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I. I N T R O D U C T I O N 
The study of soil and plant nematodes has developed greatly in the last 20 

years and has been accompanied by a sizeable increase in the number of 
nematologists studying plant parasitic forms. In this period a great many 
new species have been described from all parts of the world, many old descrip-
tions have been revised and numerous life-histories and morphological and 
biological details made known. However, the study of all aspects of soil, 
marine and animal and plant parasitic nematodes has not been integrated 
into a coherent subject. One reason for this is that most nematologists have 
been too preoccupied with applied problems relating to nematode parasites 
of man, livestock, agricultural, forestry or garden products to give much 
time to studying basic problems of nematode physiology, biochemistry, 
cytology, genetics and ecology. Moreover, University Departments of Zoology 
have neglected nematodes in their teaching and research. 

Recent progress in nematology has been accompanied by several textbooks 
and reviews and by a helpful practice of concentrating papers on soil and 
plant nematology in few journals. Christie (1959) and Thorne (1961) pub-
lished textbooks on nematology emphasizing practical work with plant 
parasites including the recognition of economically important species, symp-
toms of damage, and control measures. Sasser and Jenkins (1960) edited a 
series of papers, by several specialists, dealing with most aspects of nema-
tology. 

This review deals mainly with aspects of recent developments in nematode 
ecology not covered in recent textbooks and reviews. 
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IL F U N D A M E N T A L P R O B L E M S OF N E M A T O D E 
T A X O N O M Y 

Details or principles of nematode taxonomy are not presented here, but 
taxonomy cannot be left out altogether because it often enters problems that 
seem to be detached from the taxon. Goodey (1963) gives a thorough intro-
duction to the subject and much detailed information for the advanced 
student. Even so, monographs of genera and many papers describing new 
species are still indispensable because nematode taxonomy is developing so 
rapidly. 

For plant parasitic nematodes, Mai and Lyon (1960) is a great help to 
the beginner. 

The class Nematoda has successfully colonized almost all major habitats. 
There are about 10,000 known species and the number increases daily. Of 
these only about 2,000 soil inhabiting species concern us, the rest are parasitic 
in vertebrates or invertebrates or occur in the sea. Many non-marine, free-
living nematodes occur chiefly or only in freshwater, and these cannot be 
distinguished sharply from soil nematodes (see below). 

Although little more than 1,000 species of true soil nematodes are known 
their taxonomy presents many difficulties. Some of the more important 
reasons are as follows: 

(1) Few useful taxonomic characters are known at the species level, and 
of these absolute and relative measurements are important. But measure-
ments vary and the range of intraspecific variation is unknown and can 
rarely be assessed in natural populations. The conscientious nematologist 
is often unable to name specimens when he has few or only one. 

(2) Soil nematodes are small, transparent thread-like animals. Good 
optical equipment is essential because the taxonomic characters of nema-
todes are often subtle structures or minute organs. 

(3) Published descriptions of species vary in quality because (a) some 
omit descriptions of characters that have since been recognized as taxono-
mically important, (b) often the range of variation of measurements and 
indices is not stated and, when it is, the total variation within the species is 
unknown, and (c) type specimens often do not exist or have deteriorated so 
countless synonyms have arisen and are only gradually being discarded. 

However, in recent years much has been done to improve taxonomic 
standards using new techniques. Further progress will depend on the follow-
ing factors: 

(1) Improvement in the detailed description of new species (Goodey, 
1959). 

(2) Revision of a number of the more important and difficult genera. 
The plant parasites have attracted most attention, but several genera of 
freeliving nematodes have also been thoroughly revised, e.g. the genus 
Plectus by Maggenti (1961). 
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(3) Enlargement of nematode collections now being built up in various 

parts of the world. This and increasing international contact has made it 
easier to compare material and identify specimens of different origin. 

(4) Development of culture techniques for freeliving and plant-parasitic 
nematodes in the laboratory. This is an important advance because it 
makes a rational study of intraspecific variation possible. 

(5) Cytological study of nematodes which will give information on 
chromosome numbers, polyploidy, the occurrence of parthenogenesis, 
etc., and may put nematode taxa on a more reliable basis. 

