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1. I N T R 0 D U C T I 0 N

The wealth of forms and the species-specific mass prolifer-

ation of the oligochaetes lead to the result that they have a considerable

share in the formation of the benthos in running waters. The character

of the substrate changes with increasing distance from the source, be-

cause the diminishing gradient results in a reduction of the stream vel-

ocity and a correspondingly greater sediment load in the stream.
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Consequently, various life communities have developed that are 

characteristic for the diverse substrates in which their members must 

find optimum living conditions. 

Since most of the oligochaetes are substrate feeders, those of 

their Mimetic species that are prone to mass proliferation will also play 

a decisive role in the metabolism in the sediments. 

Thus the problem presents itself to obtain on the one hand a 

comprehensive view of the existing species of an entire stream and of 

their ecol.ogical value by means of systematic and ecological studies and 

on the other to reach a causal understanding of the field observations 

through experimental investigations. 

I thank Profep.sor Liebmann for providing me with the theme, for 

his continued interest in the progress of the work and for valuable sug-

gestions and counsel. 

Thanks are due to Dr. K. Offhaus, who gave me special directions 

and put at my disposal a work place in his laboratory for conducting the 

carbon and nitrogen analyses of the muds. 

2 . REVIEW OF THE LITERATURE 

Except for a few papers, oligochaetes have always been ignored 

in the reports on the ecology of running waters. Thus they have not at all 
[P.312] 

been included in the calculations of the abundance of the benthos in 

running water, and when it has been done, the values should be treated 

with skepticism. In the older literature that is generally oriented to-

ward systematics, one finds only few ecological remarks among the des-

criptions of localities. On account of mistakes in systematics and ig-

norance of the possible range of variation.of some species characteristics 
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the species themselves and their total numbers collected must, unfor-

tunately, be used with reservations. 

Mâchaelsen (1903) .  has published the oligochaetes of the Elbe in 

the region around Hamburg together with remarks on their environments. 

Wolf (1928) enlarged the very incomplete knowledge of the 

species of running waters through his investigations of the populations 

in the Moldavia around Prague. For the first time the annual cycle of an 

oligochaete fauna had been investigated through IiLonthly observations at 

fixed sampling localities. The report contains not only remarks on mor-

phology, but also on the substrate, mode of life and in part also on 

fluctuations in abundance. 

The systematic investigations of Hrabé (1941) in  May  1934 in 

the arms of the Danube delta at Cilistov were also confined to a short 

stretch of a river. 

The oligochaete fauna of a longer stretch of a river or rather 

of a characteristic stream region attracted the interest of limnologists 

rather belatedly. Thus the ground-water researches of Noll and Stammer 

(1953) made known a few species (Phreorvctes Fordioides  and species of 

the families Aeolosomatidae, Naididae and Ehchytraeidae) from springs of the 

region of the lower  Nain. 

Dittmar (1955) found 12 sPecies in various substrata of a 

meadow brook in the Sauerland (Westphalia). 

Korn (1963) studied the oligochaete fauna in the greater part 

of the upper Danube (between Mbhringen and Ulm) in order to clarify the 

relationships between the water quality and the inhabitants. A rather 

small number of species was found in the individual subàtrates along the 

length of the stream of about 170 km. It was stated that the main factors 
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regulating their distribution were "the sediment in the different small

biosystems and the stream velocity".

The distributions of all oligochaotes in the substrates of the

lower reaches of the Werra in relation to the effects of the waste waters

of the potash industry were investigated by Wachs (1963)•

As far as I know, Berg (1948) is the only one, who has con-

sidered a stream as an ecological system, including the consideration of

its colonization by oligochaetes. Berg gives statements in regard to the

preferred-substrates for the 37 species reported for the Susaa (with

neglecting the Enchytraeidae, which are very complicated systematically).

In addition to this there are to be found for the first time remarks based

on abundance figures about the distribution of the species along the course

of the river that has been divided into upper, middle and lower reaches.

Wachs (1964) undertook the study of the entire oligochaete

fauna of the about 340-km-long stretch of the Weser from Hann.-MUnden to

Bremen, which represents the so-called metapotamon of the Fulda according

to the arrangement of ecosystems of Illies. (1961 a). The results that are

based mainly on single investigations demonstrate the occurrence of 30

species in the types of substrates present. The attémpt has been made to

include, on hand of the substrates mud, sand and gravel, the dependence

on the substrate among the problems of ecological research by taking into

Lp• 31':3]

tested experimentally the relations observed in the natural waters and

elaborated his conclusions. Comprehensive field observations are the

prerequisite for the research into the dependence of the organisms on the

account the number of the species and genera that can be present in a

uniform environment and of their percentage distribution in it.

However, not one of the authors of the papers mentioned has
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factors of their environment. At the same time such research should

stimulate attempts to elucidate the causal relationships through ex-

perimental research, because only experiments provide the possibilities

for a comprehensive explanation of the complex of ecological factors.

3 C 0 L L E C T I N G L 0 C A L I T I E S

A N D M E T H 0 D S

A

3. 1 C o 1 1 e c t i n g o f 0 1 i g o c h a e t a

The investigations have been carried out in a stream of hilly

country (Fulda) and one of the Alpine foothills (Isar), in each case

during a full annual cycle.

The Fulda, the largest river of the Hessian hill country, has

its source on the Wasserkuppe in the Hohe Rh8n and it forms the Weser by

confluence with the Werra at Hann.-Mlinden. Samples of the substrates were

collected during the period January 1962 to January 1963 at intervals of

two months at 14 stations (A to 0) along the about 230-km-long river

(see Fig. 2).

The Isa.r, of a length of 276 km, which rises in the Austrian

part of the Karwendel Prountains, was investigated along its middle

reaches and the first half of the lower reaches during the period from

May 1963 to April 1964. Samples were collected once a month at the col-

lecting stations in the natural stream bed of the Isar (stations P, R,

U), three times at the storage lakel (station S) that is interposed in

the Tliddle-Isar-Canal and once at each of the dams of the lower Isar

1 I thank Dr. H. Schulte - Bayernwerk A.G., Munich - for making possible
the investigations at the storage lake that were carried out from a

motorboat.

A
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(stations T, V to Y) (see Fig. 3).

At the periodically visited collecting localities the oligochaete

fauna of all substrates that were present was sampled to a water depth of

about 1 in, both qualitatively as well as quantitatively.

Because not much time was to be devoted to sampling,-I used the

following simple methods after having tried various devices and aids.

When the deposits had at least a thickness of about 15 cm, the

sampling of mud and sand was carried out with the dredge after Ekman and

Birge (15'X 15 X 15 cm3 and 10 X 10 X 11 cm3). At stations A to R and

station U each sample consisted of a substrate amount of 225 cm2 surface

by 15 cm depth and at stations S, T, V to Y of a substrate amount of four

times (100 cm2 surface by 11 cm depth). Where the sedimentation was less

I used a grocer's scoop of cast aluminium, which had a length of 16 cm,

a width at the bottom of 5.5 cm and the bent-up sides of which had a

greatest height of 5 cm. This was.used to fill the mud, sand or gravel

samples carefully intoa plastic cup of 2.5 dm3 capacity containing 1 dm3

of water, until the fill reached the 1.5 or 2 dm3 mark (depending on the

population density). In the case of gravel a sample was taken at each

station that corresponded to a water volume of 1 dm3; the river water con-

tained in the gravel sample was first drained off through a net of 0.2 mm

mesh. Sand was collected in most instances in an amount of 0.5 dm3. During
lp• 3141

collecting precautions were always taken to ensure that the surface of

the substrate sample in the stream bed with a volume of 0.5 dm3 was al-

ways equal to that of an Lkman dredge (15 X 15 cm2) for reasons of the

subsequent statistical evaluation.

Rocks were brushed off carefully with a perlon brush in a water-

filled plastic dish and their largest surface was measured afterward



(according to Schrader 1932) . A sample consisted genere4y eS ebout 

1000 cm2 rock surface. 

Plants were detached from the substrate DX eut DST witb 

sors, collected in a net of 0.08 mm mesh and their volume eeasured in a 

beaker by means of their water displacement. Depending on abundenoel an 

amount of either 0.5 or 1 dm3  of plant material was „collected in each 

case. 

Gastropods were collected singly in watex=filled 'vials in erder 

to demonstrate the presence of Chaetogaster  limnaei. 

Fig. 1. APParatus for the 
quantitative separation of 

tubicifides fyom mud 
cameos, 

A Perlon net ("Monodur") of 0.45 mm mesh was used for sieving 

the mud sample% at stations P to Y. Plant samPles were.sieved in a per-

lon net of 0.08 mm mesh. A perlon net with 0.20 mm mesh  was  used for all 

other substrates. Smallest amounts of sand, gravel and plants were washed 

repeatedly and sieved, so that near 100 per cent collecting efriçiency 

was assured. The sieved-out sand material was transferred susecinently 

to watertight glass j ars . For safe transport as well as for storing the 
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material for several days in a refrigerator it is absolutely necessary

to leave only enough water in the glass jars as is required to keep the

samples damp.

Only enough sieved material - thinned with water - was trans-

ferred under a binocular to Petri dishes to cover the bottom not deeper

Lp• 3^5^
than 2 mm according to the transparency of the material. The animals col-

lected were identified immediately under the microscope.

In order to obtain exact values for the abundance of the tubif-

icids also for the mud and mud-sand substrates at stations F to 0, the

corresponding sieved samples were treated in the separating device shown in

Fig. 1, which has already been-described elsewhere (Wachs 1965). The

heat generated by an infra-red lamp (150 w) causes a negative thermotac-

tic reaction in the oligochaetes, which leads to their automatic, gentle

separation. This efficient procedure provides an indication of the popul-

ation density in muds without loss of time. After separation at least

100 tubificids of each sample were made into squash preparations and

identified. The remaining specimens were counted and their numbers were

distributed as percentages among the species according to the results of

the identifications.

The photographs of characteristic organs of the oligochaetes

were made from permanent mounts, for which were used living animals or

body sections embedded in highly fluid "Celodal" (Bayer).

3. 2 C h a r a c t e r i z a t i o n o f

t h e C o 1 1 e c t i n g L o c a 1 i t i e s

The topography of the collecting localities will be described

briefly in the following. The papers by Schmitz (1949) and Scheele (1952)
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give detailed descriptions of the geology and morphology of the Fulda

region. The hydrology of the Isar has been reported on by v.Ammon and

Stammer (1958)-

he collecting localities of the Fulda (Fig. 2):I

c. -.r^
^

0

I

Tubificidae 15

Naididae 25

Enchytraeidae 37

Lumbricidae 6

Lumbriculidae 3

Aeolosomatidae 3
Fhreoryctidap 1

Fig. 2. Sketch map of the Fulda with collecting stations and the dis=
tribution of the species of the individual families of oligochaetes.
Numbers at the stations indicate the sum of the species living there;
The numbers following the families indicate the sums of their species

that make up the fauna of the whole length of the stream.

Station A: Running source at an altitude of 820 m above sea-level with

weakly acid and very soft water (see Table 4 and Fig. 17):

Partial sedimentation of fine mud on subsoil consisting of

calca.reous sand. The source region of the Fulda lies on the

south slope of the 950-m-high Wasserkuppe. In addition to a

small number of boggy springs, the two running springs that

have been investigated form the origin of the river.

Station B: Largest source at an altitude of 852 m above sea-level^ whose

.1 .
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water issues from iron pipes and runs for a distance of 17 m 

over basaltic scree. 

Station C: Situated 120 to 125 m below  source  B in a small boggy area 

that has been formed on the rather impervious Miocene basalt 

of the steppe-like slope of the Wasserkuppe. Sedimentation of 

fine mud, rich in plant remains. 

Station D: Confluence of all source branches after 0.9 to 1.0 km in an 

alder thicket. Stream bed with a width of 1 to 2.2 m with 

• basalt blocks and coarse rubble, between -which small pools 

have formed. Rocks overgrown with Fontinalis antiPyretica.  

Station E: Below Gersfeld at abbut kilometre 7. Stream bed about 2.5 to 

3 m wide, with basalt and sandstone rubble and predominant 

sand deposits. Already distinctly polluted with domestic ef-

fluents (see Figs. 18  and 19).  

Station F: Near the community of letter at about kilometre 22. Stream 

bed 2.5 to 3.5 m wide with coarse and medium rubble. Regions 

of slow running water (mud sedimentation) are already becoming 

larger. 
[P 316] 

Station G: At about kilometre 34 between the mouth of the Fliede, which 

is rendered slightly salty through the effluents of the potash 

industry (doubling the water mass of the Fulda) and the vil- 

. lage of Ziegel. The 15-m-wide stream bed is characterized by 

the variety of its substrata. 

Station H: Extensive dammed up area near emmerzell near about kilometre 

48 . "secondary formation of sapropel" (according to Demoll and 

Liebmann 1952) caused by the dying of SPhaerbtilus natans.  

Station J: Near the village of Pfordt at about kilometre 65. The stream 
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is 30 m wide, with gravel as the predominant substrate.

Station K: In the neighbourhood of Asbach at about kilometre 91. There
lp• -31-7J

are large deposits of sand in the quiet parts of the 55-rn-wide

gravelly stream bed.

Station L: Near kilometre 147 and the village of Neumorschen. Extensive

deposits of sand on the 37-m-wide gravelly stream bed.

Station 14: In Guxhagen near kilometre 181. Width of stream 58 in. Rocky-

gravelly bottom predominan.t.

Station N: Near the village of Wahnhausen at about kilometre 216.

Sedimentation of muddy sand in stretches of slow current on

the approximately 60-m-wide stream bed..

Station 0: Above the village of Vaake at about kilometre 238 (= Weser

kilometre 9). Deposits of muddy sand behind the groynes of the

76-ni-wide stream. The chemism of the Weser water (see Figs. 17

to 20 and Table q) can be explained by-the influx of the Werra,

which is strongly salty on account of the effluents from the

potash industry (see Wachs 1963, 1964).

The Isar stations (Fig. 3):

0

Station P: At Isar kilometre 117.9 in the neighbourhood of Grünwald.

Since the Alpine river has a higher waterlevel in summer than

in winter and since its.water power has been harnessed by

numerous canals and dains, the water depth of the natural bed

of the Isar is subject to considerable fluctuations (see also

v. Ammon and Stammer 1958). The largest Part Of the gravelly,

50-m-wide stream bed is dry during almost t2ie entire year.

Mud samples were taken at the shore of the canal running
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O Limnodntus holfineislen

^ L. udekemianus

C^ Tubifex tubifex'

^Ü Euityodritus hammoniensis

0 Eu. motdaviensis / Landau

asins

Fig. 3. Sketch map of the research area of the Isar and distribution of
the species in the inlet of the storage lake and at the dams.

parallel to it.

Station R: Near the village of Unterf8hring at kilometre 137.0. Stream bed

is 56 m wide and has a gravelly bottom.

Station S: At the end of the first 10-km stretch of the Middle-Isar-Canal

at the entrance into the storage lake, which receives the

fully mechanically pre-cleaned sewerage of Munich, which is



- 14- 

Station T: 

Station 8: 

Station V: 

Station W: 

Station X: 

Station Y: 

further cleaned biologically in the sewerage fish--pond in-

stallation of the Bayernwerk A.G. (For details see Liebmann 

1960 a, PP.  534-46) . D 4 ). _eposits of sapropel. 

At the dam of the power station Eitting at kilometre 35 of 

the Middle-Isar-Canal (= Isar kilometre 170). Investigated 

on may 15, 1963. 

Near the village of Moosburg at kilometre 182.8. Stream bed 

59 m wide, with gravelly bottom. 

At the dam of power station Altheim (completed 1951) at kilo-

metre 211. Investigated on August 12, 1963. 

At the dam of the power station Niederaichbach, which came 

into use in 1951, at kilometre 217.Investigated on October 

10, 196 3. 

Power station Gummering (completed 1957)  at kilometre 225. 

Sample "a" taken 100 m above the dam, sample "b" taken 800 m 

above the dam. Investigated on July 15, 1963. 

At the dam of the power station Dingolfing that has been taken 

into use in 1957, at kilometre 232. Investigated on July 15, 

1963. 

3 . 3 Analyses of Substrates 

The samples for the chemical characterization and the determ-

ination of the grain composition of the muds were collected with the 

small Ekman bottom dredge (10 X 10 X 11 cm3 ). Sampling took place at 

stations A, C, E to H, K,  N  to R and U (April, August and December 196 3) 
Lp. 318] 

and at station S (May and August 19 	
. . 

times each and at the Isar dams (V to Y) only at the time of the single 

63 and April 1964) altogether three 
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investigations. After a thin surface layer had been removed, the mud was

taken from a depth of 1 to 10 cm, sieved through a net with a mesh of

about 1mm and then dried in the incubator .at 105°C. Amounts of 30 g each

df dry substance of the muds at stations A to S and U were obtained and

an amount of 90 g each of dry substance was collected from the muds of

the dams. The dry substance was broken up in a mortar and then homogenized.

There was thus available for each collecting station an amount of 90 g

(approximately) of homogeneous starting material for the substrate anal-

yses.

