 65 91

(4) 26 44.7 45 3.8 0.7 8.4 38 53

(5) 26 19.4 20 1.5 0.3 7.6 15 22

T. arcula (PI) Ist line, (PIl) 2nd line

(1) 32 63.5 62 7.0 1.2 11.0 45 75 **
12 54.8 55 6.8 2.0 12.3 40 65

(2) 32 108.9 110 6.9 1.2 6.4 85 120 **
12 85.7 90 11.1 3.2 12.9 69 101

(3) max. 32 27.3 27 3.2 0.6 11.7 20 36

A. seminulum

(1) 15 85.5 85 3.9 1.0 4.6 80 92

(2) 15 59.2 60 2.9 0.8 4.9 55 63

(3) 15 28.8 30 3.9 1.0 13.7 20 35
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Table 1 (con tinued)

Cha racter n x 11 s s - V Min Max Testx

(4) 15 16.7 17 2.2 0.6 13.0 15 21
(5) 15 9.1 9 ),2 0.3 13.5 8 12
Idiosomes,
major axis 15 7.5 8 0.5 0.1 7.1 7 8
Idiosomes,
m inor axis 15 4.9 5 0.4 0.1 7.9 4 5

C. dub ium (P I ) 1st line, (P Il) 2nd line

(1) 32 44 .7 44 7.3 1.3 16.4 30 60 **
19 39.0 39 8.7 2.0 22 .4 26 62

(2) 32 29 .0 28 4.1 0.7 14.3 18 35 **
19 24.6 23 5.3 1.2 21.5 18 41

(3) 32 17. 8 18 2.8 0.5 15.7 12 23 **
16 15.0 14 3,4 0.9 23 .0 8 23

(4) 32 12.6 13 2.3 0.4 18.6 8 18

(5) 32 9. 1 .8 2.4 0.4 26 .0 5 15

C. ovi form is

(1) 31 14. 8 15 ),9 0.3 12.5 12 20
(2) 31 11.6 11 1.5 0.3 12 .9 10 15
(3) 31 3.0 3 0.4 0.1 11.8 2 4

E. cristata

(1) 21 33 .9 34 1.7 0.4 5.0 30 37
(2) 21 10 .6 10 1.3 0.3 12.0 8 13
(3) 21 7.4 8 0.6 0.1 7.9 6 9
(4) 21 8.5 9 0.6 0.1 6.7 8 10
(5) 21 5.1 5 0.2 0.1 3.8 5 6
(6) max .I) 21 8.8 9 2.5 0.5 27.7 5 14
Number of
aper tural pla t es 21 6.0 6 0.0 0.0 0.0 6 6

E . rotunda

(1) 30 40 .5 40 7.6 1.4 18.6 28 57
(2) 30 2Ll 21 4.3 0.8 20.3 13 29
(3) 30 16.0 16 3.2 0.6 20 .0 10 23
(4) 31 7.7 8 1.8 0.3 23.6 5 12
Number of
ape rtural pla tes 30 8.4 8 0.9 0.2 ILl 7 11
Apertural pl a tes,
m ajor axis 30 4. 6 5 0. 7 0.1 16.0 4 6
Apertural pl at es,
minor axis 30 3.3 3 0.6 0.1 18.9 3 5
Idiosomes,
maj or axis 30 4.9 5 1.4 0.3 28.5 3 8
Idiosom es,
m in or axis 30 3.0 3 0.8 0.2 27 .6 2 5
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Table 1 (continued)

Character n x M s Sx V Min Max Test

E. strigosa (PI) 1st line, (PIl) 2nd line

(1) 21 75.9 75 2.2 0.5 2.9 72 80 **
13 66.2 65 6.9 1.9 10.5 55 81

(2) 21 44.3 45 3.0 0.7 6.7 38 51 +
13 46.3 44 7.2 2.0 15.6 39 59

(3) 21 21.2 22 1.3 0.3 5.9 19 23

(4) 21 26.3 27 1.0 0.2 3.8 25 28 ns
8 24.5 24 1.3 0.5 5.3 23 26

(5) 21 14.7 15 1.0 0.2 6.6 13 17

(6) rnax.l] 21 7.5 8 0.8 0.2 10.8 7 10

Number of
apertural plates 21 10.9 11 0.7 0.2 6.4 10 12

P. acropodia (PI) 1st line, (PIl) 2nd line

(1) 32 30.7 30 2.9 0.5 9.3 25 38 **
10 34.0 34 2.5 0.8 7.5 29 37

(2) 32 39.1 39 4.1 0.7 10.4 32 45 ns
10 38.5 39 3.1 1.0 8.0 39 42

(3) 32 18.6 19 3.2 0.6 17.2 13 25

Ps faecicularis

(1) 25 33.4 34 2.3 0.5 6.9 29 38
(2) 25 21.9 23 0.9 0.2 4.2 20 23
(3) 25 8.1 8 0.9 0.2 11.5 8 11

S. viscicula

(1) 25 15.6 15 1.1 0.2 7.4 14 18
(2) 25 11.3 11 0.9 0.2 8.0 10 13

(3) 25 9.0 10 1.2 0.2 13.2 7 11
(4) 25 5.0 5 0.6 0.1 11.7 4 6

T. complanatum (PI) 1st line, (PIl) 2nd line

(1) 32 50.2 50 7.1 1.3 14.1 38 75 **
15 31.8 26 8.5 2.2 26.6 24 48

(2) 32 29.9 30 4.0 0.7 13.3 25 45 **
15 19.3 16 6.5 1.7 34.0 13 29

(3) 32 13.0 13 2.0 0.4 15.2 10 17

(4) 32 10.4 10 1.8 0.3 17.1 8 16

(5) 32 7.0 7 1.5 0.3 20.8 5 10

Depth of shell 32 23.7 25 3.3 0.6 13.8 18 30 **
15 15.0 13 5.3 1.4 35.4 10 33

Idiosomes, 32 6.7 7 1.4 0.2 20.2 3 9

diameter
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Table 1 (continued)

Character n x 1\1 s S j( V :Min ~Iax Tes t

T . enchelp« (PI) 1st lin e, (P Il) 2nd lin e

(1) 22 48.4 49 2.5 0.5 5.2 43 52
12 46 .6 47 3.0 0.9 6.4 41 52

(2) 20 19.9 20 0.5 0.1 2.3 18 20
12 19.6 20 2.1 0.6 10.8 16 23

(3) 21 19.6 20 0.8 0.2 4.1 18 20
11 17.3 17 2.0 0.6 11.3 14 20

(4) 21 8 .8 9 1.1 0.2 12.5 7 11
12 9.2 9 1.3 0.4 13.8 7 11

(5)
6 3.3 3 0.5 0.2 15.5 3 4

(6) 11 3.5 4 0.2 0.1 4.3 3 4
10 3.4 4 0.3 0.1 10 .1 3 4

Grea t
id iosomes, 18 6.4 7 0.8 0.2 11. 9 5 8
dia met er 8 5.8 6 1.1 0.4 18.4 5 8
Small
id iosom es, 18 2.5 3 0.5 0.1 20.6 2 4
diameter