Until valid taxonomic categories have been established (by quantitative 
study of intraspecific variation of the few distinctive characters that can be 
used) to separate species, several genera, such as Tylenchus, Ditylenchus, 
HelicotylenchuSy Pratylenchus Aphelenchoides and Rhabditis, will remain 
difficult, and the suggested species little more than a provisional list used for 
sorting out samples of nematodes. A study of the variation of many indivi-
duals descended from a single female and exposed to widely different environ-
mental conditions is needed. Some genera can, with difficulty, be cultured in 
quantity, but so far little has been done on these lines. Allen (1952), Dropkin 
(1953) and Triantaphyllou and Sasser (1960) have worked with the genus 
Meloidogyne, and von Weerdt (1958) with the species Radopholus similis. 
In several genera, e.g. Meloidogyne and Ditylenchus, visible characters 
and quantitative measures and indices may be inadequate to distinguish 
genuine species, and biochemical and serological techniques will have to be 
applied before progress can be made. 

III. G E O G R A P H I C A L D I S T R I B U T I O N 
Although nematode taxonomy is inadequate, it seems reasonably certain 

that many nematodes are widely distributed. Allen (1955) gives examples of 
species of Tylenchorhynchus occurring in Europe, and the U.S.A.: Maggenti 
(1961) has examined specimens of Plectus parientinus Bastian from Hawaii, 
several states of continental United States, the Antarctic, Australia, Canada, 
England, Ireland and the Netherlands. This species, like several others, is 
truly cosmopolitan, but for most of them all the specimens have not been 
identified by one person. 

IV. N E M A T O D E E C O L O G Y 

The growing interest in nematodes shown by applied biologists has been 
accompanied by a declining interest amongst ecologists. Consequently, there 
is still little known about nematode ecology, although knowledge of the 
biology of plant-parasitic nematodes has increased greatly in recent years. 
Nielson (1949) summarized information up to 1949 and Winslow (1960) 
discussed later contributions. The present review reappraises nematode 
ecology, emphasizing their physiology. Aspects that have received little atten-
tion since 1949 are not considered in detail. Attention is drawn to papers on 
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nematode biology that relate to the ecology of nematodes and emphasis is 
given to work not discussed in detail by Winslow (1960) or that has been done 
since. An attempt has been made to indicate where knowledge of important 
aspects of nematode ecology is lacking. Aspects of the biology of plant 
parasites that are relevant to soil nematodes generally are considered as well 
as freeliving nematodes. 

A. GENERAL BIOLOGY OF NEMATODES 

Although the general biology of freeliving and plant-parasitic nematodes 
has received much attention (Winslow, 1960), many aspects of their biology 
remain obscure, and no general synthesis has been possible. Within recent 
years nematodes have become laboratory animals. This is an important mile-
stone because it makes large-scale experimental work possible by providing 
large numbers or amounts of homogeneous material. Dougherty (1960), who 
with his associates has contributed much to this development, gives a detailed 
survey of the techniques and their uses. Freeliving species, particularly 
microbial feeders, were used in the first large-scale attempts to get mass 
cultures. Monoxenic culture of several species is now possible and Caenor-
habditis briggsae, including a mutant C. elegans (two strains) and Rhabditis 
anomala have been maintained in axenic culture for several years. 

Axenic culture of plant parasitic species is not yet possible but several 
species can be maintained in xenic or monoxenic culture. Since Dougherty's 
survey, plant tissue cultures have been used successfully as a medium for 
culturing plant-parasitic nematodes. Mountain (1955) cultured Pratylenchus 
minyus, Darling; Faulkner and Wallendal (1957) cultured Ditylenchus 
destructor; Peacock (1959) cultured Meloidogyne incognita; and Krusberg 
(1960, 1961) cultured Ditylenchus dipsaci. Monoxenic culture of representa-
tives of three such different genera makes it possible to study their intraspecific 
variation as a first step towards solving problems of their taxonomy. Culture 
techniques have also opened up the study of several fundamental ecological 
problems such as host-parasite relationships (Mountain, 1960a, b, c), the 
nature of host specificity, and other physiological and biochemical problems 
(Krusberg, 1960a, b). 

