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ABSTRACT

Protocols for testing xenobiotic chemicals released into the environment are
needed to assess the potential harmful effects they may have on non-human biota
and ecosystems. Existing protocols are often too simplistic for extrapolation or
too complex for analysis. Microcosms may constitute a useful protocel for
testing chemicals because they strike a balance between these two extremes. A
microcosm is an experimental preparation ranging in complexity along a
continuum between bicassay scale and field plot scale. The point on the
continuum where a microcosm preparation lies depends upon the hypothesis or
question being addressed. The current status of microcosm methodology is in
flux, but a number of ideas are emerging on which most workers are in
agreement: the method is holistic; the method should not be employed alone, but
rather in conjunction with appropriate mathematical models and validation
experiments; there is an inverse relationship between realism (complexity) and
precision (replicability) in microcosm performance. No consensus yet exists
concerning the following aspects of microcosms: representativeness, i.e., the
extent to which results can be extrapolated (and therefore the value of
microcosms in screening protocols); standardization of design; and applicability
of synthetic (gnotobiotic) microcosms.

1 INTRODUCTION

The need to develop protocols for the evaluation of chemicals released into the
environment by mining, manufacturing and other industry, and by govern-
mental activities becomes clear by merely considering their number: at least 1000
newly synthesized chemical compounds appear every year. It is obvious that the
potential for ecological and human health impairment is large, and that the
resources needed to adequately characterize all these substances are formidable.
An efficient means for coping with this problem is widely sought, and the
microcosm technique has been suggested as one possible tool.
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Toxicology, the study of harmful effects of chemicals on life, is as old as
alchemy, but environmental toxicology (called this for lack of a better name) is as
recent as ecology; it is still in its infancy. The response of organisms to xenobiotic
chemicals in classical laboratory preparations (for example, a fish in a tank) may
perhaps always differ from the response of the same organism exposed to the
same concentration of the chemical in its environment. To assess environmental
effects. which subsume toxicological effects of xenobiotic chemicals, an exper-
imental test system beyond laboratory scale is required.

It is now apparent that the results of many laboratory-scale experiments,
including evaluation of toxicity, often diverge from the results of field-scale
experiments designed to investigate the same phenomenon. Romeril's (1971)
results suggested that the ®*Zn retention-time by laboratory oysters differed
from that of oysters in their natural habitat. Till er al. (1979) presented evidence
that **Tc did not behave in the natural environment as laboratory studies with
potted plants suggested. Experiments by Hoffman er af. (1982) showed that
plants exposed under field conditions indeed accumulated far less **™Tc than the
laboratory-scale expeniments had shown. Many other examples of such incon-
sistencies can be ferreted out of the environmental literature,

Should we suspect that laboratory-scale experiments are inappropriate for
environmental toxicology and that truth lies mostly in field testing? It is the
widespread impact of pollution, including the concomitant legislation developed
to cope with it, that has produced a need for the testing of chemical effluents at
ficld-scale (i.e., the scale of nature). Single-species laboratory testing (bioassay)
simply cannot be quantitatively extrapolated to effects of the substance or
substances in question in the ecosystem. In addition to the plethora of second-
order and lower effects along the concatenations of the food web, an even more
pragmatic matter may obscure the significance of the results: stocks of organisms
adapted to the laboratory may respond to xenobiotics so differently from wild
natural) stocks that the results of tests with laboratory stocks may be
meaningless.

Although the need for field-scale testing seems to be well accepted by both
applied and theoretical ecologists, the difficulties of field-scale testing are
formidable. Results are often complicated by so many unmeasured relationships
that conclusions of only the grossest and simplest nature can be drawn. Perhaps
the most pervasive impediment to the conduct of proper field studies, however, is
cost.

This s the dilemma of the environmental toxicologist: the experimental
paradigms available for the investigation of the behaviour and effects of
xenobiotic chemicals are either too simplistic or too complex (and costly). The
microcosm therefors appeared to be an ideal method for ecotoxicology.

