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1. Het belang van potwormen voor nutriëntenstromen in (agro)oecosystemen wordt 
niet alleen bepaald door biomassa en turnover van de populaties, maar tevens 
door hun verticale verdeling over het profiel en temporele dynamiek. 

Dit proefschrift 

2. De indirecte effecten van potwormen op de nutriëntenmobilisatie kunnen 
aanzienlijk zijn als gevolg van de vermoedelijk lage selectiviteit bij de 
voedselopname en de hoge selectiviteit waarmee voedsel wordt geassimileerd. 

Abrahamsen, G., 1990 - Biol. Fertil. Soils 9:159-162 
Dit proefschrift 

3. Potwormen dragen aanmerkelijk bij aan de dynamiek van de bodemstructuur en 
kunnen zodoende een belangrijke rol spelen bij de lucht- en vochthuishouding van 
de bodem. 

Dit proefschrift 

4. De fysisch-chemische parameters die in de meeste oecologische studies gemeten 
worden, zijn voor het voorspellen van de aan te treffen hoeveelheden potwormen 
van geringe waarde. 

Dit proefschrift 

5. Laboratoriumgegevens over de levenscyclus van dieren zijn slechts dan bruikbaar 
voor voorspellingen van de veldsituatie, wanneer ze tevens bepaald zijn onder 
daar optredende extreme omstandigheden en wanneer veldmetingen op de 
relevante schaal worden verricht. 

Dit proefschrift 

6. Ruimtelijke heterogeniteit op micro- en macroschaal vormt de basis voor het 
functioneren van het bodemoecosysteem en tegelijkertijd een van de belangrijkste 
hinderpalen voor bodembiologisch onderzoek. 

7. Het gebruik van functionele groepen in een oecologische analyse, zonder soort-
gericht oecologisch onderzoek naar de in deze groepen geplaatste organismen, 
leidt onvoldoende tot inzicht in het functioneren van oecosystemen. 

Hunt, H.W. et al., 19B7 - Biol. Fertil. Soils 3:57-68 



Het feit dat oecologisch onderzoek aan potwormen slechts relatief iaat is 
aangepakt, ondanks het zeer talrijk voorkomen van deze dieren, doet vermoeden 
dat de ontwikkeling van de wetenschap mede wordt bepaald door angst voor het 
onbekende. 

9. De huidige praktijk van voornamelijk kortlopende contracten voor wetenschappelijk 
onderzoek bevordert zowel de produktiviteit als de verschraling van dat 
onderzoek. 

10. 'No-nonsense beleid' wijst niet alleen op een povere beheersing van de 
Nederlandse taal, maar ook op een duidelijke minachting voor afwijkende 
meningen. 

11. Veel bodembiologisch onderzoek blijft aan de oppervlakte. 

Stellingen behorende bij het proefschrift van Wim Didden: 
Population ecology and functioning of EnchytraekJae In some arable fanning systems. 

Wageningen, 8 mei 1991 



Abstract 

Didden, W.A.M., 1991 - Population ecology and functioning of Enchytraeids in some 
arable farming systems • Doctoral thesis, Agricultural University, Wageningen, The 
Netherlands 

The population ecology of Enchytraeidae, and their functioning, were studied in 
some arable farming systems and in laboratory experiments. The systems studied 
consisted of a 'conventional' (high input of energy and matter) and several 'integrated' 
(reduced input of energy and matter) systems. Emphasis was given to population 
dynamics and the role of Enchytraeidae in nutrient cycling and soil structure evolution. 

Mean yearly enchytraeid abundance and biomass in the systems studied ranged 
from 11000 ind/m2 to 43000 ind/m2, and from 0.08 g C/m2 to 0.42 g C/m2, respectively. 
It was calculated that 0.5-3.7% of the yearly organic carbon input was respired by the 
enchytraeid populations. Yearly nitrogen flux from the populations (through storage in 
enchytraeid tissue) ranged from 0.19 to 0.60 g/m2. 

There were no significant differences between the systems studied as regards 
population dynamical and production ecological parameters. However, vertical distribu
tion of enchytraeid populations differed markedly between the conventional field and the 
integrated fields, probably related with differences in soil tillage and the resulting distri
bution of organic fertilizer and plant residues. These differences in vertical distribution 
may have consequences for the risk of nutrients leaching from the systems. 

The impact of enchytraeid activity on soil structure evolution was studied in a field 
experiment with artificial soil cores, in combination with field observations. It was found 
that enchytraeid activity produced measurable effects on air permeability, pore size 
distribution, and distribution of aggregate sizes, probably through selective burrowing 
and transport of organic besides mineral material. 

Life-history parameters of Enchytraeus buchholzi, the dominant species at the 
research site, were determined in a laboratory experiment, and predictions based on 
the laboratory trials were compared with data on population development under more 
natural conditions. There were significant discrepancies, indicating an influence of the 
physiological condition of the experimental animals on the length of the life-cycle in this 
species. 

Key words: Enchytraeidae - Soil fauna - Agro-ecosystems - Population dynamics 
Production ecology - Nutrient cycling - Soil structure - Life-history 
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Woord vooraf 

Toen ik in 1986 begon met het bestuderen van de oecologie van potwormen, wist 
ik nauwelijks wat potwormen waren en welke vragen op dit terrein liggen. Nu, vijf jaar 
later, ben ik er mij daar in ieder geval beter van bewust. Dit proefschrift vormt de neer
slag van dit leerproces. 

Hoewel slechts bij één hoofdstuk van dit proefschrift anderen zijn genoemd als 
mede-auteur, houdt dat geenszins in dat alles op eigen kracht is gedaan. Zonder de 
steun, aanmoediging en kritiek van velen, zou dit proefschrift er waarschijnlijk niet zijn 
geweest. 

Op de eerste plaats wil ik hier mijn ouders bedanken, die mij steeds hebben 
aangemoedigd om mijn interesses te volgen, en speciaal mijn vader, die mij al vroeg in 
contact bracht met de natuur en mij leerde kijken en luisteren. Helaas heeft hij niet 
meer mogen meemaken wat daaruit is voortgekomen. 

Lijbert Brussaard heeft, door de vele stimulerende gesprekken en discussies over 
het onderzoek zelf en het beschrijven ervan, een heel belangrijke rol gespeeld bij de 
totstandkoming van dit proefschrift. Leen Pons, hoewel niet vaak aanwezig, heeft door 
zijn onbevangen kijk op de problematiek mij deze soms vanuit een ander perspectief 
laten zien. 

Twee mensen in mijn directe werkomgeving zijn steeds heel belangrijk, en vaak 
onmisbaar geweest gedurende de afgelopen jaren. Joke Marinissen heeft, in onze 
talloze discussies over ons beider onderzoek, een zeer belangrijke positieve rol 
gespeeld, en Rijndert de Fluiter heeft met veel geduld en inzet talloze klussen geklaard, 
van het tellen van potwormeieren tot het in weer en wind bemonsteren op de Lovink-
hoeve. Joke en Rijndert, bedankt! 

De medewerkers in het Lovinkhoeve-project, met name Peter de Ruiter, Gerrit 
Lebbink, Lucas Bouwman en Rieks van Faassen, en té veel anderen om hier op te 
kunnen noemen, wil ik bedanken voor de collegiale samenwerking en de soms hevige, 
maar altijd vruchtbare discussies. Op de Lovinkhoeve zelf waren de heren Koning en 
Daniels degenen die er voor zorgden dat het onderzoek überhaupt mogelijk was, waar
voor op deze plaats mijn dank. 