The wide variation in sex ratio among different species and among dif-
ferent populations of the same species, ranging from a large excess of males 
to an even larger excess of females, is a well-known feature of nematode 
populations and affects them greatly. 

Nigon (1949) studied the cytology and sex determination in five species 
of Rhabditis, one Panagrolaimus sp. and one Diplogaster sp. and demonstrated 
great cytological differences between such closely related species. Mulvey 
(1960a, b, c) and Hirschmann (1960) have reviewed work on the cytology of 
reproduction and sex determination. The latest addition to the various types 
of nematode reproduction known to occur is the environmental determination 
of the sex ratio. Ellenby (1954) found the sex ratio in Heterodera rostochiensis 
varied with the population density and the location of the population in the 
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host root system. Lindhardt (1961) found a similar increase in the proportion 
of males in Heterodera major as population density increased. Triantaphyllou 
(1960) and Triantaphyllou and Hirschmann (1960) described and analysed 
an example of sex reversal caused by environmental factors. This important 
work helps in studying intersexes, best known from Ditylenchus triformis 
studied by Hirschmann and Sasser (1955). 

With improved optical equipment and techniques, several different types 
of nematode sense organs have recently been detected. However, their func-
tion is unknown and nematologists are forced to conclude, with Wallace 
(1960), "To sum up the work on orientation in nematodes it can be said that 
there is strong evidence for the occurrence of chemotaxis, galvanotaxis, and 
thermotaxis, but quantitative evidence from controlled experiments is 
lacking. There is little evidence that the other types of orientation occur at 
all." 

B. WATER RELATIONS OF NEMATODES 

The oxygen consumption of nematodes is about 1,000 ml./kg/hr (Nielsen 
1949), which is fairly high. Special respiratory organs are absent but, because 
nematodes are small and threadlike, sufficient oxygen for respiration can 
diffuse through the cuticle even in relatively large species, such as Mononchus, 
with a relatively high respiratory metabolism. Because their cuticle is per-
meable to water (the rate of water loss is similar to that from a free water 
surface), nematodes are restricted to habitats with a saturated atmosphere. 
Their osmotic relations, which have been little studied, are summarized by 
Brand (1960). 

The microhabitat of soil nematodes is primarily the labyrinth system of the 
soil and the water films extending over the soil particles and nematodes. 
For some species it includes plant roots, either by a superficial association 
or by actual penetration. The closely applied leaves in buds and the air spaces 
in plants are habitats physically resembling soil. Nematodes are therefore 
typical members of the interstitial fauna of soil, along with protozoa, rotifers, 
gastrotrichs, turbellarians and tardigrades. 

Direct observation of nematodes in soil is almost impossible. Wallace 
(1959a) studied the movement of Heterodera schachtii and Aphelenchoides 
ritzemabosi in water films. They differ greatly in habit and habitat. Both move 
by undulatory propulsion. Aphelenchoides usually moves by crawling in 
thin films and by swimming in films thicker than the diameter of its body. 
The two types of locomotion merge in films of intermediate thickness. Wallace 
defines the condition for maximum speed in a shallow uniform film (absence 
of lateral slip). However, the natural environment of nematodes is more 
complicated. First, ultra-thin films alternating with water pouches where soil 
particles meet cause spatial variation of the forces exerted by surface tension 
on moving nematodes. Second, particle size varies; and third, other geometric 
features of the soil are not standard. Consequently, Wallace's model cannot 
be applied directly to individual nematodes moving in their natural environ-
ment, but it contributes much to fundamental knowledge of nematode 



202 C. OVERGAARD NIELSEN 

movement. The ability of nematodes to swim in a deep water film depends 
greatly on their activity and probably on their length and shape also. 

Wallace (1958a, b, c) also analysed the importance of the moisture content 
and geometry of the environment for migration of Heterodera schachtii 
larvae in soil. Speed was greatest in pores of 30-60 μ diameter, which 
corresponds to a particle size of 150-250 μ. In channels appreciably 
wider than 100 μ, the diameter of the nematodes, there is less restriction to 
lateral movement and a corresponding reduction of forward movement. 
Nematodes seem unable to pass through pore necks appreciably narrower 
than their own diameter (pores less than 20 μ prevent movement). Nema-
todes scarcely disturb the surrounding soil particles, so they are restricted 
to the existing soil pores. The water content also influences movement in soil 
and nematodes move faster when relatively large amounts of water are 
retained where soil particles meet, while the bulk of the pore space is empty 
except for the thin water films covering the soil particles. This condition 
corresponds to the steep section of the log suction/moisture content curve. 
In most natural soils this part of the curve is less steep and the pores empty 
less dramatically than in artificial soils made from graded particles. 