T . lillea;e (PI) 1st line, (PIl) 2nd in e

(1) 25 34 .8 35 2.3 0.5 6.6 30 40
25 34 .4 35 4.6 0.9 13.4 24 41

(2) 25 16.9 18 1.2 0.3 7.2 15 19
25 14.6 15 2.2 0.4 14 .9 8 17

(3) 25 14.3 15 0. 9 0.2 6.3 13 16
25 13.7 14 2.0 0.4 14 .8 8 18

(4) 25 8 .8 9 1.0 0.2 11. 0 8 10
25 7.2 8 1.1 0.2 15.4 5 10

(5) 25 3.3 4 0.7 0.1 20 .9 2 5
25 2.5 3 0.4 0.1 16.5 2 4

' (6) 25 2.8 3 0.4 0. 1 14 .8 2 4
25 2.4 3 0.4 0.1 15.3 2 4

Great
idiosom es, 25 4 .1 4 0.6 0.1 15.2 3 5
d ia meter 25 4 .0 4 0.6 0.1 14.8 3 6

T . penardi

(1) 26 53.2 53 6.2 1.2 11. 7 30 65
(2) 26 30.4 30 3.8 0.7 12.4 16 35
(3) 26 13 .1 13 1.5 0.3 11.5 8 16
(4) 26 10.2 10 1.5 0.3 14.8 5 13
(5) 15 6.9 8 1.1 0.3 15.8 5 8
Dep th of shell 26 25.3 25 3.1 0.6 12.0 15 30
I d iosomes,
diameter 19 7.9 8 0.5 0.1 6.3 6 9

1) E xclusively li ving individuals were measured. The va lues are from the longes t spine of each
ind ivid ual ,
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d
Fig. 1. Gentropy;xis aerophila var. sphaqnicola. (a, b) Ventral and la t er al v iew, scale bar 20 ,um.
(c) SEM.microphotograph, ventro-lateral view, x 960 . (II) Ideal individua l, vent ral and lat eral
view, sca le bar l 0,u m.

of Ne bela spp. is strict ly sp eaking t heir " heigh t " , a nd si m ilarly the "length" of T rinema sp p .
evolutionarily considered is t he ir height. It is impo rta nt to pay attention to t h is, wh en t h e co 
effic ients of variation of different species are compar ed , as h as been done in t h is st udy.

1'0 fa cilitate a compar iso n with the older data, t he traditional designat ions of the sh ell char .
a ct ers have b een maintained in t he t ex t . However , most paramet er s h av e b een given a number,
whi ch clearly defines the character in t he drawing of the ideal indivi dual . I n t h e tables the respec
t ive characters are in most ca ses n a med only by these number s.

The det erminations of the in v est.igut ed species follow the origin a l descr iptions. Varieties etc.
have in most cases not b een r egarded, because in our opinion most of t hem are so poorly d efin ed
that a ny identificat ion is m or e arbitrary tha n sc ientific .

3. Results and Discussion

3.1. Desc ript io n of species

Oentropuxis aerophila va r . sphagnicola DEFLANDRE, 1929 (Figs. 1, 25 a ; Table 1)
Shell ap proxima tely hemi sph er ic, in vent ra l view nearly circular , some individuals

of slightly ellipt ic shape (in t ra nsverse or longitudinal ax is). Oral region slightly
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c
Fig. 2. Centropyxis elonqata. (a, b) Ventral and lateral view, scale bar 20 pm. (c) Ideal individual,
ventral and lat er al view, scale bar 10 pm.

flattened. Aperture sub -te rmina l, transverse oval and invaginated. Ape rtura l region
smoo t h, dorsal region rough by agg lut inated particl es.

Th e coefficients of variation for cha racters (1)-(3) are low, whereas t hose for t he
ap erture show considerable variation. Unfortunate ly , DEFLANDRE (1929) doe s not give
measurements for the aper ture, but the values of LAMINGER (1972) and CHARDEZ
(1979) correspond well with the present data. Our characte rs (1) and (2) agree also
with the measu rements of thes e authors .

"

Centropyxis elonqata (PENARD, 1890)THO;\lAS, 1959 (Figs. 2, 25a, 26 ; Table 1)
Shell in ventral view ellipt ic, elongated , ape rt ure sub-terminal, oval. Api cal reg ion

la terally flattened . Surface covered with irregular xenosomes. Nucleus with a central
nucleolus. .

Our population is qu ite con stant in it s characters and corresponds with the de
scription of PENARD (1890) and THOMAS (1959) (56-75 X25-40 X18-20 pm). Merely
the aperture , which is not circ ular but slightly ovar, differs a little fr om the descrip tion
of THOMAS (1959).

Centropyxis orbicularis DEFLA..."DRE, 1929 (F igs. 3, 25a ; Table 1)
Shell hemispheric, brownish . Aperture in contrast to Plaqiopu xi« callida widely

op en , nearly semicircular . The separat ion between C. orbicularis and P. callida is
diffi cult only in obliqu e view, in which case even P. callida seems to have an open
aperture.

DEFLANDRE (1929) and BONNET and THOMAS (1960) give 100-140 pm for the
diam et er and 70 and 50-95 pm for the depth, respectively. The individuals of our
population are smaller . The coefficients of variation are low with the except ion of
those for the ape rture.

Centropyxis sylvatica (DEFLANDltE, 1929, var.) BONNET and THOMAS, 1955 (Figs. 4,
25a ; Table 1)

Shell very similar to C. aerophila and C. aeroph ila val' . sphaqnicola. Apertural
region , however, separated from the rest of the shell by a perforat ed diaphragm.
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3a

2

1

b

d
F ig. 3. Oentroppeis orbicularis. (a, c) Ventral a n d lat er al view, scale bar 30 Ju n . (b ) Ideal indi vi d ual,
ventral and la t er al v iew, scale bar 30 Jtm. (d ) Li vin g in divi d ual (temporary cyst) in phase con trast .

Again, the dimension of the aper ture varies most ; the other parameters vary
7-10 % r ound about the mean. Th e measurements cor respond with the data of
DEFLANDRE (1929) and BONNET and THOMAS (1960).

Cyclopyxis eurystoma (DEFLANDRE, 1929) DEFLANDRE, 1929 (Fig. 5 ; Table 1)
Shell yellowish - browni sh, hemispheric with a circular , slightly in vaginated

aperture (dist inct ion between O. eurystom(t and Phryganella acropodia!) . As a rule,
aperture in rela tion t o t he diam eter of t he shell greate r tha n in P. acropodia.