Dankzij Jos Kroesbergen konden de grote hoeveelheden kunstmatige bodems die 
voor de experimenten nodig waren, worden geproduceerd. Bovendien speelde hij een 
belangrijke rol bij de ontwikkeling van de methode voor het vervaardigen van deze 
bodems en was hij ook degene die mij enig begrip voor bodemfysische bepalingen wist 
bij te brengen. 

Zonder de hulp van Maja Kooistra zou ik niet in staat zijn geweest om een begin te 
maken met het bestuderen van de polijstblokken, en ook haar inbreng in de discussies 
over de invloed van potwormen op structuurontwikkeling is voor mij belangrijk geweest. 



Cajo ter Braak wil ik hierbij bedanken voor het feit dat hij mij enigermate wegwijs 
heeft weten te maken in de toepassing van canonische correspondentieanalyse op mijn 
soort gegevens, en voor zijn kritische kanttekeningen bij de manier waarop ik de resul
taten daarvan presenteerde. 

Men zou mijn soort werk kunnen beschouwen als een vreemde eend in de bijt van 
de vakgroep Bodemkunde en Geologie. Toch hebben mijn collega's op deze vakgroep 
mij nooit het gevoel gegeven dat zij dat zo ervoeren. Met name wil ik hierbij Nico van 
Breemen bedanken, die in staat was om, ondanks zijn overvolle programma, regelma
tig echt aandacht voor mijn werk te hebben. Praktische problemen bleken in de praktijk 
zelden problemen, dankzij de inzet en medewerking van veel vakgroepsmedewerkers 
onder wie Fré Schelbergen, Norbert Lukkezen, Marcel Lubbers, Marjan Noordhoek, 
Joke Cobben en vele anderen. Speciale vermelding verdienen de medewerkers van 
het chemisch laboratorium, zonder wie een belangrijk deel van het werk niet geklaard 
zou zijn. Bedankt Tini van Mensvoort, Eef Velthorst, Leo Begheyn, Frans Lettink, Neel 
Nakken en Ellen Burger! 

Hoewel niet in dit proefschrift terug te vinden, heeft het werk op het voormalige 
ITAL een flink deel van de tijd beslagen. Hierbij wil ik de medewerkers van de afdeling 
bodembiologie, met name Gijs Schelling, Peter Kuikman en Hans van Veen bedanken 
voor hun gastvrijheid en hulp. 

I would like to thank Bent Christensen in Copenhagen for introducing me to 'the 
world of enchytraeids', and learning me not to despair when looking for a spermatheca 
in a moving and wriggling mass of cells. 

Tenslotte dank ik Ellen en Mijntje, die, hoewel dat niet altijd even gemakkelijk was, 
mij al die tijd hebben gesteund. 



I.General introduction 

Although man in Western Europe has worked the soil for thousands of years, soil 
itself, and the processes responsible for its fertility, have, till fairly recently, always been 
treated as a black box. Management practices therefore seldom included conscious 
manipulation of soil processes or biota as a means of increasing production. Thus, 
although measures like tillage, crop rotation and manuring proved successful, the 
underlying mechanisms remained unknown. It was not until the 19,h century, that scien
tific knowledge of soil chemistry and, to a lesser extent, soil biology started to develop, 
with the discovery of chemical fertilization (Von Liebig, 1840) and the work of Dar
win (1881) on earthworms. The use of inorganic fertilizers permitted intensification and 
expansion of agricultural practice, a process which was stimulated by the increased use 
of chemical pesticides since World War II. For some time, agronomists generally 
believed that a combination of mechanical and chemical management practices en
abled a continuing expansion, with the maintenance of soil fertility and structure, and 
control of pests and diseases. In most types of agriculture, soil biota (microorganisms 
and especially animals, with the exception of earthworms) were largely ignored, unless 
they were suspected of being injurious to crops or animals. Economically speaking, 
this has been a successful approach. 

In recent years, however, the price that was paid for the economic success of this 
type of agriculture became increasingly clear, from problems with soil fertility and the 
environment. Urgent problems in this respect are: 

- Pollution of groundwater, surface water and atmosphere, caused by the intensive 
and inefficient use of inorganic fertilizers and manures leading to leaching and/or 
volatilization of excess amounts. Part of the 'acid rain' problem originates from 
these processes. 

- Environmental side-effects of pesticides, that are being used abundantly and at 
high costs (both financially and publicly). 

- Deterioration of soil structure in many agricultural soils, caused by a decrease in 
soil organic matter through crop rotations including more root crops, and by the 
use of heavy machinery under too wet conditions. As consequences, problems 
with water infiltration, workability and trafficability may occur in many soils, leading 
to the need for even more intensive tillage. Moreover, through deterioration of soil 
structure and enlargement of agricultural fields, erosion problems may occur. 

These problems stimulated the interest in ecologically sound forms of land use, in 
which management practices are tuned to environmental and economical objectives. 
Such forms of 'integrated' land use imply reductions of mechanical and chemical inputs 



to the system, any yield reduction to be balanced by the reduction of costs. An impor
tant condition in this respect is, that the use efficiency of exogenous inputs will be 
increased by making use of naturally occurring, internal processes of soil structure 
evolution and of storage and transformation of plant nutrients. A thorough knowledge of 
these mechanisms not only requires an understanding of physical and chemical proc
esses occurring in the soil, but also of the biological processes, as microbial and faunal 
activities become more important with reduction of human inputs. 

Soil structure is being biologically affected through microbial and biochemical 
processes that contribute to the formation of soil aggregates and influence their stability 
(Oades, 1984). On a different, but not less important scale, soil structure is affected 
through the construction and disruption of more or less stable channels and voids by 
the activity of roots and soil animals, and by the mixing of organic and mineral material 
by faunal activity (Tischler, 1965; Wallwork, 1976; Coleman, 1985). 

Figure 1.1: Schematic diagram of the flows of matter in the decomposition subsystem, and major 
regulatory interactions. Boxes represent pools of nutrients. Solid arrows represent flows of 
matter, dashed arrows regulatory interactions. DOM = Dead organic matter; MS = Microbial 
saprovores; AS = Animal saprovores; M = Microbivores; P = Predators; MIN = Mineralized 
nutrients pool. 



Soil fertility is very clearly biologically affected, as decomposition of organic mate
rial, both of upper- and underground origin, is for the larger part a biological process, in 
which micro-organisms, and meso- and macrofauna are intimately involved, in ways 
that are only gradually being disclosed. Figure 1.1 is a schematic diagram of the de
composition subsystem, representing the overall processes taking place in the decom
position of organic material. Solid arrows in the diagram represent flows of matter, 
dashed arrows important regulatory mechanisms. Partly decomposed material and 
dead microbial and animal tissue returns to the pool of dead organic matter (DOM), and 
may be processed over and over again before it is completely respired or otherwise 
mineralized, or transformed to relatively stable humus. This recycling of matter distin
guishes the decomposition subsystem from the herbivore subsystem, where the re
mains of organisms, once dead or consumed, leave the subsystem as dead organic 
material, thereby entering the decomposition subsystem (Heal & MacLean, 1975). 