3•31 G r a i n s i z e o f t h e s u b s t r a t e s

An amount of 50 g each of dry substance was used for the sep-

aration of the grain sizes of the muds (between the limits of 0.1 to

0.001 mm). This was done by the sedimentationmethod after Bouyoucos-

Casagrande that has been described as the hydrometer method by Schulte

and Muhs (1950) and K8ster (1960). The density of the suspension that

changes according to the sedimentation process is measured with the hydro-

meter. During analysis 8 ml of a six-per cent solution of Na2Si03 were

added as anticoagulant. The specific weight of the river muds varied

between 2.31 and 2•759 it was 1.97 g/cm3 for the kaolin used as artif-

icial substrate. In order not to exceed the value of R=+ 0.2 of the

reading accuracy of the hydrometer at the beginning of each analysis, the

measurements were carried out in quadruplicate during the period of 15

sec to 2 min. The grain distribution of the mixed-grain substrates (among

others, of all river muds) had to be obtained through a combined analysis

(hydrometric and sieving analysis).

The grain size of the sands found at the collecting stations
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Organic substance: 

Carbonates: 

was determined twice a year for 500 cm3  each of dry sand with 7thete-St 

sieving machine "Lavib" (model ST 52), which works with batchéb.  The  

values, givenaa volume per .cent, represent the means of thé twb 

measurements. 

The grain size of the gravels that are on the streamIrottbm 

always mixed with sand was determined once by means of 2 dle 	reibbtrate 

and has also been given as volume per cent. Hand-held sieves'welabed 

for processing the fractions of gravel from sand size to mécniim b7-17zé 

gravel. 

3.3 2   Chemical analyses of the In d 

The following methods were used for the chemical chéabter-

ation of the muds: 

Water content: 	 weighing before and after drying at 1O5 bC (CI% 

Morgans 1956). 

The values have been given as weight pm. bêbt 

of the wet mud. 

For all following methods it was necessary to determine also 

the water loss of each starting substance. This was determined thrOugh a 

two-hour treatment in the drying pistol; it was lying in the different 

samPles between the limits of 0 to 3 per cent. It was taken into con-

sideration during the weighing before the start of the analyses. 

glow loss at 500 ° C after 2 h (v. Ammon 196 1). 

Values given in per cent of dry substance. 

difference between the glow loss at 500° C (2h) 

and at 800 ° C after a further 20 min (v. Ammon 

1961). Given as per cent of the dry residue. 
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For the fôllov..ing procedures the dry substance that had been

0

reduced to small pieces in the mortar, had to be reduced to a powder in

a ball mill. Depending on the scatter of the"results, two to four anal-

yses were made for each sample and their mean value was calculated.

Organic carbon; method of Gertner and Ivekovié after the des-

cription by Offhaus (1959)• Conduction of the

wet oxidation with chromosulfuric acid and an

H2S04 - H3P04 mixture. Gravinietric measurement

of the absorbed CO2.

Total nitrogen: Kjeldahl decomposition with concentrated H2SO4

and selen reaction mixture. Titrimetric deter-

mination of the NH3 that had distilled over.

3 . 4 C h e m i c a 1s e sA n a 1 y of the Water

Chemical analyses were carri_ed out during the period from

January to September 1962 every eight to ten weeks in every case on the

forenoon at the selected collecting station along the Fulda (near the

substrate). The following methods were used:

pH value: electrical method.

Conductivity: conductometric.

Total hardness: chelatometric measurement with Titriplex B (or

A).

Oxidizability: determination of the consun^ption of KMnO 4

(German standard methods, 1960).

Actual 02 concentration: iodine-difference method after Ohle ( German

standard methods 1960).

Relative 02 saturation: calculation with the 02 calculator of Burkhard



Free CO2 : 

Chloride: 

Nitrite: 

* Nitrate: 

* Sulfate: 

* Phosphate: 

* Total iron: 

* Na, K, Ca ions: 

* "- ng ions: 
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(1955) and the nomogram of Mortimer (1956)  with 

consideration of the water temperature and the 

mean local pressure according to the altitude 

above sea-level. 

titrimetrically with NaOH (German standard 

methods 1960). 

volumetric with silver nitrate (German standard 

methods 1960). 

qualitative proof with zinc-iodine-starch 

solution. 

photometrically with brucine solution in the 

LEIFO-E. 

iodometric with barium chromate. 

photometrically with molybdenum—sulfuric 

acid in the LEIFO-E. 

photometrically with potassium thiocyanate in 

the LEIFO-E. 

flame photometer PF 5 by Carl  Zeiss.  

compensating photometer "LEIFO-E" by Leitz. 

Hi  

ri 
n• 
[J
o 

. SYSTEMATICS OF THE 

SPECIES DETERMINED 

The oligochaetes were examined under the microscope or binocular 

only while they were alive. In order to be able to recognize the sperma- 
[ ). 320] 

theca in the rather opaque Enchytraeidae, a few drops of an orceine 

* The analyses marked with an asterisk  have  kindly been carried out by 
Dr. Maller-Haeckel. 

4 
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solution were added to the preparation (after Nielsen and Christensen

1959). It is necessary to examine most lumbricids with the binocular also

after the have been fixed in 96 per cent alcohol for the better recogni-

tion of some morphological characteristics. It was possible to identify

animals of all agge classes, except for representatives of the families

Tubificidae, Enchytraeidae, Lumbriculidae and Lumbricidae. In the families

cited juvenile specimens could be identified as to species only in the

genera Aulodrilus, Propappus, Cernosvitoviella and Cognettia.

.The identification of species was carried out on hand of the

systematic works by Ude (1929), Sperber (1948, 1950), Wilke (1949),

Graff (1953), Nielsen and Christensen (1959, 1961, 1963) and Brinkhurst

(1963), as well as with the aid of tables from two papers by Hrabé (1929,

1960). The systematic arrangement is based on that proposed for the

oligochaetes by Michaelsen (1929) and by Kaestner (1955)•

Only morphological characteristics that show considerable varia-

tion will be discussed in the list of the species collected.

Suborder: P1 e siopora

A e o 1 o s o m a t i d a e:

1. Aeolosor,a hemprichi Ehrenberg 1831.

Liquid globules in the epidermis mostly dark brownish yellow, seldom

red or colourless, especially numerous at the ends of the body.

2. A. variegatuni Vejdovskÿ 1884.

Liquid globules light green.

3. A. gua.terna.rium Ehrenberg 1831.

Up to five hair bristles in the bundle. I



Naididae: 

4. Plen±2gaster diastrophus (Gruithuisen) 1828. 

In II at most seven b'ristles in the bundle. 

5. Ch. langi Bretscher 1896. 

In II (3)-5-7-(9) bristles in the bundle. 

6. Ch. diaphanus (Gruithuisen) 1828. 

Length of the duplet chains up to 11 mm. 

7. Ch. cristallinus Vejdovskj -.  1883. 

8. Ch.  limnaei von Baer 1 827. 

Mostly not more than ten bristles ,per bundle. 

9. Specaria josinae (Vejdovskj) 1883. 

Coloration faint reddish. 

10.Uncinais uncinata  (Ørsted) 1842. 

Anterior body as far as VIII-(x) strongly pigmented with yellow- 

brown and with large green spots; coloration changing to dark 

brown posteriorly. 

11. OPhidonais serPentina (Effiler) 1773. 

Anterior body strongly dark yellow mostly as far as V, the fol-

lowing segments rusty brown or dark red. The mostly strong yellow 

colour of the gut is covered in the middle section by dark brown, 

crowded chloragogene cells. Dorsally 1-(2) bristles. 

12.Nais communis Piguet 1906. 

Coloration often light red or red. yes sometimes lacking; rarely 

only one eye present. 

13. N. variabilis Piguet 1906 . - 

Very rarely up to three needle-like bristles in the bundle. 

lp. 321] 
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14. N. simplex Piguet 1906.

15. N. alpin a Sperber 1948.

Mostly colourless, rarely with yellow or red-brown pigmentation

to VI. Eye spots very rarely absent.

16. N. baj^bata Millier 1773.

Yellowish brown coloration of the anterior body often with green

pigment spots.

17. N. pseudobtusa Piguet 1906.

18. N. behninZi Michaelsen 1928.

Colourless. Ventral bundles on II to V with 5-7 bristles. Proximal

prong of these bristles at most half as long as the distal one.

19. N. bretscheri Michaelsen 1899.

Coloration yellow or heavily red-brown to V, from VI on dark brown.

Ventral bristles from VII or VIII on.mostly very thick (cf. Sper-

ber 1948, p• 123, Fig. 13: H-L), the large bristles of type 2 occur

less frequently (cf. Fig. 13: E-G, M).

20. N. pardalis Piguet 1906.

Ventral bristles from VI on of normal size and with forked prongs

of equal length.

21. N. elinguis Miller 1773.

Anterior end reddish brown, yellowish or yellowish brown.

22. _Slavina appendiculata (Udekem) 1855-

23- Vei ovsksella comata. (Vejdovslcÿ) 1883.

24. Styla.ria lacust.ris (Linnaeus) 1767.

Anterior end mostly dark yellow with rust brown pigment spots,

coloration of remaining segments dark brown. Ventrally 4-7-(10)

bristles in the bundle as far as V.'
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25. Dero obtusa  Udekem 1855. 

26 Pristina rosea  (Piguet) 1906. 

Ventrally 2-7 bristles per bundle. 

27.P. menoni  (Aiyer) 1930. 

Colourless, rarely faintly reddish. 

28. P. amphibiotica  Lastoncin 1927. 

29.P. foreli  (Piguet) 1906. 

Coloration rarely pink. 

Tubifici.dae: 

30. Tubifex tubifex  (Muller) 1774. 

31.. T. ignotus  (à.tolc) 1886. 

32. T. nerthus  Michaelsen 1908. 

At most three hair bristles in the dorsal bUndle. 

33. Psammoryctes barbatus  (Grube) 1861. 

Maximum length 8 cm. Ahead of the clitellum up to seyen fan brigtles 

in the bundle (Fig. 4). The proximal prong e the forked dorsal 

bristles is considerably wider and longer than the distal .  The angle 

increases continuously with the rising segMent nUWber ?  g9nqequenly 

the prongs of the bristles of the posterioT end  diverge  by 90°  

(Fig. 5). The shape of the dorsal bristles - Qf the îah bristles 

as well as of the forked bristles - is characterj.stio for the gpecies 

also already in the immature stages (cf. y, Billow 1957). 

34. P. albicola  (Michaelsen) 1901. 
LP. 322] 

35. Limnodrilus claparedeanus  Ratzel 1868. 

Maximum length 8'cm. Ahead,of the clitellum 5,8,(9) bristles in the 

bundle. The exact description of the penis  tube  (ig, 7 a)? the max:- 

imum length of which was 1.42  mm,  is to be found already in Wachs 1965). 

= 
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36. L. hoffmeisteri Claparéde

Greatest length 8 cm. Ahead of the clitellum up to 9 bristles in

the bundJ.e (Fig. 6). Penis tube (Fig. 7 b) not over 655 microns

long.

37. L. udekemianus ClaparMe 1862.

Greatest length 11 cm. The last one-fourth of the body usually has

yellow (brownish yellow) pigment spots, which appear rarely also in

L. claparedeanus, but which are always lacking in L. hoffineisteri

and L. helveticus. Ahead of the clitellum up to 9 bristles in the

bundle. Greatest length of penis tube (Fig. 7 d) 269 microns.

Toward its outer end it has usuallÿ a more or less strong constric-

tion, after which follows the broadly expanded cap.

38. L. helveticus Piguet 1913.

Greatest length 4.5 cm. Ahead of the clitellum up to 11 bristles

in the bundle. The forked prongs of the bristles are of equal

length (very rarely slightly longer distally) and always rounded

off. The blunt prong ends are thus widely distributed also among

specimens from running water (contrary to the concept of Piguet

and Bretscher 1913 and Brinkhurst 1963) and they are not exclusively

characteristic of lacustrine specimens. Penis tube (Fig. 7 c) in

general about 10 microns longer than that of L. udekemianus and at

the most 269 microns long. The cap of the tube that ends in two

points is characteristic for the species.

39. Pelo;;colex ferox (Eisen) 1879-

40. Euilyodrilus hanin:oniensis (Michaelsen) 1901.

Dorsal bundles ahead of clitellum with 3-6-(8) forked bristles and

ventral bundles with 3-6-(9) forked bristlés. Whereas the central
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forked bristles resemble the ventral and dorsal ones of Tubifex 

tubifex and have a sigmoid shape, the dorsal bristles mostly are 

bent only above the nodulus into a sickle shape (Fig. 8). In ad- 

dition their prongs include a smaller angle than those of the ven-

tral ones. 8permathecal sex bristles at most 283 microns long (cf. 

Wachs 1965, Fig. 6). 

41. E. moldaviensis  (Vejdovsk§ et Mréxek) 1902. 

Ahead of the clitellum up to 9-(12) bristles in the bundle. 

42. Phyacodrilus coccineus  (Vejdovsk§) 1 875- 

The bundles ahead of the clitellum at the most with 6 dorsal and 8 

ventral forked bristles. Two to five penial bristles in the bundle. 

43. R. falciformis  Bretscher 1901. 

Bundles ahead of the clitellum with three to six bristles. Penial 

bristle at most 145 microns long. 

44. Aulodrilus limnobius  Bretscher 1899. 

Coloration pale pink. 

45. A. Pluriseta  (Piguet) 1906. 

Coloration glowing (pink-) red. 

En.chytraeidae: 

46. ProPaPPus volki  hichaelsen 1915. 

Length to 9 mm. Number of segments 39 to 50. Coloration whitish, 

more rarely faintly reddish. Enlargement of gut in XII-XV possible. 

SPermatheca extending from IV-X-(XII), with mostly pear-shaped am-

pulla and long excretory duct that uontracts in V (Fig. 9). 

47. Mesenchytraeus glandulosus  (Levinsen) 1 884. 
[P. 323] 

48. N. armatus  Levinsen 1884. 
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Fig. 9. Propappus volki. Spermatheca.

4-9. M. beumeri (Michaelsen) 1886.

Ventral bristles number 5-7-(11) ahead of clitellum.

50. Cernosvitoviella atrata (Bretscher) 1903.

Blood very rarely reddish. Number of segments (18)-19-24-(28).

Ahead of the clitellum (3)-6-9-05) bristles in the bundle. Tem-

porarily up to three ripe eggs present. There are always three

different shapes of spermatheca (Fig. 10) that differ in most cases

only in the length of the excretory duct (shape in centre and at

right in Fig. 10; of. Nielsen and Christensen 1959, Figs. 15 and

16). The specimens investigated do not show a correlation between

the number of segments and the length of the spematheca. The speci-

mens with a larger spermatheca have in general a greater body dia-

meter and show a less dense arrangement of the lymphocytes.

Fig. 10. Cernosvitoviella atrata. Various forms of the spermatheca.
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51. Coenettia sPhaenetorum  Vejdovsk§ 1 877. 

At most 81 segments. 

It w as  hardly ever possible to make use Of the gpormatheoa aA an 

[: important characteristic for the identification of the two 

Cognettia  species, because the specimens attain coxual maturity 

only extremely rarely. Christensen (1959)  demonatrated ae.exual 

Propagation through fragmentation. 

52. C. glandrdosa (MicnsusEN), 1888. 
Âchaeta bohemian (VEjoovsKt), 1879. 

54. Enchytronia parus NIELSEN et CHRISTENSEN, 1959. 
55. Stercutus niveus MICHAELSEN, 1888. 

24-27 Segmente. (2,)-3-(4) Borsten im Bündel. 
56. Henlea perpusilla FRIEND, 1911, augm. CERNOSVITOV, 1937. 
57. H. nasuta (ErsEN), 1878. 
58. H. similis NIELSEN et CHRISTENSEN, 1959. 

• Miudestens 37 Segmente. 
• 59. R. ventriculosa (UDEKENt), 1854. 

60. Blichholzia appendiculata (Bummo12), 1862. 
61. B. fallax MICHAELSEN, 1887. 

Mindestens 35 Segmente. 
• 62. Bryodrilus ehlersi UDE, 1892. 
' 63. Frideric:ia bulbosa (Ross), 1887. 

64. F. inilhoides NIELSEN et CHRISTENSEN, 1959. , 
65. F. callosa (ErsEN), 1878. 
66. F. bisatosa (LEviNsEs), 1884. 
67. F. perrieri (VEJnovsKi), 1877. 
68. F. galba (HorTmErsurt), 1843. 
69. F. ratzeli (ErsEN), 1872. 
70. F. hegenzon (VEJoovs), 1877. 

.! 71. Enchytraetà albiclus HENLE, 1837. 
72. E. buchhoizi VEJDOVSKi, 1879. 

[P. 324] 

73. Lumbricillus rivalis  Levinsen 1883, augm. Ditlevsen 19 04. 

It was Possible to demonstrate through the investigation also of 

artificially salted running waters that a reduction . in  the salt 

content results in a continuous alteration of the body shaPe. 

Body length, number of segments, number of bristles per 

bundle and size of the sperm funnel become reduced. As can be 

seen from the following summary (Table 1), in sPecimens from 
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Table 1. Morphological changes in Lumbriçillus rivalis in dependence on the salt content
of the water.

