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in a complementary manner to enhance understanding of tt
Survival and respiration rates of the bacterial-feeding nema- nature of environmental stress.
tode Cruznema tripartitumafter incubation in soil for 48 hr pro- Few metazoan test animals native to soil habitats have wel
vi_ded a useful t_:)ioassr_:ly of the presence and_concent_rati_on I_evel ofdocumented physiological responses to anthropogenic stress
b'o!og'ca”y active toxicants. The assay provided an 'nd'cat'(.)n. of Earthworms are frequently used, but the tests require extends
toxicant activity at sublethal levels, and a means of determining exposure periods and relatively large soil samples (Callahan
when the toxicant had declined to levels not deleterious to physi- | i Ki d b i |
ological function. Assays of soil contaminants based on the com- &l 199;'" Donkin and Dusenbery, 1993; Gregnea - 1989). ,
munity structure of resident soil nematodes were more useful in The U_t'l'ty of several Othef taxa has been "eV|eV\_/ed an_d a pri
undisturbed soils than in agricultural soils where the range of oOrity list of measurable criteria proposed for their application
taxa was relatively narrow. Assays involving measurement of sur- as indicators of soil quality (Stork and Eggleton, 1992). All the
vival and respiration rates of nematodes after immersion in an criteria are related to the presence, abundance, and diversity
agueous extract of contaminated soils were not useful due to species in the soil. There have been several recent uses of t
degradation and loss of contaminant during the extraction pro- ematode community structure as an assay of soil ecosyste
CESS. © 1997 Academic Press health (Bongers, 1990; Freckman and Ettema, 1993; Stork ar
Eggleton, 1992; Yeates and van der Meulen, 1996). Generall
INTRODUCTION predatory nematodes are the most sensitive while bacterie
feeding nematodes are the most resilient to environmental pe
Biological responses that can be related to a toxicant in thgbation (Bongers, 1990; Freckman and Ettema, 1993). |
environment are potential candidates for biomarkers. Biomafaverely contaminated soils, bacterial-feeding nematodes m:
ker responses may be resolved at various levels of biologigg the only metazoa found (Wieser, 1975).
organization. At the individual level, a biomarker may be the gxjsting in water films around soil particles, soil nematodes
degree of change in an enzyme system, or an effect on devghk 5 ybiquitous group of multicellular terrestrial animals. In
opment. At the population and community levels, biomarkefg restrial ecosystems, nematode populations can reach der
include reduced abundance, altered age structure, or altgfgd of 30_55 million individuals i? (Yeates, 1979, 1981).
community structure. At the ecosystem level, biomarkers mgy,ey occur in several trophic classifications and include spe
be changes in pathways and flows through food webs (Peakgllg that are herbivores, decomposers, and carnivores (Frec
1994). Th.e response of b|omarker§ to toxicants shou_ld be Wmlgn and Ettema, 1993). Many of the bacterial-feeding decon
characterized and homogeneous in the test population so W@éer species are readily cultured gnotobiotically on bacteriz

observgtions can be .interpret(.ed. The test shogld be rapid, Ubstrates, have short generation times (3 to 4 days), and ¢
expensive, and provide consistent results (Giesy and Ho ctable test organisms for genetic, development, behaviore

1989). Approaches involving the use of biomarkers at both t%?]d physiological studies (Nicholas, 1984). They may be use

physiological level and the community or higher levels are R4l markers of conditions that will be hazardous to other taxa

mutually exclusive. Conceivably multiple levels might be uselélanking among the LG for seven metals in bacterial-feeding

nematodes was well correlated with the rankings ofgdD

L This research has been supported by grants from Agriculture in Concgt_‘i).m mammalian t.eSt.S, and the response Ieve_ﬂ:aénorhab—
with the Environment Program, which is jointly funded by the USDA andlitis eleganswas similar to that of rats (Donkin and Dusen-
USEPA, and from USEPA (R819658) Center for Ecological Health Researplery, 1993; Williams and Dusenbery, 1988).
at UC Davis. AIthough the information in this docume_nt has been funded in Organismal health has been defined as the state in which ¢
part by the USEPA, it may not necessarily reflect the views of the agency anfl1 iological f tioni t thei .
no official endorsement should be inferred. physiological processes are functioning at or near their maxim