The decomposition of a particular piece of dead organic matter starts with the 
colonization by microbial saprovores (MS), rapidly decomposing easily degradable 
organic compounds (mostly the simpler carbohydrates). This process is enhanced by 
saprovorous animals (AS) comminuting the material and thereby enlarging the surfaces 
that are capable of being colonized, and by effects of grazing by microbivorous animals 
(M) on micro-organisms. Grazing, though reducing microbial biomass, may also stimu
late microbial activity, prevent ageing of colonies and, if selective, may influence the 
microbial community structure. Faunal activity may also be important in that animals 
may act as vectors in the propagation of micro-organisms. In these ways mobilization 
of nutrients may be increased or reduced by the activities of the soil fauna 
(Moore et al., 1988). Later stages of decomposition are characterized by a slowing 
down of the processes, when the proportion of more recalcitrant compounds increases. 

This relatively simple picture of the decomposition process is in reality much more 
complex, as a consequence of a variety of factors: 

- The soil community has a structure with several trophic positions, in which each 
group of organisms is being influenced by several others. 

- It is not unusual that one species belongs to several trophic positions at the same 
time, exhibiting different degrees of omnivory, or shows a temporal shift in feeding 
habits, as with predators that in some periods may change their habits to sapro-
vory or herbivory. Directly related to organic matter decomposition is the fact that 
many soil animals may be regarded as saprovores as well as microbivores, be
cause virtually all organic matter that is consumed in soil contains microbial colo
nies. 

- Normally, all stages of decomposition occur together in the decomposer subsys
tem, and the number and types of stages will differ per type of substrate. Hence, 
the soil system is characterized by the spatial and temporal coexistence of numer
ous types of microhabitats, differing in intensity of the decomposition processes 



occurring. Moreover, the size of microhabitats as experienced by soil organisms 
will be related with their own size and activity. 

It will be clear, that in many cases it is difficult to assess the role that an organism, 
or a group of organisms, plays in this complex system. These difficulties are the 
greater since most decomposition processes occur in microsites in soil, that are gener
ally not accessible to direct observations. Yet, for an increasing number of organisms, 
their part is gradually becoming clearer, as more, and more coordinated research is 
being devoted to their study, and better methods of research and analysis are being 
developed. 

For a long time Enchytraeidae (potworms) have largely been ignored in this type of 
research, both in natural and agricultural systems, for a variety of reasons. As regards 
agroecosystems, the reason for neglecting enchytraeids was the same as for other soil 
organisms and especially soil fauna: they were simply deemed unimportant. One of the 
first occasions they attracted attention in agricultural respect, was when they were 
thought to be possibly injurious to sugar beet (Vejdovsky, 1892; Stoklasa, 1897). The 
most important reasons for not conducting research on potworms, however, were of a 
more practical nature: difficulties with their extraction from soil, and especially system
atic and taxonomie difficulties. Since O'Connor (1955) developed a relatively simple 
and reliable extraction method, and the taxonomy of Enchytraeidae was revised by 
Nielsen & Christensen (1959,1961,1963), an increasing amount of studies have been 
carried out, notably in natural habitats, and knowledge on the ecology of these animals 
is growing. It has repeatedly been demonstrated since then, that enchytraeids may 
constitute a major element of the soil faunal community in a variety of habitats, also in 
arable fields, in temperate regions. 

As still relatively little is known about the functioning of enchytraeids in ecosys
tems, and most knowledge originates from more or less natural habitats, an agricultur
ally oriented research project addressing this field has to deal with a variety of funda
mental questions. These issues include population dynamics, species composition, 
energetical significance, reproductive potential, ecological efficiencies, food prefer
ences, reactions to xenobiotic substances, behaviour in soil etc. 



1.1. Outline of this thesis 

From the very beginning, the research reported in this thesis was embedded in the 
Dutch Programme on Soil Ecology of Arable Farming Systems, an integrated multidis-
ciplinary research programme which focusses on the functioning of differently managed 
agroecosystems. A general outline of this programme was presented by 
Brussaard et al. (1988). The main objective is to generate scientific knowledge rele
vant for the practice of sustainable ('integrated') arable farming. Research is being 
carried out on the experimental farm 'Dr. H.J. Lovinkhoeve' in the Noordoostpolder, 
reclaimed from the sea in 1942. Here, experimental fields have been laid out, that have 
conventional and various types of integrated management. In concordance with the 
general problems in agriculture mentioned above, the main research themes are: 

1. The flows of carbon and nitrogen in the systems and the mechanisms involved. 
2. The interactions between soil organisms and soil structure. 

The research on Enchytraeidae started out with two derived questions: 
1. What do enchytraeids contribute to soil structure evolution in agricultural fields? 
2. What is the significance of enchytraeid populations in agricultural fields concerning 

decomposition of organic matter and nutrient dynamics? 

From the beginning, it was clear that to understand the part played by enchytraeids 
in the fields under study in any quantitative way, it was necessary to conduct a popula
tion dynamical study. In view of the relatively scarce ecological knowledge on pot-
worms (chapter 2), it was decided not to rely on the few available data on enchytraeid 
populations in arable fields, but to carry out a detailed sampling programme. This study 
yielded data on numbers and biomass of enchytraeids, and their seasonal dynamics, 
and on species composition, phenology of the populations, and depth distributions 
(chapter 3). 

The results of the population dynamical study were used to calculate production 
biological parameters such as respiration, production and consumption of the 
enchytraeids, and to estimate the amount of nitrogen transformed directly by 
enchytraeids (chapter 3). 

The reproductive potential of a species is an important fundamental aspect of 
enchytraeid biology that has to be understood to be able to predict population develop
ment, and to include knowledge of enchytraeid population biology in simulation models. 
In a series of laboratory experiments, the life-history of Enchytraeus buchholzi, the 
dominant species at the Lovinkhoeve experimental site, was studied. The results of 
these experiments were used to predict population development under field conditions, 
and these predictions were compared with actual population development. These 
experiments are described in chapter 4. 



Chapter 5 deals with the development of a method to construct artificial soil cores, 
used in experiments on the interactions of potworms and soil structure. Such artificial 
soils were considered a prerequisite for a meaningful study of interactions, as they 
combine a reproducible soil structure with a near-natural environment for the experi
mental animals. 

In the experiments on the interactions between enchytraeids and soil structure, not 
the effects of soil structure on potworms, but only the effects of potworms on soil struc
ture evolution were studied, as this was considered the most interesting problem in the 
fields under study. An experiment was carried out in which artificial soil cores, with and 
without potworms, and with and without added organic material, were brought into the 
field. After retrieval the cores were analyzed in various ways to quantify enchytraeid 
effects on soil structure (chapter 6). 

The thesis is concluded with a synthesis (chapter 7). 



2. Ecology of terrestrial Enchytraeidae 

Abstract 

Thus far, little is known about the part enchytraeids play in ecosystems, both 
natural and managed. In this review of the ecological literature it is shown, 
that, although it is clear that enchytraeids must constitute an important faunal 
group in the soil of many terrestrial ecosystems, their part is difficult to quan
tify because of scanty knowledge of the factors influencing population dynam
ics and activity. This is because most studies have not been carried out at 
the species level, while it is clear that there exist appreciable interspecific 
differences as regards biology and response to environmental factors. 

2.1. Introduction 

Nowadays, much ecological research is aimed at the revealment of structures and 
processes occurring within ecosystems, in terms of pools and flows of energy and matter. 
Notably in research projects aimed at the development of sustainable agriculture, the need 
for such information is clearly felt (Andren, 1988; Brussaard et al., 1988). In this type of 
research, increasing use is being made of simulation modelling, that may help to 
understand, and eventually intervene intelligently in the functioning of ecosystems. Inmost 
simu lation models that incorporate faunal elements, parameters like data on the life-history 
of species, their food preferences, and reactions to abiotic factors play an important part. 
Particularly in the case of soil fauna, however, it often appears to be difficult to obtain 
reliable estimates of such parameters. Especially as regards Enchytraeidae, available 
data are scarce and often hard to find. The purpose of the present review is to gather the 
available knowledge in this area, and to identify topics where more study is needed. 
Besides, it is attempted to give an impression of the relative importance of enchytraeids in 
terrestrial ecosystems. The scope of this review will therefore comprise the ecological 
aspects of enchytraeid biology and the dynamics and functioning of enchytraeid popula
tions. Extra attention will be given to man-induced influences and to the functioning of 
Enchytraeidae in terrestrial ecosystems. 