Charac teristic

Percolation
Baltic Sea/ i Ulster

Werra Weser Fulda

Denmark ! 30 °/°0 0,7-16 °/0° 1,4-3,6 "/0° filter

NIELSEN & Wecns, 1963 Î WAcü5,1964 'Wecfis

Bodylength

(mm)
Number of segments

Bristles dorsal
ahead of scutellum ventral

Bristles dorsal

back of scutellum ventral

Sperm funnel
(length : width)

CIIRISTENSEN, 1959

20-35

(50)--54-56-(60)

6--9

7-12

5- 8

6-10

ca. 10

18-35 11-22

52-60 43-56

4- 7

(5)-6- 7-(9)

3- 5-(6)

(4)-5- 7-(8)

ca. 4- 6

'9-18 9-18

• 36-48 Î (30)-34-48 45-55

/

3- 7 3- 7- (8)

4 8-_(9) 4- 9-(10)

5 3--7

(4) - 5- 7 4- 8- (9)

; ca. (3)- 4 1 ca. 4

N)
ON

fV
\J'1
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the (salt-free) medium of a lightly loaded percolation filter (on 

the sewerage test field of the Bavarian Biological Research In-

stitute), which have been examined, only the number of segments 

was higher than in specimens from river water not polluted with 

salt. 

74. L. kaloensis Nielsen et Christensen 1959. 

Length 10-12 mm. 28-34 segments. 8Permatheca (Fig. 11) strongly 

narrowed toward the outside. 

1" 326] 

Fig. 11. Lumbricillus kaloensis.  Spermatheca. 

75.L. lineatus (Willer) 1774. 

Greatest length 15 mm. (22)-24-26-(28) segments in contrast to the 

38-42 of the marine specimens described by Nielsen and Christensen 

(1959). 

76. L. paeenstecheri  (Ratzel) 1869. 

77. Marionina areentea  (Michaelsen) 1889. 

At most 28 segments. 
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78. M. filiformis Nielsen et Christensen 1959.

At most 27 segments.

79. M. commis Niclsen et Çhristensen 1959-

80. M. tubifera Nielsen et Christensen 1959-

81. M. riparia Bretscher 1899, augm. Cernosvitov 1928.

23-38 segments.

82. M. apPendiculata Nielsen et Christensen 1959•

II. Suborder: P r o s o p o r a

L u m b r i c u 1 i d a e s

83. Stylodrilus heringianus Claparéde 1862.

84.. Lumbriculus variegatus (NI{iller) 1774-

85. Trichodrilus tenuis Hrabe 19602.

Length up to 15 mm. At most 44 segments.

III. Suborder: 0 p i s t h o p o r a

P h r e o r y c t i d a e:

86. Phreorvçtes gordioides (Hartmann) 1821.

L u m b r i c i d a e

87. Dendrobaena octaedra (Sa,vigny) 1826.

88. Eiseniella tetraedra (Savigny) 1826.

Different shapes of the cocoon of this species are shown in

Fig. 12.

89 a. Allolobophora calip-inosa f. t ica (Savigny) 1826.

89 b. A. cali^inosa f. trapezoides Dugés 1828.

2 I thank Prof. S. Hrabé for the determination of this species.

I
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90. A. terrestris lonza (Ude) 1885. 

91. A. oculata (Hoffmeister) 1 845 

92. A. chlorotica (Sâvigny) 1826. 

5 . SEXUAL PERIOD OF THE OLI0OCHAETES 

Exact statements about the time of sexual activity of aquatic 

oligochaetes are found only rarely in the literature. They are mostly 

restricted to occasional references to it. 

5 . 1 	Naididae 

Stolte (194  0) has demonstrated experimentally in the naidids 

"that a very definite combination of conditions (rich nourishment and 

optimum oxygen content of the water) leads to the development of sexual 

organs". The sexual condition is thus dnaugurated solely through favour- 
LP. 327] 

able external conditions and it can be "forced" experimentally at any 

time. 

I found Stylaria lacustris to be sexually mature under natural 

conditions mainly from September to October, at a time that offers to 

the oligochaetes, according to Stolte, the optimum conditions in the 

waters. 

Sexual and asexual propagation overlap (cf. Schuster 1915), 

however, in the naidids of the genera Nais  and Pristina  that are rich in 

individuals, which were investigated, the tendency to strong formation 

of chains is especially marked during the winter months. Schuster (1915) 

arrived at the opposite result and deduced from it for the naidids in 

general: "the slightly lower abundance in winter might , be caused only 

by the asexual reproduction being less productive during the winter". 
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Fig. 12.. Eiseniella tetraedra. Different
forms of the cocoon.

Table 12 for the genus Nais shows that in my investigations the juveniles

of many species of naidids appeared in greater numbers and caused greater

population densities in the winter half-year (November --Apr-il).

5. 2 E n c h y t r a e i d a e

It is very difficult to recognize a sexual period in the

enchytraeids and it is only possible when not more than a single species

of a characteristic genus occurs in the environment.
P• 328^L

According to Reynoldson (1939, 1947), the time of increased

sexual activity in Lumbricillus lineatus (this probably applies to L.

rivalis) and Enchytraeus albi us in percolation filters falls into the

winter half-year, with a maximum from December to March.

I was able to demonstrate on 842 specimens of the species

Propa,ppus volki collected in the Fulda and Isar that the abundance

values for this species are lower in the winter half-year and that a

sexual period exists in the period from (IvIarch)-April-September-(October)

(Fig• 13).
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Fig. 13. Percentage share of sexually 
mature specimens of the species 
Propappus volki (- - -) and 

Stylodrilus heringianus ( 	). 

5 . 3 Lumbriculidae 

In the lumbriculid Stylodrilus heringianus  sexually mature 

animals can be found at any time. It was  possible  to demonstrate an ex-

tended period of sexual activity from January to September through the 

examination of 2652 sPecimens (Fig. 13). 

5 • 4 Tubificidae 

! 

It will be seen from the account of the seasonal fluctuations 

in abundance of the tubificids that are rich in individuals, that the 

population density diminishes noticeably during the cold season (cf. 

Tables 12 and 13). The cause for this must be looked for in the mode of 

propagation of these animals. 
[P.329] 

In the literature are to be found various opinions that are 

based on occasional observations, since sexually mature specimens can be 

. 	found at all times. Exact statements about.the existence and duration of 

3 
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a sexual period have hitherto been made only by Poddubnaya (1959)• On

account of the ice cover on the Rybinsk Dam this author had to do with-

out data for the winter months. She came to the conclusion that Tubifex

newaensis, Limnodrilus hoffineisteri and Euil.yodrilus ha=oniensis rep-

roduce sexually once in the year from May till July and that the max-

imum in the number of individuals, combined with the appearance of a new

generation, falls into the months July and August. This agrees in general

with my results for Tubifex tubifex, Limnodrilus claPare^Leanus, L. hoff-

meisteri and L. udekemianus.

In Fig. 14 the percentage share of sexually mature individuals

per month has been given and arranged separately for the substrates mud,

sand-mud and sand. The values have been obtained from a total of 26,531

tubificids that have been collected in the Fulda and separated in the

apparatus shown in Fig. 1 (described in Wachs 1965)• Since the three ILim-

nodrilus species that are being discussed here are always living greg-

ariously in the substrates treated and since they cannot be separated in

the immature stages, the specimens collected were lumped together as a

genus. The calculations for Tubifex tubifex have been based on specimens

from substrates in which other species of this genus and Etiiilvodrilus

haznmoniensis and Rh.yacodrilus coccineus are entirely or almost entirely

absent. Sexually mature specimens of the species treated in Fig. 14 are

to be found at all times. There is, however, no contiuous transition to

a sexual period, but the plainly recognizable maxima indicate a definite

span of time. The graph does not show important differences in the prop-

agation cycle between T. tubifex and the Limnodrilus species and the

species furthermore show the same tendencies in the different substrates.

The sexual period of the tubificids in the Fulda that have been

a
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Fig. 14. Percentage share of sexually mature tubificids per month in the Fulda. 

The graph is based on the following numbers of individuals: in the mud 
6,386 Tubifex tubifex and 1,369 of genus Limnodrnus (claparedeanus, hoffmeisteri, 

iidekemianus);  in the sand-mud 4,854 T. tubifex and 8,174 of genus Limnodrilus;  
in the sand 3,804 T. tubifex and 1,944 of genus Limnodrilus. Below right: 
mean monthly water temperature (January to December 1962 at all stations. 

The source region (as far as river kilometre 7) has not been taken into account. 
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taken into account was lying in 1962163 unambiguously in the period from

March to July (inclusively of July, because in this month the calculated

values appear to be low on account of the great numbers of young individ-

uals). Thus about 60 to 80 per cent of the individuals were sexually

mature.

The curves drop abruptly in July/August and generally form a

minimum during the months August to October. This coincides approximately

with the point in time (cf. Poddubnaya 1962) at which the very young

tubificids appear in greatest numbers: (June)-July-(August).

It was possible to demonstrate in 1962 the presence of tubificid

cocoons with living eggs or embryos at stations H and K from January till

[P. 3301
October (Table 2). They were sieved from the mud at the two stations

taken monthly in two Ekman dredgings (450 cm2 by 15 cm height). According

to the investigations of Poddubnaya (1962) in the Rybinsk Dam, the cocoons

are deposited in the mud preferably at a depth of 5 to 10 cm. They were

thus reached definitely by the dredge used. The results of this inciden-

tal investigation confirm the data for the occurrence of young tubificids

that have been given above.

Table 2. Number of the tubificid cocoons per 100 cm2 of mud.

Jan. Feb. March Apr. May June July Aug. Sept. Oct.

0.3 1.1 1.7 3.3 6.0 5•1 8.4 4•7 0.9 0.2

The number of eggs per cocoon varies considerably. Specimens

of Tubifex tubifex obtained from dealers were kept - without substrate

in running water - at a temperature of 10 to 13°C. Three thousand of the

cocoons formed in the period from May 1962 to July 1964'were examined

(Fig. 15). The cocoons of this species are.semi-transparent and white
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contained in theme

in a clean medium. However, since they are imbedded under natural con-

ditions in the sedimented substrate, their coloration varies, according

to the degree of dirtiness froih grey to blackish. The number of eggs per
' Lp• 3311

cocoon varies from 1 to 16 and thus shows still greater variability than

the range of variation of 6 to 14 found by Penners (1933)• In each case

more than 1 per cent of the cocoons contain 2 to 10 eggs and more than

20 per cent contain 3, 4 or 5 eggs each.

The number of eggs in the larger cocoons of Limnodrilus

uçlekemianus that are up to 3 mm long could be ascertained in 534 cocoons,

which had been produced by worms that had been held in a pure culture

(from April tô September 1964) (Fig. 15). A maximum of eight eggs are

contained in cocoonsof this species (whereas Penners 1933 indicates five).

Approximately 87 per cent of all cocoons examined contained two to four

eggs; the most frequent number Of eggs was two.

The very great difference in the nt^.mber of eggs per cocoon in
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the two species investigated allows the conclusion that T. tubifex  has 

a higher potential rate of proliferation - under the assumption that the 

eggs of the two species haye equal fertility. Reynoldson (1945) namely 

has demonstrated in the enchytraeids that a sPecies-specific degree in 

sterility can have a compensating effect. 

Foddubnaya (1959) conjectures that the duration of the prop-

agation period in the tubificids is determined by temperature conditions. 

This statement prompted me to summarize the water temperatures that were 

measured during the period from January to December 1962 in the Fulda at 

the stations below river kilometre 7 (that is, without the source region) 

and thus obtain a mean monthly temperature (Fig. 14). 

However, the course of the temperature curve does not show a 

plausible correlation between the point in time and the duration of the 

sexual activity. It is, however, striking that the majority of young 

animals aPPear exactly at the time when the river water has attained its 

maximum temperature. The biologically advantageous effect of this fact 

lies in the rapid increase in weight. The higher temperatures accelerate 

the post-embryonal growth through the increase in the intensity of the 

metabolism (see chapter 7) (cf. the papers on lumbricids by Michon 1946 

et seq.). 

The factor temperature also deserves attention in view of the 

general contention of Bornhauser (1913): "every seasonal effect on the 

animal community is lacking in springs on account of the constant low 

temperature". The author thus denies the existence of an annual propag-

ation periodicity in the inhabitants of springs by marking the thermal 

environmental factor as the sole "timer" (see Aschoff i958), which dis-

aPPears as such on account of its constancy. For this reason, the 
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• sPecimens collected from substrates within the source region were not 

taken into account when calculating the share of sexually mature tubific-

ids (Fig. 14). 

Bornhauser then continues: "the lack of periodicity in propag-

ation has the result that the quantity of the fauna is always of the 

same size". It is possible that the behaviour of the oligochaetes (that 

manifests itself, however, periodically in sexuality and population den-

sity) is based on an innate rhythm, which could be synchronized to a 

certain extent with environmental factors and therefore allows local shifts 

in the time of the cyclic phases and variations in the duration of the 

periods. For example, Table 3 shows that there are considerable differ- 

. ences during the course of the year in the population density in the 

Fulda sources (5.5 to  8° C)  of Nais communs and of the other oligochaetes. 
[P. 332] 

Table 3. Population density of Nais communis and of the 
other oligochaetes in the sources of the Fulda (January 

1962 to January 1963; abundance for 1 dm3 ). 

Station 

A Sand-mud 
Gravel a 
Gravel b 

Other oligochaetes 

! 14 0 10 36 34 39! 32 24 174 142 104 73 

1150 0 39 10 '668 997 4 16 13 11 18 23 

1132 3 40 197 192 196 3 10 69 10 2 7 

Substrate 	I HI V VII IX XI I III V VII FX XI 

6.  ECOLOGY OF THE OLIGOCHAETES 

It will be attempted in what follows to define and separate as 

far as possible the ecological factors resP onsible for the density, com-

position and distribution of the oligochaete fauna - with special con-

sideration of the tubificid population. The investigatiàns will be based 

on field observations and on the results of experiments. 
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6. 1 0 c c u r r e n c e o f t h e 0 1 i g o c h a e t e s

i n D e p e n d e n c e o n t h e C'h e m i s m

of the Ylate,r

Korn (1963) deduced from his investigations of the importance

of the oligochaetes as indicator organisms for the characteristics of

the water in streams that "the chemism of the water affects the dis-

tribution of the oligochaetes only indirectly through the substrate". As

regards the individual components, one should in most cases not con-

sider a direct relationship", but "this concerns rather more often only

a coincidence" and the factors have to be "evaluated quite generally as

indicators of the pollution and loading". In addition it appears ques-

tionable to deduce optimum living conditions and distribution maxima of

the species from the variations of a single factor of the physico-chem-

ical water condition. It is questionable in how far it is possible to

use laboratory experiments for the clarification of the dependence on a

chemical component of the water and to apply their results to the nat-

ural conditions in a feeder stream.

No unambiguously definable relations to the occurrence and dis-

tribution of the species were apparent from the water analyses carried

out at the stations of the Fulda from January to September 1962. There-

fore no conclusions will be drawn from the mean values obtained (Table 4

and Figs. 16 to 20) in regard to the oligochaete populations and the

data will only be considered as contributions to the characterization of

the stations.

It would be necessary to investigate through detailed exper-

iments whether the oxygen content of the running waters is to be considered
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of water quality". According to - the investigations of Zimmermann (19 6 2) 

the main reason for this fact is that in general-"the current exerts a 
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as "an important factor regulating the distribution of most of the oligo-

chaete species" (Korn 1963). For example, at station H the highest mean 

population denoity of T. tubifex for all stations of the Fulda coincides 

with the lowest mean value for the oxygen saturation and the most extended 

sPectrum of the 0
2 
concentrations measured (cf. Fig. 16). As will be seen 

from the subsequent statements about the substrate, the cause for the 

better development (and the low 0
2 
concentration) can very well lie prim- 

arily in the state and composition of the sediment. According to Liebmann 
[p . 333] 

(1962), most oligochaetes are "rather indifferent" in regard to water 

pollution. Korn (1963) deduces from field observations that "the oligo-

chaetes prove to be little suitable as gàide forms for the classification 

Table 4. Chemical data for the Fulda water in 1962. 
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stronger ecological effect on a number of organisms of running water than

the load of wastes". The mutual effects of current and sediment on the

one hand and for some species the resultant-,substrate on the other, will

be of decisive importance for the occurrence of the oligochaetes.

In contrast, Goodnight and Whitley say that the tubificids are

very well suited as indicators for the load in a body of water. It is

claimed that if more than 80 per cent of the demonstrated fauna of a mud

sample are tubificids, it means that the pollution is heavy, the presence

of 60 to 80 per cent of tubificids indicates moderate pollution and when

less than 60 per cent are found, it means'that there is a return to nor-

mal conditions. St.ich an evaluation of the quality of the water has the

advantage to make it possible to omit the determination of the species.

However, I think that this division of the content on organic putrefiable

substances in a river is too coarse. An experienced observer would be

able to recognize it more simply and quickly and to carry out such an

inventory would therefore be uneconomical in this regard. In addition,

an investigation that is restricted to a small area might result in in-

correct statements on account of the well-known non-uniform distribution
Lp • 3341

of the tubificids (formation of "nests"). It will bécome apparent whether

there is in the species of oligochaetes also an unobjectionable, statis-

tically convincing reaction to pollution and a direct dependence on the

load of waste only when - as has been demanded by Liebmann (1964) - the

organisms that are characteristic for the evaluation of the water qual-

ity "have been investigated ecologically and physiologically better than

hitherto".

It is usually not possible to determine the favouring factor

solely from the ecological findings, even.when there is a decided mass
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proliferation. Thus Schuster (1915) calls Nais elinDuis a "cold-water

animal with a narrow tolerance for temperature fluctuations", although

the species is independent of temperature as far as its distribution is ;;.

concerned, which is indicated, for example, by its very sparse occur-

rence in the upper reaches of the Fulda. The halophilic tendency, shown

by this naidid in the Weser and Werra and other streams (Wachs 1963,

1964..), however, is striking. According to the investigations by Ax (1952),

Nais elinguis is the most numerous oligochaete among the growth on posts

in the Kiel Canal (8.8 to 15.2 per mil). Hagen (1951) classifies the

species as a brackish-water oligochaete. An increase in the population

density can parallel equally well an increase in current velocity (cf.