Wallace (1958b, c, 1959b, c, 1960) discussed the movement of nematodes 
in relation to water content, particle size, temperature, body length, etc., and 
(1955a, b) the influence of the moisture regime on the emergence of larvae 
from cysts of Heterodera schachtii. 

Undoubtedly soil moisture also influences the survival and distribution of 
nematodes, although this has been little studied. The amount of water needed 
to support nematode activity should be studied. 

The water content of a soil fluctuates, and is determined by soil type, 
rainfall, percolation and evaporation. Its availability to soil organisms is 
determined by the capillary potential, which is expressed by the pF scale of 
soil moisture (chapter 1). 

The percentage of water held at a given pF differs for different soils. Three 
soils studied by the author had the following water contents (in % of dry 
weight) at pF 2-7 : a coarse sandy soil 3%, a similar soil with increased organic 
matter content 9%, and an organic soil about 52%. Because these percen-
tages represent water of the same availability to the organisms it is clear that 
water content, expressed merely as a percentage, has no biological meaning 
when different soils are compared. 

Activity of nematodes is confined to the lower part of the pF scale, from 
pF 0 to some point between pF 2-7 and 4-0. Unpublished data of C. A. Nielsen, 
suggests that the upper limit is within the range pF 3 to 4. The exact point of 
desiccation would be of considerable interest. It is likely to be almost 
identical for all soil nematodes and, therefore, generally applicable when 
considering nematode activity in relation to soil moisture. 

Dehydration of nematodes is likely to occur when the pF is between 3 and 
4. In the central part of Denmark (NW Sjalland, N Fyn, Sams0 and the 
eastern-most part of Jylland) the rainfall is rather low, approximately 
500 to 525 mm annually, the soils are sandy, and the upper few centimetres 
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of the soil dry out to pF 3 to 4 several times during most summers. This need 
not affect the vegetation seriously because the plants can get water from 
deeper horizons, but the soil fauna is very much affected because it is most 
abundant in the upper 1 to 5 cm. of the soil (Nielsen, 1955, 1961). Similar 
situations may occur frequently and in shallow soils or thin moss cushions 
covering stones, rocks, tree trunks, and thatched roofs the nematode fauna is 
exposed to violent fluctuations in the moisture regime. 

A study of the species composition of the fauna shows that anabiosis is 
ecologically important when there is risk of desiccation. Unfortunately, the 
ability to survive complete dehydration has not been studied systematically 
in nematodes, although several species can survive repeated desiccations 
without harm. Wallace (1962) dehydrated Ditylenchus dipsaci in an atmos-
phere of 50% relative humidity (corresponding to pF 6) for 34 days. About 
90% of the animals regained activity when immersed in water. The power of 
moss-dwelling nematodes (and rotifers, tardigrades and protozoa) to survive 
desiccation is well known (May, 1942; Rahm, 1923), and there is evidence 
that desiccation also affects the species composition of soil faunas. 

The following list of species, based on my own samples, shows in group 
(1), abundant species which have been found in habitats which are known to 
be subjected to desiccation beyond (approximately) pF 4 several times in 
most summers, and in group (2), abundant species which have only been 
found in soils which never dry up. 

It is suggested that all members of group (1) can survive desiccation, but 
not necessarily to the same extent, because the list has been compiled from 
several sample sites, and not necessarily in all developmental stages. The 
less abundant species may be less abundant because desiccation affects them 
more, but if their eggs were fully drought resistant, sparse populations might 
survive. This is well known to occur with enchytraeid worms (Nielsen, 1955). 

A study of the biology of freeliving nematodes in thin moss cushions 
exposed to sun and wind on a thatched roof also illustrates the effects of 
desiccation. 