In two earlier reviews, O'Connor (1967,1971) summarized the available knowledge 
on the ecology of terrestrial Enchytraeidae. Due to an increasing interest in their important 
role in soil processes, including nutrient cycling, many more studies have been carried out 
since then. Kasprzak (1982) examined more recent literature on enchytraeid ecology, 
restricted to agroecosystems. In the two surveys by Dash (1983,1990) on enchytraeid 



biology, the scope was too broad to cover enchytraeid ecology in any detail. In view of the 
increased quantity of data, a review of recent advances in enchytraeid ecology would 
therefore seem appropriate. 

It would be too far-reaching to include systematics and taxonomy in the present 
review. Much in these fields has changed since the work of Nielsen & Christensen (1959, 
1961,1963), and it is clear that in view of the vital importance of systematics and taxonomy 
for most ecological studies, of the many new species described, and of newly developing 
insights and methodologies, there is a need for a review of the advances in these fields, too. 

2.2. Factors influencing population sizes of Enchytraeidae 

2.2.1. Introduction 

Terrestrial Enchytraeidae have been recorded from all continents. The habitats they 
populate range from glaciers to tropical rain forests and from savannas to moors. 

Although numerous authors reported on the occurrence of enchytraeids, most records 
originate from incidental samples or faunistic surveys (e.g. Backlund, 1945; Nurminen, 
1965a; 1965b; 1967b; 1970; 1973a,b,c,d,e; Healy, 1979; 1980a,b). Such data, though 
often worthwhile also from an ecological point of view, typically are obtained from few 
samples per locality, taken during a restricted time, and, more often than not, using 
qualitative extraction methods. Density estimates found in this way can not be used to 
characterize enchytraeid abundances in various habitats, since the estimates are not 
reliable and the effect of population dynamics are not taken into account. For this, more 
scarcely gathered census data are needed, based on year-round sampling in well 
documented sites, and using reliable quantitative extraction methods like those described 
by Nielsen (1953; 1955a), O'Connor (1955,1962) and Schauermann (1983). Application 
of these criteria to the available literature data excludes some otherwise valuable studies 
like those of Abrahamsen (1972), Solhuy (1975) and Parmelee (1987), but a fairly large 
number of data remains, recorded in Table 2.1. In this table, the mean abundance of 
enchytraeids, calculated on the basis of regular samplings, is listed for a number of sites, 
together with some abiotic characteristics. The depth of sampling varied between the 
various studies in this table, but as the sampling depth generally was in accordance with 
the vertical distribution of the populations, these density estimates may be compared. 

In Figure 2.1 the abundance data from Table 2.1 are plotted against the environ
mental variables. Generally, no correlation seems to exist between enchytraeid densi
ties on the one hand, and mean annual precipitation, mean annual temperature, and 
acidity of the soil on the other. Largest populations have been found in cold to temper
ate, moist habitats, but this may also be related with the greater amount of data from 
this region of the world, especially from Europe. 



With the exception of the data from Yeates (1968) and this thesis, all sites listed in 
Table 2.1 have a pH value below 7. This suggests that enchytraeids are mainly found 
in neutral to acid soils; however, Healy (1980a), among others, has recorded substan
tial populations of potworms from more alkaline sites, but there are no data on popula
tion dynamics in these habitats. 

The large variability of the data is conspicuous. While the largest mean abun
dances have been recorded from moors (Peachey, 1963), moist coniferous forests 
(Kitazawa, 1977) and dune grassland (Yeates, 1968), lowest densities also were found 
in moist, temperate habitats (Dash & Cragg, 1972a; Nakamura, 1980). This consider
able variability suggests that the species composition of enchytraeid communities, and 
the physiological and behavioral adaptations of the various species may be important 
aspects. Unfortunately, in the majority of population dynamical studies on 

Table 2. V.Average abundance and environmental correlates of Enchytraeidae in various habitats. 
Sample depths assumed sufficient to yield the major part of the populations. 

Biotope 

Grassland 

Onobrychido-Brometiim 

idem, forma typicum 
Epipactis-Seslerietum 

Festuca rubra 
Dryas site 
on limestone 
Nardus 
Ammophila arenaria dune 

raised beach 

sedge-moss meadow 

sedge meadows 

alpine herbfiekJ 
tropical 
natural 

irrigated 

unused hay-land 

abandoned field 
grazed, 10 sheep/ha 
grazed, 20 sheep/ha 

grazed, 30 sheep/ha 

grazed 

grazed 

cut, fertilized 

ley 
meadow 

ryegrass-clover sward 

Moor 

fen 
Juncus peat 

Nardus 
blanket bog 

Carex nigra mire 

Country 

Germany (GDR) 

Germany (GDR) 
Germany (GDR) 
Germany (FRG) 

Norway 

England 
England 

New Zealand 
Canada 

Canada 

Alaska 

Australia 
India 

Canada 

Canada 
Germany (GDR) 

Sweden 

Australia 
Australia 

Australia 
Japan 

Japan 

Japan 

Sweden 

Poland 
New Zealand 

Canada 
England 

England 

England 

Norway 

Precipitation 

(mm/year) 

550 
550 
550 

1045 
850 
780 
780 

185 
185 
170 

2160 

1150 
341 
341 
710 
518 
750 
750 
750 

1200 

1470 

1470 

520 
533 
971 

580 
780 
780 
780 
850 

Air temperature 
(Ann. mean, 'C) 

8.0 
8.0 
8.0 
6.6 

-1.4 
5.6 
5.6 

-14.9 
-14.9 

-12.2 

3.3 
29.8 

3.6 
3.6 
9.1 
5.4 

14.3 
14.3 

14.3 

7.8 
12.5 

12.5 
5.4 
8.0 

2.5 
5.6 
5.6 
5.6 

-1.4 

pH 

5.0-5.8 
4.8-5.0 

7.5-8.6 

7.8 
6.5 

4.9-5.4 

4.3-4.9 

6.6 
7.5 
7.5 
4.5 

5.8-6.5 

5.6 
5.5 
5.6 

6.3 
6.1-6.5 
5.7-6.2 

6.4 
4.4-4.7 

4.8-5.0 

4.4-5.0 

Abundance 
Number/m*) 