Korn 1963). ATais e^is thus attains mass proliferation among the al-

gal growth on the concrete walls of the Middle Isar Canal (cf. the

stream network of Fig. 3) and suppresses all growth of other naidid

species.

The strong development of Lumbricillus rivalis does also not

depend on salinity (cf. Wachs 1963). It can take place equally well in

an entirely salt-free medium under an extremely high supply of organic

substances. This is the explanation for the fact that the colonization

by Tubifex tubifex and the Limnodrilus species of the mud of dam H is

suddenly replaced by L. nivalis that grows in the thin and very loose

deposits of mud below the dam that are formed by dying flakes of haer-

otilus nAtans,. In addition, I was able to demonstrate that the enchyt-

raeid is the main representative of the macroscopic colonists of the

filter rocks of a lightly loaded percolation filter in the sewerage test

field of the Bavarian Biological Research Institute. L.' rivalié obviously

finds excellent living conditions in the biological sward on the lava
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scoriae that are used as fill in the uPPer part of the percolation 

filters. These favourable conditions are created . by  the direct and in-

direct effects of the continuous influx of;the mechanically cleaned 

Sewage. 

6 . 2 The 	Substrate as 

Ecological Factor 

6.21  Types of substrates 

Li 

r7 

r- 

L, 

111› • L 

It  was possible to make statements about the ecological spec-

trum of the species of oligochaetes rich in individuals as well as about 

the relationships between these forms and the substrate inhabited on the 

basis of the inventory made during a full year in a river of hilly coun-

try and in one of the Alpine foothills. 

The sediments were investigated in regard to their mechanical 

and chemical composition. Plants and rocks in their role as environment 

were considered only during the one-year cycle of investigations in the 

Fulda (cf. Table 21). 

6.211 GastroPods 

Chaetogaster limnaei  is restricted to the occurrence of gastro- 

pods. The members of this species live as commensals in the pulmonary 

sac of pulmonates and they have been found in investigations by Wagin 

(1931) in ponds with 100 per cent "infection" and with up to 900 indiv-

iduals per mollusc (species of Ilymnaea and Planorbis). The majority of 

the pulmonates examined by me did not harbour the oligochaete. Table 5 

shows the gmall maximum number of Cha2t9.,2_.aster individlials in one gastro-

pod, which was six for the species of Lymnaea,  fourteen for Physa fontinalis 

LP. 335] 
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and twenty-one for Ancylus fluviatilis.

Table 5. Number of individuals of Chaeto^•aster 1imnaei

as percentage of the snails examined.

Ancylus Pliysa Lymnaea
Species fluciatilis i fvniinalis auricularia peregra

Station D°^1PG°I bi,N,P M i F,O

^--- -
Number of gastro-

544 72 69
I

108
pods examined

Number of Chae.togaster Per cent of gastropod species

F]

r-•.,

0

0

0
73,9 25,0 56,5

1 8,0 16,7 4,4

2 4,7 1,4 13,0 i

3 2,2 8,3 2>9.
4 2,5 4,2 17,4 Î

5 2,2 2,7 2,9
6 0,4 1,4 2,9
7 0,4 4,2 i

8 0,7 4,2

9 0,4 8,3
10 1,0 8,3

11 0,4 2,7

12 0,4 4,2
13 0,4 4,2

14 0,4 4,2

15 0,4

16 0
17 0
1s 0,4
19 0,4
20 0,4
21 0,4

6.212 Plants

61,1
13,9

8,3
5,6
8,3 •
1,9
0.9

Naidids are the predominant colonists of plants - which are

mainly species of Callitriche, Ra.nunculus fluitans and Chlorophyta. It

can be seen from Fig. 21 that they constitute the dominant part of the

oligochaete fauna of this section of the river environment. This figure
Lp- 330'1

gives the average percentage distribution of the dominant plant colonists

among the oligochaetes at the individual stations. The exact percentages

for the individual species on all substrates that'have been found during



the cycle of a year can be taken from Table 21. 

In the source region the enchytraeid Cernosvitoviella atrata 

occurs frequently besides the dominant Nais  communis (83,9 per  cent at 

station C). Chaetogaster diastrophus  Prefers the plant substrate, as eoes 

Ch. langi,  whose proper environment is not the sandy and stony substrate, 

as has been assumed by Wolf (1928). The appearance of nuMe;c9P-8  individ- 

uals of Stvlaria lacustris  is unconditionally dependent on  the  xiyer 

flora and increases strongly with the rising pollution of the water that 

is conditioned naturally by the increasing distance from the source. Thus 

is to be explained the occurrence of masses of this speoi-es  in the Weser 

(Wachs 1964). The more favourable nutritional and oxygen conditions in 

the floating bundles of plants must be - according to sPeoiee of decr 

isive importance for the existence of the naidids. 	ria lacustris  

prefers probably only the plentiful .supply of food. The grasses that 

become flooded during high water are colonized only by el j-g9Ç4aetes? . as 

Nais communis and N. elinguis,  with few exceptions (nematodes, gammarids). 

6.213 Rocks 

The naidids are as a rule dominant also on the  rocks  in beds 

of brooks and rivers (Fig. 22), that is, through the sPeçies Nais alPina, - 

N. elinguis,  N. communis,  N. barbata,  L  pardalis, Chaetogaster dias- 

trophus  and Ch. lane. 

My  statements about collecting localities for Nais alena  in 

the Isar and in the brook region of the Fulda, as well as those of 

SPerber (1950) and Hrabés (1960) lead to the assumption that this is a _ 

narrowly cold-tolerant species. Nais elinguis  is absent from the Fulda 

sources and increases in numbers with increasing distance from there at _ 

e r 
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the expense of Nais communis (cf. its occurrence in the Weser, Wachs

1964). Nais elin,uis therefore cannot be a narrowly tolerant cold-water

form, as has been assumed by numerous authors (Schuster 1915 and others).

This ecological assignement is in part also the consequence of systematic

confusion, which has been pointed out also by Schuster (1915) and Stolte

(1962).

At station 0 the average abundance of N. elinguis is 320 in-

dividuals per 100 cm2 of rock surface. Rhvacodril_us falciformis (33.1

per cent)., Cernosvitoviella atrata (16-7 per cent) and Plarionina ar .en-

tea (15•9 per cent) are frequent only in the source region. In the heavy

coating by Sphaerotilus on the rocks below the dam at station H, the en-

chytraeid Lumbricillus rivalis occurs with an 87-per cent abundance (bes-

ides Tubifex tubifex) (cf. the statements about the chemism of the water,

p. '40).

6.214 Gravel

Lp• 3371

The composition of the grain sizes and thus, in dependence on

the extent of the interstitial system and the current velocity, the in-

tensity of the water exchange will be of decisive importance for the dis-

tribution of the species. Whether the dominance of the characteristic

species that occur in the variable environment is determined mainly by

the physiological significance of the current (cf. AmbUhl 1959) or by

the deposition of the fine organic substances that serve as food, is not

well understood at present.

The characteristic species in the fast flowing regions of the

brooks is the enchytraeid yr.opappus volki, which is dominant in the

gravel of station F with 41.2 per cent of.the individuals (and 66 per
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cent when the juveniles also are included). As is shown by Figs. 18 and 

19, the average load of organic substances is still rather small (mg/1): 

ii .6 11.4 nO4 consumption 

PO43- 

so 2- 
4 

7.5 0.31 NO - 
3 

In addition, the highest values for 02  in the whole Fulda were found here 

(relative 02 saturation on average 108.5 per cent; Fig. 16). According 

to my observations - cf. also the investigations by Neisvestnova-Sbadina 

(1937) in the sand (0.5 to 1 mm diameter) of the Oka and Volga  - the 

determinative fraction of the preferred sandy freshwater environment is 

probably coarse sand (0.2 to 2.0 mm)  and  not large-grained gravel, which 

constitutes exactly at station F of all stations of the Fulda the largest 

proportion of the sediments (Table 6). Hitherto, this "characteristic en-

chytraeid" (Wachs 19 64) has been found only at a few places so that it is 

not possible to deduce the decisive environmental.factors from the incom-

plete knowledge of its life history. 

Pais communis is dominant (95.4 Per cent) in the gravelly 

bottom of the Fulda source (station B, a) and it is there very rich in' 

individuals (a maximum of 222 individuals/100 cra2). The naidids Pristina 

rosea and P. foreli are dominant in the gravels of the middle reaches of 

the Fulda, farther downstream the tubificids Limnodrilus hoffmeisteri  

and Tubifex tubifex  become dominant, until finally Psammoryctes barbatus 

is in the gravelly bottom of the Weser (Wachs 19 64) the dominant species 

or the only representative of the oligochaetes. 

The gravel deposits at the Isar station R (Fig. 24) are col-
. 

oured black by iron sulfide. When they are being touched a very inten- 

sive development of gas takes place, thus only Tubifex  tubifex  occurs 
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here in numbers.

The investigations at the Isar stations P and U(Fig, ?4 and
Lp• 3391

Table 6) demonstrated unambiguously that the condïti4X15 for the deve1op-

ment of large numbers of the lumbriculid Stylodrilus herinp-ianus are
r_^._---'-' --- ' -

given by a grain size of the substrate between the limits of 0,063 and

15mm.

6.215 Sand

-The shape and the pore volume of the system of openings in the

sand and above all the size of the capillary flow are of importance for

the animal population in the sandy freshwater environment (i^uttner-Kolis-

ko 1957, 1962). The intensity of the circulation in the pore spaces -

which for the animal community of the capillary spaces is determined by

the magnitude of the laminar flow, which here fulfil.ls "at least approx-

imately the function of the turbulent flow" (Ambühl 1962) - determines

the exchange of water and substances. However, on aceount of the method-

ical difficulties in exact measurements, "little is known about the

minimum magnitude of the water movement that is still ef f eetive physiolr

ogically" (Ruttner-Kolisko 1962). According to investigations by Stuart

(1953) with the Pitot apparatus, the animals living under the peak of a

sand hill obtain the greatest amount of oxygen, since interestingly the

current is largest exactly at this point.

The enchytraeids Cernosvitoviella atrata and Marionina ar en-

tea occur most frequently in the sand (Fig. 25) of the source area. High

values for the abundance of Stylodrilus heringianus are the consequence

of a specific grain distribution in the sand that corresponds exactly to

the conditions that have already been discussed for the gravel in
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Table 6. Distribution of the grain sizes of the gravel 
at the stations (values in volume per cent). 

Station B, a 	B, b 	F 	G 	L 	M 	P, a 	P, b 	R 	U 
0 in nun 	 . -,_ 

• • 

<0,063 	. 	 • / 	/ 	/ 	/ 	/ 	/ 	/ 	/ 	/ 	0,5 

0,063- 0,1 	1 	0,08 	0,02 	0,05 	0,1 	0,8 	0,68 	/ 	/ 	5,2 

0,1 	- 0,2 	4,84 	0,21 	0,18 	3,8 	4,5 	. 	3,94 	0,22 	/ 	1,6 	15,8 

0,2 	- 0,63 	22,76 	0,66 	1,55 	9 	9,44 	16,6 	0,4 	/ 	0,2 	4,9' 

0,63 - 1 	 13,1 	0,45 	0,75 	9,05 	9,06 	14,2 	1,6 	0,08 	0,2 	7,1 

1 	- 2 	16,1 	0,9 	1 	5,8 	5 	- 15,4 	0,7 	0,12 	1,2 	4,5 

- 	2 	- 6 	30,12 	6,5 	3 	9,4 	9,3 	20,3 	3 	5,7 	18,8 	15,5 

6 	-15 	 / 	11,5 	14,5 	18,5 	26,25 	/ 	90 	20,1 	27,5 	34,5 

6 	-20 	12,08 	/ 	/ 	/ 	/ 	28,76 	/ 	/ 	/ 	/ 

• 15 	-20 	 / 	/ 	/ 	16,2 	15,8 	/ 	4 	/ 	22,5 	/ 

15 	-25 	 38,5 	/ 	/ 	/ 	 / 	67 	/ . 	9 

15 	-SO 	 i 	35,7 	/ 	/ 	 / 	28  / 

20 	-45 	 / 	/ 	28, 2 	20,55 	 7 	/ 	3 

25-50 	 41,2 	/ 	/ 	/ 	 / 	 / 

30 	-45 	 / 	43,3 

. 	 . 

-tz>. 

1 
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connection with this species (cf. station D of Table 7 and of ^ig:

Optimum and tolerable living conditions for numerous (14) genéia; àmbng

which Nais with six species, and Pristina with four speeies Aré prëdôin-

inant, are found in the pure sand of station G; of this s,bôüt 63 iroiümé

per cent are lying in the region of inedium fine sand. Goihg dôwnstrèaM,lp: 340,

Nais elinguis, Tubifex tubifex, Limnodrilus hoffmeisteri and L:udek-em-

ianus increase steadily in numbers with increasing pollutidh: Iindlvidüals

of L. hoffnieisteri appear here considerably more frequentlÿ thân the ôthèr

two species of tubificids mentioned.

Table 7. Distribution of the grain sizes of the sand
at the stations (values in volume per cent).

Station F
-e" in mm

<0,063 0,02

0,063- 0,1 0,1 1,38

0,1 - 0,2 1,9 10,9

0,2 - 0,63 14,8 73,4

0,63- 1 16,4 12,4

1 - 2 28 1,7

2 - 6 ! 29,6 0,2

6 -15 9,2

0,2 0,01 0,1

0,8 0,04 0,37

6,2 0,15

63,3 20,8 44,85

21,1 58,6 44;0

6,7 18,4

1,7 i 2

/

0;^

/ /

6.216 Sand-mud

0:.I

The evaluation of the grain-size analyses of the muddy sed--

iments showed that it is logical and, from an ecological pbiht of viëw,

even necessary to subdivide them into the substrate types sand=mud and

mud. The deposits that have been called sand-mud in what follows have

either still a grain size of less than 0.5 mm or they lie between the

limits 0.5 and 0.005 mm. In addition, their main fraction lies between

0.2 mm and 0.5 mm. Only the curve for the grain distribution of the sed-

iment at station P shows an insignificant deviation.
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The sand-mud (Figs. 26 and 28) of the source and brook region 

is Poor in organic deposits and is colonized mainly by Cernosvitoviella 

atrata  or by Nais elinguis. Downstream three species of tubificids domin-. 

ate the faunal picture at an increasing rate with the increasing degree 

of putrefaction processes in the substrate. Limnodrilus hoffmeisteri is 

always the most abundant species, followed by Tubifex tubifex and L. 

udekemianus with noticeably smaller abundance values. In contrast, L. 

helveticus is the dominant form in the sandy-muddy sediment of station P 

(Figs. 24 and 28). In my investigations of several river gystems I could 

record this Limnodrilus species only in the Alpine region (Isar). 

6.217 Mud 

The grain distribution of the mud in a river (main fraction in 

the region of (0.08)-0.1-0.2 mm; cf. Figs. 29 - 31) that differs from that 

of sand-mud, results also in a different percentage composition of the 

oligochaete fauna (Fig. 3 with stations S and T; Figs. 24 and 27). 

The muddy substrate, in which Cernosvitoviella atrata  and Nais 

communis are still dominant in the source region, becomes poorer in spec-

ies and richer in individuals with increasing pollution farther down-

stream. Wolf (1928) was able to demonstrate "a strong dependence" of the 

number of species "on the oxygen content of the water adjacent to the 

mud". 

In the typical mud of a river (that is, not including that of the 

brook section), which corresponds to the statements about the grain sizes 

given above, only the tubificids of the order Oligochaeta are still fin-

ding favourable environmental conditions. In the river mud - with the 

exception of that in dams of large area, the natural self-cleaning of 

L. 
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which has been altered forcibly (about the effects of dams see Lieb-

mann 1960 b) - the dominant member of the oligochaete fauna is always
[p- 3411

Fig. 16. Actual oxygen concen-

tration and relative oxygen
saturation in the Fulda in the
period from rIarch to September

Lj
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°dH Fig. 17. Water temperature and
total hardness of the Fulda in

the period from January to
September 1962.
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Fig. 18. Conductivity and oxy-
dizability of the Fulda water
during the period from January
or March, respectively to Sep-

tember 1962.

Fig. 19. Content of nitrate,
sulfate and phosphate of the
Fulda during the period from

March to September 1962.
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Fig. 21. Percentage distrib-
ution of dominant inhabitants 
of plants. The figures at the 
distributional diagrams give 

the number of species present 
(left) and genera (right). 
This applies also to the 
following illustrations. 
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Fig. 29. Curves of the distribution 
of grain sizes of the mud at 

stations C, F, G and H. 
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Tubifex tubifex. This ubiquitous species also lives in pure water with a

constantly low temperature, as soon as there takes place locally an ac-

cumulation of organic material in the form of small pools (cf. Korn

1963). Thus it is present already , to the extent of 10•5 per cent, in

the oligochaete fauna in the micro environments of one of the running

sources of the Fulda (station A). Only Limnodrilus udekemianus among the

three species of Limnodrilus (L. udekemianus, claparedeanus, hoffinei:,teri),

which also inhabit mud, occurs in a notable number of individuals (cf.