2 present address: Argonne National Laboratory, Argonne, IL. (Sorauer, 1922). A similar definition for ecosystem health is

3 To whom correspondence should be addressed. Fax: (916)752-5809. proposed: the state of a system in which the collective phys
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ological processes of the component organisms are ableptrsisters (p) a value of 5. Families which have characteristic
function at or near their maxima. Clearly it would be difficulof both types are assigned intermediate values on the c-p sca
to achieve such an assessment for all the organisms inTdre MI value is calculated as the weighted mean of the indi
ecosystem. In these studies the hypothesis that nematode ceidial c-p values:

munity structure and physiological function can be used as

component indicators of toxics in soil ecosystems is tested. Ml = 3 (i) x (i), (1)
Nematode community structure provides an indicator of the

effects of the toxicant on organisms of different ecologicgiherev(i) is the c-p value of taxon i anffi) the proportion of

I‘OleS; nematode metabolic rates pI‘OVide an indicator of t%(on iin a Samp'e (BongerS, 1990) P|ant_parasitic nematodse
effect of the toxicant on physiological function. The objectivegnd nematodes in families with the c-p value of 1 were omittet
of the studies were to (i) develop bioassays for health or togom all MI calculations because their presence reflects sut

icity of the soil ecosystem based on abundance, communiifate availability rather than stress (Bongers and Korthals
structure, metabolic/respiration rates, or combinations there@fo3, 1994).

and (ii) test the bioassays in laboratory and field settings. o
Respiration Assay

MATERIALS AND METHODS The first step in developing the assay was to select a bact
_ . rial-feeding nematode as the test species. Three species of b:
Soils and Toxicants terial feeding nematode£fuznema tripartitum, Cephalobus

Soils selected for laboratory assays in this study were giersegnisandRhabditis cucumer)swere placed into concen-
loams from agricultural fields at the University of Californiafrations of TCE (0, 1, and 3fg mI™*) or TCE in combination
Davis, and a neighboring riparian area along Putah Crewfith toluene (0, 1, and 3g mI™ TCE with 20 pg mi™
(Yolo silt loam, typic xerorthents, 15% J&@, 1.2% organic C, toluene) in 250-ml bottles. After gentle shaking for 48 hr at
pH 6.8). Soils were passed through a 4-mm sieve and store@3tC, each sample was aerated for 10 min to remove trac
4°C. Prior to use, soil was incubated at 25°C for 18—24 hamounts of TCE and toluene. The samples were placed c
Assays were conducted with trichloroethylene (TCE) and tolBaermann funnels. Nematodes that moved across the filts
ene, alone and in combination, and with metam-sodium (M3yere collected after 48 hr and countégiuznema tripartitum
TCE is a volatile compound of increasing concern as a grountias selected as the test organism (see justification under R
water contaminant because of its persistence (Futeal., sults). Voucher specimens @f. tripartitum have been depos-
1997; Westricket al., 1984). While evidence of biodegradatiorited in the University of California, Davis, Nematode Collec-
has been reported (Kleopfer and Rittmann, 1982; Parsons &ine (Accession Nos. UCDNC 2910 and 2911).

