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ABSTRACT 

In Dutch river sediments, nematodes can occur in high numbers; azoic sediments are as yet unknown. In 
a series of samples taken from the river Rhine and its estuaries, nematode density varied from 5.000 to 1.7 
million per square metre, and about 50 genera were identified. Anoxic conditions appear to have less influence 
on the nematode abundance than the presence of ammonia. Based on nematode genera, an ecological 
typology of aquatic soils would appear to be feasible. The use of nematodes in environmental studies is 
discussed. 

INTRODUCTION 

Nematodes have hitherto received relatively 
little attention in environmental studies. Traditionally, 
nematologists interested in environmental studies 
have mainly focussed on marine nematodes whilst 
terrestrial nematodes have been studied by phytopa- 
thologists. However, interest in nematodes as a tool 
in river sediment and soil quality assessment has 
increased recently, since papers of ZULLINI (1976, 
1976a), ZULLINI and RJCCW (1980) and PREJS (1977). 

The reasons for this increasing interest are 
primarily the high density and diversity of the 
nematofauna in aquatic, temporarily submersed and 
terrestrial systems leading to more robust data sets 
than can be achieved by most other organisms. 

Nematodes are aquatic organisms. Even those 
that live in unsaturated habitats are dependent on the 
water film around particles. In aquatic systems, 
nematodes also live in the deeper sediment layers, as 
far as the ground water. With their permeable cuticle 
they are in direct contact with xenobiotics in the 
interstitial water. They are permanent members of 
the benthos and therefore are unable to escape from 

any contamination by pollutants. Especially in cases 
where the xenobiotic load in water and sediment is 
not evenly balanced, as is often the case, nematodes 
offer a potential means of assessing sediment 
quality, either directly or by a bio-assay method such 
as that described by TIETJEN and LEE (1984). Certain 
nematodes are relatively easy to establish and 
maintain in laboratory cultures. They require little 
space, do not require running water, can be grown on 
simple foods and are easy to manipulate and to 
transfer. Their small size makes them especially 
useful in conducting experiments on the effects of 
toxicants on populations, rather than single indivi- 
duals (TIETjEN and LEE, 1984). For the routine analysis 
of soil samples efficient techniques have been 
developed. After a soil or sediment sample arrives in 
the laboratory, it is possible to produce a nematode 
analysis consisting of diversity estimate and species 
composition within two hours because time consu- 
ming handpicking is superfluous. 

In the Netherlands, about 800 terrestrial and 
freshwater nematode species are known to occur 
(BONGERS, 1988) and about 400 marine nematode 
species. They occur in all types of surface water 
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sediments including heavily polluted harbours, paper 
sludge and heavily eutrophicated or polluted aquatic 
systems where macrofaunal elements have already 
disappeared. 

Nematodes form a heterogeneous group of 
organisms. Some species are relatively sensitive to 
pollutants, other can withstand most extreme pollu- 
tions or anaerobic conditions. 

Within the benthic network of organisms, ne- 
matodes absorb dissolved organic compounds (LO- 
PEZ eta/., 1979), consume fungi and other orga- 
nisms, parasitize higher plants, regenerate nutrients 
(GERLACH, 1978), influence sediment texture by their 
mucus secretion (RIEMANN and SCHRAGE, 1978; WAR- 
WICK, 1981), improve gas diffusion and serve as food 
for other organisms including predators belonging to 
their own taxon. Some species show a generation 
time of some days, other reach ages of one year or 
more. 

Based on their life strategy, nematodes can be 
scaled from colonisers (r-strategists s.l.) to persis- 
ters (K-strategists s.l.). The weighted mean of these 
values gives an indication of the stability of the 
ecosystem from which the sample originates (80N- 
GERS, 1990). Nematodes appear to be appropriate 
organisms for the study of colonisation and ecosys- 
tem development in newly reclaimed land, harbour 
sludge dumped on land and in newly formed lakes, 

Within the soil ecology programme of the 
National Institute for Public Health and Environmen- 
tal Protection, an identification key (BONGERS, 1988) 
was written to facilitate nematode identification by 
non-specialists. Also within the same programme, a 
study of the development of an ecological typology of 
unsaturated soils was carried out (eONGERS eta/, 
1989), being a prerequisite for the development of a 
biological soil assessment system. 