Th e diam eter of our population corresponds with t he data given by DEFLANDRE
(1929) and BONNET and THOMAS (1960) (45-66 ,um). The valu es of OGDEN and
HEDLEY (1980) are higher than ours (69-80 ,um). Th e coefficients of variation of
the invest igated parameter s are moderately high (8.6-10.8 %).
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c
Fig. 4. Cel/tropyxis sy luat ica. (a, b ) Ventral a n d la t eral v iew, scale bar 30 /lm. (c) I deal in d ivi dual ,
ventral a n d lat eral view, sc a le bar 20 pm.

Dijjlugia Lucid a PENARD, 1890 (Figs. 6, 26 ; Table 1)

Shell slightly compressed, covered with flat quartz particles. Living individuals
ac cumulate mainly inorganic material round the elliptic aperture (Fig s. 6a, f, g). This
aggregation of particles is probably drawn into t he shell when t he amoebae encysts
and is lost when the cell dies. ScnoNBoRN (1966a) believes that t hey represent stored
reserve xenosomes. R ecently, ScnoNBORN et al. (1987) described food-bundles in
Schoenbornia humicola which look ra ther similar to t he part icle aggregation observed
by us in D. Lucida and P i iaecicularis, We suggest t hat it is a pec uliar kind of apertural
"plug" to av oid desi ccat ion of the cytoplas ma during short periods of dryness. Nucleus
wit h a central nucleolus.

The coeffic ient s of variation of characters (1)-(4) are rather low. OGDEN (1983)
also ment ions a remarkable uniformit y regarding cha racter (1): only 7 of 36 individuals
were not within the range of 70-80 pm. Our values corres pond with t hose of P};NARD
(1890, 1902) and CASHand HOPKINSON (1909). GAUTHIER-LIEVRE and THOMAS (1958)
di stingui sh 3 groups conce rn ing cha racter (1) : (a ) 44-50 pm ; (b) 55-70 pm ; and (c)
83-90 pm. Our population belongs to group (b).

Hyalosphenia sub/lava CASH and HOPKINSON, 1909 (Fig. 7; Table 1)

Shell ovoid, smoot h, yello wish , compressed. Aper ture elliptic with a t hickened
border. Th e apical porus whi ch is descri bed by CASH and HOPKINSON (1909) and
GROSPIETSCH (1965) could no t be found by us and WANNER (1987). Likewise, OGDE.,.,
and H EDLEY (1980) do not ment ion such a structure .

Our biometric data correspond in the main with those of CASH and HOPKINSON
(1909), GROSPIETSCH (1965), BONNET and THOMAS (1960), OGDEN and HEDLEY
(1980) and WANNER (1987). Merely charac te r (3) deviates. However, most of the above
mentioned authors have obviously measured only a few individuals. In WANNER'S
(1987) population the differen ce between minimum and maximum in character (3)
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F ig . 5. Cyclop yxis eur ystoma. (a , b ) Lateral view, shell op en ed, a nd v ent ral v iew, scale bar 20 p,m .
(c) Ideal in divi dual , ve ntral a nd lat eral view, sca le b ar IOli m . (d) SE M-microphotograp h , ve ntral
vi ew, X 1,610.

is more pronounced (V = 23.6) than in ours . The dimensions of the aperture vary
most , the other parameters are rela t ively constant (Table 1). Th ere is a significant
difference between (P I) and (P H) in t he tested parameters (I) and (2). No significa nt
d ifference exis ts in charac te r (3). Previously CASH and H OPKINSON (1909) noted similar
variations bet ween populations from different habitats.

F ig. 6. Difflugia lucida. (a ) Li vin g a spect, broad lateral view, scale bar 20 lim. Ep = Epip ods ;
Cv = Contract ile vacuo les ; N u = Nucleus ; N I = Nucleolus ; E u = Ingest ed E uglypha sp .,
De = D et r it us ; F s = Ingest ed fungal spores ; F v = F ood vacuo les ; X e = Xenosomes. (b) Broa d
lat er al v iew, scale bar 20 li m . (c) Ideal indivi dual , broad lat eral view, scale bar 10 p,m. (d) Narrow
lateral v iew. (e) Ideal individual, vent ral view. (f) SE.M-micr ophotograph of t he accum ulation of
x enosom es around the aper ture, X 2,53 8. (g) SEM-mi cr ophot ograph of t he shell in br oad lateral
view, X 1,1 84.
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Fig. 7. Ilyalosphenia eubflava. (a, b. c) Broad lat era l, na rrow la t er al a nd v entral view, scale bar
25pm. (d) I deal ind iv id ual of t h e (PI ), broad lat eral v iew, sc a le bar 20 I,m. (e) I deal indivi dual ,
v en tral view. (f) SEM- microp hotograph in broad la t era l view, X 1,07 0.

N ebela paroula C ASH and H OPKI NSON, 1909 (F ig. 8 ; Table 1) and Nebela tincta (LEIDY,

1879) AWERINTZEW, 1906 (Figs. 9, 26; Table 1)

Shell pear-shaped, slightly browni sh, compressed, with a small neck and an oval
aperture. Shell wall composed of platelets from Euglypha sp p., Tr inema spp. and
C01'ythion spp. (Fig. 9g), ac cording to the accompanying t est acean fauna (GNEKOW

1981). N . tincta can at present be distinguished from N . parvula only by having two
lateral pores. Nucleus of N. tincta wit h several spherical or ovoid nucleoli.

Most paramet ers in N . parvula va ry ca . 10 % round about the mean. The para
meters of N. tincta show variati ons from 6.6 to 16.7 %. Th e range of variati on of
different characters wit hin t he 2 investigated populati on s is va riable , t oo. Only
paramet er (1) of the (P I) is pretty constant. Concerning t his population, characte r
(6) shows the highest variati on . In t he (PIl), character (2) var ies most. Both popu
lati ons d iffer significantly in t he tested parameter (1). We compared characters (1)
a nd (2) of our populations with t he cor respo nding cha racte rs of t he so-called " typical
population" of HOOGENRAAD and DE G ROO T (1937). Since this population is very
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Fig. 8. Ne bela paruu la . (a ) Broad la t eral vi ew, sca le b ar 30 pm. (b) I deal ind iv idual, b roa d and
nar row la t eral vi ew , scale bar 20llm.

simi la r t o ours , we could find a significant difference only in parameter (1) between
our (PI) and HOOGENRAAD and DE GROOT'S (1937) po pulation (0.01 > P > 0.001 ).