Lage, 1985; Vogel and McCarty, 1985), the products of deg- C. tripartitumwas obtained from the field site of a long-term
radation include equally harmful metabolites, including dichldow-input sustainable agriculture experiment at the University
roethylenes and vinyl chloride. Metam-sodium is a toxica®f California (Templeet al., 1994). The nematode was grown
with fungicidal, nematicidal, and herbicidal actions that resu@inotobiotically onEscherichia colistrain OP50 on nematode
from the release of methyl isothiocyanate. growth medium (Sulston and Hodgkin, 1988). The growth me:
dium consisted of bacto-peptone (2.5 g liteDifco Labora-
tories, Detroit, MI), bacto-agar (17 g litér Difco Laborato-

Fifty-gram (dry weight) samples of agricultural or ripariarries, Detroit, M), cholesterol (1.0 ml of 5 mg fitlin ethanol;
soil were weighed into 250-ml glass bottles (Qorpak Bostdeastman Fine Chemicals, Rochester, NY), and NaCl (3 g li
Rounds, Fisher Scientific, Fair Lawn, NJ) equipped with 24er ). This stock solution was autoclaved for 20 min at 250°C.
mm Mininert caps (Dynatech Precision Sampling Corp., Bata@aCl, (1 M, 1.0 ml), MgSQ (1 M, 1.0 ml), and KPQ, (1 M,
Rouge, LA) and exposed to TCE concentrations of 0, 1, and BBl 6.0, 25 ml) were individually prepared, filter-sterilized, and
wg mi~* soil solution. Three or four replications were used iadded to the stock solution immediately after autoclaving
different experiments. Before incubation, and after 28 days Ghotobiotic nematode culturing conditions were used sinc
incubation, the resident nematodes were extracted from the smiknown soil bacteria may transform the toxicants, with &
by a modified Cobb’s sieving—centrifugation procedure (Full@onsequent effect on the respiration and mortality rat€ of
et al., 1997; Jaffeeet al., 1988). tripartitum (Fuller et al., 1997).

Nematodes were counted and classified by family; an indexSoil was collected from the agricultural site and 50 g (dry
of community structure, the maturity index (Ml), was calcuweight) was placed in each of 36 glass bottles with Mininert
lated. The Ml is based on a grouping of nematode families intaps. The toxicant treatment series was 0, 1, ang.@énl™*
five categories, from “colonizers,” characterized by a higlTCE. A suspension dE. coli was added to half the bottles at
reproductive rate indicating opportunists or r-strategists, &ach concentration level to test whether assay results we
“persisters,” characterized by a low reproductive rate indicatmpacted by the presence of a food source for the nematod
ing k-strategists. Colonizers (c) are assigned a value of 1 aldo methods were tested for assessing the sensitivity of nen

Abundance and Community Structure Assays
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atode respiration rates to chemical stress: (i) nematodes weoatrol series consisted of an equal number of bottles set L
incubated in the soil for 48 hr at 25°C and then extractexhd treated identically, but witho@. tripartitum. There were
(Method 1) and (ii) nematodes were incubated in a water ethiree replications of each treatment combination. After incu
tract of the contaminated soil (Method I1). In Method |, conbation, nematodes were extracted from the soil in each bottls
centrations of the toxicant in the soil were confirmed by gand respiration rates were measured as previously describe
chromatography after 24 hr. After 48 hr, TCE was removegach test was repeated three times.
from the bottles by venting. Approx 50,0@ tripartitumwere To test the utility of the assay in the field, a test site was
added to half of the bottles of each TCE concentrakowbli selected at the Holly Sugar Research Farm in Tracy, Californie
combination. After 48 hr exposure, native and indicator nerthe site allowed testing of the effects of aldicarb (a carbamat
atodes were extracted from the soil by Cobb’s sievingiematicide) alone, and MS and aldicarb in combination. Con
centrifugation (Jaffeet al., 1988). In Method Il, a saturation trol and test plots were separated by a 3-m buffer area. Plot si:
extract of the soil solution was prepared from each bottle byas 30 x 10 m. Soil was collected on eight dates (0, 3, 5, 1C
adding 25 ml distilled water, shaking vigorously, waiting 137, 24, 38, and 52 days after application of MS). Sample:
sec for the particles to settle, and withdrawing 10 ml of theonsisted of 12 cores at 0-15 cm depth taken randomly fror
supernatant. The supernatant was divided in half, and appeach plot with a 2.5-cm-diam Oakfield sampling tube. A 400-
50,000C. tripartitum were added to one half. The samplesc subsample was taken from each sample, transferred to
were shaken for 48 hr at 25°C. Nematodes from both watsealed mason jar, placed on ice, and immediately transported
extract and soil incubation methods were measured to alltle laboratory. Three samples were taken from each plot
calculation of biomass (Ferrist al., 1995). each sampling date. In the laboratory, two 75-g soil sample
After the exposure period in both methods, the nematodere removed from each mason jar and placed into 250-n
suspension was centrifuged and the supernatant removed. glass bottles. Soil in one bottle from each jar was inoculate
pellets were placed in respiration chambers to measurg O@ith 15,000-25,00@. tripartitum; bottles were incubated for
evolution rates using an infrared G@nalyzer (LiCor LI-6000, 48 hr at 25°C. After incubation, nematodes were extracte
Lincoln, NE). The treatments witho@. tripartitum allowed from the soil in each bottle; respiration and mortality rates of
assessment of biomass and respiration of the resident nematdgipartitum and resident nematodes were measured. Resp
population and adde#. coli. Those values were subtractedation rates of resident nematodes from bottles to witich
from measurements of the equivalent treatments Withiri-  tripartitum had not been added were subtracted from those t

