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New Frontiers in Nematode Ecology 1 

HOWARD FERRIS 2 

Abstract: Future areas of emphasis for research and scholarship in nematode ecology are indicated 
by pressing agricultural and environmental issues, by new directions in applied nematology, and by 
current technological advances. Studies in nematode ecology must extend beyond observation, 
counting, and simple statistical analysis. Experimentation and the testing of hypotheses are needed 
for understanding the biological mechanisms of ecological systems. Opportunities for fruitful ex- 
perimentation in nematode ecology are emerging at the ecosystem, community, population, and 
individual levels. Nematode ecologists will best promote their field of study by closely monitoring 
and participating in the advances, initiatives, developments, and directions in the larger field of 
ecology. 
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Ecology is the study of  relationships be- 
tween organisms and their environment. 
Ecological relationships may be considered 
at and across various levels of  biological 
organization, from the individual to the 
ecosystem. As in all fields of  science, ad- 
vances in ecology occur in surges as major 
ideas evolve and are verified in various sys- 
tems and as new techniques that remove 
methodological constraints are developed. 

In considering the status of nematode 
ecology, I am questioning i) whether the 
major ecological ideas and concepts have 
been tested in nematology, ii) whether  
nematode ecologists have capitalized on 
the technological advances in nematology 
and ecology, iii) whether the evolving sub- 
disciplines of  ecology are being considered 
in relationship to nematodes, iv) whether 
important  papers on nematode ecology 
are published in p rominen t  ecological 
journals, and, finally, v) whether the evolv- 
ing frontiers of  nematology are being con- 
sidered in the ecological context of genetic 
and environmental diversity, e.g., the im- 
portance of host-plant resistance and the 
development of  transgenic plants and or- 
ganisms. 

The  answers to these questions seem 
largely negative, or perhaps positive with 
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qualification, for a variety of  reasons. First, 
nematode ecologists work with difficult 
systems: microscopic organisms in an often 
opaque env i ronment .  However ,  some 
nematodes are among the most tractable 
of animals to work with and provide dis- 
tinct advantages to experimentation in soil 
systems because of the limitation of their 
immigration and emigration. Second, the 
concept of  "nematode" ecologist tends to 
promote assembly of data vertically within 
the phylum, e.g., proportional distribution 
of the nematode community in various un- 
linked trophic groups, rather than hori- 
zontally across trophic exchanges among 
taxa. Third, in some research institutions 
there have been real or perceived con- 
straints to interdisciplinary experimenta- 
tion through reduced recognition in the 
merit and promotion process. Fortunately, 
this situation no longer remains in most 
institutions. Fourth, training in nematolo- 
gy often lacks appropriate breadth. Many 
agricultural nematologists are very famil- 
iar with plant-parasitic genera  but are 
much less comfortable with the identifica- 
tion and biology of other groups. Finally, 
there is a need for the application of new 
technology, including diagnostic tools and 
markers of genetic diversity. 

Ecologists have always wrestled with 
choosing suitable approaches in their re- 
search. Some, including Darwin, have ar- 
gued for gathering all the facts and then 
looking for higher-order principles. Oth- 
ers have advocated hypotheticodeductive 
approaches (36). Clearly, a combination of 
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r igo rous  analytical  m e t h o d o l o g y  with 
imaginative approaches  and interpreta-  
tions is needed.  T he  unde r s t and ing  of  
nematode  ecology will develop th rough  
the emergence of  new theory, which will 
lead to additional falsifiable hypotheses as 
the basis for rational experimental  design. 
Ecologists should  ensure  that  they are 
completing the fundamental  loop of  the 
scientific method.  Individually or collabo- 
ratively, they should  part icipate in the 
c o m p l e t e  s e q u e n c e  o f  o b s e r v a t i o n -  
hypothes i s -exper iment ,  ra ther  than re- 
maining either theorists or empiricists. 