Fig. 32).

Strange to say, the quantitative composition of the oligochaete

fauna of the mud of larger dams shows marked differences from that of the

environments treated above. In the barrages of the Isar (Fig. 3, stations

V to Y) I did not find Tubifex tubifex at all and I could find it only

very rarely in those of the middle reaches of the Weser (Wachs 1964). In

contrast, individuals of Limnodrilus were dominant in the barrages of.

e h 1 a n x

NIud

9 a n d- 5 c h 1 a a a

Sand-:nud

S a n d

Sand

= Tub1!.x tubifex Q I1_n0drlluu udeka=innue

Li=adrilue, 6en. L1=odr1lun T.off.eletarl

Lionodr33ue alnpnredeenue

Fig. 32. Percentage distribution
of Tubifex tubifex and of three
species of Limnodrilus in the

mud (based on 3389 individuals),
sand-mud (74.51 individuals) and

sand (666 individuals), - On the
right side of the graph the share
of the genus Limnodrilus has been

set- 10.0 per cent.

a
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both river systems. Whereas L. claParedeanus  forms the majority in the 

Weser, L. hoffmeiFteri  furniéhes the main percentage share in the Isar. 

The kind of distribution of the grain sizes cannot provide the explan-

ation for these different phenomena in the benthos of natural river 

stretches and that of large artificially dammed up barrages. 

ly way of summary, Fig. 32 is intended to  show the unambigu-

ously different dependence on the grain size of the substrate of dammed 

up running water by means of the percentage distribution in three types 

of substrate - in mud (0.5 to <0.005 mm), in sand-mud (either :::›0.5 mm 

or between 0.5 and 0.005 mm)  and in sand (>2m.m) - of Tubifex tubifex  

and the genus Limnodrilus  in general and then especially of three species 

of Limnodrilus.  It is not»at all true that the dominance of one form in 

one environment can be recognized unambiguously through the taking of 

one sample; rather, there can be great variation in the dominance. Only 

the statistical evaluation of numerous samples, taken over an extended 

period of time provides a clear picture of the composition of the fauna. 

According to this, Tubifex tubifex  dominates in the mud with an average 

share among oligochaetes of about 73 per cent. In contrast, the genus Lim-

nodrilus  dominates in the sand-mud with about 72 Per cent and in the sand 

with about 63 per cent. 

When one examines the ecological demands of Limnodrilus  sep-

arately according to species, one finds again clear differences. Whereas 

L. udekemianus  predominates .  in the mud with a share of about 67 per cent 

of the genus, L. hoffmeisteri  inhabits with 73 per cent the sand-ILud and 

with about 88 per cent the sand. L. claparedeanus  is absent from the sandy 

sUbstrate. The percentage of the number of individuals of L. hp_ffunteri 

increases with increasing grain size (up to 2 mm), whereas the Percentages 

[P. 350] 
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of Tubifex tubifex,  L. udekemianus and L. claparedeenus  decline sharply. 

According to my investigations, Tubifex tubifex  will always 

dominate in the mud of a not dammed up stream when the substrate has a 

minimum share of A3 weight per cent in the region .<0.15 mm diameter; when 

the share is less, the Limnodrilus populations will dominate. 

When one takes into consideration also samples from barrages, 

then one must add that the fraction between the limits 0.08 and 0.1 must 

be greater than 13 weight per cent, if the conditions for the grain size 

distribution in the sediment are to be met that lead to the dominance 

of Tubifex tubifex. 

6.2 2   Chemism of the Muds 

The specific grain distribution of the sediments is of great 

importance for the presence and dominance of the various species of 

oligochaetes, but this does not preclude the dependence of these species 

on other factors. Above all, it has still to be clarified, which com-

ponents determine the population density of the tubificids. 

It must be the goal of a biological analysis of a locality to 

define it exactly, that is, by numerical values. The Presence of a species 
[p. 351] 

does not define an environment, but the frequency of this species does. 

Since the curves for the grain distribution of the substrate types did not 

show any correlation with the mean values for the abundance of the tubificids, 

it was obvious to investigate the influence of the chemism of the sediments. 

Some components of the complex of chemical factors (Tables 8 to 10) 	as 

organic substance, organic carbon and total nitrogen - were analyzed and 

considered in relation to the quantitative occurrence of the tubificids 

(mean value of the results obtained in each case during the annual cycle). 
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There is considerable parallelism between the water capacity of sediments

and their content of organic substances (cf. Ungemach 1960). It is pre-

cisely the va^ûes of these factors that are especially high in the muds

of barrages (Table 8, stations V to Y). This is perhaps - for reasons

that are not yet very well understood - connected with the absence or

the very scarce occurrence of Tubifex tubifex in thé benthôs of the large

barrages. Whereas the water content of the sediments in the barrages is

constant at about 80 per cent and whereas the values for the organic sub-

stances always are more than 11 per cent, the corresponding figures for

the muds of natural strea:n sections are lying between 50 and 68 per cent

and in the range of (2)-4-7-(11.5) per cent.

A"considera.ble parallelism between organic carbon and total

nitrogen" that has been confirmed by Ungemach (1960) for the gyttjas of

European lakes, does not exist in the muddy sediments of running waters

according to the present results. There is no correlation between the,

content of organic substances, organic carbon and total nitrogen. This

peculiarity of river sediments eliminates all possibility to infer the

approximate content of organic carbon from the proportion of organic sub-

stances and indicates a high variability of its chemical composition. The

influx of carbohydrates and proteins in running waters must be able to

shift so far in favour of one of the constituents that there is no possib-

ility for the establishment of,an approximate constancy or of even a nar-

row range for the C : N ratio. Instead, the value C : N shows astonishing

differences (in mud 1.6 to 18.7). It is therefore only too evident that

no unambiguous relations to the density of tubificids can be obtained

from this inilomo;eneity (in regard to chemica.l composition). It is true

that in general the abundance values increase with rising content of
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Chemism 
Abundance 

Water content, per cent 
• Carbonates, per cent 

Organ. substances, per cent 
Organ. carbon, per cent 
Tot. nitrogen, per cent 
C :N 

89,7 	56,4 	62,1 • 6;3,5 
2,03 	0,33 	0,41 • 2,80 

24,39 	2,18 	6,33 11,48 
7,02 	1,66 0,67 	2,18 

. 	0,70 	0,21 	0,42 - 0,59 
10,0 	1 7,9 	1,6 	3,7 

67,9 
2,62 
6,56 
5,20 
0,28 

18,7 

56,1 
7,02 
4,26 
2,91 
0,26 

11,2 

Station 
Chemism 
Abundance 

A 
Source 

48 
19 

234 
135 
51 

Li 
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Talle 8. Chemical data for the muds at the entrance into 
the storage lake and at the dams of the Isar. 

I.P. 352] 

Dams Environment . Storage Lake 

V Chemism Station 

Water content, per cent 
Carbonates, per cent 
Organ. subst., per cent 
Organ. carbon, per cent 
Tot...nitrogen, per cent 
C  :N 

1 69,0 r49,8 178,8 81 , 1 1 81 ,8 1 81,1 1 81,1 
- I 

. i 1 i 
• 8,66 	3,58 1 7,00 I 6,08 1 6,81 1 3,24 10,02 

1 6,21 1 6,00 ; 11,63 1 15,88 1 17,43 ; 16,40 1 15,36 

. 5,23 1 2,03 1 3,43 1 9,47 : 9,68 1 2,03 1 6,80 

1 0,49 1 0,31 	0,52 i 0,62 i 0,65 i 0,63 	0,62 

1 10,7 I 6,6 	6,6 1 15,3 1 14,9 I 3,2 	11,0 

	

I 	 . • ! 	 • 	_ 	. 

Table 9. Chemical data for the river muds and the mean 
abundance (per 100 cm 2) of the tubificids. 

Tubificids, adults + juv. 	10 	319 I 129 1 417 1 -- . -- 

Tubificids, adults 	 0,8 ! 20 	40 I 72 1 24 ' 5 
Tubifex tubifex,  adults 	: 0,2 	8 	28 ; 61 	15 1  2 

1 1 

Table 10. Chemical data for the sand-muds and the mean 
abundance (per 100 cm2) of the tubificids. 

Water  content, per cent 
Carbonates, per cent 
Organ. substances, per cent 
Organ. carbon, per cent 
Tot. nitrogen, per cent 
C  :N  

53,1 	41,9 	38,0 	45,9 ; 
1  38,4 	42,3 

	

1,42 	0,31 	0,52 	1,65 1 1,64 	7,21 

	

6,36 	2,98 	3,49 	6,56 	2,38 .  3,31 

	

0,82 	1,00 	1,73 	1,63 	1,62 3,97 

	

0,15 	0,17 	0,19 	0,33 ! 0,14 	0,19 • 

	

5,5 	5,9 	9,1 	4,9 1 11,6 	20,9 

Tubificids, adults + juv. 
Tubificids, adults 
Tubifex tubifex,  adults 

8 	183 	230 1 434 
4 	14 	113 I 143 

4 	10 	321  27 •, 
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organic substances, organic carbon and total nitrogen (Tables 9 to 10).

However, there is by no means a mathematical dependence that would provide

the possibility to infer from the density of individuals the magnitude of

any of the chemical components or vice versa.

Lp• 3531
It is true, there is an exception in the colonization of the

mud of the Fulda (without the source region) at the stations F, G and H.

There is found a very clear correlation between the content of organic

carbon - in the region between 0.67 per cent and 2.18 per cent of the dry

weight - and the mean density of tubificids of all ages that consists in

a linear dependence of the two values. To the muds of these three stations

applies the rule that to a content of exactly 0.52 per cent of organic

carbon correspond as colonists 100 tubificids of all ages per 100 cm2 of

substrate.

The comparative investigations in the Isar show that different

conditions obtain in every river system, which do not allow final unob-

jectionable conclusions to be drawn. In view of "the individual develop-

nient of the running waters themselves in nature, there simply are no ab-

solute equalities" (Illies 1955). The widely held opinion that "the den-

sity of colonization in tubificids depends in the very first instance on

the content of organic substances in the bottom sediments" (gieschkat

1937) is valid only to a limited extent. The optimum development of the

tubificids in a substrate depends obviously on a specific co-operation

between mechanical, chemical and other components of the comprehensive

complex of factors.

0
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6. 2 3 	Selection of the substrate 

in the experiments 

In the following the evaluation and explanation of the field 

observations will be examined by means of experiments. 

Exploratory experiments were carried out by placing different 

substrates into glass troughs of 7 mm inner width that had water flowing 

through them. Large Petri dishes with a diameter of .18 cm and a height of 

3 cm were-used for the numerical evaluation of the substrate selection 

tests. A plexiglas tube was fastened to the centre of each dish and sur-

rounding this at a distance of 2 .  cm was a Plastic ring with sieve-like 

perforations. Radial inserts of plastic sieve plates were used to sub-

divide each Petri dish into nine (eight) sectors of equal size. The sec-

tors could be filled to the rim of the dish with different substrates, 

always three times three (four times two, two times four) - alternating 

in each case (Fig. 33). The dish filled with substrates was placed into 

Fig. 33. Plan view of the Petri dish 
used for the experiments for the 

selection of substrate. 

a bowl through which flowed Munich tapwater of 10 to 14 ° C that was fil- 

tered throuEh activated charcoal. The adult test animals could then be 

fl 
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0

Fig. 34. Curves for the
distribution of grain sizes
of the synthetic substrates

6 to 9 as used in the
experiments for the

selection of substrate.

placed into the space between the two inner rings. The sole purpose of

the centre space was to prevent the animals from forming into a tight

ball on account of the pronounced contact sense of the species of tub-

ificids that were used. The worms (in each case individuals of only a

single species) thus had the opportunity to travel over the entire space

of the dish and to select actively the environment that was the most

favourable for them. Each experiment was terminated after f ive days. The

individuals were sieved out from the different substrates and counted.

The selection experiments with the mineral substrates - in which it is

assured that the composition remains the same - were carried out several

times in order to avoid. working with a number of individuals that might

be too large temporarily.
Lp • 3541

In order to arrive at well founded-conclusions in spite of the

variability of the results of the individual selection'experiments, Petri

dishes with nine sectors and three different substrates were used, except
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for the initial experiments, when two different substrates were used al-

ternately in eight sectors. On account of this subdivision each selection 

experiment consists actually of three experiments. Fourteen series of 
[p . 355] 

experiments (I to XIV) with a total of 25 types of substrates (1 to 25) 

in different combinations were carried out (Figs. 35 to 37). The com-

position of the different synthetic substrates that are indicated by 

arable numerals in the figures was as follows: 

(a) Mineral substrates: 

1: gravel of 7- to 5-mm diameter (limit between fine-medium gravel 

and small gravel); 

2: sand of 2.5- to 1.5-mm diameter (limit between gmall gravel and 

gravelly sand); 

3: sand of 0.5- to 0.3-mm diameter (macro-coarse-medium sand); 

4: sand of 0.2- to 0.07-mm diameter (main fraction at 0.12 mm; 

fine-medium sand); 

5: mud of 0.25- to <0.001-mm diameter with main fraction at 0.07 mm; 

obtained from pulverized dry substance of river muds through 

igniting at 800 ° C for 20 min. 

6: sand-mud of 1.5- to 0.0017-mm diameter (curve for grain distrib-

ution in Fig. 34); 

7: substrate of 1- to <0.001-mm diameter (curve for grain dis-

tribution in Fig. 34); obtained through mixing quartz sand, sub-

strate of type 5 and kaolin; 

8: substrate of 0.25- to <0.001-mm diameter (curve for grain dis-

tribution in Fig. 34); obtained through mixing substrate type 5 

with kaolin. 

9: kaolin of 0.13- to-c.0.001-mm diameter (curve for grain 
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distribution in Fig. 34); 

10: substrate of 0.32- to <7,0.001-mm diameter , . with main fraction at 

0.06 mm; 

11: substrate of 0.32- to.<0.001-mm diameter; obtained through mixing 

of substrate types 9 and 10 in the proportion 1 : 1. 

(b) Organic substrates: 

The organic substrate types 12 to 23 were obtained by mixing 

the substrate 5 with animated mud (sieved through a net with 0.2-mm mesh) 

from the oxidizing ditch of the Munich sewage test field. The distrib-

ution of grain sizes was constant between the limits of 0.25 and -e,0.001 

AIM . 

In per cent of dry 
substance  

Organic C .  Total N 
Substrate type 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

0,39 
2,26 ' 
0,31 
0,72 
0,16 
0,30 
0,61 
0,07 
0,28 
0,04 

• 0,10 
0,015 

4,56 
17,15 
3,50 
7,21 
1,43 
2,76 
5,42 
0,67 
2,75 
0,27 
0,82 
0,13 23 

2/1: 5.96 per cent organic carbon; 0.66 per cent total nitrogen; 

0.5- to <:0.001-mm diameter. Obtained through mixing substrate 

types 3 and 5 + animated mud in the ratio 1 : 1. 

25: 7.04 per cent organic carbon; 0.73 per cent total nitrogen; 

1.5- to 0.0017-mm diameter. Obtained through mixing quartz sand 

and substrate 6 + animated mud in the ratio 1 : 1. 
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Tubifez

Since the selection tests are, of course, x.e.produçible only to

a certain extent on account of the great variabili.ty of the individual

results, only the unambiguous tendency will be documented in the evalu-

ations ( Figs. 35 to 37) by means of the percentage dâastr_ibu.tion.

When the Limnodrilizs species are provided with the .l?os,sibili.ty

of choice between mineral substrates - from small gravel to fine pand

they always move into that substrate, the particles of whiçh have the smal-

lest diamter (Fig. 35, tests I and II).

When only sand and mud are available, the finex sedime_r>`t is again

Vereueh

Test

. I

IV

6.231 Different grain sizes

iimedrilun SSylcdrilue

tubifex udekemianue helveLicw herint:lnue

2170

2500

3894

ED

5999

351 790 357

235

176

427

69

5

1347

397

526

391

434

148

360

133

preferred (test III).

Within the genus Lim-

Lp• 3561

nod rilus the ecolo .g.ical demands

differ when P!4 y pu^3. e,z^d sand-^ - : --

mud are a.vailable (.tests IV -to V).

Fig. 35. Selection tests in sub-
strates with different grain

sizes for four species.
In Figs. 35 to 37 the combination
of the numbered substrats is
shown on the left side. The sec-
tors of the other circles rep-
resent the percentaee distrib-
ution of the animals and the

figures above th-e- circlès give
the numbexs of individuals on

which the test results are based.

Lp. 3571
As had already been found in field observations, L.udekemis.nus

selects the muddy substrate, L. helveticus (tests IV to VII), in çontrast

selects the substrate with a greater share in the sandy' region, it avoids,

however, the grain sizes above about 0.3 mm (tests II and III). The
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349 10390 

823 3607■ 0 

Terawh 

Test 
VI 

-VII  

Fig. 36. Selection tests in sub- 
strates of different grain sizes 

with two species. 

ecological valency thus corresponds to that of L. hoffmeisteri.  

The reaction of Tubifex tubifex in test I (preference for the 

coarser grain sizes) can be explained perhaps most easily as a sustained 

search attitude for a smaller grained environment (than 7- to 0.3-mm 

diameter). Within the three substrates offered the individuals of this 

sPecies are able to move fastest without mechanical injuries in substrate 

1. However, when the diameter of the particles is smaller, T. tubifex 

moves predominantly into the fine-grained substrate (tests II to IV). In 

this substrate, Particle sizes above 0.2 are being avoided and fractions 

below 0.001 are being strongly preferred (tests V and VI). The preferen-

ces of T. tubifex for muds with fractions below 0.001 mm disaPPear when 

the main region lies below the limit of about 0.06 mm (test VII). 