There have been so many definitions of "microcosm’ that it could be suggested
that the idea itself is too fuzzy to be of value in scientfically ngorous
experimentation. This is understandable, inasmuch as many dictionaries,
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ordinarily the final arbiter in such matters, offer a confusing mixture of meanings
and nuances from one volume to another. Most workers, however, seem to seize
the common thread of the concept of “little world', a miniature, and in this sense,
a model, not containing all the elements of the whole. and to realize that the terms
‘microcosm’ and ‘macrocosm’ are not the antipodes of an epistemological
sphere. Again, not all dictionaries will help much here, except to provide an idea
that *‘macrocosm’ refers to a universe (in this case, an ecosystem) and is thus not a
large microcosm. Clarification of terminology is required if the concepts are to be
clear. For instance, the neologism ‘mesocosm’ has recently entered the verna-
cular, presumably as a synonym for ‘medium microcosm’. However, “micro-
cosm’ is quite sufficient; all that is required to be a microcosm is to be a model;
that is, (reductic ad absurdum) minus at least one element of the whole
(universe). The point will be made below that the design of a microcosm
experiment should follow from the hypothesis to be tested. or at least with
specific objectives in mind; the size of experimental preparation (‘meso-cosm’)
should not be preselected and the experiment designed accordingly. The
conceptual problem is resolved when one considers what should be, but often is
not, obvious: there is a continuum of experimental paradigms from the simplest
possible bench scale to the most complex field scale (Goldstein, personal
communication). The choice of the paradigm—the point on the continuum—isa
function of the question (hypothesis) being asked.

A microcosm, in the present sense, is an experimental preparation ranging in
complexity between laboratory bench scale and field scale. The specific design of
a microcosm. that is, the subset of the ecosystem that is to be modelled and tested,
will be determined by the framing of the hypothesis to be tested.

It follows that the choice of scale at which one designs a microcosm is a trade-
off between simplicity, therefore replicability; and complexity, therefore realism.
Most of the literature seems to agree that the pivotal issuein the design and use of
the microcosm technigue is the question of the scale of the subset of an ecosysiem
over which one can maintain experimental precision and still derive useful,
realistic information.

1 CURRENT STATUS OF MICROCOSM RESEARCH

To review the field of microcosm research is to review the work in ecosystem
theory, ecology. limnology, microbiology, soil science, physical and bio-
chemistry, toxicology: it becomes pointless to enumerate further. Clearly, the
microcosm technique has appealed 1o a large segment of environmental science
community. It is the purpose of this discussion to explore the commonalities of
the technique as applied by the various disciplines, rather than to present a
discussion of individual results or an exhaustive literature review,

There have been several recent documents stemming from gatherings of
researchers. who use microcosm technigues, at which the state-of-the-art was
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assessed, The various workshops and symposia have built upon one another, and
the attendees and authors overlap considerably. There was perhaps an inevitable
redundancy, but a clear progress was evident as succeeding results were
presented. It is not the purpose here to discuss and critique the microcosm
literature, but to attempt to distil from the most recent work a synthesis of a
working theory and methodology of microcosm experimentation that can be
useful for ecotoxicology.

Gillett and Witt (1979) presented the results of a workshop convened as a part
of a symposium in 1977 (Witt er al., 1979) to evaluate the use of terrestrial
microcosms, present and future, for testing chemicals in the environment. A
second symposium was held in 1978 to consider the broad topic of microcosms in
ecological research (Giesy, 1980). Several workshops were held on the topic
*Methods for Ecological Toxicology' and the results compiled in a report
(Hammons, 1981). A similar compilation (without workshops), “Testing for
Effects of Chemicals on Ecosystems’, was edited by Cairns (1981). Finally, a
workshop, ‘New Perspectives in Ecotoxicology’, considered toxicology in an
ecosysiems context (Levin, in preparation). Although a few contributors were
common to all these efforts, the total number of contributors was several score.
The objectives of each document are somewhat different, but there are several
points of agreement common to all seven, and no major disagreement about the
use of microcosms in ecotoxicology.

2.1 Microcosms: Definitions and Principles

The symposium ‘Microcosms in Ecological Research’, held in 1978, is the second
of the two principal compilations of microcosm research pertinent to the present
effort. Although there is no synthesis paper, there are 52 papers discussing
microcosm theory, aguatic microcosms of several types, and terrestrial micro-
COSMmS.