Some major concepts in ecology have 
been explored in hematology, including 
the dynamics of  species interaction (24,43), 
the relationship between complexity and 
stability in ecosystems (26), and the char- 
acterization of  organisms as "r" or "K" se- 
lected (28). There  has been some applica- 
tion of concepts of  plant-herbivore coevo- 
l u t i o n  (11) a n d  d e n s i t y - d e p e n d e n t  
regulat ion of populations (3). However, 
more  "recent" concepts such as metapop- 
ulat ions (17), op t imal  forag ing  theory 
(12,27) and evolutionarily stable strategies 
(29), and application of network theory to 
food webs (34) have received little atten- 
tion. 

Nematologists have often utilized new 
technology in their studies of nematode 
ecology, al though the availability of equip- 
ment  and expertise is sometimes a con- 
straint. Currently, the tools of molecular 
biology are being applied in several signif- 
icant areas, particularly to assess genetic 
diversity and to develop diagnostic tests 
(6). Collaborative efforts among scientists 
have led to the use of  evolving technology 
for the measurement  of  diversity. There  
are t remendous  opportunit ies for develop- 
ment  of information-based resources for 
nematode  management :  e.g., databases of 
host ranges, specific biological antagonists, 
nematode-resistant cultivars, and optimi- 
zation approaches to the selection of  crop- 
ping sequences. Data analysis in nematol- 
ogy has occasionally included geostatistics, 
applied time-series analysis (31), and geo- 
graphic informat ion systems (18). How- 

ever, these applications have of ten ap- 
peared preliminary or have been applied 
to inappropriate datasets. 

ECOLOGICAL STUDY AT VARIOUS LEVELS 
OF BIOLOGICAL ORGANIZATION 

Ecology may be studied at various levels 
of biological organization, provided that  
processes, mechanisms, and theory are in- 
tegrated across the levels. The  following 
examination of areas and concerns at each 
level of ecological study suggests some of 
the many opportunities in nematode ecol- 
ogy. The  review does not comprise an ex- 
haustive list. 

Ecosystem level 

To unders tand ecology at the ecosystem 
level, the ecologist must  study the behavior 
of whole systems in relation to environ- 
mental conditions and their perturbations. 
Responses at the ecosystem level result 
from the interaction of component  parts 
of the system and f rom the impact of en- 
vi ronment  on these interactions. A basic 
tenet of systems ecology is that the behav- 
ior of the system as a whole may differ 
f rom that predicted by studying the inde- 
pendent  behavior of components  of  the 
system. However, study of the component  
parts and their interrelationships is funda- 
mental to analysis of  the biological mecha- 
nisms that underl ie systems ecology. 

The re  are two important  considerations 
in exper imen ta l  des ign and ecological 
study at the systems level. One is the need 
for a synoptic approach. Rather than sub- 
suming variability by experimental  design, 
important  information can be gained by 
character izing relat ionships  at discrete 
spatial or temporal distances as indicators 
of the performance of the system in differ- 
ent states. The  other design consideration 
involves the powerful tools of  systems anal- 
ysis and systems research. The  established 
protocols of the systems approach include 
inidal definition of  system boundaries,  re- 
search objectives, state variables, extrinsic 
and intrinsic factors, and rates of flux. The  
second phase of the systems approach is to 
develop, verify, and validate a systems 
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model, and to conduct systems research 
using the model (22). Experience with sys- 
tems models has established their value in 
revealing areas of  ignorance. However, the 
coarse assumptions that are made to com- 
plete the model have often resulted in 
poor predictive abilities. 

Because ecological models are scale-de- 
pendent,  it is important to collect data at 
an effective scale of measurement.  For ex- 
ample, spectral analysis may be a powerful 
tool for analysis of  temporal  or spatial 
data; however, it will be useful only if the 
data are collected at a finer scale than the 
interval between the critical spatial or tem- 
poral events (31). 