Focussing on this typology in the unsaturated 
zone, a number of season-independent nematode 
assemblages could be distinguished that appeared to 
be correlated with physical/chemical and species 
assemblage parameters such as density, diversity 
and evenness. The next step is to include (tempo- 
rarily) submersed soils in that typology. 

Although some preliminary studies have been 
undertaken on the nematode fauna of Dutch fresh- 
water habitats (STRAATSMA, 1977; TAMIS, 1986; JA- 
COBS, 1987b; DE WINTER, 1988b), the sediment of the 
river Rhine had not hitherto been studied. The density 
of the nematode fauna, the depth distribution and 
relation to physical/chemical parameters, the base of 
the typology, were all unknown and are the subject of 
this paper. 

MATERIAL AND METHODS 

At 16 sites (Fig. 1; Table 1), samples were taken 
by SCUBA-diving using a perspex corer with an inner 
diameter of 60 mm and length of 25 cm. The 
sediment cores were subsequently sliced in layers of 
0.5, 0.5,1.0, 3.0, 5.0 and 5.0 cm thickness; the upper 
layer is labelled as layer 1, the layer between 10 and 
15 cm as layer 6. In total three cores were combined 
per sampling point. For detailed site descriptions and 
physical/chemical characteristics see DE JONG eta/. 
(1988). 

The sediment samples were fixed in the field by 
adding formalin to produce a final concentration of 
5%. Nematodes were extracted using the Oosten- 
brink elutriator; the extract was subsequently centri- 
fuged with MgSO4-solution (density 1.28). After 
counting, the total nematode fauna was transferred 
to glycerin, a subsample mounted on mass-slides 
(BONGERS eta/., 1989) and, where possible, 100 
specimens identified to genus. Numbers are expres- 
sed in percentages. The nematode assemblages in 
the two upper layers and in the total cores were 
analysed with TWlNSPAN. In the sediments studied 
here, the nematode fauna was composed not only of 
aquatic nematodes but also contained nematodes 
introduced by rain-water: the Tylenchida specimens 
(excluding Hirschmannie//a) were of terrestrial ori- 
gin. The position of Aphelenchidae, Cephalobidae 
and some dorylaimids is uncertain; they are frequent- 
ly found in aquatic habitats. 

Table 1. Code, compartment and locality, depth in metres and 
texture of the upper centimetre of the sampled sites. 

Code Compartment and locality Depth Texture 

1 Haringvliet, Stellendam (1) -4.6 silty sand 
2 Haringvliet, Slijkplaat -2.1 silty sand 
3 Haringvliet, Slijkplaat -5.9 silty sand 
4 Haringvliet, Ventjagersplaat -11.6 silty sand 
5 Hafingvliet, Ventjagersplaat (2) -0.5 silty sand 
6 Hollandsch Diep, Willemstad -7.2 silty sand 
7 Hollandsch Diep, Willemstad -2.2 silty sand 
8 Hollandsch Diep, Sassenplaat -7.8 silt 

. 9 Hollandsch Diep, Sassenplaat -3.0 silt 
10 Noorder Gat, Anna Jacominaplaat --4.4 silty sand 
11 Nieuwe Merwede, Lage Zwaluwe -4.3 silt 
12 Nieuwe Merwede, Kop van 't Land -3.0 sand 
13 Nieuwe Merwede, Ottersluis -1.8 silty sand 
14 Nieuwe Merwede, Werkendam -4.5 silt 
15 Waal, Slijk Ewijk -2.0 sand 
16 Waal, Slijk Ewijk -5.0 sand 

(1) Marine sediment 
(2) High benthic primary production 
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Fig. 1. Sampling stations in the Rhine estuary (adapted from OE JONG et a/,. 1988) 