In summer (June-August), the cushions dry up completely every day if 
there is no rain and they are usually wetted by dew at night. The side of the 
roof facing south has cushions of Tortula ruralis 2-3 cm thick (density 
approx. 30 shoots cm2), a spongy litter layer at the bottom approx. 1 cm 
and, sticking out of this, shoots 1—1-5 cm tall which do not touch appre-
ciably. The side facing north has cushions of Ceratodon purpureus 3-4 cm 
thick (approx. 135 shoots/cm2), a spongy litter layer approx. 2 cm thick and 
shoots 1-1-5 cm tall, so densely set that they touch. There are also scattered 
cushions of Ceratodon on the side facing south. 

Table I summarizes the climate affecting the cushions and gives the ampli-
tudes of temperature and relative humidity, and the number of hours when 
the saturation deficit was less than 5 mm Hg for a typical 24-hour period in 
July. The measurements were made with micro-climate recorders (Krogh, 
1940) at the surface of the moss cushions at 1 cm depth and at 5 cm depth, 
i.e. in the thatched roof well below the base of the cushions. 
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The climate on the side facing south is much more extreme than on the 
north side for, in the 24-hour period studied, the relative humidity in the 
cushions never reached 100% during the night (due to absence of dewfall). 
The readings at 1 cm depth, where most of the fauna occurs, compare the 

Group (1) Group (2) 

Cephalobus persegnis Bastian 
Cephalobus nanus de Man 
Cervidellus vexilliger (de Man) Thorne 
Acrobeles ciliatus v. Linstow 
Teratocephalus terrestris (Bütschli) 

de Man 
Teratocephalus crassidens de Man 
Tylenchus davainei Bastian 
Tylenchus filiformis Bütschli* 
Tylenchorhynchus dubius (Bütschli) 

Filipjev 
Ditylenchus dipsaci (Kühn) Filipjev 
Ecphyadophora tenuissima de Man 
Aphelenchoides parietinus (Bastian) 

Steiner 
Plectus parietinus Bastian 
Plectus rhizophilus de Man 
Plectus longicaudatus Bütschli 
Plectus cirratus Bastian 
Anaplectus granulosus (Bastian) de 

Coninck & Sehn. Stekh. 
Wilsonema auriculatum (Bütschli) Cobb 
Wilsonema otophorum (de Man) Cobb 
Rhabdolaimus terrestris de Man 
Monhystera vulgaris de M a n | 
Monhystera villosa (Bütschli) 
Prismatolaimus dolichurus de Man 
Mononchus papillatus (Bastian) Cobb 
Dorylaimus carteri Bastian 
Dorylaimus obtusicaudatus Bastian 
Tylencholaimus mirabilis! (Bütschli) 

de Man 
Alaimus primitiv us de Man 

Teratocephalus palustris de Man 
Aphanolaimus attentus de Man 
Bastiania gracilis de Man 
Prismatolaimus intermedius (Bütschli) 

Filipjev 
Punctodora ratzeburgensis (Linstow) 

Filipjev 
Achromadora dubia (Bütschli) Micol. 
Ethmolaimus pratensis de Man 
Ironus ignavus Bastian 
Trilobus allophysis (Steiner) Micol. 
Dorylaimus limnophilus de Man 
Dorylaimus stagnalis Dujardin 
Dorylaimus centrocercus de Man 
Dorylaimus brigdamensis de Man 
Dorylaimus longicaudatus Bütschli 
Dorylaimus rhopalocercus de Man 

* The species is ill-defined and may represent more than one genuine species. 

climates best; the south side had only 6 hours whereas the north side had 20 
hours with a saturation deficit of less than 5 mm Hg. 

Table II shows that this difference is associated with a great number of 
species in cushions on the north side. The reason for the greater number of 
individuals in the cushions on the south side is not known. 
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It seems that Plectus rhizophilus is the most drought resistant freeliving 

nematode on the roof. It is also the most drought resistant freeliving nematode 
known to the author. When habitats characterized by violent temperature 
fluctuations and frequent desiccation are examined (e.g. shallow moss 
cushions on stones and tree stems in the open, shallow layers of soil on stones 

TABLE I 

Climatic extremes in moss cushions on thatched roof during one 24 
hour period in July (no dew fall during night) 

Orientation of 
roof and depth 

(cm) 

Temperature (°c) 

max. min. amplitude 

Relative 
humidity (%) 
max. min. 