Th e determination within the N. tincta-parvula-bohemica-collaris group is exce ed
ingly difficult. A criterion which is often used t o discriminate these species is the
presence or abse nce of lateral po res. R eferring t o this , a lot of contradicto ry or in
sufficient descriptions ex ist (LEIDY 1879 ; TARANEK 1881 ; CASH a nd HOPKINSON
1909 ; KLITZKE 1913 ; D EFLANDRE 1936 ; J UNG 1942). H owever, H EAL (1963) and
l\IEISTERFELD (pel's. comrn .) cons ider t he presence or absence of pores as an a m biguo us
character, since t hey ca n be hidden by t he shell pla telets. W it h our po pulation, t he
pores always could be seen , despi t e thick shell cove ring. CASH and H OPKINSON (1909)
do not pay a t tent ion t o this cr iter ion, as is evident from t heir genus and spe cies
description. We regard DEFLANDRE (1936), who in vestigated N. parvula by himself,
as the va lid revisor, a nd t here fore N . parvula as strictly without pores.

The species of t he N . ti ncta-paruula-bohemica-collaris group show great variations
in size (HOOGENRAAD a nd DE GROOT 1937 ; HE AL 1963). Bu t in gene ral N . p arvula
and N . tinct a a re smalle r t han N. bohemica and N . collaris. F or N . parvula CASH and
HOPKINSON (1909) give a length of 80 flIn, DEFLANDRE (1936) measures 78-80 tun .
For N . tincta LEIDY (1879) stat es 79-82 pm, CASH and HOPKINSON (1909) 85 to
90 pm (sometimes llO pm and more) OGDEN and HEDLDY (1980) 76-94 pm and
GNEKOW (1981) 85-106 p m (GNEKOW also mentions a smalle r form) . HOOGENRAAD
and DE GROOT (1937) restrict N. tin cta t o the range of 78-97 pm. HEAL (1963)
decides from the mea surement of 1,060 individuals that all she lls with lateral pores
in t he range of 75-95 flm belong to N. tin cta. H e cannot determine individuals
with simila r appe arance bu t larger size. DEFLANDRE (1936), however, descr ibes a
variety major with a length of 90- 120 flm. For N . bohemica TARANEK (1882) gives
a length of 85- 125 pm, KLITZKE (1913) llO us», DEFLANDRE (1936) 100-120 flm.
For N. collaris one can find measurements from 101-231 pID (TARANEK 1882),107 to
184 flm (PENAIW 1902), ll5-130 pm (D EI<'LANDRE 1936), a bout 130 ftm (LEIDY 1879)
and 98-153 flID (OGDEN and H EDLEY 1980).
n·
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These observations suggest that the species complex can be rather well separated
on the basis of size into N. tincta lN: parvula (about 80-110,um) and N. bohemica]
N. collaris (about 100-200,um ; there are only two findings out of this range) . How
ever, intermediate forms exist and will always be problematic. HEAL (1963) notes
that N. collaris sensu stricto can easily be distinguished from t he other species by the
curved aperturallips, and that N. collaris sensu lato also includes N. bohemica. This
was already realized by HOOGENRAAD and DE GROOT (1937). N . tincta and N. parmda
are very similar in shape and size. For their separation we use - as long as no better
cr iterions are known - the pr esen ce or ab sen ce of later al pores. The possibility to
confuse N . tincta with N.jlabellulum, whi ch is indicated by HEAL (1963), is no t given
with our populations.

Plag iopyxis dediv is BONNET and THOMAS, 1955 (Figs. 10,26 ; Tabl e 1)

Shell hemispheric, ventral side covered with flat xenosomes, smooth, dorsal side
covered with rough xenosomes. Anter ior lip of the shell with a sharp, irregular margin,
overhanging; posterior lip projects inside the shell as an elongation of the ventral
side, therefore difficult to recognize. Scanning electron micrographs show that platelets
of other testate amoebae ('l'rinema spp., Corythion spp., Euglypha spp.?) are incorpo
rated on the anterior lip and the ventral side (Fig. 109). Nucleus with several nucleoli.
Separation between P. dedivis and P. minuta mainly by means of the size.

The two investigated populations are fairly constant in their characters. Para
meter (4) shows the high est variation in (PI) (V = 8.4). There is a significant differen ce
between (PI) and (PIl) in the tested chara cters (2) and (3). The values of BONNET
and THOMAS (1955) and THOMAS (1958) go well together with our measurements,
those of SCHONBORN (1964a) are slight ly lower. The obs ervation of foreign idiosomes
between the xenosomes is of spec ial inter est and can be also seen in a scanning elect ron
mi crograph of BONNET (1975 ; F ig. 55). It is unknown, whether they are gained by
pr edation of euglyphids or by collec ting of platelets from the so il, as has been suggest ed
for Schoenbornia humicola (ScnoNBoRN et al. 1987). Th e second po ssibility is more
likely since one can hardly imagine that euglyphids are incorporated through th e
narrow apert ure of Plag iopyxis.

T riyonopyxis arcula (LEIDY, 1879) P ENARD, 1912 (Figs. 11, 26 ; Table 1)

Shell brownish , hemispheri c. Aperture cent ral, clearly invaginated, in ideal case
triangular, bu t often more or less irregular, surrounded by a small ring of organic
cement. CASH and HOPKINSON (1909) also describe great differ en ces in the shape of
t he apert ure (PL. XXII, F igs. 8- 10). Nucleus with some spheri c nucleoli.

Diam eter of (PI) is fairly cons tant , whereas character s (1) and (3) are more variable.
Th e shell measurements of our populations are rather low as compared with the find
ings of other authors (LEIDY 1879 ; BONNET and THOMAS 1900 ; OGDEN and HEDLEY
1980), but correspond with the values of CASH and HOI'KINSON (1909), PENARD
(1902) and HOOGENRAAD and DE GnOOT (1937), who found a size range of 58-132,um

Fig. 9. Nebela tin cta. (a, d) Living a spect in broad la t eral and dorsal v iew, shell open ed, scale bar
40 JIm. (b) Narrow lat eral v iew, scale bar 30 /tm . (c) Sh ell st r ucture, deta ils. (e) Ideal individual of
t he (PI), broad lat eral, narrow la t eral a n d ventra l v iew, scale b ar 30 JIm. (f) SEM-microphot ograph
of a n individual feeding on a T rinema sp., X 1,974. (g) D et a il of the shell str ucture with pl a t elet s
and probabl y spines of E uglypha sp . , X 2,256. (h) L igh t mi croscopic photograph of an encyst ed
in di vi dual. T he a r row marks a p ore.



170 G. LUFTENEGGER et al.

10a b

- 1

c

2

d

I
5

~- - - - 4 -
- 3-----ol

e

Fig. 10. Plagiopyxis declivis. (a, b, d) Ventral view, lateral view and aperture of a tilted shell,
scale bar 25flm. (c, e) Ideal individual of the (PI), lateral and ventral view, scale bar 20/lm.
(f) SElVI-microphotograph, ventral view, X 787. (g) Detail of the apertural lip. Note the circular
platelets! X 2,304. (h) Light microscopic photograph of the shell in lateral view.
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Fig. 11. T rigonopyxis arcula. (a, b) Ventr al and lateral vi ew, shell opened, scale bar 40,u m. (c)
Different for ms of t h e a per t ure. (d ) Ideal ind ividual of th e (P I ), v entral and la teral v iew, scale bar
20 /1m .