13500 

10700 
2700 

40000 
3400 

80000 
120000 

130000 

9000 

27500 

46100 

3250 

3800 
30000 

39000 
49000 

23800 

6000 
2600 

2300 

1650 

1400 

2800 

5500 
17000 

13800 

5600 
145000 

71000 

40000 
22000 

Author 

Dünger, 1978 

Ellenberg et al., 1986 
Klungland, 1981 

Coulson&Whiflaker,1978 

Yeates, 1968 
Ryan,1977 

Maclean, 1980 
Wood, 1971 

Thambi& Dash, 1973 

Willard, 1974a 

Brockmann, 1984 
Persson & Lohm, 1977 

King & Hutchinson, 1976 

Nakamura, 1980 

Lagerlöfetal, 1989 
Ryl, 1977 

McColl, 1984 

Dash & Cragg, 1972a 
Peachey, 1963 

Standen, 1973 

Klungland, 1981 



Table 2.1, continued 

Biotope 

Forest 

deciduous, moist 
deciduous, dry 
deciduous 
deciduous 
deciduous, beech 
deciduous, beech 

deciduous, beech 

deciduous, beech 

deciduous, oak 
deciduous, oak-hornbeam 
deciduous, oak-hazel 

deciduous, ash-alder 
deciduous, oak-hornbeam 
mixed, pine-oak 

coniferous, pine 

coniferous, pine 
coniferous 
coniferous 
coniferous 

coniferous 
coniferous, subalpine 

coniferous, subalpine 
subtropical rainforest 

tropical rainforest 
Liriodendron forest 
dry sclerophyll 

wet sclerophyll 

Arable land 

rye 
potato 

lucerne 

sugar beet 
sugar beet 

winter wheat 

wheat 

Barley 

Country 

Finland 
Finland 
Canada 
Japan 
Germany (FRG) 
Germany (FRG) 

Germany (FRG) 

Germany (FRG) 

Hungary 

Hungary 
Sweden 

Poland 
Poland 
Poland 
Poland 
Germany (FRG) 
Sweden 

S. Finland 

C. Finland 
Canada 
Japan 

Japan 
Japan 

Malaysia 
USA 
Australia 
Australia 

Poland 

Poland 

Poland 

Poland 
The Netherlands 

The Netherlands 

Canada 
Sweden 

Precipitation 

(mm/year) 

596 
596 
580 

2000 
1045 
1017 

613 
700 
627 
643 
570 

1045 
600 
620 
630 

1174 

943 
2000 
2000 

2000 
1265 
889 

1144 

533 
533 
533 
533 
725 
725 
341 
520 

Air temperature 
(Ann. mean, 'C) 

3.8 
3.8 
2.5 
7.0 
6.6 
8.3 
8.7 
7.0 

11.1 

9.9 
5.5 

6.6 
3.8 
4.3 
2.4 
9.0 
4.2 
4.0 

15.0 

26.5 
13.3 
8.2 
6.8 

8.0 
8.0 
8.0 
8.0 
8.4 
8.4 
3.6 
5.4 

pH 

5.1 
5.4 

6.4-6.7 

3.3-4.0 
3.8-4.7 

5.4-6.4 

6.8-4.3 

5.0-7.0 

5.5 
4.0 
4.1 
3.9 

3.3-4.5 
4.0-4.6 

5.7 
3.4-5.0 

4.3-4.8 

6.1-6.5 

6.1-6.5 

6.1-6.5 

6.1-6.5 
7.5 
7.5 
7.5 
6.3 

Abundance 
Number/m2) 

5700 
8000 

10000 
22000 

108000 

46000 

12000 

22300 

18000 

22000 
3800 

29500 
38600 
39500 

35600 

134000 
17000 
12300 
10400 

5700 
138000 

10000 
10000 

8900 

6250 
250 

1075 

9800 

13000 

5700 

9600 
30000 

12000 

4650 

8100 

Author 

Kairesato, 1978 

Dash & Cragg, 1972a 

Kitazawa, 1971 
Ellenberg et al., 1986 

Römbke, 1988 
Meilin, 1988 

Schaefer, 1990 

Dózsa-Farkas, 1973b 

Dózsa-Farkas, 1978c 
Axelssonetal.,1984 

Makulec, 1983 

Ellenberg et al., 1986 
Lundkvist, 1982 

Nurminen, 1967a; 
Huhtaetal , 1967 
Marshall, 1974 

Kitazawa, 1977 

Kitazawa, 1971 

Chibaetal., 1976; Kira, 1976 

Reichle et al., 1975 
Wood, 1971 

Ryl, 1977 

this thesis 

Willard, 1974a 

Lagerlöfetal., 1989 

Enchytraeidae no information on species composition and the dynamics of the various 
species was recorded. As a consequence, species related differences, that might 
serve as an explanation for the large variability observed, are not known. Inferences 
can therefore only be drawn for enchytraeids as a group. Given this situation, the data 
suggest that only extreme values of abiotic parameters may influence the size of popu
lations, and that any threshold values of these parameters will largely be species de
pendent. Other parameters may also play an important role in the determination of 
enchytraeid population sizes, such as the amount and quality of primary production 
(Abrahamsen, 1972; MacLean et al., 1977), the proportion of it entering the soil system 
as dead organic material, the abundance and activity of the soil microflora, and the 
incidence and quantitative importance of competition, prédation and parasitism. 
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Figure 2.1: Abundance data (y-axes) of enchytraeids from various habitat types plotted against 
mean precipitation, temperature, and pH. +; grassland; A: moor; 0: forest; 0:arableland 
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2.2.2. Abiotic factors 

2.2.2.1. Moisture 

As the enchytraeid epidermis is permeable to water and no protection mechanisms 
against evaporation are known, it is generally assumed that they are vulnerable to 
drought and therefore confined to moist habitats. Indeed, large numbers and biomass 
are found in wet places, and a number of species are restricted to aquatic or very wet 
terrestrial habitats. Healy (1987) even reported the frequent occurrence of several 
species (Marionina riparia, Cognettia glandulosa and Cernosvitoviella spp.) in the 
deep, anaerobic zone of a quaking marsh. Yet, enchytraeids also occur in drier habi
tats, which may be facilitated by the fact that even in dry soils moist microhabitats may 
exist, as a consequence of the spatial heterogeneity of the soil. Potworms may actively 
move to such places, as demonstrated by vertical migration in dry periods 
(Peachey, 1963; Dash &Cragg, 1972a; Springen et al., 1970; Markkula, 1981,1982). 

There are also indications that at least some species are adapted to survive in 
drier habitats, like Fridericia galba (Dózsa-Farkas, 1977), Enchytraeus buchholzi 
(Trappmann, 1952; Healy, 1980a), Henlea perpusilla (Klungland, 1981), Henlea ven-
triculosa (Healy, 1980a), several Achaeta species (Healy, 1980b) and the "Ice worm", 
Mesenchytraeus solifugus (Goodman & Parrish, 1971). Abrahamsen (1971) showed 
that Cognettia sphagnetorum was able to survive in rather arid conditions (water poten
tial slightly beneath -1 MPa), provided that the temperature was not above 12°C. 
Dózsa-Farkas (1977) obtained comparable results with Fridericia galba. Willard 
(1974a,b) reported rather high numbers of enchytraeids from prairie soils in Canada, 
where potworms represented one of the major groups of invertebrates. As this area 
was characterized by very dry summers and severe winters, these populations must 
have been very well adapted to arid conditions. The fairly high densities and number of 
species Healy (1980b) found during a drought period in France and Spain, and the high 
numbers reported by Yeates (1967,1968) from New Zealand dune habitats also sug
gest the existence of adaptations to dry conditions. 

In an investigation of enchytraeid population dynamics in two types of Scots pine 
stands, Gröngröft & Miehlich (1983) found a significant positive correlation between 
population densities and the water potential in the moister type of pine stand, whereas 
in the dryer stand populations increased while the water potential decreased to 
-0.8 MPa. In both types the same species, Cognettia sphagnetorum, dominated, sug
gesting intraspecific physiological adaptations. 