In applied nematology, ecosystem-level 
studies are fundamental  to understanding 
the behavior and design of cropping sys- 
tems and to research and development in 
sustainable agriculture. Interdisciplinary 
team approaches, in which the experimen- 
tal design, measurement,  analyses, and in- 
terpretation cross disciplinary boundaries, 
and mult idiscipl inary participation, in 
which several investigators function inde- 
pendently in the same experimental envi- 
ronment,  are vital to ecosystem-level re- 
search. Although modeling groups can 
form a useful core for interdisciplinary ef- 
forts, the research team must be struc- 
tured so that all investigators are involved 
in design and experimental decisions. 

I c u r r e n t l y  par t i c ipa te  in a mult i-  
investigator Low Input Sustainable Agri- 
culture project, 'which involves a 30-acre 
long-term field site with three farming sys- 
tems and  a p p r o p r i a t e  c rop  rota t ions  
within those systems. The  investigators 
f requen t ly  s t ruggle  with fundamen ta l  
questions of experimental design and con- 
cept, management  decisions, what to mea- 
sure, what to compare, and the inadequa- 
cies of  analytical procedures. The primary 
objective of  the project is to study the re- 
sponse of the ecosystem to the farming sys- 
tems, particularly as expressed through 
soil characteristics. This project exempli- 
fies the challenges and opportunities of 
systems-level research. For example, ap- 
propriate analytical techniques must be ap- 

plied to data from ecosystems in transition. 
Here there is opportunity for application 
of time series analyses and geostatistical 
approaches ra ther  than comparison of  
variables at fixed points in time. There  are 
problems in designing ecosystem level 
studies in a replicated experimental ap- 
proach, e.g., decisions about which factors 
should be optimized and which should be 
controlled. It is difficult, if not impossible, 
to design small plot experiments with the 
diversity and companion plantings that 
could be developed on a whole farm. Ap- 
proaches in field and ecosystems ecology 
may provide guidance. 

Through 20 years of studying Canadian 
lakes, Odum (32) and Schindler (38) dem- 
onstrated that many properties of  ecosys- 
tems cannot be studied at scales smaller 
than the ecosystem level. Based on theo- 
retical ecology, Odum developed 18 eco- 
system response- to-s t ress  hypotheses .  
Schindler verified six of these hypotheses, 
partially verified six, and found three non- 
conformations in the community energet- 
ics of  the lakes. Interestingly, functional 
properties (e.g., community metabolism) 
were more stable than structural proper- 
ties (e.g., species composition). Further- 
more, new species emerged in response to 
changes in stress that were not present at 
detectable levels before the stress. 

Ecosystem-scale experiments would di- 
minish in importance only if there were 
complete information on community com- 
position, ecosystem function, and natural 
variation. Ecosystem experiments will con- 
tinue to guide ecosystem management and 
theoretical developments, and will be espe- 
cially important as a source of  observations 
leading to controlled experiments that re- 
veal the underlying mechanisms. 

Community level 

Community ecology is the ecology of  a 
group of organisms of different species 
that occur in the same habitat and interact 
through trophic and spatial relationships. 
In the plant hematology literature, "com- 
munity ecology" is often loosely used to de- 
scribe the ecology of only the nematodes in 
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the system, particularly their trophic orga- 
nizations. However, this use of  "commu- 
nity" is misleading: The nematodes may be 
only distantly linked in trophic relation- 
ships and may not be spatially proximate 
in the soil. Furthermore,  each nematode 
species interacts in a community of organ- 
isms at the same and related trophic levels, 
most of  which are not nematodes. Thus 
the community must be defined in terms 
of  all its components and their interac- 
tions, as implied in the definition of com- 
munity ecology. Without such a definition, 
nematode "community ecology" will re- 
main at the level of  trophic group summa- 
tions. 

As with systems-level studies, the design 
of  replicated experiments for hypothesis 
testing at the community level is often dif- 
ficult. Simple statistical descriptions of ob- 
servations are not sufficient. Again, there 
are opportunities in approaches that capi- 
talize on spatial or temporal  variability 
among components of  the system, rather 
than  assigning variabili ty as " e r ro r . "  
Equally important are geostatistical meth- 
ods that measure relative magnitude of 
populations and (or) environmental condi- 
tions at discrete points in space, and thus 
make use of spatial variability. Similarly, 
t e c h n i q u e s  such  as LOESS ( local ly 
weighted scatterplot smoothing) may be 
useful in revealing underlying trends in 
spatially variable data that would otherwise 
be lost as "variance" (8,14). 