The significance of the grain size of the substrate has been 

examined also in tests with the lumbriculid styladriLm herinzianus (Fig. 

35). Nud and sand-mud are definitely avoided. The animals seldom . enter 

substrates between the limits gravel and coarse medium sand. The unam- 

biguous preference for the fraction 0.2 to 0.07 mm in the selection 

tests proved that the frequent occurrence of St. heringianus  in gravels 

and sands is related mainly to the share . of the fine fractions. 
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The selection tests with muds of the same grain size dis-

tribution and different content of nutrients - defined by the content of 

organically bound carbon and nitrogen - (Fig. 37, tests VIII to XII) 

show that Tubifex tubifex  and the Limnodrilus species can sense differen-

ces in the chemism of the substrate (tests VIII and IX). The worms avoid 

the pure mineral mud and Prefer the sediment with the highest nutritional 

content. 

m=eribm Test 
Vereuch 	 tubifex 	helveticue 	udekeicianun 

4662 

1104 

210 

133. 

179 

' • xl 

XII 

3166 

8320 

9950 

Fig. 37. Selection tests in sub- 
strates with different carbon con- 
tent and nitrogen content (tests 

VIII to XII) and with differences 
in the grain size and in the 
chemism (tests XIII and XIV). 

T. tubifex  is able to indicate small differences in the carbon 

content (and in the nitrogen content, respectively) (tests X to XII). Ac-

cording to test XII the individuals react in muds with -a carbon content 

of less than 1 Per cent (and a nitrogen content of about 0.1 per cent, 
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respectively) very clearly (with a sevenfold number) to a difference of

0.55 per cent carbon (and 0.06 per cent nitrogen', respectively), but not

at all any more to one of 0.27 per cent carbon (and 0.04 per cent nitrogen).
Lp• 3591

When finally T. tubifex is being offered the choice between

fine-grained substrates (muds) without nutrients or with a low contnent

of them and a coarse-grained substrate with a high content of nutrients,

the animals do not move into the mud, but into the medium containing car-

bon and nitrogen, in spite of the high share in the grain sizes in the

region of_the fine sand and coarse sand (Fig. 37, tests XIII and XIV).

Although in test XIV the sand-mud (substrate 25) does not contain grain

sizes below 0.0017 mm, 94 per cent of the individuals have here preferred

the carbon content of 7 per cent over the nutrient-poor (1•43 per cent C)

mineral mud.

Therefore, the nutrient content of the sediment is of primary

importance for the frequency of T. tubifex and not the fineness of the

grains. Hôwever, this artificial distribution of the mechanical and chem-

ical values that is running oppositely does not exist in the sediments of

running waters. For these reasons the development of T. tubifex and of

the Limnodrilus species will depend on that combination of factors that

has been established through field observations and that is fixed by the

course of the curve for the distribution of grain sizes.

6. 3 M a x i m u m C o 1 o n i z a t i o n D e n s i t y

a n d S e a s o n a 1 A b u n d a n c e

F 1 u c t u a t i o n s

It is well known that the colonization density of every species

is dependent on the effects of the ecological conditions and on the season.
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In addition, it can show noticeable differences within a small area in 

one and the same substrate, esPecially in the case of oligochaete species 

that are rich in individuais (especially in tubificids). 

In order to obtain a concept of the frequency of individual 

forms, the maximum abundance values of common epecies have been assembled 

in Table 11. The data include also the juvenile individuals of the col-

onists. Among other things, this rePresentation shows clearly also the 

apProximate centres of distribution in the Fulda of the species cited. 

LP. 360] 
Table 11. Greatest abundance of species rich in ieividuals. 

(Unit of measurement for plants: 100 cm} , 
for other substrates:.100 cm 2). 

Station 
(Fulda) 

Date 
(1962) 

Total 
individuals Species Substrate 

• 	' • 
Chaetogaster diastrophus 
Ch. langi 
Nais corninunis 
N. alpine 
N. bretscheri 
N. pardalis 
N. elinguis 

:Stylaria lacustris 
Pristine rosea 
P. foreli 
Propappus volki 
Cernosvitoviella atrata 
Tubifex tubifex 

. Aulodrilus filuriseta 
Stylodrilus heringianus 

O 21.8.  
G 7.12. 
B,a 	2.11. 
G 7.12. 
G 7.12.  

13.9.  
O 30.4. 

 15. 10. 
G 30. 9. 
G 30. 9. 

28.7.  
A 	14.5.  
H 1.6.  
G 3.8. 

 C 	I 	4.9.  

Stones 
Callitriche  
Gravel 	. . 
Callitriche' 
Gravel 
Stones 
Stones 
Elodea 
U777/71 
Gravel 
Gravel 
Sand-mud 
Mud 
Sand 
Mud 

130 
26 

222 
7 

11 
7 

660 
19 
58 
67 
49 
24 

1916 
à5 
36 

Furthermore, the high colonization density in the running springs and in 

the upper reaches of the genera Nais, Pristina, Propappus, Cernosvito- 

viella  and Stylodrilus  suggests very strongly that it is hardly justifi-

able to ascribe, according to Illies (1952), "an unimportant role" to 

the oligochaetes "in the manifestation of the brook fa:Una". 

Knowledge of the season and of the duration of the sexual 
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maturity of the animals is of great importance for ecological research,

because the structure of the biotic community changes with this periodicity.

Seasonal differences of abundance are shown. in Table 12. Individuals of

all ages have been taken into account for the two Nais forms, but only
Lp• 3611

adult individuals have been considered for the remaining species. The

Table 12. Average population density in a half-year
per 100 cm2 substrate.

(Sch = mud, S-Sch = sand-mud, S = sand, K= gravel)

I

Species
Winter

(Nov.-Apr.)
Substrate

28,3 S-Sdh, S, K
162,5 S-Sch, S, K

3,3 S-Sch, S, K
2,3 Sdi, S-Sdi, S, h'.

23,4 Sdi, S-Sdl
22,4 S-Sdi
25,5 SdI, S-Sch

8,8 Sdi, S-Sdi

44,4 Sch, S-Sch
96,5 Sdi, S-Sd1

Nais species show marked fluctuations in abundance on account of the

greater number of juveniles during the winter half-year, whereas in the

other oligochaetes the relations are rather better,equalized. Seasonal dif-

ferences, however, appear again very clearly, when the data are based on

the individuals of all age classes - as it has been done for the genus

Lin•,nodrilus. One can deduce from this compilation that a monthly sampling

bumme r

(xay-0ct. )

Nais communis I . 16,4

N, elinguis 88,1

Cernosoitouie.lla atrata 2,9

Stylodrilus heringianus ; 3,5

Tubifex tubifex 21,2

Limnodrilus helLeticus 22,7

L. hof frneisteri 24,8

L. udekemianus 10,3

• L•, genus ------ -- ^ 46,1

L., genus (einschl. juv.Ind.) 162,6

(inc]..juv. ind.)

(in the saine biotic community!) during half a year (according to the

classification used in Table 12) is entirely sufficient and provides

reliable results, when one intends to establish the.population density

of adult tubificids of running waters that is to be valid as the annual

average. Because the inclemency of the winter (ice formation etc.)
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impedes ecological work, it is best to chose the period from May to October 

as the working time. 

Table 13. Average number of individuals of the oligochaete fauna 
per 100 cm2  mud or sand-mud, respectively. 

Period 1 -ACEF 
Sta%n
HKNO 

Summer 	29 	21 	108 	446 	226 	746 	472 	849 	530 

Winter 	30 	38 	120 	251 	100 	68 	45 	267 	247 

Table 13 is intended only to support by means of a summary rep-

resentation the unambiguous demonstration that in contrast the abundance 

values of the tubificids of every age are considerably lower during the 

winter months. below station F the muddy substrate is inhabited almost 

exclusively by tubificids and exactly there the differences in coloniz-

ation begin to increase enormously. 

6 . 4 Classification of the Running 

Waters According to Substrates 

As conclusion it is intended to consider the ecology of the 

oligochaetes living in running water from the point of view of the exis-

tence and the distribution of the species of this animal order in the 

entire course of a stream. Geological circumstances make it impossible 

to carry out such an investigation in an Alpine stream (almost exclus-

ively a gravel bottom, no large areas of sediments). On account of this, 

dt is not possible to compare the ecological system of a river of hilly 

country with that of a river of the Alpine foothills, when one intends 

to use the substrate  types as the starting point for the observations. 

The distribution of the species (cf. Table 21)  of the individual oligo-

chaete families has therefore been Presented only for the river system 
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of the Fulda (Fig. 2). This is eminently suitable for this purpose on

account of its hydrology. In addition, the Fulda is of special interest

in this connection, because.it has been better investigated than most

other German rivers and has provided a decisive contribution to the lim-

nological zonation of running waters (Illies 1949, 1950, 1953, 1954, 1958,

1961a; Miller 1950, 1952; Scheele 1952; Stave 1953; Schmitz 1957)•

The oligochaetes develop an abundance of species in running

water, the size of which was unknown until recently. It was possible to

demonstrate the presence of altogether 90 species in 7 families in the

Fulda (see Table 21 for the percentage distribution in the substrates of

the sampling stations). If one takes into account also the Weser (Wachs
LP. 362]

1964) as the natural continuation of the Fulda, then the oligochaete

fauna of this river system - without the brackish estuarine region of

the outer Weser - consists with Pristina aeguiseta and Octolasium lacteum

of 92 species and 40 genera (the occurrence of Paranais,litoralis that

is bound to the small salt content of the Weser has not been taken into

consideration).

In the source region the Enchytraeidae constitute the family

richest in species (within the oligochaetes), but not richest in indiv-

iduals, as the statements have shown. Since the majority of the 37 en-

chytraeid species reported from the Fulda actually represent amphibious

or terrestrial organisms, their number must become positively reduced

downstream on account of the changes in the river bed. Representatives

of the two most important limnic families, the naidids and tubificids

(25 and 15 species respectively in the Fulda), occur frequently in the

entire course of the river. The maximum number of species (46) in the

upper reaches (station G) is due to the great variety of the substrates,
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that has  corne  into existence there shortly after the entrance of the 

first large tributary. After another stretch of about 130-km length 

(station M), ti'.ere is found . another increase in species (25), because 

the selected environment again shows a number of micro habitats. The 

sudden decrease in the number of forms at station H indicates the im-

poverishment of the substrate types that has taken place. 

Of the spcies of the oligochaete fauna typical for running 

waters that have been reported, there are only four that can be con- - 

sidered to have only a narrow temperature tolerance. Nais alpine  col-

onizes rocks, gravel, sand and plants in cold water with a small tem-

perature amplitude. Bhvacodrilus falcifoi,mis  and Tubifex  nerthus  only 

occur on stones and in the mud of the source region. It is possible that 

these three species with narrow temperature tolerances are relicts:of 

the glacial fauna, which chose the locality in question as a refugium. 

Phreoryctes gordioides  also occurs in the source region in the substrates 

and under stones. However, the proper environment of this species is sub-

terranean, but not in the ground-water, it is rather represented "by the 

moisture saturated layer between ground-water and soil" (Noll and Stam-

mer 1953, cf. Thienemann 1912)- 

The occurrence of the other species that have been found here, 

as far as they are not amphibious or live in the border layer of the 

shore, is connected in the first instance with the substrate. Numerous 

species of the recorded (terricolous) enchytraeids are able to live am-

phibiously, as well as the lumbricids Dendrobaena octaedra, Octolaidum 

lacteum  and the Allolobophora  forms. They are therefore found mostly only 

in the brook region of the streams (as strays or aliens), although this 

region is not their proper environment. Thus EnchVtraeus  
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which is frequently cited in the literature (by Illies 1961b, among others), 

must be considered as a "stray" only in the animal community of the moun- 
[p. 363] 

tain brooks. On the other hand, there are at least 50 species of oligo- 

chaetes - mainly naidids - that live regularly in the region of the brooks. 

The occurrence of the lumbricids Eiseniella tetraedra and Allolobchora 

chlorotica  is characteristic of a region near the shore of running waters 

(cf. Feller 1953). 

The ecological investigations of the oligochaete fauna of the 

entire course of a river has resulted in the knowledge that the kind and 

composition of the substrate are the decisive factors in the formation 

of the animal communities concerned. The majority of the typical limnic 

species occur everywhere along the course of the river (Table 21). If 

one should represent these ecological findings graphically in the manner 

of the representation of the "species structure"3  (Illies 1953, 1954) 

(this is here not possible on account of the large number of curves with 

very irregular courses), one would obtain a tangle of curves that vary 

continuously in their extension in height. The marked peaks always coin-

cided with a large number of types that were present, or that had been 

taken into aceount. Holdever,'it is required that  thé  curves drop roof-

like laterally, because "the steepness of the slope of the curves from 

station to station (that is, the steepness of all curves, taken as a sum)" 

forms "a criterion for the intensity of the change in species" (Schmitz 

1957). The confusing picture of such an elaboration can be traced back 

3  This kind of representation that has been developed by Illies (1953) 
in regard to four orders of insects has been defined thus; "to begin 
with the number of species found there was established for each indiv-
idual sampling station. Furthermore, at each sampling station was as-
certained how many species of the other sampling stations are still 
present there". 
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unauibi^,uously to the occurrence of the oligochaetes in different environ-

ments in the running waters. Consequently, such a method of analyzing the

group of ani;rals according to biotic communities must be based on one

substrate only. The "species structure" of the oligochaetes in the river

has been presented in Table 14 and Fig. 38, based on only the mud sub-

strates at ten stations. The curves do'not slope down roof-like, but fluc-

tuate in their height, they run in part horizontally and in parts of

their courses they coincide. Consequently, the course of the individual

ot.sves can be seen only in Table 1A, the total picture of Fig. 38 hardly

allows a separation into only the following three main parts of the

course:

A - C source region (or krenon, after Illies 1962),

C - G salnonid region (or rhithron, after Illies 1951a),

G - 0 ciprinid region (or epipotamon, after Illies 1961a).

0

Although the river sections can be defined physiographically

and although the ecological systems contain biotic communities that can

be defined generally and that are characteristic, it must be emphasized:

Lp. 364)
in general "there are no sharp boundaries between the individual

regions" (Liebmann 1962) and

specifically the order Oligochaeta has proved to be absolutely

• unsuitable for an analysis of the stock of the benthic

fauna, when it is intended to be used as the basis for

the division of the running waters into regipnal

types.
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Table 14.  Numerical representation of thé "species 
structure" of the oligochaetes in the course of a 
river with regard to the muddy environments only. 

L  

Station 	A 	C 	E . F 	G 	H 	K 	M.N 

7 	6 	4 	2 	2 	1 	1 	1 	1 	1 
6 	12 	5 	2 	2 	1 	1 	1 	1 	1 
4 	5 	18 	5 	5 	4 	5 	3 	4 	6 
2 	2 	5 	5 	4 	4 	4 	3 	4 	• 1 
2 	2 	5 	4 	10 	4 	4 	3 	4 	4 
1 	1 	4 	4 	4 	4 	4 	3 	4 	4 
1 	1 	5 	4 	4 	4 	6 	3 	4 	6 
1 	1 	3 	3 	3 	3 	3 	5 	3 	3 
1 	1 	4 	4 	4 	4 	4 	3 	4 	4 
1 	1 	6 	4 	4 	4 	6 	3 	4 	8 

A 

H 

NI 

0 

Fig. 38. Graphic representation of the 
"species structure" of the oligochaetes 

in the course of a river according to the 
results in Table 14. 

d 
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LP. 365] 
EVen when one takes account of the phenomenon that the boun-

daries between the animal communities are obtained "only through summary 

observation of th c) change in all animal species present" (Schmitz 1957), 

it is useless to fit the order.of animals treated here into this method. 

The results obtained have shown that there exist no characteristic and 

easily recognizable benthos associations that are directly dependent on 

the distance from the source. Rather, the great ecological differences 

in small areas lead already to the formation of a mosaic of animal com- 

munities (cf. Ambilhl 1959, among others). The statement by Schmitz (1957), 

which he applies to running water, however, only with the beginning of 

the ciprinid region, namely, that the animal communities appear side by 

side or alternately, mainly bound to certain substrates, thus applies 

generally to the distribution of the oligochaete .  fauna. The benthic 

animal communities formed by it can occur either side by side in the 

cross-section of the river or they can repeat themselves along its length. 