(Med ian = 105) when measuring about 1,700 individual s. Th er e are significant
differ en ces between (P I) and (PIl) in t he teste d param eter s (I) and (2).

A ssuiinu seminulum (EHRENBERG, 1848) LEIDY, 1879 (Fig. 12; Table 1)

Young shells yellowish , older ones light to dark brown, composed of oval platelets.
Aperture surrounded by overlapping shell platelets wit h a thin border of org anic
cement , which holds the pla te let s t ogether (OGDEN and HEDLEY 1980). Separation
between A . seminulum. and A. muscomm only by t hei r size, whi ch is in A . seminu ium
about 1,5 Xgreater than in A . muscorum (HOOGENRAAD and DE GROOT 1937).

Shell length and widt h fairly cons tant, greatest ran ge of variat ion in parameter s
(3) and (4). Th e measurements correspond with those of CASH et al. (1915) and OGDEN
and H EDLEY (1980). LEIDY (1879) gives a shell length of 50-83 px», EHRENBERG
(1848) 100-208 (1 ) fl m, indicating t hat he worked with mixed material. Our mean
values are abo ut 6 flm high er t han t hose of the " Wissel"-population of HOOGENRAAD
and DE GROOT (I937), so t heir populat ion is significantl y differ ent (0.01 > P > 0.001 )
from our material in characters (1) and (2).

Corythion dubium TARA-NER, 1881 (F ig. 13 ; Table 1)

Shell ovoid, flattened . Idiosom es oval , irregul arly ar ra nged . Ape rture sub-termina l,
circ ular to oval, in vaginated. Aper tural pl at es wit h a median tooth.

Our measurem ents corres po nd in t he main with t hose of other authors (TARANER
1881, 1882 ; P ENARD 1902 ; BONNET and THmiAs 1960 ; COWLING 1986 ; OGDEN and
HEDLEY 1980). CASH et al. (1915) already menti oned t he great variability of t his
species, which is confirmed by the high coefficient s of var iation of our populations.
The (P Il) shows no V < 20. Both populati ons differ significantly fr om each other in
the tested parameters (I ), (2) and (3).
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F ig. 12. A ssulina seminulum. (a, b, c) Broad lat er al , n arr ow la t er a l and ventral view, scale bar
30 p.m. (d) I deal individ ual, broad la t er al and ventral view, scale b ar 25 p.m. (e) SEM-microphoto
graph, b r oa d la t eral view, X 800.

Oryp todijjlugia ovi jormis P ENARD, 1890 (Fig. 14; Table 1)

Shell ovoid , colorless, with a smooth surface and a rigid shell wall. Aperture cir 
cula r, cent ra l, slightly thickened. Shell cir cular in transver se section .

Our measurements are in accordance wit h the findings of P l<lNARD (1890), THOMAS
(1959), GROSPIETSCH (1964) and SCH()NBORN (1965). All param eters are moderately
variable.

There is some confusion abo ut the genera Dijjlugiella and Cryptodi jjlugia (DE
FLANDRE 1953 ; THOMAS 1959 ; GROSPIETSCH 1964 ; SCHONBORN 1964b, 1965; PAGE
1966 ; HEDLEY et al. 1977). We follow t he clea r argumentat ion of P AGE (1966), who
in cludes in Cryptodijjlugia t hose species with a rigid shell wall .

EuglY1Jh a cristata LEIDY, 1874 (Figs. 15,26 ; Table 1)

Shell elongated, colorless, sligt hly compressed . Aboral region with a bunch of
severa l 5 to 14 fLm long, curved spines. Aperture circular, constantly 6 elongated
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Fig. 13. Cory thion dubium. (a, b) Ventral an d later al view, shell open ed, sca le bar 20 'lill. (c) Ideal
individual of the (PI), ventra l a nd la t er al view, sca le bar 10 !t ill.

b
F ig. 14. Cryp todiff lugia ooiformis. (a; b ) L ateral a n d v entral view , sca le bar 5 !t ill. (e) I deal indi
vidua l, lateral vi ew, scal e bar 5/lm.

apertura l plates, each having one median to oth which is bent inwards, and 3 pairs
of smaller later al teet h. Nu cleus with a small central nu cleolu s.

LEIDY (1879) gives a shell size of 40-72 x I 0-22 ura , the values of CASH et a1.
(1915) , OGDEN and H EDLEY (1980) and OGDEN (1984b) are also in t his range. Our
individuals are smaller (30-37 {JIll), like t hose of P ENARD (1902) and COUTEAUX et al.
(1979). However , the latter authors have measured 2 individual s only . The length of
t he spines shows a grea t variabilit y, t hough it cannot be excluded t hat broken off
spines were also measured. Con cerning the number and structure of the ap ertural
plates, our observations agree with those of COUTEAUX et al. (1979) . LEIDY (1879)
mentions 4-6, OGDEN a nd H EDLEY (1980) 5-7 plat es. The slight lateral comp ression
of the shell, whi ch was found wit h living individuals, contrast s wit h t he description
of LEIDY (1879), but likewise is shown in the scanning electron micrographs of
GROSPIETSCH (1982).
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Fig. 15. Euglypha cristata . (a) Lateral v iew, scale bar 15ttm . (b) Ventral view, scale bar 20 pm.
(c) I dea l indiv idual , broa d a nd narrow la t er al view, scale bar 10 tim.

E1lylypha rotun da WAlLES and P ENARD, 1911 (Figs. 16, 26 ; Table 1)

Shell ovoid, colorless, compressed. Aperture circular (= dist inction bet ween
E . rotunda and E. la evi8!), plate s nearly circular with two narrow rounded ends, one
median to oth which is bent towards the interior of the mouth, and 2 pairs of fairly
str ong lateral t eeth. 2 contractile va cuol es, nucleus with a central nu cleolus.

All paramet ers show a rather great variability, especially the size of the id iosomes
and the diameter of t he aperture. However , our data correspond in t he main with
those of other authors (WAILES and PE:NARD 1911 ; CASH et al. 1915 ; H EDLEY and
OGDEN 1973 ; COWLL.'W 1986). The structure of the apertura l plates agrees with t he
sca nning electron mi crographs of N ETZEL (1972) and the drawings of COUTEAUX
et al. (1979) for E. rotunda va r . rninor, indicat ing t hat our population whi ch corres 
ponds wit h the original descripti on , cannot be separated fr om the variet y by means
of this character .