Trophic roles in communities: Because of 
their lack of training in the taxonomy of  
free-living nematodes, ecologists have cat- 
egorized nematodes into trophic groups, 
based largely on oral structure and as- 
sumptions of feeding habits (15,30,33). Al- 
though descriptively appealing, aggregat- 
ing nematode species with very different 
biologies into a single trophic group fails to 
acknowledge the quantitative contribution 
or significance or each species in the sys- 
tem. In addition, because metabolic and 
respiratory energetics have been studied 
for only a few species of nematodes, ex- 
trapolations of  those data to the energetics 

of trophic level groupings may result in 
questionable estimates. Grouping of  spe- 
cies of similar biology into "trophic spe- 
cies" is an acceptable intermediate com- 
promise (9), with an at tendant  require- 
ment of greater knowledge of the biology, 
metabolic rates, and lifetable characteris- 
tics of  the organisms. The categories used 
for nematodes by Bongers (4) provide a 
useful framework. Greater knowledge of 
individual species energetics and progress 
in the equally deficient area of substrate 
suitability and preference for each species 
are critical. A few comprehensive invento- 
ries of changes in species composition and 
abundance through time have been com- 
piled (e.g., 1) and, when combined with 
further  study of individual species ener- 
getics and feeding habits, will provide 
valuable datasets for understanding com- 
munity dynamics. 

An important area of ecological study is 
the role and management of  nematodes in 
the health and productivity of  sustainable 
soils. There  is substantial evidence of the 
importance of nematodes as agents in min- 
eral and nutrient cycling (16,19,20). Un- 
fortunately, over the last 50 years, the 
training of students in plant nematology 
has focused on primary consumers. In 
contrast, many earlier nematologists were 
generalists  in u n d e r s t a n d i n g  and ap- 
proach. Plant hematologists must commu- 
nicate with ecologists and keep apprised of 
recent developments and evolving con- 
cepts. 

One potential application of  nematology 
and ecology is based on the importance of 
microbial degradation in the recovery of 
polluted soil and water and in the decom- 
position of wastes. Because nematodes are 
among the primary grazers on microbes, 
we need to determine the extent to which 
such grazing enhances or reduces micro- 
bial activity. Which nematode species are 
adapted or adaptable to bioremediation of 
polluted environments? There  are already 
some examples of  pioneering studies in 
this area (2,4,40,41). 

Another  potential application arises out 
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of research on aquatic systems, which are 
often open communities. The effects of  
extrinsic forces, for  example,  tides or 
stream flow, delivering food sources into a 
community will be an interesting area of 
investigation (1). Such "supply-side" eco- 
logical processes may be less dynamic, but 
still important, in their influence on soil 
nematodes. Here the system will be fueled 
less regularly by organic matter incorpora- 
tion and pulses of rainfall or irrigation. 

Biodiversity: We have only scratched the 
surface in developing inventories of nema- 
tode species in d i f fe ren t  habitats, dis- 
turbed or undisturbed (e.g., 1). Nematode 
species composition or the presence or ab- 
sence of key species may be useful ecolog- 
ical and environmental indicators (4,37). 

A rich field of  investigation is the poten- 
tial success of  organisms entering and be- 
coming established in systems in transition. 
These studies may provide information on 
the potential for introducing organisms 
such as biocontrol agents or high-turnover 
mobile microbivores to create a food sub- 
strate that would augmen t  levels of  a 
nematode-parasitic fungus. 

Community structure in biological control: 
Community ecology involves the study of 
multitrophic interactions. Several organ- 
isms may participate in host-parasite inter- 
actions, p reda tor -prey  interactions, and 
decomposition food webs. Studies at this 
biological level must be collaborative to en- 
sure appropriate taxonomic expertise. 