Saturation 
deficit < 5 mm 

(hr) 

South 0 
North 0 
South 1 
North 1 
South 5 
North 5 

46 
43 
39 
31 
29 
25 

7 
9 

12 
11 
15 
13 

39 
34 
27 
20 
14 
12 

TABLE II 

100 
100 
84 

100 
78 

100 

18 
32 
22 
64 
36 

100 

12 
17 
6 

20 
2 

24 

Density of fauna (no./cm2) in Tortula and Ceratodon cushions on 
south- and north-facing sides of thatched roof 

South-facing North-facing 
Tortula Ceratodon Ceratodon 

Plectus rhizophilus 
Plectus cirratus 
Aphelenchoides parietinus 
Paraphelenchus pseudoparietinus 
Prionchulus muscorum 
Rotifers 
Tardigrades* 

200 
— 
— 
— 
— 

150 
40 

330 
— 
— 
— 
— 

230 
95 

51 
47 

8 
1 
1 

62 
2 

* Three species occur, Hypsibius oberhauseri, Macrobiotus hufelandii, and Milnesium 
tardigradum, in order of decreasing abundance. 

and rocks), the nematode population is often a monoculture of this species. 
Continuous studies of the populations on the thatched roof have shown that 
all developmental stages of this species can survive frequent, severe, and 
prolonged dehydration. 

It exploits this particular habitat by undertaking extensive migrations up 
and down the moss stems. Sampling at night or during showers showed that 
most of the population was concentrated in the "canopy" of the moss 
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cushion, whilst sampling during dry periods of the day showed a concen-
tration in the "litter" layer. The revival after hydration lasts only a few min-
utes. The same applies to the tardigrades, rotifers and protozoa inhabiting the 
south side of the roof. All are species which are exceptionally well adapted 
to exploit this extreme habitat. 

The other species listed in Table II, Plectus cirratus, Aphelenchoides 
parietinus, Paraphelenchus pseudoparietinus, Prionchulus muscorum, and a few 
others from similar situations : Monhystera vulgaris, Wilsonema auriculatum, 
Monhystera villosa, and the ill-defined Tylenchus filiformis must also be 
among the species of freeliving nematodes best adapted to survive desic-
cation. 

Staffelt (1937) points out that summer showers can wet moss cushions and 
make them turn a fresh green colour, but they are not wet long enough for 
assimilation to start, so the mosses spend the summer almost quiescent. 
This suggests that the nematodes can exploit short wet periods better than 
the mosses which are their habitat. 

A systematic study of drought resistance in freeliving and plant parasitic 
nematodes would throw much light on the ability of different species to 
colonize habitats with contrasting climates. No nematodes are active when 
water is absent, but species which tolerate frequent dehydration probably 
have a better chance of building up dense populations in droughty areas than 
less resistant species. This factor may have had a selective effect on the nema-
tode faunas of particular habitats. 

Artificial irrigation is increasingly used in agriculture to maintain water 
supplies for plant growth during periods of drought. This is likely to affect 
nematode populations by creating conditions where species which are not 
drought resistant can increase in numbers. Freeliving nematodes may respond 
first, but because plant parasite numbers are also affected by the growth of 
their host plants artificial irrigation could affect them also, and a study of 
drought resistance in nematodes may be economically desirable. Already 
there is evidence that high water tables or irrigation increases soil popu-
lations of some plant nematodes such as H. schactii in the Fenlands of Britain 
and elsewhere, and H. rostochiensis under irrigation. 

C. NUTRITION OF NEMATODES 

Nielsen (1949) suggested that nematodes might be divided into 3 ecological 
categories : 

(1) species depending on liquid food (largely cell contents and plant 
juices got by piercing roots and cell walls): Tylenchida and Dory-
laimoidea ; 

(2) species depending on particulate food (largely bacteria and small 
algae) : the majority of freeliving nematodes except those belonging to 
groups (1) and (3). 

(3) species feeding on other relatively large organisms (e.g. protozoa, 
nematodes, rotifers, etc.): Mononchus (s.l.), Choanolaimus, Tripyla. 
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To this grouping was added a fourth category (comprising Monhystera and 
Prismatolaimus) with unknown food preferences. 