RESULTS 

The number of nematodes ranged from 5.000 to 
1,770.000 m -2. About 50 nematode taxa were 

identified (see appendix), site Density H J~ MI MI (2) 
In table 2, the TWlNSPAN ordination from two 

upper sediment layers is given together with the 18 12.000 3.46 0.91 1.79 2.33 
5 1.770.000 3.70 0.89 2.30 2,34 

number of nematodes m-2 and maturity index. 12 33.000 2.87 0.73 2.30 224 
Because only a few terrestrial plant parasitic nemato- 15 43.000 2.77 0.69 2.25 2.37 
des were present, the ordination is essentially the 

13 13.000 2.01 0.63 1.14 1.00 
same whether they are included or not. The maturity 10 5.00o 2.62 0.79 1.49 1.43 
index is based on values as given by 80NGERS (1990). 11 26.000 3.09 0.76 1.53 1.44 
For the marine taxa, the following values were used: 2 14 21.000 3.23 0.85 1.60 1.62 

for the pollution-resistant genera Axono/aimus and 6 106.000 2.32 0.59 2.24 2.63 
Sabatieria, 3 for Ascolaimus and Odontophora and 4 2 293.000 2.63 0.67 1.77 1.72 
for Ca/yptronema and Viscosia. 

If the TWINSPAN analysis is based on the whole 9 25.000 3.00 0.81 1.79 1.50 
3 19.000 1.95 0.59 1.28 1.25 

core, sample 5 is combined with sample 2 and 6, and 4 74.000 2.99 0.73 1.92 1.97 
sample 10 and 13 constitute a separate group. The 8 33.000 2.71 0.71 1.85 1.59 
remaining samples of that group (11 and 14) are 7 38.000 3.28 0.76 1.94 2.20 

combined with 12, 15 and 16. 1 480.000 2.01 0.58 2.12 2.13 

"label 2. Site number, nematode density (number m-2), Shannon- 
Weaver index (H), Evenness (J') and Maturity Index (MI) per sample, 
based on the whole core, ordinated according to the "I~/INSPAN 
analysis of the upper two layers. MI (2) gives.the MI for the upper 
two layers. 

Table 8. Vertical distribution of nematode numbers (per 100 ml) at the 16 sites. 

Location 
Layer depth (cm) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 ( 0.0- 0.5) 5117 3581 266 532 9560 514 295 71 36 36 213 213 71 177 358 53 
2 ( 0.5- 1.0) 2198 436 213 248 6546 473 142 110 74 18 142 82 71 142 92 36 
3 ( 1.0- 2:0) ~ 271 185 9 212 2389 102 48 113 124 18 44 132 18 35 71 18 
4 ( 2.0- 5.0) J 45 2 27 775 124 27 22 18 1 6 14 9 1 21 3 
5 (5.0-10.0) 7 103 4 1 710 15 2 7 1 1 4 1 1 1 6 8 
6 (10.0-15.0) 7 18 0 12 284 4 4 5 2 0 1 1 1 2 8 2 
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In general, the number of nematodes decreased 
with increasing depth; only in samples 8 and 9 was 
maximum below the upper centimetre. On average, 
50.8% of the total number is found in layer 1, 27.6% 
in layer 2, 10.9% in layer 3, 4.0% in layer 4 and 3.3% 
in layer 5 and 6. The depth distribution per layer, 
expressed in number of nematodes per 100 ml 
sediment, is presented in table 3. 

DISCUSSION 

The lowest number of nematodes was found at 
locality 10: about 5.000 specimens per square metre. 
This site is characterized by a high sedimentation 
rate. The nematodes found here belong to the 
stress-tolerant family Monhysteridae, which are r- 
strategists or colonizers. Below 2 cm depth nemato- 
des were absent. In the density of nematodes, this 
sample resembles the polluted samples from the 
Vossemeer (JACOBS, 1987b) and harbour basins of 
Vlaardingen (TAMiS, 1986). However, the maturity 
index is lower. It is possible that the fauna at this site 
is subject to a constant process of extinction and 
recolonisation (VAN URK, pers. comm.). 