An impor tant  concept  in population 
regulation by natural enemies is that of  
density dependence ,  which has proven 
useful in interpreting the regulation of  
plant nematode populations by their para- 
sites (21). Population regulation is a com- 
munity attribute, however, and not merely 
a two-species interaction. Thus we need to 
study the density dependence of nematode 
population regulation at the community 
level. Nematode-suppress ive soils have 
been documented,  but the mechanisms of 
suppression have been determined in only 
a few studies (e.g., 45). Detailed categori- 
zation of these mechanisms will necessarily 

i nvo l ve  d e v e l o p m e n t  o f  m u l t i p l e -  
decrement life tables (7) that include mor- 
tality resulting from exploitation, competi- 
tion, and antibiosis. 

Population level 

Population ecology is that of  a group of 
organisms of  one species occupying a 
given area. It is the study of  all the pro- 
cesses that generate the adaptation of  or- 
ganisms to their biotic and abiotic environ- 
ments and includes demography, popula- 
tion dynamics, population genetics, and 
population regulation. As at other levels of  
ecological study, an important consider- 
ation is that of  variability, including the 
range of genetic variability, the mainte- 
nance of genetic variation, and the inter- 
action of variation and selection that re- 
sults in evolutionary change. 

Again, ecologists face the problem of  
definition of appropriate experimental or 
observational scale. The concept of meta- 
populations recognizes that what we con- 
sider to be a "population" may actually be 
a composite of individual populations that 
are in demographic and genetic disequilib- 
rium but stable as a whole (17). Most pop- 
ulation studies in the field in nematology 
are actually conducted at the metapopula- 
tion level. The concept is especially appli- 
cable to populations of  soil nematodes,  
which form isolated aggregates in the soil 
matrix. The concept is also applicable to 
parthenogenic organisms that are repro- 
ductively restricted from genetic recombi- 
nation. Generally, ecological investigations 
of soil nematodes have not utilized a scale 
appropriate for a population of interacting 
individuals in a consistent environment.  
The size of the unit for selection of an ap- 
propriate scale is unknown. In both biotic 
and abiotic environments, the differences 
between the soil surface and 50-cm depth 
are enormous. 

Considerable demographic data need to 
be gathered at the population level, espe- 
cially on generation times and the variabil- 
ity of  life-table parameters such as stage- 
specific development rates, survivorship, 



and fecundity. Again, variance is a chal- 
lenge, but a wealth of information can be 
gained by measuring it, determining its 
underlying mechanisms, and considering 
its contribution to the success of nema- 
todes in various ecosystems. 

Spatial patterns and nematode popula- 
tion dynamics are other areas where ap- 
propriate scale of measurement  is impor- 
tant. For reasonable use of  geostatistical 
analyses, the spatial scale of measurement  
should be smaller than the probable scale 
at the spatial level of  interest. Applied 
t ime-ser ies  analysis (e.g., spectral  or  
cospectral analysis) may be extremely data 
intensive, requir ing observations to be 
taken frequently enough so that cycles can 
appear in the analysis. Estimation of life- 
table parameters for Paratrichodorus minor 
by "reverse simulation" was successfully 
achieved from observations at 12-hour in- 
tervals. However,  lifetable parameters  
could not be determined from field data 
obtained at a larger time scale (39). 

Individual level 

At the individual level, ecology is the 
study of the relationship of  the physiolog- 
ical processes of organisms to their envi- 
ronmental  conditions. These relationships 
constitute the underlying mechanisms of 
ecology. There  are many sublevels of  indi- 
vidual ecology, which are mechanistically 
linked. 

An area rich in potential for nematology 
is that of  behavioral ecology, the study of 
the behavior of  an organism in relation to 
its environment. Concepts in this area in- 
clude that of  the Evolutionarily Stable 
Strategy; the optimal strategy is the one 
that maximizes the chance of current  sur- 
vival and future reproductive success (29). 
A component  of  this strategy is Optimal 
Foraging Theory  (12,27), which involves, 
for example, determination of  the distance 
within which a plant-parasitic nematode 
should respond to a host root stimulus to 
maximize survival. The optimal strategy is 
a function of  the behavioral and survival 
attributes of  the species, the location of  an 
individual in the soil profile, the danger of  
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movement into a physically or biologically 
unfavorable habitat, and the probability of 
non-encounter with the food source. 