partitum. which it had been added.
The relationship between nematode respiration rate and
body weight is described by RESULTS
R = aWo7s ) Abundance and Community Structure Assays

Abundance of the resident nematodes after exposure to TC
whereR is the CQ evolution individual® hr*, Wis the body was greater in the agricultural soil than in the riparian soil (Fig
weight of the individual, ana is the species-specific respira-1A). There was no significant effect of TCE on nematode
tion rate of an individual of unit weight. Standardized respir@bundance in the riparian soil. In the agricultural soil there wa
tion rates forC. tripartitum (expressed aa values) were cal- a slight increase in nematode abundance at low TCE level
culated from measurements of Cévolution over 30-min pe- The nematode maturity index was somewhat greater in th
riods at 20°C from a known biomass of indicator nematodéiparian than the agricultural soil (2.9 to 2.1) with plant para-
(Ferriset al., 1995). sites and class 1 nematodes eliminated. There was no signi

Mortality rates before and after the respiration assay weggnt effect of TCE on Ml in either riparian or agricultural soils
determined using the Baermann funnel mett@dtripartitum  (Fig. 1B). However, there was a strong decreasing trend in M
from each sample were placed on Baermann funnels for 48 With increase in toxicant concentration in the riparian soil
Nematode survival was determined from the number of indihere the nematode community was more structurally divers
viduals moving through the filter. (Fuller et al., 1997).

Testing the Assay Respiration Assay

In laboratory tests, two concentration ranges of MS (0, 16, While all three species of bacterial-feeding nematodes wer
and 1600ug mlI™* or 0, 1.56, and 6.25g mi™) were estab- tolerant to lower concentrations of TCE and tolue@e,tri-
lished in 75 g soil in 250-ml glass bottles. In each test, soil paritumwas selected as the test organism due to its ability t
the bottles was inoculated with 15,000—25,000tripartitum tolerate higher concentrations of TCE and toluene (Fig. 2)
and the toxicant was vented after incubation for 48 hr at 25°There were no differences in respiration rate€ofripartitum
To test the effect of a food source for the nematdtieoliwas at 20°C after incubation for 48 hr at 25°C in aqueous extract
added to soil in half the bottles at each concentration level. The soil except at the highest concentration of TCE with no
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nematodes survived the highest rate of 168amI™*; however,

all nematodes survived the other dosage rates. At all othe
dosage rates, the respiration rate declined with increased dc
age of toxicant (Fig. 4).