Many nematode species are able to survive 
periods of anaerobic conditions. Following a mass 
mortality of demersal fish in Kiel Fjord due to anoxic 
conditions, PREIN (1988) described patches of 2- 3 m 
in diameter in which the layer of Pontonema vulgare 
was several millimetres thick, forming white fluffy 
carpets of nematodes. Within the framework of a 
DBW/RIZA project (Nature Developments Volkerak- 
meer/Zoommeer), DE WINTER (1988a) described a 
bloom of Terschellingia communis below the 'Volke- 
raksluizen' where the macrofauna had disappeared 
as a result of anaerobic conditions. Sabatieria, which 
feeds on sulphur reducing bacteria (BOUWMAB, 1978), 
can also withstand these extreme conditions. 

In freshwater sediments the genera Monhystera 
and Tobrilus occur in oxygen-stressed conditions 
(JACOBS, 1987a; BUSS, 1984) and the contractile parts 
of their muscle cells are often filled with crystalloids. 
Sulphur was found to constitute a significant compo- 
nent of the crystalloid inclusions of Tobri/us. Accor- 
ding to BUSS and TRIMKOWSKI (1984), these crystal- 
Ioids are the product of a detoxification mechanism 
for survival of H2S-rich conditions. SCHIEMER and 
DUNCAN (1974) concluded that the metabolism of 
Tobri/us graci/is is partially anaerobic, even when 
oxygen is available. 

From our results, it seems that the presence of 
ammonia has a greater influence on nematode 
abundance than absence of oxygen. The shallow 

sample from the Ventjagersplaat (5), a site with a 
high benthic primary production where oxygen 
penetrates the upper 4 mm of the sediment, exceeds 
all other samples in number of nematodes. Even in 
the anaerobic layer 5, at a depth of 5 - 10 cm, more 
than 350.000 nematodes m -2 occur. It is remarkable 
that the ammonia concentration at this site does not 
exceed 501~M, at the other sites it varied between 
1000 and 5000 I~M (DE JONG eta/., 1988). Ammonia is 
toxic to nematodes and has been used as a nemati- 
cide (RODRIGUEZ-KABANA, 1986). 

The first division of the TWINSPAN analysis 
separated the marine station from the freshwater 
samples due to the presence of the marine genera 
Odontophora, Sabatieria, Ascolaimus and members 
of the Linhomoeidae. Sample 1 is the only one in 
which the common freshwater genus Eumonhystera 
is absent. Marine sediments differ in their nematode 
assemblage at the highest level: a general trend is 
also observable in other organisms (BILIO, 1966) and 
is also reflected in biophysical sediment processes 
as redox profile and hydrogen sulphide content (DE 
JONG et al., 1988). 

At the second level, the sandy river eroding sites 
(12, 15 and 16) together with the production site (5) 
are split off from the silty sites; the eroding sandy 
sites being characterized by Chromadorita. At the 
first three sites, sedimentation hardly occurs; the 
sandy soils had a high oxygen content, high permea- 
bility and little accummulation of pigments. Sample 5 
however contained more silt but the oxygen concen- 
tration was rather high as a result of photosynthesis 
by the algae covering the sediment. The division into 
coarse and fine textured sediments is comparable to 
the main division in clayey and sandy soils in the 
terrestrial system (BONGERS et al., 1989) and also in 
marine sediments. In finer marine sediments, the 
nematode density is higher but the diversity is higher 
in coarser sediments (JUARIO, 1975; HElP et al., 
1985). 

The remaining group of the second level is 
composed of silty river sites and sites in the basins of 
Haringvliet and Hollandsch Diep where sedimenta- 
tion occurs. These sediments are characterized by a 
high content of chlorophyll, dissolved organic mate- 
rial, nitrogen and a low oxygen level. A characteristic 
genus of this sediment type is Monhystera which 
usually occurs in oxygen stressed conditions (JA- 
COBS, 1987a). 