Although no comprehensive studies have been published the food of nema-
todes has received much attention during recent years. Banage (1963) pro-
poses a classification into (1) plant feeders (Tylenchida, among which are 
some fungal feeders), (2) microbial feeders, (3) miscellaneous feeders (Dory-
laimoidea), and (4) predators. 

The main difference between this classification and mine is that the 
Dorylaimoidea, which I thought fed largely on algae, are now supposed to 
have a more varied diet. Although Hollis (1957) succeeded in culturing 
Dorylaimus ettersbergensis on algae and algae certainly play an important 
part in the food of Dorylaimus, there is also much evidence that they have a 
rather varied diet (including bacteria, protozoa, nematodes, plant roots, 
fungi, etc.), so Banage's classification is preferable. However, the Dory-
laimoidea also include apparently obligate plant-parasitic species (Longi-
dorus, Xiphinema, Trichodorus). 

Although the precise feeding habits of Monhystera and Prismatolaimus 
seem to be unknown it is very probable that these two important genera are 
microbial feeders, although I have watched a marine species of Monhystera 
ingest large quantities of a microscopic alga. 

It has recently been realized that the Tylenchida comprise a fairly large 
number of species which are obligate or facultative fungus feeders that get 
their food by piercing fungal hyphae with their stylet. 

Two important features emerge from all known details of nematode 
nutrition : 

(1) the food of nematodes seems, invariably, to be "protoplasm," be it 
obtained as cell contents, plant sap, the contents of fungal hyphae, 
algae, bacteria, actinomycetes, protozoa, or other animals; 

(2) the dead organic matter and plant remains of the soil play a considerable 
role as a substratum for the organisms on which nematodes feed, but 
do not form part of the nematode diet. Hirschmann (1952) found 
Rhabditis strongyloides could not reach sexual maturity if the bacteria 
offered as food had been killed by exposure to low temperatures. 

Although "protoplasm" may vary considerably in composition it seems 
that few animals have a better defined feeding biology than nematodes. The 
basic chemical variation between different nematode foods is largely restricted 
to differences in the relative abundance of proteins, carbohydrates and lipids 
and to differences in the total concentration of organic matter. Because the 
substances typically associated with cell walls and skeletal structures (cellulose, 
lignin, chitin, etc.) are usually not ingested or are only present in negligible 
amounts, most of the food is presumably easily assimilated and the propor-
tion utilized correspondingly high. 

Consequently, if the respiratory metabolism and gross composition of the 
food of nematodes is known, it is possible to estimate approximately the 
amount of, say, bacteria, necessary to support a given population of bacterial 
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feeders. Although the accuracy of such estimates is unknown, fairly realistic 
figures might be obtained. In this respect nematodes are a particularly 
favourable group to study because they are aquatic and little energy is used 
for locomotion; when completely narcotized by urethane their oxygen con-
sumption usually falls by less than 10% (Nielsen, 1949). Consequently 
differences in respiratory rate resulting from different levels of activity will be 
proportionately smaller and insignificant compared with the total meta-
bolism of the population. This is not so in most other soil animals (Nielsen, 
1961). 

D. SIZE AND METABOLIC ACTIVITY OF NEMATODE POPULATIONS 

Winslow (1960) discusses recent estimates of nematode populations. Figures 
that are generally valid are not available. The number of nematodes in two 
adjacent samples from an apparently homogeneous field may differ by a 
factor of 100, so hundreds of samples are needed to estimate accurately the 
population of even small areas. Only orders of magnitude can be discussed, 
and most authors now seem to agree that a few million nematodes per square 
metre are usual. However, little is known about the factors that affect 
nematode abundance. Although nematodes are aquatic, wet soils do not 
always contain so many nematodes as might be expected. For example Nielsen 
(1949) studied two meadows, two moors and a bog (fen) soil and found 0-33 
to 1-5 million nematodes/m2, whereas ten times as many have been found in 
several soils with lower and more variable water content. Banage (1963) 
records slightly higher numbers, although of the same order, from Pennine 
moorlands. He concludes "it seems that their importance (see Macfadyen, 
1957) has been overestimated in the past." Because there are usually few 
nematodes in acid and permanently wet soil their importance may be rela-
tively small there, and much greater numbers have been found in several less 
extreme situations. Five to ten million individuals/m2 may turn out to be an 
average figure. The most recorded so far are 19 and 20 million/m2 in grass 
fields (Nielsen, 1949), and almost 30 million in an oak forest on mull soil 
(Volz, 1951) compared with about 12 million in the raw humus of a beech 
forest. The biomasses quoted by Nielsen (I.e.) may be slight over-estimates 
compared with those of Andrassy (1956), but this does not affect the estimates 
for respiration because the respiratory rates were calculated on the same basis. 
Consequently if the biomass was over-estimated the respiratory rates would 
be correspondingly under-estimated. 