Thus, it would seem that influences of moisture conditions on enchytraeid popula
tion sizes depend on several factors, notably species composition and temperature 
conditions. Enchytraeids may be able to tolerate extremes in moisture conditions by 
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physiological or behavioral adaptations at the species level, or even intraspecif ic adap
tations. Besides, factors like soil organic matter content and soil structure will undoubt
edly be of importance, as these may determine the occurrence of favourable microhabi
tats in otherwise unfavourable conditions. Predictions of the influence of changes in 
soil moisture on the development of enchytraeid populations must therefore take these 
factors in account, and their interactions certainly deserve further study. 

2.2.2.2. Temperature 

As can be inferred from Table 2.1, Enchytraeidae are found at a wide range of 
mean annual air temperatures. For some species, notably from the genera 
Enchytraeus and Lumbricillus, which can be cultured easily and some of which are 
being cultured commercially, optimum temperatures for reproduction have been found 
ranging from 8°C to 28°C (Trappmann, 1952; Ivleva, 1969; Learner, 1972; this thesis). 
The range of temperatures at which reproduction is possible is still much wider. 
Trappmann (1952) reported a lower limit of 0.5°C and an upper limit of 37"C for 
Enchytraeus buchholzi and Ivleva (1969) mentioned as limits for good reproductive 
success in £ albidus 8 and 25°C, respectively. 

There exist appreciable differences in the reaction of different enchytraeid species 
to temperature regimes. Klungland (1981) reported a sharp reduction in numbers of 
Henlea perpusilla with decreasing temperatures, while numbers of Bryodrilus ehlersi 
remained unaffected. Healy (1980b) found a high proportion of sexually mature indi
viduals in France and Spain during a dry and warm (temperatures up to 38°C) period. 
Dózsa-Farkas (1973a) was able to prove experimentally that Stercutus niveus was able 
to survive periods of frost, while Fridericia-speaes were not and had to retreat to 
deeper soil layers to survive. Some species are adapted to very low temperatures, like 
the subarctic Henlea cf. udei (Smith et al., 1990) and the Alaskan "Ice worm", 
Mesenchytraeus solifugus (Goodman & Parrish, 1971), which lives in the snow cover of 
glaciers. The nature of such adaptations remains to be investigated, but may be of a 
biochemical, rather than a structural, origin (Goodman & Parrish, 1971). 

It would seem, therefore, that temperature regimes hardly would be a limiting 
factor for enchytraeid populations to get established. Generally, temperature may be 
regarded as influencing species composition and population density, rather than pres
ence or absence of potworms. 
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2.2.2.3. pH 

Largest numbers of potworms have generally been found in neutral to acid (pH ±4) 
habitats. But also in more alkaline (to pH above 8) habitats large populations may be 
found, as appears from the data of Yeates (1967; 1968) on the enchytraeid fauna of 
dune grasslands in New Zealand and of Healy (1980a), in an extensive survey of Irish 
enchytraeids. 

The species which, in recent years, was most intensively studied with respect to its 
response to changes in pH is Cognettia sphagnetorum. This is the dominating species 
in northern and temperate coniferous forests and moors, and the rather extensive 
literature on this subject originates from the 'acid rain' issue and questions concerning 
fertilization of forests. In several experiments the pH of forest plots was manipulated by 
acidification, liming or fertilization (Lohm etal., 1977; Abrahamsen & Thompson, 1979; 
Bààth et al., 1980a,b; Huhta et al., 1983; Persson et al., 1987). The general trend in 
these studies was that C. sphagnetorum reacted positively to slight acidification, after a 
temporary reduction in population size, and negatively to liming. Reaction of lumbri-
cids, in this case Dendrobaena octaedra, was the reverse. These findings were cor
roborated in more controlled experiments by Hâgvar & Abrahamsen (1980) on coloni
zation of sterile soil samples with adjusted pH values. However, other enchytraeid 
species in their experiments showed no conclusive or the opposite reaction. 

Heungens (1984) conducted a short term experiment with C. sphagnetorum and 
concluded that the effect of changes in pH was insignificant compared with the effect of 
changes in the electrical conductivity of the soil solution. This may well be an alterna
tive explanation for the shock-effect observed in various field experiments on pH ma
nipulation and fertilizer application. 

Standen (1980b) reported a positive correlation between pH and numbers of some 
species of the genus Fridericia and C. glandulosa. In an other study Standen (1984) 
found a negative correlation between abundance of potworms and soil pH, which was 
largely accounted for by C. sphagnetorum and to a lesser extent by Achaeta affinis, A. 
eiseni and C. glandulosa. Other species showed no negative or even a slightly positive 
response, and diversity of the enchytraeid communities was positively related with soil 
pH. Yeates (1968) found large populations of Hemifridericia sp. and Achaeta sp. in 
neutral to alkaline (pH 7.5 to 8.6) soil. Healy & Bolger (1984) mentioned pH as one of 
the most important environmental factors for the distribution of enchytraeid species in 
Irish wetlands. More species appeared to be acid intolerant than acid tolerant in these 
habitats. 

Thus, it may be concluded that some enchytraeid species, notably C. sphagne
torum, clearly are acidophilic or acid tolerant and, possibly because of the absence of 
competitors, may constitute the dominant mesofauna group in acid habitats. The ma
jority of enchytraeid species, however, prefer slightly acid to alkaline habitats. 
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2.2.3. Biotic factors 

2.2.3.1. Food and feeding 

Data on the feeding mechanisms of terrestrial enchytraeids are scarce. A detailed 
account on the littoral species Lumbricillus lineatus, however, was presented by Gelder 
(1984). This species ingested mineral particles and organic debris with diameters less 
than 60 jum, an upper limit which was probably determined by the maximum mouth 
aperture. Small particles could be sucked up directly, but mostly ingestion took place 
protracting the pharyngeal pad, the surface of which was covered with adhesive secre
tions from the pharyngeal glands. In this way, the food mass entered the pharynx and 
was transported to the intestine by peristaltic movements and ciliary action. In truly 
terrestrial enchytraeids such observations are not known, but available data (Hrabë, 
1934; Matschek, 1972) suggest a similar function of the pharyngeal pad in the ingestion 
of food. Head (1967) observed enchytraeids and nematodes feeding on decaying root 
cortex, thereby opening channels that allowed mites and collembola to enter. 

To assess the impact of enchytraeid feeding on the functioning of the decomposer 
system, knowledge on the diet and feeding preferences of enchytraeid species is re
quired. An important question in this respect is, wether enchytraeids should be classi
fied as primary or as secondary decomposers, i.e. wether they are saprovores or 
microbivores. 

One approach to this problem was followed by Gotthold et al. (1967) and Gotthold 
& Koch (1974), who investigated the nutritional requirements of Enchytraeus fragmen-
tosus using axenic cultures established earlier (Dougherty & Solberg, 1960; 1961). 
From the fact that E. fragmentosus can be cultured in the absence of either bacteria or 
fungi, it may be concluded that this species is not an obligatory microbivore and may be 
capable of obtaining food from sources like dead organic material and root exudates. 
Also, Palka & Spaul (1970) found in an other species, Lumbricillus rivalis (according to 
Learner, 1972) the capability of digesting carbohydrates, fats and proteins. 