In the editorial preface, Giesy (1980) assesses the field from his own
perspective, According to Giesy, the first principle of microcosm design is to be
aware that the technigue is holistic. That 1s. one should design ‘from the top
down’, working out the hierarchial structure and maintaining the integrity of
closely related processes. The opposite method, to be avoided, would be to
include in a single contained experiment several components not closely related
in a natural ecosystem. This idea does seem to be reflected in most of the
symposium papers and therefore represents a consensus opinion about how 1o
conduct ecological research in microcosms.

Microcosms are models, ‘conceptual and operational bridges® as Giesy (1980)
puts it, between the simplicity of the laboratory test and the complexity of the
natural ecosystemn. As models, microcosms should not be emploved alone; that
is, appropriate validation verification experiments in laboratory or field, and an
appropriate mathematical model are, in some combination, required before the
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results of a microcosm study can be accurately assessed in terms of experimental
precision and realism.

Leffer (1980), following Caswell (1976), distinguishes between models (in this
case microcosms) that predict and models that explain. The latter, heuristic
models, are themselves of two classes: exploratory, or inductive, and hypothesis-
testing. or deductive. The first class, inductive, can provide data needed to design
specific or deductive experiments (the second class) which will provide conclu-
sions of a quantitative nature. directly applicable to the natural ecosystem.

The fact that microcosms are physical models renders classification schemes
unwieldy, and the difficulty of representing the technique in such a manner
follows from the differences in the ecosystem processes that the microcosm are
designed to test. For example, it can be useful to contrast microcosms as large or
small, aquatic (lotic, lentic, or marine) or terrestrial, open or closed, artificial or
natural, inductive or deductive, and on and on.

Classification of microcosms, then, should be thought of as a convenience and
not a descriptor of the paradigm. It is apparent that several of the classifiers could
apply to one paradigm, e.g., large closed natural lotic deductive microcosm.
Structural relationships (biomass distributions. air mass trajectories. for exam-
ple) are not amenable to microcosm preparations. Functional relationships
(rates, fates, dynamics, for example) are amenable, and it is thus at the process
level that models of subsets of ecosystems can be built for the testing of
ecosystem-level hypotheses.

Inasmuch as microcosms are models of specific ecosystems, it is difficult to
apply the results of a given microcosm experiment to other ecosystems. This
suggests that the use of microcosms for screening purposes is guite limited. One
approach to circumvent this problem is the construction of artificial or synthetic
microcosms. The synthetic (for lack of a better word) microcosm technique was
pioneered by Metcalf and his associates (1971a,b), and by Taub as reported in
Taub and Crow (1980} and Taub et af. (1980). The use of synthetic components
to put together a microcosm (also called a gnotobiotic microcosm) has the
obvious advantage of providing better statistical replicability. Immediately
apparent is the question of realism and the violation of the principle of ‘top
down’ ecosystem subset modeling.

Adequate replicability of microcosm preparations with natural rather than
synthetic components has been demonstrated, even though the vanability of
microcosm experiments is a function of the complexity of the design. Studies
testing the experimental variability of microcosms have included the establish-
ment of duplicate experiments (Huckabee and Blaylock, 1974) and the ability of
aquatic microcosms to “track” or follow the process under consideration in the
natural environment (Pilson er al., 1979).

Three experiments with duplicate microcosms were conducted to test the
ability of excised stream-bank microcosms to indicate the distribution of
cadmium, mercury, and selenium in ecosystem compartments over a 6-month
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period. The variability of each experiment was determined by destructive mass-
balance expressed as the percentage of radicisotope of the element in question
retained in each ecosystem compartment. The percentage distribution of both Cd
and Hg in the major compartments (soil, sediments, water and tank liner) was
found to vary by less than 129 in the two duplicate preparations but the
maximum variability in the two Se experiments was only 3 %, These results show
that rates and routes of Cd, Hg and Se transport (and by implication of other
metals as well) in duplicate microcosm preparations are constant enough to
provide a valuable assessment tool.

