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Overview 

The well known Welsh ecologist John Harper [7 ] feels that ecology has tended 
to be highly descriptive in nature and has thus far made little progress towards 
reaching maturity as a rigorous experimental and predictive science. In Harper's 
opinion, one of the reasons for this is that ecology is using conceptual equipment 
that may be inadequate for the tasks of predicting environmental toxicology and 
the like. He also feels that, so long as ecological work remains basically de
scriptive, these weaknesses are not evident because validation of predictive models 
etc. is either not done or is not done as it should be (italics mine). Sloof [2] 
puts it more bluntly: "Around the turn of the century aquatic toxicology was 
bom as an illegitimate child of classical (mammalian) toxicology." 

The disparity between the ecological complexity of our most common single-
species toxicological test systems and the natural environment and the number 
of species used for such testing and the number of species in natural systems had 
bothered me for years as a toothache not quite bad enough to require an immediate 
visit to the dentist. However, at the end of the 1970s, 1 was asked to chair the 
Committee to Review Methods for Ecotoxicology for the Commission on Natural 
Resources of the Natural Research Council. This ultimately led to the publication 
of Testing for Effects of Chemicals on Ecosystems [3]. Discussion of these and 
other difficulties with the committee members' and National Academy of Sciences 
personnel^ finally convinced the committee members and me that testing for 
effects of chemicals on ecosystems was seriously deficient in both available 
methodology and the ways in which it was used. A key paragraph from the 
executive summary reads: ' 'The vulnerability of a system to the presence of a 
chemical will depend on many factors, including the chemical, physical, and 
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biological properties of the ecosystem, as well as the characteristics and mode 
of entry of the chemical. Because of these factors, evaluations of impact cannot 
be made solely on the basis of data generated by single-species tests." The 
strength of such committee reports, which are thoroughly and carefully reviewed, 
is that they represent a consensus of a small but carefully selected group of 
representatives of the larger academic community. However, each member of 
the committee also has individual opinions. I expressed mine further [4,5]. Some
what later, a symposium jointly sponsored by the Ecological Society of America 
and the Society for Environmental Toxicology and Chemistry (SETAC) was 
published as Multispecies Toxicity Testing, the first book in SETAC's special 
publication series [6]. It is worth noting that this series was initiated by some of 
the questions raised in ASTM Special Technical Publication (STP) 65 7, Estimating 
the Hazard of Chemical Substances to Aquatic Life [7], and the four books that 
followed, now known in the profession as the "Pellston Series" after the airport 
near the University of Michigan Biological Station where the symposium that 
led to ASTM STP 657 was held. 

The ASTM series described above established the theoretical and conceptual 
basis for more environmentally realistic test systems than were then available. 
Multispecies Toxicity Testing served as the first bridge between the conceptual 
process and the practical day-to-day application by including the industrial, reg
ulatory, and ecological views of such testing, some illustrative examples of the 
type of testing possible, a tentative proposal for quality assurance procedures, 
an extensive discussion of problems of replication (which turned out not to be 
as troublesome as was originally supposed), and a variety of other topics. The 
present volume, Community Toxicity Testing, takes this process one step further 
by providing a series of case histories of actual use of more complex test systems 
together with a discussion of their advantages and disadvantages. This seems to 
be a logical progression in the evolution of environmentally realistic toxicological 
test systems before ASTM members begin to consider them as standard methods. 

This publication provides illustrative examples of community level tests carried 
out under a variety of circumstances. It also provides an example of a surrogate 
for a community level test. Toxicity testing at this particular level of biological 
organization has a number of advantages, particularly if indigenous organisms 
are used (as they frequently are): 

1. Validation in complex natural systems is less difficult because one will be 
carrying out the prediction and the validation at more comparable levels of 
biological organization than is the case when single-species tests are used and 
the results extrapolated to the response of a complex natural system. 

2. Critical response thresholds can be measured directly instead of using ex
trapolations from single-species tests that are not sufficiently complex or high 
enough in environmental realism to make direct measurement possible. 

3. Community level testing is less expensive than was once thought. When 
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the field develops further, these tests will probably be only a little more expensive 
than some of the elaborate single-species tests now in vogue. 

4. Because of the larger number of organisms involved, errors caused by the 
extreme sensitivity or tolerance of a single species to the test material are elim
inated or markedly reduced. 