Euglypha siriqosa (EHRENBERG, 1872) LEIDY, 1878 (Figs. 17, 26; Table 1)

Shell ovoid, elliptic in transverse section. Several fairly stout sp ines, which project
singly or pairwise from the junctions of t he shell pl atelets. Aperture circular , 10 to
12 apertural pla tes. Plates thickened, on t he anter ior end usually broadly rounded ,
wit h one median to oth bent sharply towards the inter ior of t he mouth, and 2- 3 pairs

Fig. 16. Euglypha rotunda. (a) Living aspect, broad la t era l vi ew, scale bar 15 p m . N u = Nucleus;
N l = Nucleolus; Cv = Contractile vacuo les; Gr = Granules; Fv = F ood vacuoles. (b , d) Broad
and narrow lat er al view, sca le bar 10 pm. (c, e) I deal in div idual , broad la t eral a n d ve ntral view,
scale b ar 10 u iu , (f, g) Int erpha se indivi dual and dividi ng ce ll, protargol sil ve r im pregnation. (h )
SEM-micr oph ot ograph, vent ro- la tera l vi ew , X 2,400.
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Fig. 17. Euglypha st riqosa . (a, b , c) Living a spect, broad la t eral view, shell morpho logy , b road
lat er al and vent ra l v iew, scale ba r 30 us»: (d) I dea l individua l of t h e (PI), b roa d an d nar ro w lat eral
vi ew, scal e bar 35 p.m . (e, f ) SEM- microp hot ographs, broa d la t era l a nd v ent ral v iew, X 1,029 a nd
1,485, re sp ectively. (g) Apert ura l plates, detail , X 6,633. (h) Sp ines, detail, X 3,0 69.
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F ig. 18. Phry ganella aeropodia . (a, b) La t er al v iew, shell opened, and v entra l v iew , scale bar
20 ,lm. (c) Ideal indiv idua l of t he (PI), v entral a nd lat eral view , sca le bar 10 pm.

F ig. 19. Pseudodijjlugia [as cicularis , (a, c) Living cell an d struct ur e of t he sh ell a ft er p ro t a r gol
si lve r impregnation , la t eral vi ew , sca le bar IO ,l 111. (b) Ideal in d ividua l , la t eral vi ew , scale b ar
I O/lll ' . (<I) SE~I.microphotograph , la t er a l v iew, X 2, 100.

of lateral teeth, whose size decreases from the center to th e edge (Fig. 17g). N ucleus
with a cent ral nucleolus.

The (PI) is rather constant in it s characters, whereas parameters (1) and (2) of
t he (P Il) vary fa irly strongly , although both populations or iginate from similar habi
t ats . C HARDE Z and L E CLERCQ (1963) also describe interest ing size and shape varia t ion
in E . striqos«, depending on the habitat. There is a sign ificant diff erence between
(PI) and (PIl) in the teste d parameter s (1) and (2) . No significant differen ce resul t s



178 G. L UFTE1I.T"£GGER et al.

e

d3c

b20a

9
Fig. 20. S choenbornia viscicula. (a, b , c) Structure of the she ll in broad la t er al view, partl y after
protargo I silver sta in ing, she ll shape in narrow lateral a n d vent ral view , sca le bar 5 pm. (d , e)
Ideal individ ua l, ventral and broad lateral vi ew, scale bar 7 uru. (f, g) SEMomicrophotographs,
broad lat eral an d vent ral vi ew, X 2,058 and 1,76 4, respectiv ely . The pic tur ed in div iduals originate
from a p op ul at ion fro m the Stubner k ogel (Central Alps, Aust ri a).

from the analysis of cha rac ter (4). The values of H~DLEY et al. (1974), who investigated
a clone (n = 100), and the va riability ascertained by them, cor respond with our
findings. They state, however, a spine length from 2-23 !-tm, which is higher t han in
our (PI). The values of S CHONBORN (1964 b) agree with ours, t hose of C OUTE AU X

et al. (1979) deviate downwards, the length of spines was not measured. Regarding
the apertural plates, there is a great conformity in the structure of the individ uals
investigated by us, CASH et al. (1915), OO UTEAUX et al. (1979) and HEDLEY et al.
(1974).
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Fig. 21. Trinema complanatum . (a, b) Ventral a n d lateral view. shell opened , scale bar 20 /on.
(c) I deal individual of th e (PI), v entral v ie w, scale bar 10,um. (d) SE M-microp h ot ogr a p h , do r sal
v iew, X 2,030. (e) Light mi croscopi c phot ograph of the shell in ve ntral v ie w a fter protargol silver
impregnation. Note the large ce ntral n ucleolus (arrow) of the nucleus.

Phrygunella acropodia (HERTWIG and LESSER, 1874) HOPKINSON, 1909 in CASH and
H OPKINSON, 1909, p. 74 (Fig. 18 ; Table 1)

Shell hemispheric, yellowish-brown , composed of xeno somes. Separation from the
very similar Cyclop yxis eurystoma by means of the non invaginated aper ture.

Th e diam eter of our population corresponds quite well with the data of HERTWIG
and LESSER (1874), CASH and HOPKINSON (1909), BONNET and THOMAS (1960) and
Ocn sx (1984a). The variability of t he parameters (1) and (2) is not very great, whereas
characte r (3) varies cons idera bly (V = 17.2). Both invest igated populations differ
significantly only in the tested parameter (1).
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F ig. 22 . Trinema enchelus , (a . b) Ve ntral and lateral view, shell opened, scale bar 20,um. (c) I deal
in div idual of t he (PIl), ve ntral a n d lateral view, scale b ar 10 uu». (d) Light mi cro sco pic ph ot ogr aph
of t he shell of a n a lpine p opula t ion , ventral view.

P seudodiffiuq io. fascicularis P ENARD, 1902 (Figs. 19, 26 ; Table 1)

Shell pear- shaped, with an inner layer of flattened xenosomes, which are covered
with more or less rough particles. Aperture circular. with an ac cumulation of mainly
inorganic material, which is lost when the cell dies. Th ese particles probably serve the
sa me purpose as t hose of D. Lucida. Nucleus with a small cent ra l nucleolus.

Th e measurements of t he length of different authors are in t he range of 15-71 fJ-m
(PEKARD 1902; DE SAEDELEER 1934 ; BARTOS 1954). The correspo nding cha racter
of our populati on shows rela ti vely little va riability between 29-38 fJ-m.

Schoenbornia oiscicula SCHONBORN, ] 964 (F igs. 20, 26 ; Table I )

Shell slightly compressed , composed of irregul ar fla t platelets with agglutinated
rough xenosomes. Aperture circular, nu cleus with a cent ra l nucleolus.