The silt rich samples are divided into two 
groups: river samples with Chromadorita and relati- 
vely high numbers of Monhystrel/a, and basin sam- 
ples characterized by Paraphano/aimus. 

The two remaining samples 2 and 6 are silt- 
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sandy basin samples which show low numbers of 
Monhystera and Paraphanolaimus but high numbers 
of Monhystrella, Eumonhystera and Tobrilus. 

An enlarged sample series of the Dutch surface 
waters is necessary to confirm the relation between 
nematode species and the depth in which they occur 
and to indicate which species are aquatic and wich 
are of terrestrial origin. 

The bottom types, a result of sedimentation, can 
be distinguished based on nematode genera and 
appear to be characterized also by ecosystem pro- 
cesses as production and denitrification. Also a 
geographical influence is perceptible. OE JONG et aL 
(1988) distinguished four compartments: Haring- 
vliet, Hollandsch Diep, Nieuwe Merwede and Waal. 
Based on their fig. 3.4.3 however, it appears that 
these compartments are also characterized by 
physical/chemical properties. 

Considering the upper sediment layers of this 
series the following six types of bottoms can be 
distinguished. 

A: The marine locality 1, with Odontophora, Aphe- 
lenchoides cf. bicaudatus and several Daptonema 
species in the upper layer and Sabatieria in the 
deeper anaerobic layers. From the abundance of 
sulphate and the shape of the redoxprofile a high 
H2S concentration can be assumed (OE JONG, pers. 
comm.). 

B: The shallow site 5 with its high benthic primary 
production. The 02 production is high, ammonia 
is lacking. The presence of Asco/aimus and 
Axono/aimus indicates its marine origin. This type 
is characterized by a relatively high density of 
Microlaimus and Paracyathdlaimus. 

C: The sandy river samples 12, 15 and 16, characte- 
rized by the absence of sedimentation and a high 
oxygen penetration. Chromadorita occurs in high 
concentrations and Theristus occurs in the upper 
sediment layer. 

D: The silty river samples 10, 11, 13 and 14, with a 
high sedimentation rate and a low number of 
nematodes in the deeper layers, contain high 
numbers of Monhystrella, the typical silt inhabi- 
tant Monhystera (also in E) and Chromadorita is. 
still present. Sample 13 deviates from the other 
samples in this series by the absence of Chroma- 
doridae (eutrophication?). 

E: Silty basin samples 3, 4, 7, 8 and 9 with 

Paraphanolaimus as the characteristic genus, 
Monhystera which is shared with type D and an 
absence of Chromadorita. Sample 3 deviates from 
the other in this series by the reduced number of 
nematodes in the deeper layers, by the presence 
of Sabatieria and Calyptronema and absence of 
Chromadoridae and Tobri/us. Sample 7 deviates 
by the absence of Monhystrella, a low chloro- 
phyll-a level and absence of nitrogen. 

F: Silt sandy basin samples 2 and 6, characterized by 
a low chlorophyll-a content, low level of nitrogen 
and organic material compared to type E. Type F 
contains high densities of nematodes. Chromado- 
rita is still present but Monhystera is almost 
absent. Probably these two samples represent 
two types: sample 6 contains a higher level of N 
and P than sample 2. In sample 6 the pollution 
resistant genus Tobrilus is dominant, Daptonema 
in sample 2. 

According to VAN URK etaL (1985), based on the 
macrofauna, (river) sediments in The Netherlands 
can be separated into three pollution classes: azoic 
sediments in some harbour basins, sediments with 
only Tubificidae and sediments with at least four 
tubificid species, together with chironomids and 
molluscs. For the assessment of water quality, 
tubificids are considered to be relatively tolerant to 
pollutants; according to VAN URK et aL (1985), they 
only have an indicator value in extreme cases of 
pollution. The nematode fauna has the potential to act 
as an additional instrument to develop an overall 
typology and assessment system of sediments and 
terrestrial soils. 
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APPENDIX  1. Nematode percentage abundancy for samples of which more than 10 specimens were identified. 