E. ECOLOGICAL SIGNIFICANCE OF NEMATODES 

Although nematodes seem to feed on "protoplasm" their activity affects 
the other soil organisms because their food comes from the entire microflora, 
the microfauna and higher plants. Because of their biomass and metabolism, 
microbial feeders and plant feeders seem to be the most important groups and 
may often be 50% of the entire nematode fauna, with plant feeders usually 
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dominant in grass fields or other habitats with dense vegetation and bacterial 
feeders dominant in forest litter, compost heaps, etc. 

Nematodes cannot participate in the direct decomposition of dead plant 
matter nor can they significantly affect the mechanical or physical properties 
of the soil. 

Their ecological importance is related to: (i) primary production (plant 
and algal feeders), (ii) primary decomposition (microbial feeders), and (iii) 
higher consumer levels (predators). 

1. Nematodes and primary production 
This has important applied aspects and many examples of complete or 

partial crop failure resulting from attacks of plant-parasitic nematodes could 
be given. Obligate plant parasites are the important agents in this connection 
and the cost of their damage and its effect on yield can often be calculated. 
Except for plant pests, however, the chief damage caused by nematodes may 
be secondary effects such as bacterial infection through the lesions caused by 
feeding, or when nematodes act as virus vectors. 

Although crop losses caused by nematodes are important economically 
and so receive much attention, they may be small compared with the combined 
effect of all nematode species on the growth and yield of plants (primary 
production). 

2. Nematodes and primary decomposition 
Primary decomposition starts with the living plant or with dead plant 

remains. The first has been discussed; the second will be discussed in relation 
to the decomposition of various kinds of leaf litter produced annually. 

Various chemical compounds are extensively withdrawn from leaves before 
they fall, so shed leaves differ chemically from those still living attached. 
This applies to several inorganic compounds, amino acids and other nitro-
genous compounds (see, e.g., Olsen, 1948). However, some trees shed their 
leaves before any extensive re-absorption takes place. The newly shed leaf 
consists mainly of structural polysaccharides (cellulose, xylan, pectin, etc.), 
lignin, and inorganic substances. 

There is little evidence that soil and litter invertebrates possess the enzymes 
needed to split these products (Nielsen, 1962), although a few, such as snails, 
may do so. On the other hand there is evidence that animals play some part 
in this aspect of primary decomposition. 

There is abundant evidence that the soil microflora as a whole possess all 
the necessary enzymes for primary decomposition of litter and actually does 
most of it. Although some of the litter fauna may help, there is evidence that 
primary decomposition attributed to soil and litter invertebrates is brought 
about by enzymes secreted by their intestinal flora. 

Consequently it seems that the ecological importance of nematodes that 
are microbial feeders must lie in their effect on the total microbial activity 
of the substratum through prédation on the microflora. Whether this 
prédation would promote or delay microbial activity or change the species 
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composition of the bacterial flora is not known. The relationship between 
bacterial feeders among the nematodes and the activity of the bacterial 
flora is of fundamental importance ecologically and needs to be studied. 
3. Nematodes and higher consumer levels 

Predators occur in most animal groups, and the problems they pose are of 
the same type. The size of nematodes is such that their prey belongs to the 
microfauna (protozoa, nematodes, rotifers, small enchytraeids, etc.). It has 
been proposed to employ nematodes, especially Mononchus, in the biological 
control of plant-parasitic nematodes, but the prospects do not seem very 
promising. 
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