The measurements of characters (1) and (2) correspond with t he data of ScnON
BORN (1964b), whereas t he slight lateral compression of the shells, which is also
mentioned by WANNER (1987), contrasts wit h the or igina l description. ScnONBoRN
(1964 b) states a mean value of 8.6 fJ-m for t he diam eter of t he aperture, the correspo nd
ing valu e of ou r populat ion is 5 !tm. WANNER (1987) describes an oval aperture, which
shows t he greatest va riabi lity of the investigated paramete rs . Character (3) and (4)
of our population vary most.

T rinema complanatum P ENARD, 1890 (Figs. 21, 25 b, 26 ; Table 1)

Shell ovoid in ventral view, sligh tly com pressed, composed of circular idi osomes
of different size. Aperture ova l, slightly invaginat ed . Nucleus with a cent ral nucleolu s.
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Fig. 2:1. T ri nema li near e. (a , b) V ent ral and lateral view, shell opened , scale b ar 10 p.m. (0, d)
Ideal ind iv idual of the (PI), ventral a nd lat er al v iew, scale b ar IO/un. (e) Shell st r uct ur e a fter
p r ot a rgol silver impr egn at ion . (f) S E M.micr op h ot ogr a p h, la t eral v iew, X 2,722. (g) Aperture,
X 4, 356.

The character "depth of t he shell" of the (PIl) generally shows the highest coeffi
cient of variation of t he characters of all in vestigated species and popula tions (V =
35.4). Both populations differ significantly in t he tested main chara ct ers (1)-(3).
Th e measurements, however, correspond with data from literature (PENARD 1890;
CASH et al, 1915 ; BONNET and THOl\lAS 1960), which reinforces the great variability
of this spec ies.

Tr inema enchelys (EHRENBERG, 1838) LEIDY, 18i 8 (Figs. 22, 25 c ; Table 1)
Shell ellipt ic , oval in transverse sec t ion. Aperture circ ular , invaginated, toothed.

Distinction between T . enchelys and th e very similar T.lineare on ly by their size
(see chapte r 3.2.).
12 Arch. Protist enkd., Bd . 136
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Table 2. Pairwise multiple comparison of 2 populations of Trinema enchelus (PI, P2) and 2 popu
lations of T.lineare (P3, P4). 1st line = shell length; 2nd line = shell width; 3rd line = shell depth ;
4th line = diameter of aperture. ** 0.01 :::::: P > 0.001; * 0.05:::::: P > 0.01; + 0.1 :::::: P > 0.05;
ns = not significant

PI

P2 ns
ns

+
ns

P2 P3

P3 **
+
*
ns

P4 **
**
**
*

**
**
**
ns

** ns
** **
** ns
* *

The (PI) is fairly constant in characters (1)-(3). Only character (4) shows a higher
coefficient of variation. The parameters of the (PII) are more variable. Both popu
lations are significantly different in character (3). LEIDY (1879), AWERINTZEW (1906a)
and CHARDEZ (1956) stress the high variability of this species. Their data as well as
those of EHRENBERG (1838), PENARD (1902), CASH et al. (1915), OGDEN and HEDLEY
(1980) and OGDEN (1984b) agree rather well with ours. The population of DECLOITRE.
(1954) is significantly different from our (PI) and (PII) in character (1) (0.011> P >
0.001) and (2) (0.05 > P> 0.01).

I

I
5
t

4

c
Fig. 24. Trinema penardi. (a, b) Ventral and lateral view, shell opened, scale bar 20·.um. (0) .Idea.I
individual, ventral view, scale bar 10 I,m.
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'fable 3. Anal ysis of the coefficients of variation of d ifferent testacea n groups . 1s t line = Testaceal o-
bosa; 2nd line = Testaceafilosa ; 3rd lin e = shells composed of xe nosomes; 4th line = she lls co mposed
of id iosomes. The evalua t ion also in cludes some da t a of H OOGENRAAD and DE GROOT (1937) , DE -
CLOITltE (1954 ) and SCHO;';BORN (1965). Only p hylogenet ically ho mo logous cha racters are pooled an d
evaluated

Character W eight ed ~Iin of Max of Number of Number of Number of
(see Figures) x of V V V species popula ti on s individual s

(1) Length 7.1 4.2 12.3 11 16 491
11.5 2.9 26 .6 11 19 443

8.3 5 .3 12.8 11 14 33 7
12 .1 2.9 26.6 9 17 393

(2) Wi dth 4.5 4.9 13.1 11 16 492
13.4 2.3 45.2 11 19 441

7.7 4 .2 13 .0 11 14 338
14.3 2.3 45.2 9 17 391

(3) D ep th 8.3 5.8 13.2 11 15 352
12.6 3.8 35 .4 11 16 348

8.1 4.2 13 .2 11 14 338
13.3 3.8 35.4 9 14 298

(4) Ap er ture, 11.7 8.0 17.1 11 11 303
major 13.5 3.8 18.6 11 13 311
axis 11.7 8.0 17.2 9 11 298

13.8 3.8 18.6 9 11 261

(5) Aper t u re 14.9 9.8 21.8 9 9 234
minor 14.7 3.8 26 .0 11 13 311
axis 14.4 9.8 21.8 9 9 228

15.3 3.8 26.0 9 11 261

Trinema lineare PENARD, 1890 (Figs. 23, 25 c, 26; Table 1)

Shell elliptic, oval in transver se section . Shell platelets hardly seen in vivo, but
distinct after silver-staining (Fig. 23 e). Aper ture circ ular , in vaginated, toothed.
Individu als with an evaginated apert ure , as described by l\hnSTERFELD (1979), have
never been observed. Nucleus with a cent ral nu cleolu s.

All characters of t he (P II) , with t he except ion of param eter (6) and the size of
the idiosomes, vary more than those of the (PI) . Our measurements correspond with
those of CASH et al. (1915) , DECLOITR}~ (1954) and HEDLEY and OGDEN (1974). How
ever , PENARD (1890, 1902) , MEISTERFELD (1979) and WANNER (1987) give a maxi
mum length of 30 us», whereas we measured 40 p,m, whi ch complicat es in some cases
a reliabl e different iation from '1.'. enchelys (Fig. 22 ; and see chapter 3.2.). T . lineare
shows a high variability in shape (CASH et al. 1915; HEDLEY and OGDEN 1974 ;
MEIST}JRFELD 1979; WANNER 1987). Ther efore the widely used crite rion of the more
slender shape of this species is often not quite correct, as is also evidenced by the
plump shape of the individuals of our (P I ). This expla ins t he significant differen ces
between t he (PI) and DECLOITRE'S (1954) population in cha racter (2) (0.01 > P >
0.001). No significant differen ce could be proved in chara cter (1), and no significant
d ifference exis ts between our (PIl) and DECLOITRE'S (1954) population . The number
of rows of toot hed ap ertural pl ates is also variable (WANNER 1987). Our (PIl) has
double or threefold rows, wher eas the populations of MEISTERFELD (1979), HEDLEY
and OGDEN (1974) and OGDEN and HEDLEY (1980) have onl y single rows.
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Fig. 26. N ucle i with nucleoli of some t est a cean species. (I) Trigonopy,.;is arcu la ; (2) Trin ema
complanatum ; (3) Euglypha rotunda; (4) Doifflugia lucida ; (5) Centropy,.;is elongata ; (6) N ebela
tineta; (7) Pse udodiff lugia fascicularis ; (8) Sc hoenbornia viscicula; (9) Trinema lineare; (10) Pla
giopy,.;is declivis ; (11) Euglyph a striqosa; (12) Euglyp ha cristata, Scale bar 8pIll.