Location 

Tyl. spec. 
Coslenchus 
Malenchus 
Filenchus 
Helicotylenchus 
HirschmannieUa 
Heterodera 
Criconematidae 
Aphelenchoides 

1-1 1-2 1-3/4 2-1 2-2 2-3 2-4 2-5 2-6 3-1 3-2 4-1 4-2 4-3 4-4 5-1 5-2 5-3 5-4 5-5 5-6 

. . . . . .  1 , 3  . . . . . . . . . . . . . .  

2.1 . . . . . . . . . . .  
5.3 . . . . . . . . . . . . . . . . . . . .  

Laimaphelenchus . . . . . . . . . . . . . . . . . . . . .  
1 .5  . . . . . . . . . . . . . . . . . . . .  

2.7 

2 .3  . . . . . . . . . . . . . . . . . . . .  

2,5 6.5 3.4 4.8 
2.0 - 1.8 12.5 12.8 10.8 40,0 46,9 . . . . . . .  

18,6 14.7 14,3 20,8 35.8 16,7 64.6 69.2 24.3 10.0 12.2 30.0 6,5 17.8 16.3 32.4 21.4 14.4 
25,5 37.3 30.3 42.9 11.6 - 6.3 2.6 - 2.5 - 20.0 - 5,1 2.9 11.7 26.2 12.2 

54.9 55.7 33.9 44.1 23.5 7.1 6.5 6.3 5.1 13,5 5.0 29.5 3.4 1.0 - 
. . . . . .  1.3 4.2 33.3 . . . . . .  8.6 5.1 5.8 - 2.9 16.7 
0.8 1.4 . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . .  5.0 0.8 

1 .0  1.0 . . . . .  7.7 - 2.5 2.0 . . . . . . .  

Rhabditidae 
Protorabditis 
Oiploscapter 
Eucephalobus 
Acrobeles 
Acrobeloides 
Cervidellus 
Diplogasteritus 
Pareudiplogaster 
Monhystera 
Eumonhystera 
Monhystrella 
Daptonema 
Theristus 
Linhomoeidae 
Plectus 
Paraphanolaimus 
Cylindrolaimus 
Rhabdotaimus 
Chromadoridae . . . . .  1.8 . . . .  27.0 22.5 8.2 10.0 22  1,7 7.7 3.6 6.8 1.1 
Chromadorita 7.5 2.9 3.6 2.0 . . . . . . . . . . .  14.4 26.3 26.9 9.0 4.9 2.2 
Paracyatholaimus - - - 1.0 . . . . . .  2.7 4.3 6,8 7.7 7,2 4.9 - 
Prodesmodora 
Microlairnus 
Prismatolaimus 
Tobrilus 
Tripyla 
Alaimus 
Prionchulus 
Mononchus 
Dorylaimus 
Aporcelaimellus 
Diphterophora 
Sabatieria 
Calyptrooema 
Ascolaimus 
Axonolaimus 
Viscosia 
Odontophora 
Nern. spec. I. 
Indet 

. . . . . . . . . . . .  2.5 2.0 - 7.2 10.2 7.7 3.6 1.9 1.1 
1.0 2.9 8.9 13.0 46.3 33.3 . . . . . .  0.7 2.5 2.9 18.0 17.5 42.2 
2.9 10.8 16.1 7.8 - 8.3 - - 10.8 2.5 16.3 20.0 5.0 3.4 1.9 7,2 1.9 - 

- - 1.0 4.9 3.6 5.2 2.1 8.3 - 2.7 0.7 4.2 7.7 7.2 6.8 4.4 
- - 1.0 2.9 7.1 1.3 2.1 2.6 - 5.0 10.2 20.0 2.9 - 2.9 1.1 

20.3 35.7 51.8 . . . . . .  2.1 . . . . . . . . . . .  
2.1 

6.6 4.3 . . . . . . . .  2.7 7.2 2.5 1.9 
. . . . . . . . . . .  2.7 4,3 1.7 2,9 - - 

0.8 . . . . . . .  --; . . . . . . . . . . . .  
. . . . . . . . . . . .  2.0 . . . . .  