At the same time the communities "can change more or less distinctly from 

one into the other through common mediating species" (Illies 1949).  This 

can happen in communities at the borders of the sedimentary mosaics or 

in substrates with a grain spectrum that has a greater than average diver-

sity. These two ecological phenomena were demonstrated by Illies (1949) 

also for the occurrence of Coleoptera in running waters. It is, of course, 

essential that the analysis of the running water benthos takes into ac- 

count the community mosaics of all the existing micro environments. Ac-

cordingly, the types of substrates Present must also be treated separat-

ely, because only then is it possible to make statements about the limits 

of distribution of the organisms. It is not possible tà speak either of 

a continuity in the sequence of species, nor of an abrupt change in the 
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fauna in the course of the river. One can therefore not discern a regional

distribution of the oligochaetes, since the change in the fauna parallels

the change in substrates, which results cl.ixectly from the changes in the

current speed. Most of the species are living everywhere in running water,

as long as the preferred substrate is present (cf. Berg 1948). As has al-

ready been emphasized, Tubifex tubifex is found also in the mud of the

source (cf. Bornhauser 1913, Beyer 1932)• In the treatment of the oligo-

chaete fauna, the running waters can thus not be classified according "to

zones'i nor "as a whole", but only according "to substrates" (see Illies

and Botosaneanu 1963). Behning (1928), Nietzke (1937), I11ies (1949) and

Szczepanski (1953), for example, also arrived at the mosaic division

through their investigations of the individual typical benthos commun-

ities of the substrates. The characteristic species of the spatially fixed

mosaics have been described in the chapter on the substrate types.
[p• 3661

In Table 15 have been assembled the maximum colonization den-

sities for seven of the substrate types investigated, based on the number

of the forms demonstrated at each station. These statements thus do not

represent the sums of the possible species in a type of substrate, but

they refer in each case to the bottom layer of one-station. When one con-

siders the sedimentary substrates (that is, except the plants) one finds

a continuous increase in the number of species in the following direction:

mud to stones to sand-mud to sand to gravel.

Furthermore, there exists in all substrates, that is, in every

environment with the same structure and with the same ecological con-

ditions, a marked coexistence of closely related species (cf. Wachs

1964).
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Table 15. Greatest number of species, genera and families 
in different types of substrates. 

Grain size 

(ma) 

Number of 

Species General Families 
Station Substrate 

G 
M 

E 
. G 
• G 

E 
• C. 

Ceitrkhe spec. 
Ramincuha fluitans 

- «Stones  
Gravel 
Sand 
Sand-mud 
Nud 

. SEDIMENT TRANSPORT 

BY TUBIFIC .IDS 

: 

45 -- 0,063 
6 —<0,063 

— . 0,02 
0,25—<0,001 

By analogy with the activities of the lumbricids in solid 

ground, the tubificids "axe able", accordinz to Observations by Als-

terberg (1925), "to transport unheard-of amounts of material in an un-

exPectedly  short  span of time". Accordingly, a yOrM of the genus Tubïfex  

or Limnodrilus  is supposed to transport four times its own weight (live 

weight) of sO-called detritus (calculated as dry substance) to the sur-

face of the mud within 24 h (at about 12° C!). 

The significance of tubificids as movers of sediment has been 

investigated by means of comprehensive experiments with Limnodrilus hoff-

meisteri  and L. udekemianus  once azain by Poddubnaya  (1961). In these the 

author could demonstrate a great increase in metabolism that took place 

first with increasing temperature (in the region 0.5 to  22° C) and second 

with increasinz mud content of the substrate (on the example of the three 

sediments clay-sand, clay-sand-mud, mud). Investigations by  Bavera (1955) 

in Lago Maggiore have shown that the amount of mud taken up by Oligoohaetes 

Le 
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depends also on the depth at which the worms live. This bathymetric ef-

fect that does not apply to running waters and the different mud con-

tent of the environment were not taken into consideration in my inves-

tigations. 

In my experiments I treated the water temperature as the only 

variable under otherwise constant conditions. Mud from the Isar at stations 
[p. 367] 

R and S that had been sieved through a net of 0.2 mm mesh was filled into 

a glass vessel of 5-cm height. After about 150 to 250 adults of Tubifex 

tubifex had been transferred to the mud, the surface was covered with a 

loose layer of absorbent cotton and then tightly closed with a trans-

parent sheet of plastic. This thin sheet of plastic was perforated with 

holes arranged in parallel rows. The holes are of such a size that about 

four worms lying closely appressed to one another can reach through them 

at the same time. The glass vessel was then put into a beaker with running 

tap water. After the animals had pushed the posterior end of the body 

through the cotton and the holes into the open water, the vessel was sus-

pended upside-down in an Imhoff funnel (1000 ml), which was supplied with 

a stream of tapwater from above through a rubber hose (Fig. 39). The 

principle of this inverted arrangement of the tubificids had been given 

by Alsterberg (1925) in his classical experiment. After one to three days 

the worms had become "accustomed °  to the new conditions and had oriented 

themselves accordingly in the water.of the funnel with the posterior end 

of the body pointing down. The cause of this movement that finally becomes 

necessary for survival, which, however, is never required in nature, is 

the existence in tubificids (Tubifex tubifex and Limnodrilus hoffmeisteri) 

of two important senses that have been investigated in detail by Alster-

berg (1924).  The negative geotaxis changes finally into a positive one 
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due to the positive reaction of the very keenly developed air perception.

The Imhoff funnel that was provided with a stopcock at the bot-

tom was standAng in. a deep plastic pail filled with water. The water tem-

peratures (measured in the funnel in the zone of the worms) of 3 to 12°C

were obtained and kept constant by cooling coils hung in the pail - or in

addition also in the funnel - that were connected to an automatic refrig-

erator operated with methylalcohol. A thermostatic stirrer ("Thermomix")

working in the pail served to obtain the required temperature and keep

E--

---^

Fig. 39. The experimental arrangement
developed for the measurement of the

metabolic activity.

Lp• 36e1

it constant '(Fig. 39). The experiment was started as soon as the animals

protruding from the mud container made regular undulating movements in

the water. The worms were counted four times daily and the calculated

mean was considered to be the representative number of Tubifex individuals

taking part in the experiment on the day in question. The experiment was

interrupted or terminated after one or several days. The amount of faeces

that had accumulated in the Imhoff funnel was drained into a graduated

tube and measured in cm3 after a settling period of six hours. The mud
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volume obtained in this manner was recalculated for 100 worms and 2A h. 

Whereas Poddubnaya (1961) obtained the amount of animals (Limnodrilus) 

and of faeces gravimetrically after drying on filter paPer, I have used 

the number of worms and - on account of the different specific weights of 

the substrates - the volume of the mud. 

In order to discover whether it would be possible to ascertain 

the amount of excrement also with a normal arrangement of the mud vessel, 

I covered some containers that were standing in running water with the 

opening uppermost with very finely perforated plastic sheet. However, 

the worms immediately began to form tubes on the sheet. 

Often the experiments were running in a satisfactory manner 

for only a few days, after which they had to be started anew. The results 

- among them also the means of several experiments - are very variable 

and they have been assembled in Table 16. The mean values from Table 16 

are presented graphically in Fig. 40 and show plainly the enormous dif-

ferences in the intensity of the metabolism in tubificids in the temper-

.ature range 10 to 18 °C that usually prevails in running waters. In the 

winter the worms ingest only very small amounts of substrate. In contrast, 

they require the thirteenfold to seventeenfold amount of nourishment 

during the summer. However, since at the time of the greatest increase 

in water temperature the number of adult tubificids is only small and 

since the juvenile animals as a rule take up less material, the amount 

of substrate moved in a biotic environment is bound to increase less 

rapidly than is shown in Fig. 40. 

. In order to obtain an approximate idea of the amounts of ex-

crements that are moved to the surface of the sediments,in a river, the 

number of adult tubificids per m2 was ascertained for Nay and as an 



Table 16, Experimental xeQults regarding the amount

(in cm3) of faeces'prodùçéd'by 100-individuals of
Tubifex tùbifëx within 24 h.

Temperature
After in °Ç

n dayg- - - - ^__-.
^

3

Mean value
for 24 h

s -r- c rïi3

•7 ^

61

S -{--

4 -i-

10 12 15 1S 2
- ^--;-- - ^.

-'1' -57 ?,50 • 5,64 5,88 6,86
2-^-- 6,02 6,79,^48^,37

0,62 1,64 5,95
1189 :2,97 5,19 6,24 6,79 8,10

^ ^ },60 P1 6,05 7,51

0,76 -` ! 5,18 6,87 5,76 6,83
06 5,64 7,81

1,42 1,78 ._ 5,01 6,75 7,57
^.-^_ • _.. - •

Q,84

0,39 0,74 1,40 1,71 «,65
...-..-

3,01:5,05
4,54 4,51 6,73 1

1,21 2,79 4,90 6,03 6,96 ^

1,67 2,93 5,14 !

°C 3 6 10 12 15 18 20 22 'L)

Fig. 40. The amount of faeces (in cm3) produced per day
by 100 individuals of `!'uhifex tubi.fex in relation

to water tëmnerat-Rr-e-.

an,.ual average at two stations. The experimental results were introduced

into the calculations with regard to the temperature measured. They are

assembled in Table 17• In the calculations the metabolic intensity for

the Limnodrilus species has been equated with that for-Tubifex tubifex.

Since the juvenile worms have not been taken into account, the figures

5,19 5,98 . 6,76 7,28
--
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for the amounts of faeces are minimum values. Thus, for example, the tub-

ificids at station H (27,173 adults/m 2) transported in the month of May 

at least 43.7 dm3  of mud per m2  and thus made it accessible to aerobic 

micro-organisms for mineralization. It is hardly probable that greater 

amounts would be transported in another month in this biotic environment, 
LP. 36 9] 

since in May the greatest number of adult worms is present and the water 

temperature is relatively high. The amount of faeces found for the period 

of a year is, according to Table 17, only slightly different from that in 

May. It is therefore not possible to calculate the amount of excrements 

[p . 371] 
(temperature and number of individuals) that vary strongly. Consequently, 

the values for one year are lying below the actual figures and therefore 

have been put in parantheses as being theoretical. 

8.  FEEDING OF OLIGOCHAETES 

8 . 1 	Species Rich in Individuals of 

Aeolosomatidae, 	Naididae, 

Enchytraeidae and Lumbriculidae 

Hardly anything is known about the food of Minnie oligochaetes. 

Table 18 gives a review of the food (except bacteria and proto-

zoa) of species that are observed frequently. The greater number of marks 

(/) as indicators for a sPecies are intended to indicate a greater share 

of the food in the gut; a quantitative comparison may therefore be made 

only in a horizontal direction. 

Lehmann (1933) established in a biotic environment rich in 

tubificids that Chaetogaster diaphanus,  a predator of small animals, had 

taken, besides its main food consisting of Cladocera, also single chironomids 

for this long period on the basis of the mean values of two quantities 



Station

Table 17. The amount of substrate transported at two biotic environments by adult
tubificids in Play (and during one year).

Substrate Organic Wâ,ter Individuals Faeces

substance Period temp- Adults per

type per cent erature m 2 (dm 3)

P Sand-mud 3•31
(Isar)

H Mud 11.48
(Fulda)

Niay 1 - 31 12°C

1 year. 10°C

NZay 1- 31 180C

T. tubifex 710 0.376

Tubificids 8880 4.707

T. tubifex 1900 (9.709)

Tubificids 4800 (24•528)

T. tubifex 22644 36•432

Tubificids 27173 13.72'1

T. tubifex 6100 (38.073)

1 year 1 *2°C
. Tubificids 7200 04-939'^

. C,

u
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Table 18. Cut content of species ebrIerved frequently. 
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Animal  

AeoknomahempHda 	1 ! 
A. tariegatum 
Chaetogaster diastrophus 
Ch. langi 
Ch. diapitanus 
Ch. cristallinus 
Ch. limnaei 
Uncireais uncinata 
Ophidonais serpentine 	. 
Nais-Spezies 	 1;1 
Stylaria lccustris 
Pristina-Spezies 	 !II 
Propappus volki 
Mesenchytracus beumeri 
Cernosvitoviella atrata  
Cognettia glandulosa, 

sphagnetorum 
Henlea nasuta 
Marionina argentea 
Stylodraus heringiantis 
Lu m bricu lus variegatus 	 .1 

and tubificids. I found only plant remains in the gut of Chaetogaster  

diastrophus,  which is frequently designated as carnivorous in the scien-

tific physiological literature. I was never able to demonstrate cercariae 

in the gut of Ch. limnaei (cf. Berg 19d8); according to Krasnodebski (1936) 

they form as a rule the most important part of its "fundamentally animal 

food". When trematodes are present, Wagin (1932) and Beyer (1955) also 

see an important destroyer of cercariae in Ch. limnaei.  

The findings of Rehbronn (1937) in Stylaria làcustris  also 

differ from the present results. When there is available a rich supply 

1 
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of food of diverse composition, the fine detritus does not constitute the

main food, but Chlorophyceae and coarse sand particles are taken up pre-

ferentially.

8. 2 T u b i f i c i d s

Doubtlessly, there exist relations in qualitative and quantitative

respect between the fauna of the substrate-feeding tubificids and the "nut-

ritional content" that is always being cited in the literature, but which

is characterized at the most by the share of organic substances. This, how-

ever, does not yet prove in how far the complex of the "detritus" (decay-

ing material) can be used as an energy source or can be converted into

body substance.

The tubificids restrict their feeding to the "nutritive layer",

which, according to Alsterberg (1925), has a height of at least 6 cm and

follows after the thinner upper layer; but defecation takes place at the

surface of the substrate. Interestingly, the transportation of the subst-

rate is restricted to the fine fraction, so that the coarse-grained sed-

iments remain lying untouched in their layer. Alsterberg (1925) had al-

ready made this observation, which was confirmed experimentally by Poddub-

naya (1961). This author demonstrated by means of investigations of faeces

that were conducted separately for the species Limnodrilus haffineisteri,

L. udekemianus and Tubifex newaensis that the dominant spectrum of grain

sizes of the mineral components is 0.1-0.05-(0.01) mm. Substrate particles

larger than 0.2 nun are practically no longer ingested. The selective sed-

iment transportation that takes place continuously in this manner pro-

vides the means for the aerobical degradation of the loôse material that

has been brought to the surface within a certain period of time within
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this cycle. 

The following exPerimental contribution concerns the importance 

of the tubificids that occur in large numbers of individuals for the min-

eralization of the sedimented mud. While investigating the energy exchange, 

Ivlev (1937, 1939) made experiments with Tubifex tubifex  at 16 to 18 ° C. He 

obtained the result that  the value of assimilation ("corresponds to the 

difference between the utilized energy and that eliminated as excrement") 

0amounts on an average to 50.37 per cent of the total amount of the energy 

utilized" (Ivlev 1937). This utilization value is high and therefore prov-

ided the inducement to express the processing for obtaining energy, in-

cluding the synthesis of body substance (assimilation), as the content of 

carbon and nitrogen of the ingested mud, but not by the change in the con- 

[P. 373] 	I  
The feeding experiments were carried out with Tubifex tubifex. 

A homogeneous mixture of river mud and animated mud served as food for 

the animals. The animated mud is deposited in an oxidation ditch (on the 

sewage test field of the Bavarian Biological Research Institute) into 

which are fed the sewage waters of Munich. Both kinds of mud Were collec-

ted on the day on which the exPeriments were started, sieved through a 

net of 0.2-mm mesh, mixed and filled into two or three large Petri dishes 

(diameter 18 cm, height 4 cm). The dishes were placed into a water basin 

through which flowed Munich taP water (filtered through activated char-
. 

coal) with a temperature of 12° C + 0.5 ° C. After the substrates had 

settled, adult and juvenile worms that had been starved for several days 

were added. After 13 to 14 h the animals were isolated by sieving, freed 

from adhering mud particles through careful and effective washing, trans-

ferred to dishes and placed under fast dripping water. The faeces were 

tent of calories in mud, animal substance and excrements. 
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Pass through the gut of T. tubifex about five times (in respect to N) 

to fifteen times (in respect to C) if a nearly complete mineralization 

were to be achieved. 

O  



L.1 - 93 -

After passage through the gut of the worms the ratio between

.1

C and N changes according to Figs.

C. The resulès of he 15 experiments, in which food and faeces were an-

alized simultaneously for their content of C and N (Table 19) demonstrate

a change that is often considerable in the value C/N' in both directions.

The increase in the ratio CIN that takes place generally can, however,

not be seen from the mean of the 15 random samples on account of the

large scatter.

P- 3751

7

0

Table 19. Feeding experiments with Tubifex
tubifex with analyses for C and N of the

food and faeces.

C p. c't N p. c't C/N

41 and 42 on an average in favour of

No.

1

Food Faeces Food Faeces Food Faeces

1,92
2,5?
3,87
5,19
6,99
7,86
8,60
8,78
9,19

12,22
12,56
14,09
19,57
22,19
23,79

1,88 0,50
1,41 0,48
1,98 0,17
1,09 0,43
1,85 2,05

3,25 0,71
5,61 5,07

6,92 1,13
5,55 0,46

9,33 3,77

11,19 2,09
12,40 2,66
14,98 , 2,84
20,21 2,98
17,71 4,36

0,20
0,14
0,14
0,40
1,08
0,05
3,11
1,24
0,21
4,10
2,04
1,88
2,28
3,07
1,74

3,8
5,2

22,8
12,1
3,4

11,1
1,7
7,8

19,9
3,3
6,0
5,3
6,9
.7,4
5,4

9,4

3,2
14,1

2,7
1,7

65,0
1,8
5,6

26,4
2,3
5,5
6,5
6,6

10,2

On account of their continuous selective ingestion of substrate

amounts with a grain size utt?er (0.2)-0.1 mm (poddubnaya 1961) that lie

at greater depths, the tùbificids accomplish a progressive and additional

degradation of the mud and they prepare the way for the aerobic degrad-

ation of the organic proportion of the sediments by prôviding the loose

deposition of coprogenic material on the surface of the mud. Although
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Fig. 41. Utilization of the organic carbon of the 
food by Tubifex tubifex. 