A pairwise multiple comparison of 2 populations of T. enchelus and T . lineare
each shows t hat both populations of T . enchelus are significantly differ ent from both
populat ions of T.lineare in cha racters (1), (2) and (3) (Table 2). R egarding character
(4) t here is a significant differen ce orily betw een one population of T: lineare and t he
:~ other populations. Further significant differ ences exist bet ween t he 2 populat ions
of T. enchelys in charact er (3), and also bet ween the 2 populations of T.lineare in
characters (2) and (4).

T rinema penardi THOMAS and CHARDEZ, 1958 (Figs. 24, 25 b; Table 1)

Shell com posed of t wo indepe ndent parts, Outer component carries t he circ ula r
shell platelet s, inner part forms t he oval ape rture. In contrast to t he very similar
T. qaleaia , t he inner shell does no t form an anterior apertural rim.

THOMAS and CHARDEZ (1958) give a size of 42-55 X 20-30 X 14-20 pi« , and a
major ax is of t he ape rture of 10-15 .um. The measurem ent s of onr populat ion va ry
in a wider range (fo r example length 30-65 /un), and on ly t he cha racter "diameter of
idiosomes" has a V < 10.

3.2. Anal y si s of chara ct ers

The analysis of the coefficient s of varia tion of all investigated spec ies and popu
lati ons proves t he lowest variability for parameter (1), followed by (2) and (3) (Table 3).
The measnrements of t he aperture vary most (chara cters 4,5). In general, the Testa-

F ig. 25. Bi omet ri c comparison of certain closely related species. (a ) B iomet r ic compa rison of
Centropyx is elonqata (0), C. aerophila val'. sphaqnicola (.), C. sylvatica (e) an d C. orbicularis ("Y ).
(b ) Bi omet ric comp ar ison of T'rinema camplanatum (P I ) (. ) a n d (P Il) (0) , a n d T. p enardi ( * ).
(c) Bi omet r ic co mpar ison ofT. enchelys (PI) (0 ) a n d (PIl) (~~ ) . an d T. lineare (PI) (e ) a nd (PIl)
( '\7).
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ceafilosa and tests composed of idiosomes have wider ranges of variation as compared
with the Testacealobosa andspecies covered with xenosomes. This indicates that the
Testaceafilosa evolve faster or are evolutionary younger than t);J.e Testacealobosa.
Further reasons might be the different phylogenetic origins ofsboth groups, as is
suggested in some new systematic approaches (MoHN 1984; BOVEE 1985a, b).

The biometric comparison of the 4 investigated species of Gentropyxi8 shows that
they can be separated by their size (Fig. 25a). Nevertheless, intermediate sizes exist
between G. 8ylvatica and G. aerophila var. sphaqnicola. The biometric comparison of
T. penardi and T. complanatum (Fig. 25b) proves that both species have a similar
length, with the exception of the small individuals of T. complanatum (PIl). The
possibility of confusing these smaller forms with T. lineare is rather negligible, due
to their different shapes. The comparison of T. encheiue and T. line are shows 2 accu
mulations of shell length in the range of 30-38/lm and 45-52/lm, indicating that
these species can be rather well separated by their size (Fig. 25c). An overlapping
exists only in the range of about 40/lm.

There exist significant differences between populations of the same species (Table 1).
Similar results have been reported by HOOGENRAAD and DE GROOT (1937), CHARDEZ
and LECLERCQ (1963), SCHONBORN (1966b, 1983) and SCHONBORN et al. (1983), and
explained as eco-races or geographic variations.

On the other hand, the shape of the apertural plates seems to be rather constant.
T. lineare, for instance, has apertural plates which differ in their number, but are
constant in shape. Our results, which agree with earlier investigations of COUTEAUX
et al. (1979) indicate that the structure of these plates, especially within the Eugly
phidae, are a reliable criterion for species discrimination (but probably not for va
rieties; see E. rotunda).

The structure of the nucleus has sometimes been used for species separation
(GROSPIETSCH 1965; SCHONBORN 1966a).

Difflugia lobostoma and D.limnetica, for example, are separated by the number
and location of the nucleoli. The structure of the nuclei of 9 of our 12 investigated
species corresponds with the data of PENARD (1902).

D. lucida, P. [ascicularis and E. striqosa have only one nucleolus, which contrasts
with the descriptions of PENARD (1902). Recently, we found a population of D. Lucida
in an Austrian saline soil, which shows nuclei with numerous small nucleoli. Some
variability has also been reported for A. seminulum. and T. complanatum (PENARD
1902; CASH et al. 1915). These data suggest that nuclear structures sometimes vary
with populations, but unfortunately the data are still too fragmentary to rate the
taxonomic value of this character.

Zusammenfassung

Es wer-den 24 bodenbewohnende Testaceen-Arten, die zu 34 Populationen gchoren, beschrieben
und biometrisch charakterisiert. Die Konstruktion des "Ideal-Individuums" jeder Art erfolgte
an Hand der biometrischen Daten. Die Artentrennung innerhalb der Nebela tincta-parvula
bohemica-collaris Gruppe wird detailliert diskutiert. Plagiopywis declivis baut die Idiosomen eugly
phider Testaceen zwischen ihre Xenosomen ein, Die Analyse der Variabilitatskoeffizienten aller
Arten zeigt die niedrigste Variabilitat Iiir die Schalenlange und den hochsten Wert fUr die Schalen
offnung. Generell weisen die Testaceafilosa und Schalen, welche aus Idiosomen zusammengesetzt
sind, im Vergleich mit den Testacealobosa und Arten mit Xenosomen-Gehausen einen weiteren
Variationsbereich auf. Dies deutet darauf hin, daLl die Testaceafilosa schneller evolvieren oder
entwicklungsgeschichtlich junger sind als die Testacealobosa. Pseudodijjlugiajascicularis, Euglypha
striqosa und Dijjlugia lucida habon im Gegensatz zu fr-itheren Literaturangaben nur oinen ein-
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zigen zent ralen N ucleol us. E s wur-den sign ifikant e Unter schiede zwischen Pop ula t io nen d er
g leichen Art gefunden , wa s d ie Existenz geographischer Rassen n ahelegt, d ie sich in ihr er GrnOe

unterscheiden.
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