10.7 1.0 1.0 . . . .  2.1 - - 2.9 5.1 1.0 4.4 
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A P P E N D I X  1 .  ( C o n t i n u e d )  

Location 

Tyl. spec. 
Coslenchus 

Malenchus 

Filenchus 
Helicotylenchus 

Hirschmanniella 
Heterodera . . . . . . .  

Criconematidae . . . . . .  
Aphelenchoides - - 1.0 - - - 

Laimaphelenchus . . . . . . .  

Rhabditidae 1.7 - 

Protorabditis . . . . . . .  
Diploscapter 

Eucephalobus 
Acrobeles 

Acrobeloides 
Cervidellus 
Oiplogasteritus 

6-1 6-2 6-3 6-4 6-5 7-1 7-2 7-3 7-4 8-1 8-2 8-3 8-4 8-5 9-2 9-3 10-1 11-1 11-2 

1 .0  . . . . . . . . . .  " . . . .  

. . . . . . . . . . . . . .  10.0 

. . . . . .  2.2 . . . . . . . . . .  

. . . . . . . . . . . . . . .  2.1 

1.6 - 20.0 10.0 

- - - - - 1 3 . 3  - 

. . . . . . . . . .  4.0 

. . . . . .  2.2 . . . . . . . . . .  

. . . . . . .  4.9 . . . . . . . . . . .  

. . . . . . .  2.4 . . . . .  

2,6 

Pareudiplooaster 
Monhystera 

Eumonhystera 
Monhystrella 

Oaptonema 

Theristus 
Linhomoeidae 
Plectus 

1.0 - - 3,2 . . . . . . .  4.0 

. . . . .  5.0 20.5 29.3 13.0 38.9 16.1 - 11,8 14.9 40.0 3.3 8.0 
12.8 16.5 12,7 26.3 33.3 10.0 12.8 41.5 34.8 38.9 22.6 4.7 41.2 - 61.9 25.5 20.0 40.0 24.0 

0.8 3.7 12.7 36.4 . . . . .  6.5 5.6 9.7 1.6 9.5 12.8 10.0 23.3 36.0 

5.6 2.8 - 1.0 - 33.3 5.1 4.9 6.5 . . . . . . . .  3.3 - 
6.3 4.0 28.6 . . . . . . . . . . . . . .  

. . . . .  8.3 5.6 . . . . . . . . .  

Paraphanolaimus . . . . . .  20.5 4,9 2.2 - 9.7 9,5 2.1 
Cylindrolaimus 2.6 . . . . . . . . . . . .  

Rhabdolaimos . . . . . . . .  2.2 . . . . . . . . . .  
Chromadoridae 0.8 . . . .  6.7 2.6 11.1 . . . .  4.8 2,1 4.0 
Chromadodta 0.8 4.0 . . . . . . . . . . . .  10.0 3.3 - 

Paracyatholaimus . . . . . . . . . . . . . . . . . . .  

Prodesmodora 
Microlaimus 

Prismatolaimus 
Tobdlus 

Tripyla 
Alaimus 
Prionchulus 

Mononchus 
Oorylaimus 
Aporcelaimellus 

Diphterophora 
Sabatieria 

Calyptmnuma 
Ascolaimus 

Axonolaimus 
Viscosia 

Odontophora 
Nero. speo. I. 

Indet 

2.6 
0.8 1 .0  . . . . . . . . . . . . .  