To be able to decompose dead organic material, however, it would be necessary 
for enchytraeids to produce the right enzymes. Some information on this is found in 
Nielsen (1962) and Dash et al. (1981), who studied enzymes in various species of 
enchytraeids from Europe and India, respectively. From both studies it appeared that 
the species studied were capable of digesting di- and some polysaccharides, but that 
most complex plant substances would become available through microbial action. 
From feeding experiments with Cognettia sphagnetorum in normal and axenic cultures, 
Latter (1977) and Latter & Howson (1978) arrived at a similar conclusion, i.e. that this 
species utilized simple organic compounds, possibly through the action of enzymes 
and/or microorganisms. They found no indications of utilization of microorganisms 
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proper, but this could not be excluded either. Brockmeyer et al. (1990), using labeled 
methionine, demonstrated that Enchytraeus cf. globuliferus and E. minutus digested 
microorganisms, and that fresh plant material was assimilated distinctly less. Oat bran 
however (rich in carbohydrates, with deficient cell walls) was taken up to a greater 
extent than microorganisms. 

Pokarzhevsky et al. (1989) pointed out, that in view of the amounts and forms of 
nitrogen and phosphorus required to maintain soil animal populations, microorganisms 
must play an important part as a food source. Again, based on ß13C measurement of 
earthworm tissue, plant material and soil, Spain et al. (1990) argued that the glos-
soscolecid earthworm Pontoscolex corethrurus derived much of its tissue carbon from 
rhizosphere products and microbial biomass. Consumption and digestion of fungi by 
several enchytraeid species was reported by Dash & Cragg (1972b) and Dash et al. 
(1980), so that assimilation of at least part of the cell contents of the fungi would seem 
a real possibility. In the gut contents of 2 out of 3 investigated species, O'Connor 
(1967) found significantly more fungal material than in the substrate. Dash & Cragg 
(1972b) also reported on high proportions of fungi in the gut contents of 4 species 
investigated, and selective feeding on fungal baits in a field experiment. 

In an ultrastructural study of the gut contents of Fridericia striata, Toutain et al. 
(1982) found that ingested plant material underwent little change during passage 
through the gut, while associated bacteria and fungi were lysed soon after ingestion. 
Gelder (1984) also presumed the utilization of organic compounds and bacteria by 
Lumbricillus lineatus. 

Dózsa-Farkas (1976; 1978a) studied the consumption of leaf litter by Fridericia 
galba, F. hegemon and Henlea nasuta. It appeared that leaves had to be decomposing 
to be consumed, the preference for degree of decomposition and tree species being not 
only dependent on species, but also on the season. For tubificid worms, digestion of 
(Gram negative) bacteria has also been supposed to be quantitatively important 
(Whitley & Seng, 1976). 

Zachariae (1963) reported on enchytraeids consuming collembolan excrements, 
and Ponge (1984) found, besides plant remains and microorganisms, excrements of 
oribatid mites in the gut contents and suggested a relation with fungi growing on these 
excrements. Breakdown of plant material during the passage through the gut has not 
been observed in the studies mentioned above. 

Various authors made a microscopical study of the gut contents of enchytraeids. 
In several of these studies considerable amounts of silica particles were reported 
(O'Connor, 1967; Babel, 1968; Matschek, 1972; Gelder, 1984; this thesis). From histo-
physiological observations on Lumbricillus lineatus by Gelder (1984) it seems probable 
that such particles are being taken for the microorganisms and organic materials on 
their surface. 

The above mentioned results point to the important part played by microorganisms 
and their activities in the feeding biology of enchytraeids. Obviously, enchytraeids are 
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also capable to utilize easily digestible organic compounds that are produced by plants, 
or through the activity of microorganisms, but competition with the microflora might be 
limiting in this respect. As only a restricted number of species have been investigated 
so far, species related differences in feeding activities remain to be investigated. 

In production ecological studies enchytraeids are often considered as being 50% 
saprovorous, 25% bacterivorous and 25% fungivorous (Persson et al., 1980; Lagerlöf et 
al., 1989). The available evidence suggests that in this way microbivory may be under
estimated, since at least some species of Enchytraeidae are well adapted to digest 
microbes, while no species have been found that produce enzymes needed to decom
pose complex vegetable compounds. The assumption of Whitfield (1977) and 
MacLean (1980), that enchytraeids are 80% microbivorous and 20% saprovorous, may 
be more realistic. 

2.2.3.2. Competition 

Little is known about competitive interactions between Enchytraeidae and other 
soil organisms. Healy (1980a) believed that the abundance of enchytraeids is related 
to competition, notably with earthworms, for food, and that high densities of potworms 
are found in cases where almost no competition occurs, as in extremely acid environ
ments. Some species, like Cognettia sphagnetorum, are very well adapted to such 
environments, and reach high densities there. Competition for food may also occur 
between enchytraeids and microarthropods, as suggested by Way & Scopes (1968), 
who found a significant increase in enchytraeid numbers after application of insecti
cides and the resulting severe reduction of microarthropod numbers. From experi
ments by Alejnikova et al. (1975) and Lagerlöf & Andren (1985), with decomposing 
manure and barley straw, respectively, it appears that potworms mainly participate in 
the early phases of decomposition, and are followed by microarthropods. To what 
extent competition plays a role in this process is unclear as these results may also 
indicate differences in food preference between both groups. 

Several authors have suggested an antagonistic relationship between 
enchytraeids and earthworms. Nielsen (1955c) believed the ecological status of both 
groups to be completely different, and their abundances to be negatively correlated. 
This view is partly corroborated by Gómy (1984), who in Dutch polder soil found less 
potworms in plots inoculated with earthworms, as opposed to control plots. The an
tagonistic effect seemed to be interspecific however, rather than to exist between the 
two groups. The author supposed that secretions or excrements might play a part in 
this process. 

In a breeding experiment with Eisenia fetida and Enchytraeus albidus, Haukka 
(1987) observed impeded growth of E. fetida at high temperatures, but faster growth at 
lower temperatures when E. albidus was present. Moreover, in the presence of 
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E. albidus mortality of E. fetida increased. As both species showed optimal population 
development at different moisture levels, it appeared likely, however, that in natural 
situations they occupy somewhat different niches. 

Positive relations between earthworms and enchytraeids have also been ob
served. Zachariae (1967), for instance, mentioned that potworms consumed the excre
ments of lumbricids, thereby promoting decomposition of enclosed litter, that could be 
consumed once more by earthworms. Bhatti (1967) reported associations of 
enchytraeids with the earthworms Bimastos parvus and Pheretima posthuma, and with 
Collembola. Dózsa-Farkas (1978c) found significantly more enchytraeids, notably 
Fridericia galba and Stercutus niveus, in earthworm burrows that were filled with litter. 
The author assumed that the litter in these burrows was attractive for the enchytraeids 
because its state of decomposition was favourable. 

It may be concluded therefore, that some species of Enchytraeidae may have the 
same requirements as earthworms, but are better adapted to extreme (notably acid) 
situations, and are not able to compete with earthworms in other situations. The major
ity of enchytraeid species, however, have more complex relations with earthworms, and 
thus occupy at least partly different niches. Thus far, no conclusive evidence has been 
presented for competition between enchytraeid species and other members of the soil 
fauna. 

2.2.3.3. Predators and parasites 

The numerous occurrence of Enchytraeidae and the apparent lack of protective 
mechanisms make them an obvious prey for predatory soil animals. Yet, few studies 
mention predators of enchytraeids, and no quantitative data on the subject exist. In a 
review on predatory soil nematodes, Small (1987) listed a number of taxa, notably 
larger Dorylaimida and Mononchida, that were found to feed on potworms. For most of 
the species listed, however, it is not clear whether live or dead enchytraeids were 
consumed. Direct observations of prédation on enchytraeids were reported only in the 
species Anatonchus amicae (Coomans & Lima, 1965), Prionchulus punctatus (Small, 
1987), Nygolaimus vulgaris (Thome, 1930), Sectonema ventralis (Thome, 1930) and 
Butlerlus degrissei (Grootaert et al., 1977). Yeates (1968) demonstrated a positive 
correlation between the abundance of several predatory nematodes and enchytraeids. 