Another area of  individual ecology with 
exciting potential in nematology is chemi- 
cal ecology; i.e., the origins and nature of 
chemical cues in the environment and the 
response  o f  organisms to those cues. 
Nematodes invariably respond to CO2 gra- 
dients, which may orient them generally 
toward a rhizosphere, but there must be 
species-specific signals (10). Advancing 
techniques in chemical analysis will be use- 
ful. The potential alteration of the behav- 
ioral ecology of  plant-parasitic nematodes 
through attraction, repellence, and confu- 
sion provides interesting opportunities in 
nematode management (10,13). 

INTEGRATION ACROSS THE HIERARCHY OF 
ECOLOGICAL ORGANIZATION 

Ecologists struggle to explain observa- 
tions at one level of  organization based on 
biological understanding of a lower level. 
Theory reduction may be defined as the 
interpretation of higher-level phenomena 
in terms of lower-level processes or mech- 
anisms (23). The desire for such interpre- 
tation emphasizes the importance of doc- 
umenting the descriptive biology and seek- 
ing its underlying mechanisms. 

Ecophysiology is the bridge between 
population level parameters and cellular 
or subcellular biology. The cellular and 
subcellular biology of one nematode sys- 
tem, Caenorhabditis elegans, is extremely 
well understood. The challenge remains to 
extend this understanding to other nema- 
tode systems and to bridge the gap be- 
tween cellular, individual, and population 
levels of  biology (35). 

One aspect of  the interface between in- 
dividual organisms and the dynamics of 
populations is that of  genetic and physio- 
logical variability. For example, eggs of  the 
s u g a r b e e t  cyst n e m a t o d e ,  Heterodera 
schachtii, exhibit four types of  dormancy. 
All four  types may be present  simulta- 
neously in eggs of  a single population (44). 
The explanation of population level phe- 
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nomena from the biology of  individuals re- 
quires appreciation and measurement of 
the diversity among individuals. 

The interface between populations and 
communit ies involves considerations of  
scale and universe size addressed earlier. 
The complexity of  interactions at the com- 
munity level often requires simplification 
t h r o u g h  deve lopmen t  of  mul t i t rophic  
models. Such models may be phenomeno- 
logical in that they use, for example, re- 
gression techniques to describe observed 
response of the system to measured per- 
turbat ion.  Alternat ively,  they  may be 
mechanistic in that they synthesize the ex- 
pected behavior of the system from the 
prediction of  the response of its compo- 
nen ts  to the  p e r t u r b a t i o n .  Both ap- 
proaches have merit; the simplicity and 
p r e c i s i o n  o f  p h e n o m e n o l o g i c a l  ap- 
proaches can provide useful descriptors of  
community level processes. For other pur- 
poses, including descriptive realism and 
the transfer of  the model to other environ- 
ments, the mechanistic approach is appro- 
priate. 

Theory  is the pathway to extrapolation 
when predictions of system behavior are 
made without benefit of  prior experimen- 
tation. As such, theory provides a basis for 
formulating testable hypotheses. Develop- 
ment of  a theoretical basis also provides a 
crude guide for management  actions with- 
out the benefit of  prior site-specific stud- 
ies. 

RESEARCH PRIORITIES FOR 
BIOSPHERE SUSTAINABILITY 

Nematode ecologists will promote their 
field of study by closely monitoring and 
participating in the advances, initiatives, 
developments, and directions in the larger 
field of ecology. A current  thrust in the 
United States is the development of a Sus- 
tainable Biosphere Initiative (25), which 
emphasizes three primary research areas: 
i) global change, i.e., the ecological causes 
and consequences of climatic change and 
land- and water-use patterns; ii) biological 
diversity, i.e., expansion of  the biological 

inventory and elucidation of the ecological 
causes and consequences of diversity and 
its changes; and iii) sustainable ecological 
systems, i.e., stress detection, stress resto- 
ration, systems management,  and the in- 
terface of ecological and human social sys- 
tems. 