Fig. 42. Utilization of the total nitrogen of the 
food by Tubifex tubifex.  
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mineralization takes place "mainly by bacteria" (Ungemach 1960), "the

tubificids have to be considered as important biological links in the

natural self-purification" (Liebyann 1960a), since they regulate the

"processes leading to biological self-purification" (Soloviev 1924).

It is intended to show by means of an example in Table 20 the

order of magnitude of the elimination of organic substances from the

river sediments that is accomplished by the metabolic processes in the

tubificids. According to this, the adult tubificids alone at station H

did consume per m2 about 47 g of organic carbon and about 20 g of total

nitrogen during the month of i•^ay.

9 . DI SCU S SION AND SUKIYlARY

0 F T H E R E S U L T S

The oligochaete fauna of running waters serves as the starting

point for the examinations in only a few systematic-ecological investig-

ations. The statements in the older literature cannot be used at all, or

only with reservations on account of taxonomic mistakes. The dependence

of the limnic oligochaetes on the substrate has only recently been con-

sidered in ecological river investigations (Berg 1948) Korn 1963, Wachs

1963, 196a). The available field observations gave, to begin with, an
lp • 3761

overview of the existing stock of species and their ecological importance.

Above all, they provided fundairental indications for the planning of the

experimental investigations, which were intended to clarify the causal

relations between environment and organisL.s.

The qualitative and quantitative composition of the oligochaete

fauna in a river of hilly country (Fulda) and in a river of the Alpine

foothills (Isar) each were investigated by means of systematic and ecological
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studies during an annual cycle. Pb'e.  various substrates along -the course cof 

the Fulda of about 230-km length have a total of 90 species, be10-4E4g  to 

39 genera and 7 families. . 

It was established that there is present in runningwaters a 

wealth of species. The extent of this was  not at all indicated tly the 

meagre statements in the literature. Partial descriptions have been given 

of morphological characteristics that are decisive for the identification 

of species and our previous knowledge of them has been examined critically. 

There can be found in the literatire only occasional remarks 

about the time of sexual maturity in limnic oligochaetes. However, they 

do not give any information about the duration of a sexual period, since 

mature individuals appear in every season. Exact statements about the 

existence of a sexual period has been available hitherto only through the 

investigations by Poddubnaya (1959) in the Rybinsk Dam. It was possible 

to confirm them in general and to amplify them. The exact knowledge of 

the reproductive cycle is absolutely necessary for the correct evaluation 

of random catches that were not made rhythmically. Wrong explanations of 

extremes of abundance values and incorrect evaluations of the quality 

status of a stream can be avoided in this manner. 

Table 20. Weight of the organic carbon and total nitrogen per m2  
that has been utilized by tubificid adults during the month 

of hay at station H. 

H 
"Eay 1 to 31 
18 ° C 

27,173 individuals 
43-721 dm,  
10.165 kg 

Station 
Period 
Water temperature 
Adult tubificids per m2 

 Volume of mud transported 
Dry weight of this mud 

Weight of organic C 
and of the total N 

in the food 
utilized by 
tubificids 

221.60 gC  59.97 
54 g C  20.39 g 
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[P. 377] 
Stylaria lacustris attains sexual maturity mainly from September 

to October. 

The sexual period.of Propappus volki extends from (March) to 

April to (October). 

_Ltzlodrilus heringianus  has an extended period of sexual activ-

ity from January to September. 

The sexual period of Tubifex tubifex, Limnodrilus claParedeaflus, 

L. hoffmeisteri  and L. udekemianus falls into the time from March to July. 

During the months of April and May about 60 to 80 per cent of the individ-

uals Present are sexually mature. 

The numbers of very young tubificids are greatest from (June) 

to July to (August). 

The number of eggs per cocoon in Tubifex tubifex  is one to six-

teen (as a rule four to five) and only one to eight (mostly two) in Lim-

nodrilus udekemianus. 

The population density in species of naidids and tubificids 

that occur in large numbers is subject to large seasonal fluctuations. 

The density in species of the genus Nais is greater during the winter 

(November to April). Tubifex  tubifex and the Dimnodrilus species  are oon,- 

siderably more numerous in summer. The monthly sampling during the summer 

from May to October is, however, sufficient for the establishment of the 

abundance of adult tubificids that is to serve as an annual average. 

If several streams are to be compared in respect to the abundance of 

tubificids, statements in the literature are meaningful only if they 

have been obtained by considering only adult individuals (as reference 

values). It is useless to attempt to establish high densities when their 

size depends in the final analysis -subjectively - on the method of 
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sieving and on the exactness of the counting.

There are no unambiguous correlations between the chemism of

the water and the occurrence and distribution of the species (cf. Korn 4..

1963). Thus neither Tubifex tubifex nor the species of Limnodrilus are

specific indicators of pollution (contrary to the deductions of Kolkwitz

and kiarson 1909); they are not "sewerage worms, but mud worms" (Hentschel

1917, of. Alsterberg 1922). Since the content of nutrients in the muddy

substrate increases with it becominô more saprogenic, so increases also

the population density of the tubificid species that are prone to mass

proliferation (cf. Zahner 1964). They must therefore be considered to be

"sewerage dominants", "since they live not only in pure water, but also in

polluted water" (Liebmann 1962, p. 239)• however, they develop best in

a substrate that is rich in organic substances (cf. Steinmann and

Slzrbeck 1918).
[p. 378]

The decisive factors for the existence and for the distribution

of almost all typical limnic oligochaete species are the kind and the

composition of the substrate. Seven types of substrates have been distin-

guished and the qualitative and percentage distribution of the oligo-

chaete fauna in them has been ascertained. Preferences for the different

types of substrates have been developed among the species. In all sed-

iments are to be found correlations between the spectrum of grain sizes

or certain fractions and the characteristic species in each case. This

phenomenon has been established at the individual stations by means of

the dominant colonizers of plants, stones and certain grain sizes of the

sediments. The species then represent the indicator organisms for a def-

inite substrate type by virtue of their percentage value. In practice it

is necessary to proceed in the reverse direction. Thus, when kind and

0
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composition of the substrate are known, one can infer the most common

species and their approximate percentage in the oligochaete fauna with

the aid of the illustrations and tables.

The majority of the gastropods in running water does not con-

tain the commensal Cha.eto,&aster limnaei.

Aquatic plants are colonized mainly by naidids. Chaetogaster

diastro hus, Çh. lanri and Stylaria lacustris prefer plants as substrate.

As a rule, the naidids are dominant on stones with the following

species: Nais al ina (with a narrow cold tolerance), N. corrsrunis, N. bar-

bata and N. pardalis (richer in individuals in the upper reaches), N.

elin:_^ is (richer in individuals in the lôwer seaches), Chaetogaster dia-

strophus and Ch. lanp^i.

The following occur in numbers in clean gravel: Propappus volki,

Stylodrilus herin.Tianus, Nais comn.unis, Pristina rosea and p. foreli.

However, large nwnbers of the encY^ytraeid Propappus volki are not directly

associated with this type of substrate, but with the extensive fraction

of coarse sand that is contained in it. A requisite for a high frequency

of the lumbriculid Stvlodrilus herinfdanus is a sandy or gravelly sub-

strate that contains grain sizes between 0.07 and 0.2 mm.

The sand is inhabited predominantly by six species of Nais,

four of Pristina and by Stvlodrilus herin-g-ianus. In the source region

Cerno_svitoviella atrata and Marionina arrgntea are dominant. Increases

in the populations of Nais elinguis, Limnodrilus hoffineisteri, L. u ekem-

ianus and Tubifex tubifex run parallel with rising pollution.

A specific combination of factors could be established by means

of measurements of the grain sizes of the muddy substrates for the species

of tubificids that occur in large numbers of individuals in running water.
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This combination cannot be analysed on account of the complex effects of 

all components that take place under natural conditions; it is, however, 

exactly represented by the oourse of the curves for the distribution of. , ?r! 

grain sizes. 

The sediment designated as sand-mud contains either a share in 

the grain sizes over 0.5 mm or it lies between the limits 0.5 and 0.005 

mm with a main fraction of 0.2 to 0.5 mm. ,Limnodrilus hoffmeisteri  is 

dominant in this substrate, but it is replaced by L. helveticus  in the 

Alpine river. 

The muddy substrate - with a main fraction of (0.08)-0.1-0.2 mm 

- in which Cermsvitoviella atxata  and 1Tais communie are still predominant 

in the source region, farther downstream becomes poorer in species and 

richer in individuals. Tubifex tubifex  is dominant in the mud of rivers 

that are not dammed up, when at least 45 weight per cent are lying in 

the region of .c0.15 mm diameter, otherwise populations of Limnodrilus 

preponderate. When larger dammed-up areas are taken into account, the 

dominance of Tubifex tubi 	is dependent in addition on a share of less 

than 13 weight per cent in the region from 0.08 to 0.1 mm. In barrages 

of large dimensions Limnodrilus  species are generally dominant. The dom-

inant occurrence of Tubifex tubifex  is thus the result of subtle demands 

on the grain size of the substrate. It can therefore not be caused by a 

considelable influx of organic substances or through heavy loading with 

sewage in every random sedimentation area of the stream. 

It was  possible  to differentiate exactly the ecological require-

ments of the most important species by means of the granulation of the 

substrates. Tubifex  tubifex  is the most numerous species in the mud, with 

[1). 379] 
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a mean proportion of about 73 per cent of the oligochaetes. On the other 

hand, the genus Limnodrilus predominates in the sand-mud with about 72 

Per cent and in the sand with about 63 per cent. When only the Lirnnodrilus 

species are taken into account, L. udekemianue  predominates in the mud 

with about 67 per cent, L. hoffmeisteri  is the most frequent in sand-mud 

with 73 per cent and in the sand with about 88 per cent. 

River muds show a great variability in their chemical compos-

ition, but there is no correlation between the content of organic sub-

stance; organic carbonand total nitrogen. In general, the mean density 

of the tubificid populations in the mud increases with rising content of 

these three chemical components. As regards the individual constitution 

of the various running waters, the conditions are different in each river 

system. 

The interpretation of the field observations was checked by 

means of selection experiments with tubificid species and with Stvlodrilus 

herinzianus  in 25 synthetic substrates. These demonstrated that oligo-

chaetes will move preferably into the environment that is most eaitable 

for them - when they have the opportunity. Tubifex tubifex does no longer 

prefer muds with fractions below 0.001 mm, when the main fraction lies 

below the limit of about 0.06 mm. 

Tubifex  tubifex  is able to perceive gmall differences in the 

contents of carbon (and of nitrogen, respectively) in the sediments. In 

experiments it prefers a high content of nutrients in the mud - defined 
LP. 380] 

by the proportion of organically bound carbon and nitrogen - to a fine 

granulation. 

The examination of the colonization by oligOchaetes reveals a 

mosaic-like  structure of the animal communities (cf. Korn 19 63) that may 
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be repeated everywhere in the cross-section and along the length of the

stream. This mosaic structure is exclusively the result of the nwubeF

and spatial extent of the substrate types. There is thus no regio_TIaily-,.

limnological colonization by oligochaetes. The number of species in a

sediment substrate type decreases from gravel through sand, sarid-Kud to

stones. In the final analysis, the change in the substrate types and their

mechanical and chemical composition are responsible for the limits of

distribution, for the existence and the optimum development of the 3im-

nic oligochaetes.

The percentage distribution of the tubificid species in the

benthos of natural river courses and that of large-scale barrages ?.s

remarkably different. The differences, however, are not caused by the

kind of grain distribution of the sediments; the cause may possibly be

^ound in the different conditions of depth.and currents.

Almost all the typical limnic species that.have been #'outid

are living everywhere in the course of the rivers. Only four i.nsig4if-

icant species may be considered to be intolerant of large temperatupe

fluctuations: Pais alpin , Rh.S•codrilus falciform.is, Tubifex nerthus and

Phreoryctes gordioides.

There is found in all substrates the coexistence of several

species of the same genus. This phenomenon is especially striking in

respect to species of naidids and tubificids (cf. Wachs 1964)•

The observations of Alsterberg (1925) have provided some in-

dications that the tubificids are of great importance for the biological

cycles in streams on account of their transportation of sediments. Com-

prehensive experiments by Poddubnaya (1961) have demonstrated that the

metabolism increases greatly with rising temperature and gr9wing content
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of mud in the sediments. According to Ravera (1955) the depth of water 

in lakes also has some influence on the amount of food required.  My  own 

experiments with Tubifex  tubifex - at a water temperature of 3
0  to 25 ° C - 

make obvious the enormous rise in the metabolic processes between the 

limits of 10 °  and 18° C that obtain usually in running waters. Our present 

knowledge of the propagation cycle in tubificids and of the temperature 

regime in the rivers indicates that the sediment transportation per unit 

area by tubificids in the running waters in Central Europe attains its 

maximum in May or thereabouts. 
[P. 381] 

The observations of Alsterberg (1925) and the experimental 

results of Poddubnaya (1961) demonstrate the transport of the substrate 

is confined to the fine fractions, so that the coarse-grained portions 

of the sediments remain lying in their layers. To what extent are the 

tubificids capable to process the ingested amount of mud for the produc-

tion of energy? Feeding experiments with Tubifex  tubifex  have shown that 

the individuals of this species utilize on an average 21 per cent of 

organic carbon and 34 per cent of total nitrogen of the muddy food, at 

a water temperature of 12 ° C. In general, the C N ratio of the excrem-

ents (that are deposited on . the sediment surface) is greater than that 

of the ingested mud. The continuous selective sediment transport by the 

tubificids results thus in an additional mineralization that is not nee-

ligible and above all  progressive and that thus makes it possible for 

the aerobic degradation to take place in the first place. Accordingly, 

the individuals of the tubificid species that are prone to mass prolif-

eration regulate as indispensable members the processes that lead to 

biologiCal self purification (cf. Soloviev 1924, Liebmann 1960a). 

The kind of food used by the frequently observed species - 
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except species of tubificids - has been tabled on the basis of the gut

content.

A B S T R A C T

The qualitative and quantitative composition of the oligochaete

fauna of running waters has been investigated by systematic ecological

studies. The research has been carried out along the Fulda, a river of

hilly country, and along the Isar, a river of the Alpine foothills, during

a full year. The different substrates along a stretch of about 230 km of

the Fulda are inhabited by a total of 0/0 species, belonging to 39 genera

and 7 families. The colonization density of the species of the genus Nais

is greatest during the winter half-year (Zdovember to April). Tubifex__

tubifex and the species of Lin:nodrilus, on the other hand, are found in

greatest numbers during the suwr-ner.

In order to determine the mean population density of adult

tubificids in the running waters, it suffices to take monthly samples

during the summer half-year (I''Tay to October). Sexually mature aquatic

oligochaetes are found at all seasons. However, a definite reproductive

period exists, the duration of which has been determined for a few

species.

The oligochaete fauna does not depend directly on the chemical

composition of the running waters. The decisive factors for the exis-

tence and the distribution of almost all typical species of aquatic

oligochaetes are the type and composition of the substrate. Consequently,

animal conuuunities are formed in the running waters that are mosaic-like

and that can repeat themselves across the whole width of a stream as
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well as along the entire length ofits course. 

Seven types of substrates have been distinguished and it has 

been determined how the oligochaete fauna is divided between these diverse 

types. Certain species have acquired a preference for a particular type 

of substrate. By means of the accompanying illustrations and tables one 

can determine the characteristic species and their approximate average 
[P. 382] 

Percentages in the oligochaete fauna, when one knows the type and mech- 

anical structure of the substrate. It has been possible to differentiate 

especially the ecological demands of Tubifex tubifex  and of the species 

of Limnodrilus as function of the grain sizes of the substrate. 

The river muds present a great variability in their chemical 

composition, but there is no correlation between contents of organic sub-

stances, of organic carbon and of total nitrogen. The interpretation of 

the results of the field observations has been checked by experiments in 

23 synthetic substrates on species of tubificids and on Stvlodrilus 

herineianus. 

The significance of the tubificids as organisms moving sed-

iments has been demonstrated experimentally in Tubifex tubifex  in rel-

ation to temperature (3 0  to 25 °C). The manner of feeding of the species 

observed most often (except the species of tubificids) has been obtained 

in the form of a synoptic table through investigating the gut contents. 

Controled feeding experiments with Tubifex  tubifex  have shown that the 

individuals of this species consume on an average 21 per cent of organic 

carbon and 34 per cent of total nitrogen of the mud offered at a tem-

perature of 12°C. 
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Table 21. blean percentage share of the individual oligochaete species! 
stations in the Fulda and in the Isar. Individuals of all ages were 
Fhreorvetes  and the species of naidids; in all other species only aclu 

in alphabetical order.  i 
Abbreviations: Sch = mud, SS = sand-mud, G  =  gastropods, juv. 
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Fig. Z. Psz,:m-orvctes barbatus. Dorsal bundle of bristles on IV with
six fan bristles ( 195 microns) and two hair bristles.

Fig. 5. PsaE,1orsctes barbatus. Dorsal bundle of bristles from the
posterior end of the body (221 microns).



Fig. 6. Liznodrilus hoff-
^ei^teri. the four bundles

of bristles fror- III-

a b

"-

c d

Fig. 7. Penis tube of
Lirr.odriluF: cla redeax:uc

hoffÿ.eisteri (b
L. helveticus ^c) and
L. udekec.iar.us (d).

Fig. 8. Flzilvodrilus
hpr.monienri5.. Dorsal

lei't and ventral
right) bundle of

briRtle s ( cegLent VII).