5. Although the conventional wisdom is that community level testing is more 
sensitive than single-species tests because a larger array of species would include 
some with greater sensitivity, the functional redundancy built into complex sys
tems may well prove this assumption false. 

One of the intriguing possibilities accompanying the development of com
munity level toxicity testing is the possibility of avoiding the use of application 
factors. Application factors either implicitly or explicitly include allowance for 
a multiplicity of possible errors: 

1. Errors in the test itself. 
2. Errors involved in extrapolating from one level of biological organization 

to another (e.g., from single-species to community). 
3. Errors involved in extrapolating from test species not indigenous to the 

ecosystem receiving the toxic materials to those that are resident in this ecosystem. 
4. Errors resulting from lack of environmental realism in the test itself. 
5. A safety factor similar to that used for bridges, elevators, and the like. 

All the items in the above list except the last are a matter of scientific judgment 
ideally based on probabilistic evidence. The last is a social judgment b^ed on 
society's perception of the benefits and risks involved. Clearly, it is desirable to 
separate these to quite distinct activities and, if one can determine the critical 
response threshold(s) for a particular ecosystem, one can then avoid extrapolation 
to them, which is certainly highly desirable. The judgment of the degree of safety 
provided can then be an entirely separate matter. Direct measurements are almost 
always more precise than extrapolations, particularly when the information base 
for the extrapolations is inadequate. The disadvantage of this system is that 
different end points and therefore different thresholds would be used for different 
ecosystems. Therefore the possibility of the "all-purpose toxicity test" for all 
ecosystems would be practically nil. However, the standardization of testing on 
which the all-purpose toxicity test is based is an illusion because the ecosystems 
where the information must be applied are far from uniform. Therefore the 
"standardization" provided by the use of a single test for the entire country is 
most likely an illusion unless it is used in conjunction with an application factor 
so severe that the worst possible case for the most sensitive ecosystem anywhere 
in the country is taken into account. If the application factor is based on a worst-
possible-case scenario, there is a virtual certainty of overtreatment of wastes 
being required in a very large number of cases. In this sense, overtreatment means 
reaching a level or a concentration of the toxicant in question well below the 
point at which deleterious biological effects can be observed in the ecosystem. 
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ASTM STP 657 recommended the following sequence in hazard evaluation: 
(a) screening tests, (b) predictive tests, (c) confirming or validating tests, and 
(d) monitoring. Most of the components of this sequence were covered in ASTM 
STP 528 [8] and ASTM STP 607 [9] and more recently in the ASTM series on 
aquatic toxicology. The problem of validating the results of predictive tests was 
also given serious attention in Testing for Effects of Chemicals on Ecosystems. 
Cairns [10] has an extensive discussion on this problem entirely from a conceptual 
standpoint. Cairns and Cherry [11] have extensive hard data on field validation 
of laboratory results but only at the single-species level of biological organization. 
Community Toxicity Testing provides a substantial amount of information and 
methodology that can be used in the validation process at the community level 
of biological organization for which there is little substantive evidence in the 
professional literature. Thus it will be fulfilling one of the major needs identified 
in the aforementioned National Research Council volume, Testing for Effects of 
Chemicals on Ecosystems. 

Although community level toxicity testing is now being used for practical 
purposes, it is not the intent of this book to espouse the use of community level 
testing in all situations or to replace single-species tests that are the best source 
of information on growth, reproductive success, behavior, and a variety of other 
end points. On the other hand, since field validation of laboratory predictions is 
becoming increasingly important and since community level testing offers the 
possibility of validation by using more comparable or identical end points in 
complex natural systems, which is not possible for single-species tests, it is now 
worthy of attention by ASTM members. It is my opinion that, over the next ten 
years, protocols will develop involving toxicity tests at different levels of bio
logical organization and that this mixture of tests will prove more efficacious in 
influencing the types of decisions now being made than single-species tests alone. 

1 am indebted to Darla Donald for the many organizational and editorial duties 
rendered during the planning of the symposium and the publication of this volume. 
I gratefully acknowledge the office staff in the University Center for Environ
mental Studies for the many clerical activities that made this work possible. 

John Cairns, Jr. 
University Center for Environmental Studies, 

Virginia Polytechnic Institute & State Univer
sity, Blacksburg, Virginia; symposium chair
man and editor 
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