The field study of the impact of multiple stressors (MS and
aldicarb) on ecosystem health revealed a 25-day recovery fro
exposure to aldicarb alone, and a delayed onset of recove
from the combined impact of both stressors (Fig. 5). The assa
nematodes did not survive exposure to the multiple-stresse
soil until 11 days after treatment.

DISCUSSION

The abundance of organisms, particularly key species, |
often proposed as a biomarker of ecosystem health (Peake
1994; Stork and Eggleton, 1992). A difficulty with markers of
this type is the lack of knowledge of the abundance of indi-
viduals present in the system prior to the exposure. There a
two solutions to that problem. Nematode abundance in th
contaminated area can be compared with that in neighborir
noncontaminated areas. That assumes the availability of neig
boring noncontaminated areas and that those areas started w
the same abundance and community structure as the contar
nated area. The second solution is to introduce known numbe
of marker nematodes into both contaminated and noncontarr
nated soils, remove them after a fixed exposure period, an
measure survival. The species selected must not already
present in the community. In these studies, the second a
proach is taken a step further in that physiological activity of
the surviving nematodes is measured. Physiological process

FIG. 1. Assay development with trichloroethylene (TCE). (A) Abundancénheren_t in life functions may be differentially 'mpa{red_ m.
of resident nematodes in soils from two sites before and after exposure forg@ntaminated ecosystems, but measurement of respiration i

days to varying concentrations of TCE (from Fulkral., 1996). (B) Com- tegrates across the effect of toxins on many of those processt
munity structure of resident nematodes as measured by the maturity '”q@SmgIe -species assay should be more consistent and rigoro

(Bongers, 1990) in soils from two sites before and after exposure for 28 d
to varying concentrations of TCE (from Fullet al., 1996). (C) Respiration

= 0.05); data from different experiments are marked with letters of different
case.

bacterial food substrate added (data not provided). However,
following incubation in soil for 48 hr at 25°C in a range of
concentrations of TCE, respiration rates ©f tripartitum at
20°C declined (Fig. 1C). Expectavalues were determined
from previous research based on the temperature conditions of
this assay (Ferrigt al., 1995). Most nhematodes survived ex-
posure to TCE in the soil.

Testing the Assay

The abundance of all soil nematodes decreased significantly
at high concentrations of MS in laboratory tests and no effects
were observed at concentrations of 1§ mI™* or less (Fig.
3A). There was a significant decline in Ml in the riparian soil

when exposed to MS (Fig. 3B). In tests of the respiration ratesc. 2. survival of three species of bacterial-feeding nematodes afte

an a measurement of general soil respiration.

rates ofCruznema tripartitunbefore and after 48 hr exposure to TCE in soil. Several studies suggest that the diversity, species compo:
Values do not differ significantly when bars are marked with the same letter tion, and activity levels of nematode populations may be ex

[ Cruznema tripartitum
Cephalobus persegnis
100 XA Rhabditis cucumeris
5
8 e & -
5 75 N
2 N N
b N
3
(7] N
w 50 \ NRINCRER
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25 N | N \
N N
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0 ) \ \

0/0 0/20 1/0 1/20 30/0 30/20
TCE / Toluene (ug ml  soil solution)

of C. tripartitum after exposure to MS in soil at 20°C, no assagxposure to trichloroethylene—toluene mixtures in water.
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3 24+ ]- FIG. 5. Respiration rates dfruznema tripartitunrafter 48 hr exposure in
2 soils at different time intervals after treatment with aldicarb alone or aldicark
22r and metam-sodium in combination.
2.0
Initial 0 16 1600

» logical classification of soil (De Goede and Bongers, 1994)
Metam—sodium (g ml ~ soil solution) The MI provides a 1-5 scale for ecosystem quality, with 1