Sergeeva (1987) analyzed the gut content of several predatory soil invertebrates 
with serological methods. It was found that the larvae of the rhagionid flies Ragio 
scolopaceus and R. tringarius, especially the smaller ones, probably fed to a large 
extent on enchytraeids. In the gut contents of small and medium-sized individuals of 
the centipede Monotarsobius curtipes and larvae of the elaterid beetle Dolopius margi-
natus also enchytraeid material was established. The adults of several species of 
carabid beetles, notably Abaxater and A. parallels, were reported by Loreau (1983) to 
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prey on oligochaetes (enchytraeids and lumbricids) to a considerable extent. Nielsen 
(1955b), probably on the authority of Kühnelt (1950), mentions prédation by the 
centipede Schendyla nemorensis, but considers its impact marginal. Some mesostig-
matid mites may prey on potworms, as Singer & Kranz (1967) successfully used 
enchytraeids as a food source in cultures of the gamasid mites Macrocheles superbus, 
M. robustulus and Glyptholaspis confusa, and Heungens (1969) suggested that the 
gamasid mite Parholaspulus alstoni might be an influential predator on enchytraeids in 
Azalea cultures. 

Parasitic organisms associated with potworms have been recorded from various 
taxa, of which Protozoa seem to be the most frequently occurring. Gelder (1984) re
ported the occurrence of Sporozoa in the alimentary canal of Lumbricillus lineatus. 
According to Purrini (1983,1987), enchytraeids are frequently infected by microorgan
isms, especially in polluted areas, where infection rates may be as high as 70%. 
Pathogenic agents identified were virus-like organisms, Bacteria, Fungi and Protozoa. 
Infection could occur in various tissues, and frequently caused lethal diseases. Among 
the organisms identified, gregarinid Protozoa were the most abundant; these organisms 
were probably not parasitic, however, and lived as commensals in the gut lumen. 
Nielsen (1955b) also reported the incidence of Gregarinida in enchytraeids, and noted 
that the infection rate was at its maximum in the summer half of the year. Ciliates are 
reported to occur commonly in the gut of oligochaetes (Hartwig & Jelinek, 1974; 
Righi, 1974). Kunst (1954) reported on several parasitic Rotatoria from the genus 
Balatro, living in the gut of potworms. Taboga (1981) reported facultative parasitism on 
earthworm cocoons by the saprophytic nematode Rhabditis terricola. Although as yet 
not reported, it would seem only natural that productivity losses through such mecha
nisms also occur in the Enchytraeidae. 

No quantitative data exist on the impact of prédation and parasitism on enchytraeid 
populations. Yet, in view of the qualitative evidence, and notably the variety of preda
tors and parasites reported, it seems obvious that substantial losses through these 
interactions may occur. Thus, it may be worthwhile to study these processes, that 
might influence enchytraeid population dynamics to a considerable degree. 
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2.2.4. Man induced factors 

2.2.4.1. Physical habitat changes 

Physical habitat changes clearly may influence enchytraeid communities, which 
specifically may be demonstrated in arable soils. Important factors that play a part in 
this respect are effects of changes in soil structure, the reduction in the amount of 
primary production reaching the soil as dead organic material, and the reduced diver
sity of plant species. 

King & Hutchinson (1976,1983) and Hutchinson & King (1980) studied the effects 
of sheep stocking intensity on invertebrate communities in Australian pastures. 
Enchytraeid numbers, biomass and activity were inversely related with the grazing 
pressure. The effects could mainly be attributed to a reduction in habitable pore space, 
changes in microclimatological regimes and a reduction in food supply. Brockmann et 
al. (1980) also reported a significant reduction of enchytraeid densities in a field experi
ment with soil compaction. A comparable effect of soil compaction was found by 
Dózsa-Farkas (1987a), who found a significant decrease in enchytraeid densities and 
diversity in Hungarian hiking trails. One species, Fridericia conculcata, however, 
seemed adapted to these compacted soils, and even showed higher incidence there. 

Effects of soil tillage appear clearest when the top soil is inverted. Several investi
gators (Zimmermann, 1987; Lagerlöf et al., 1989; this thesis) have recorded a more 
even vertical distribution of Enchytraeidae in ploughed plots, or even a concentration in 
the deeper layers, where after ploughing the plant remains are to be found. Moreover, 
Tomlin & Miller (1987) recorded still an even vertical distribution of soil fauna (including 
enchytraeids) in a formerly ploughed plot at least 25 years after cultivation stopped. 
While much information exists on the detrimental effects on earthworms of most types 
of tillage, no indications have been found for such effects on potworms. Probably, this 
has to do with the smaller size of enchytraeids, rendering them less vulnerable to the 
tillage action, with relatively less disturbance of their microhabitats, and with their faster 
mode of reproduction. Less competition with the diminished earthworm populations 
may, however, also play a part. 
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2.2.4.2. Chemicals 

In assessing the impact of the application of chemical substances (pesticides, 
fertilizers, pollution) on enchytraeid communities, it is important to discriminate between 
short-term and long-term effects. Short-term effects concern direct effects through 
toxicity of the substances applied or changes in the physical and chemical properties of 
the environment, and are found as long as the foreign substances are present. Long-
term effects are manifested through more or less permanent changes in food supply, 
changes in composition of the soil community or the physical environment, or genetical 
adaptation within populations. 

2.2.4.2.1. Pesticides 

Direct toxic effects of the herbicide 2,4,5-T (2,4,5-Trichlorophenoxy acetic acid) on 
several enchytraeid species have been observed in laboratory experiments by Römbke 
(1988). It appeared, that the effect was species dependent, Enchytraeus albidus being 
less sensitive than C. sphagnetorum, Marionina cambrensis and Achaeta cf. affinis. 
Besides, kind and acidity of the substrate were important, the effect being greater in 
more acid substrates. In field experiments in a beech forest, where 2,4,5-T was bi
monthly applied for a period of two years, these results were only partly corroborated 
(Römbke, 1988): C. sphagnetorum appeared to be hardly influenced here. Enchytraeid 
abundance and biomass were almost unaffected at low, but reduced at high dosages. 
After the application had stopped, enchytraeid numbers temporarily were very high, 
returning to the control level after two years. Chalupsky (1987,1989) reported a similar 
effect after a single application of atrazine in an orchard, enchytraeid numbers being 
slightly lowered the first year after the application and higher the second year. In the 
same experiment continuous application of herbicides reduced enchytraeid densities 
significantly. The results obtained by Bäumler et al. (1978), with Paraquat and Simazin 
in forest sites, point in the same direction. 

Andren & Lagerlöf (1983) also reported a negative effect on enchytraeid popula
tions of yearly applications of MCPA, Dinoseb, 2,4,5-T and 2,4-Dichlorophenoxy acetic 
acid (2,4-D) in pasture, but did not find an effect in arable fields. Again, Weber (1953) 
could detect no effect of a single application of 2,4-D in arable fields. 

From the available data it would seem that a single application of a herbicide may 
result in initially lower enchytraeid numbers, probably through a direct effect, and fol
lowed by temporarily unusually high numbers, presumably through extra availability of 
dead plant material. These effects were also found in other soil fauna groups like 
nematodes, mites and collembola (Bäumler et al., 1978; Andren & Lagerlöf, 1983). 

21 