1.3 2 . 0  4,8 . . . . . . . . . . . . .  
74.4 77.1 59,5 14.1 19.0 25.0 28.2 9,8 23.9 - 19.4 3.1 35,3 20.0 4.8 17,0 - 3,3 12.0 

. . . . . . . . . . . .  10.0 - 

0.8 - 1.3 1.0 . . . . . . . . . . . . .  3,3 
. . . . . . . . . . . . . . . . .  3,3 

0.8 - 5.1 7.1 14.3 . . . . . . . . . . . . .  
. . . . . . . . . .  3.2 3.1 10.0 . . . .  
. . . . . . . . . . . .  2.1 - - 
. . . . . . . . . . .  3.1 . . . . .  

. . . . . . . . . .  12.9 82.8 5,9 30,0 - 2.1 - 
1.6 - 1.3 - 10,0 2.6 2.4 6.5 - 3.2 5.9 10.0 9.5 19.1 - 3,3 8.0 
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A P P E N D I X  1 .  ( c o n t i n u e d )  

Location 

Tyl. spec. 
Coslenchus 
Malenchus 
Filenchus 
Helicotytenchus 
Hirschmanniella 
Heterodera 
Criconematidae 
Aphelenchoides 
Laimaphelenchus 
Rhabditidae 
Protorabditis 
Diploscapter 
Eucephalobus 
Acrobeles 
Acrobeloides 
Cervidellus 
Diplogasteritus 
Pareudiplogaster 
Monhystera 
Eumonhystera 
Monhystrella 
Daptonema 
Theristus 
Linhomoeidae 
Plectus 
Paraphanolaimus 
Cylindrolaimus 
Rhabdotaimus 
Chromadoridae 
Chromadorita 
Paracyatholaimus 
Prodesmodora 
Microlaimus 
Prismatolaimus 
Tobrilus 
Tripyla 
Alaimus 
Prionchulus 
Mononchus 
Dorylaimus 
Apomelaimellus 
Diphterophora 
SabaUeria 
Calyptronema 
Ascolaimus 
Axonolaimus 
Viscosia 
Odontophora 
Nero. spec. I. 
Indet 

12-1 12-2 12-3 12-4 13-1 13-2 14-1 14-2 14-3 15-1 15-2 15-3 15-4 '16-1 16-5 

. . . . . . . . . . . .  27.3 
- - 4.2 . . . . . . . . . . .  

. . . . . .  9.1 . . . . . .  

. . . . . . . . . .  4.8 - - 

. . . . . . . . . . . .  9.1 

- - 5.0 . . . . . . . . .  9.1 

- 12.5 - - 2.2 4.5 27.3 1.0 . . . .  

. . . .  . " 7  . . . . . . .  

. . . . . . . . . . .  7.7 - 

. . . . . . . .  3.8 4.8 - - - 

w 

8.7 27.3 - 2.0 - - - 
25.7 4.3 17.2 20.8 35.0 30.0 26.1 4.5 45.5 10.9 26.9 14.3 41.7 23.1 9.1 

5.7 21.7 10.3 - 60.0 60.0 19.6 27.3 - 14.9 3.8 14.3 16.7 - 
- 4.3 . . . .  2.2 . . . . . . . .  
2.9 . . . . . . . .  2.0 . . . . .  

. . . . . . . . . .  3.8 . . . .  

5.7 13.0 44.8 50.0 - - 4.3 13.6 - 25.7 3.8 4.8 - - - 
34.3 13.0 13.8 - - - 4.3 9.1 18.2 34.7 46.2 52.4 25.0 61.5 - 

. . . . . .  4.5 . . . . .  18.2 
8.6 8.7 - 8.3 - - 4 . 5  - 3 . 0  1 1 . 5  4.8 8.3 - 

2 . 9  . . . . . . . . . . . .  

- 4 . 3  . . . . . . .  2 . 0  - - 8 . 3  - - 

. . . . . .  4.5 . . . . . . .  

. . . . . . . . . . .  7.7 9.1 

14.3 30.4 13.8 4.2 - 10.0 21.7 - - 4.0 . . . .  18.2 

Other genera found in omitted samples with a low nematode density are: Pleurotylenchus (10-5), Nagelus (11-4, 13-6) and 
Leptolaimus (13-3). 
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