FIG. 3. Assay testing with metam-sodium (MS). (A) Abundance of resibeing the most contaminated/disturbed and 5 being the mo
dent nematodes in soil from a riparian site before and after exposure for Bﬁstine. It is also used as a tool to assess the suitability C

days to varying concentrations of MS. (B) Community structure of residepéference sites for environmental monitoring (Neher anc
nematodes as measured by the maturity index (Bongers, 1990) in soil fro

a
riparian site before and after exposure for 28 days to varying concentration&ff‘mpbe"v 1994). H'Oweven MI was only US?fUI as an assay ¢
MS. Values do not differ significantly when bars are marked with the sant@xicant concentration and health of the soil ecosystem whe

letter (@ = 0.05). soils contained diverse nematode communities that include
significant proportions of species in higher c-p classes. Agri

cellent and readily measured indicators of environmental qugHitural soils may be frequently disturbed through tillage prac
ity. Nematodes are proving useful indicators of pollution levefic€S: cultural operations, and cropping sequences, which m
in aquatic and soil systems, and in industrial toxicolog{fSult in relatively low Mi values (e.g., see Feresal., 1996).

(Samoiloff, 1990; Van Kessebt al., 1989; Vrankenet al. n soils where the c-p values of the nematode community ar
1991). Since differences in numbers did not correlate with TORW. the sensitivity of the MI to chemical stress is diminished.
concentrations, nematode abundance was found to be an inl "€ bacterial-feeding nematode, tripartitum, proved to be

consistent indicator of chemical stress. The Bongers (19gbjiSeful assay organism because it survives in contaminat
maturity index, based on composition and abundance of favironments and its respiration rate reflected the degree «

nematode community, has been tested as a basis for an &&5amination. The nematode respiration assay (Figs. 1C ar
4) provided a more sensitive and consistent measure of sc

health in relation to the chemical stressors MS and TCE tha
3.0

) ] + Bacteria assays based on either nematode mortality (Figs. 1A and 3/
£ 2.5 Y — Bacteria or nematode community structure (Figs. 1B and 3B). Sinc
3 a. differences in respiration rates @f tripartitum after exposure
§ 20 Ap b ] Expected  tO water extract from contaminated soil were not significant,
g bbb ; ; . - :
2 15f Method 1l is considered an unrgllable indicator oflc':hem.lcal
o BB stress. Apparently, the TCE used in these tests volatilized in th
3, 1.0 | N soil extract. Since significant differences of respiration rate:
E o5l \ cc correlated with degree of chemical stress when nematodk
s were introduced directly into the contaminated soil, Method |
% 0.0 — 0\ o 2 6 16 1600 was the most useful assay.

Stress may suppress respiration of nematodes through dire
effects on respiratory physiology, or through effects on growth

FIG. 4. Assay testing with metam-sodium (MS). Respiration rates %l . . . .
Cruznema tripartitunbefore and after 48 hr exposure to MS in soil. Values d eedlng, and locomotion (SamOIIOff’ 1980; Vranken al.,

not differ significantly when bars are marked with the same lette=(0.05); 199'1)- FCOSyStem Comamina'tion may a|'30 result in red.uce
data from different experiments are marked with letters of different case. availability of food for the soil biota, indirectly suppressing

Metam—sodium (ug mi™" soil solution)
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nematode respiration. In the current experiments,BEheoli De Goede, R. G. M., and Bongers, T. (1994). Nematode community structur
treatments allowed assessment of the contribution of food limin refation to soil and vegetation characteristiégpl. Soil Ecol.1, 29-44.
tation to respira’[ion Suppression' Respiration rateg'aﬁpar_ Donkin, S. G., and Dusenbery, D. B. (1993). A soil toxicity test using the
titum foIIowing the soil exposure method declined with expo- nematodeCaenorhabditis eleganand an effective method of recovery.
. . . . . Arch. Environ. Contam. ToxicoR5, 145-151.
sure to increasing concentrations of TCE (Fig. 1C). The addi- o T ) )
tion of bacteria during the incubation did not significantly’®"'d" R-M- (1984). Biological monitoring=nviron. Sci. Technoll8, 215A.
increase respiration rate at any concentration of TCE. Thus,F‘?giS' H., Lau, S., and Venette, R. (1995). Population energetics of micro
. . ._bivorous nematodes: Respiration and metabolic rates based on carbon
seems likely that TCE directly affected nematode metabolic ;e productionSoil Biol. Biochem27, 319-330.