Within these areas of emphasis, specific 
research topics include the following: the 
study of patterns of diversity; the interac- 
tion of morphological, physiological, and 
behavioral traits and the plasticity of the 
traits; the causes and consequences of dis- 
persal and dormancy; the population-level 
consequences of life-history adaptations; 
the mediation of changes in population 
size at the level of  the individual; the effect 
of  the structure of a population on its re- 
sponse to stress; the effect of  landscape 
fragmentation on populations; the factors 
that govern assembly of  communit ies;  
feedback mechanisms between biotic and 
abiotic factors; the effect of  patterns and 
processes at one spatial or temporal scale 
on those at another; and the consequences 
of spatial and temporal  environmental  
variability. These defined research areas 
will channel ecological thinking and will 
generate research funding opportunities. 
Nematode ecologists have the potential to 
make significant contributions to these in- 
itiatives. 

RECOMMENDATIONS 

i. Review and consider the Van Gundy 
(42) admonition to "take off our blinders" 
and to monitor and incorporate the ad- 
vances of related areas of science. 

ii. Seek sabbatical leave opportunities 
with basic biologists or animal and plant 
ecologists to avoid the i nb reed ing  o f  
thought inherent in professional interac- 
tions limited to disciplinary peers. 

iii. Participate in and ensure interdisci- 
plinary rather than multidisciplinary re- 
search in sustainable agriculture and inte- 
grated pest management projects. 

iv. Endeavor  to bridge depar tmenta l  
and other institutional boundaries in es- 
tablishing professional and collaborative li- 
aisons. 
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v. Publish results of  nematological stud- 
ies that address current  issues in ecology in 
ecological journals. 

vi. Diversify academic lineages and ex- 
perience in nematology units through hir- 
ing practices, sabbatical leave opportuni- 
ties, and postdoctoral appointments. 

vii. Consider the strengths of  the biolog- 
ical system underlying nematode ecology. 
Nematode  molecular  biology, develop- 
ment, genetics, and physiology are better 
known than for most other  organisms; 
populations are quantifiable and individu- 
als are distinguishable; migration is mini- 
mal; and the habitat is definable and buff- 
ered. 

viii. Adhere rigorously to the scientific 
method in research approach; complete 
the loop of observation, theory, hypothe- 
sis, experiment, new theory or alternative 
hypothesis. Always incorporate at least two 
phases of  this process; for example, obser- 
vation, theory, hypothesis, experiment or 
hypothesis, experiment ,  alternative hy- 
pothesis. 

ix. Avoid the pitfall of  trying to find 
some application for new technology, an 
approach that usually leads to being stuck 
in the loop of  observation, collecting data, 
and trying to relate it to theory. This ap- 
proach is unlikely to advance knowledge in 
nematode ecology. Rather, define the re- 
search problem (based on theory and hy- 
pothes is )  and  devise  innova t ive  ap- 
proaches for testing the hypothesis using 
all available techniques. 

At all levels of  ecology, we should be dis- 
satisfied with limiting our  studies to obser- 
vations and simple statistical analyses. We 
must take the fur ther  step of understand- 
ing the biological mechanisms of the sys- 
tem. This step will include hypothesis pro- 
posal and testing as well as experimenta- 
tion on components of  ecological systems 
in microcosm. Generally, this approach is 
easiest to accomplish at the population and 
physiological levels. Perturbation and re- 
sponse experiments are valuable to delin- 
eate the function of system components. 
Ecosystem-level experiments are impor- 
tant as a basis for understanding the whole 

system response. Replicated experimenta- 
tion is more difficult at the community and 
systems level, and measurements and anal- 
yses may involve techniques from other 
disciplines, such as engineering and sociol- 
ogy. 
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