processes, rather than mdlreCtly mfluencmg I’esplral'[lq;érris, H., Venette, R. C., and Lau, S. S. (1996). Dynamics of nematode con

through impacts on food supply. ) ) munities in tomatoes grown in conventional and organic farming systems
The Holly Sugar Research Farm provided an opportunity tOand their impact on soil fertilityAppl. Soil Ecol.;3, 161-175.

measure the effects of mUlt}ple st_ressors as the MS was appkggkman, D. W., and Ettema, C. H. (1993). Assessing nematode communiti

to a field already treated with aldicarb. The bioassay proved tan agroecosystems of varying human interventiagric. Ecosyst. Environ.

be a useful indicator of the impact of the stressors on biologica#s, 239-261.

activity in the soil. Recovery of soil health was delayed in th&uller, M. E., Scow, K. M., Lau, S., and Ferris, H. (1997). Trichloroethylene

presence of both stressors (Fig. 5)_ Survival of the assay nentTCE) and toluene effects on the structure and function of the soil commu

atode in the multiple-stressed soil was poor until 11 days aftef'"- S°!l Biol. Biochem.in press. _ o

treatment. After that, the rate of recovery from the combindgiesy. J- P and Hoke, R. A. (1989). Freshwater sediment toxicity bioasses

ment: Rationale for species selection and test dedigBreat Lakes Re&5,

stressors was faster than that for aldicarb alone, probably in539—569

dicating more rapid bioremediation and/or degradation of tf&e . .
MS than of the aldicarb reene, J. C., Bartels, C. L., Warren-Hicks, W. J., Parkhurst, B. R., Linder
' G. L., Peterson, S. A., and Miller, W. E. (198®rotocols for Short-Term
Toxicity Screening of Hazardous Waste SitBA 600/3-88/029. U.S. En-
CONCLUSION vironmental Protection Agency, Corvallis, OR.

Biological indicators of contamination or ecosystem healttgffee, B. A., Gaspard, J. T., Ferris, H., and Muldoon, A. E. (1988). Quantifi
are useful in that they reflect the integration of a toxicant acrosgation of parasitism of the soilborne nematddconemella xenoplaky
the life processes of biological svstems. In contrast to chemic he nematophagous fungtirsutella rhossiliensis. Soil Biol. Biocherf0,
lyses, which Iy require knowledge of th foLo%6.
ahna yses, W IC ge.n?ra. y Irequwe .nov."e geho the natu;e_laeopfer, H., and Rittmann, B. E. (1982). Microbial removal of hazardous
the contaminant, bio ogical assays indicate the degree 0 Im(')rganic contaminants in groundwaté&mnviron. Sci. Technoll9, 384—-392.

pact of one O_r ma”Y contaminants, even when the naturel\Pe‘wer, D. A., and Campbell, C. L. (1994). Nematode communities and micro
those contaminants is unknown. Clearly, such assays are usefith) piomass in soils with annual and perennial crobspl. Soil Ecol.1,

in detecting the presence of a contaminant and in monitoring.7-2s.

the persistence of that contaminant. Determination of the Nacholas, W. L. (1984)The Biology of Free-living Nematode€larendon,
ture of the contaminant will require appropriate chemical Oxford.

analyses. Population and community level assays with Spirsons, F., and Lage, G. B. (1985). Chlorinated organics in simulated groun
nematodes were evaluated and found to be unreliable or anwater environmentsl. Am. Water Works Asso¢7, 52-59.
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