Pilson et al. (1979) showed that marine microcosms could be made to very
closely simulate certain biological and chemical conditions in an adjacent bay.
They found that chlorophyll-a concentration in the water of nine microcosm
preparations over the course of the test were as similar to one another as they
were to the source water from Narragansett Bay. Although complex multivanate
statistical analysis was essential in interpreting the results, Pilson er al. (1979)
concluded that the microcosms were of low enough vanability to provide
adequate tools for ecological and biochemical experiments. However, there is no
a priori reason why a hypothesis could not be posed that would be of ecosystem
relevance and that could be tested in a synthetic system. The distinction between
a bioassay and a simple microcosm is here seen to blur.

Are microcosms, synthetic or natural, suitable models for the routine
screening of potentially toxic chemicals? Probably not. at least not yet; the level
of complexity of the simplest microcosm is more than needed for a ‘ves’ or ‘no’
answer to the question of potential for harm and thus of the need for more
specific evaluation. An appropriate generic mathematical process model. with
both biogeochemical and toxicological modules, would help identify the best
paradigm. Such a generic model would serve as an organizer for the appropriate
research, much of which could be ideally accomplished with site-specific
microcosm preparations. The modelling of biogeochemistry is sufficiently
advanced that such modules are already at hand. However. adequate toxico-
logical models are not yet available. Nevertheless, appropriate biogeochemical
variables (for example, water quantity, soil properties, uptake rates, residence
times, depuration rates, etc.) for toxicological testing can be obtained currently.

An issue closely related to screening in microcosm design is standardization.
Harte er al. (1980) claim the standardization of certain design and operational
procedures would provide systems that replicate well and behave more like
natural systems. On the other hand, Giddings (1980) argues against standardiz-
ation because ‘each scientist creates his own experimental tools in a process
involving careful ressoning, intuition, and occasional leaps of faith’.

The lack of agreement on these issues is apparent in contradictions between
several authors in Giesy (1980) who claim alternately that microcosms are useful
or not useful for toxicity tests, useful or not useful for assessing fate of chemicals,
should or should not be used to predict ecosystem response to chemicals. I prefer
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not to list specific references here so as to avoid unintended invidious
comparisons.

2.2 Microcosms in Practice
Gillett and Witt (1980) discuss six primary terrestrial microcosm types:

(1) physical model ecosystem (here used more restrictively than the more
inclusive definition of “physical model’},

(2) terrestrial microcosm chamber,

(3) plant—soil-water microcosm,

{(4) soil core microcosm, and

(5) soil ecosystem respirometer.

These types have received most attention because results obtained with them. or
close variants of them, have been published as reports in the technical literature
(for references see Gillett and Witt, 1980).

Gillett and Witt (1980) offer a concise enumeration of the advantages and
disadvantages of microcosm techniques over bicassays and field tests.

2.2.1 Advantages

‘1. Microcosms can demonstrate interactions without risk to larger svs-

tems, such as biomes or populations.

2. Microcosms provide indexes of temporal and spatial distribution that
suggest where and what to look for regarding fate and effects of
chemicals in the natural environment.

3. Microcosm systems are practical and cost effective for examining
hundreds or thousands of chemicals.

4. Microcosms provide an intermediate step in verifying the predictive
process from simple laboratory tests to what might be expected in the
complexities of the field.

5. If a comparative approach is used among chemicals, conditions and
types of systems, microcosms may permit evaluation of effects in
complex systems at an early stage of investigation, again increasing
predictability of the screening process.

6. Microcosm technology leads to a fundamental analysis of processes and
problems, giving a broader perspective to interactions and potential
effects of classes of chemicals on systems and providing a better
understanding of system relationships.

7. Microcosms provide information that is more useful, or more directly
applicable, to guide “safe”™ manufacturing, use and disposal practices
than do laboratory tests alone.’
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2.4.2 Disadvaniages

‘1. Microcosms are not self-sustaining and are too short-lived to de-
monsirate a number of ecologically significant processes, such as natural
succession or other multigeneration—multispecies phenomena,

2. Simple properties are most readily measured in less complex systems;
however, simple systems provide good prediction only to the extent that
we recognize how these properties interact in ecosystems.

3, Not all significant processes of a given environment or ecosystem can be
included in a particular microcosm.

4. Biological effects and chemical disposition can be indicated only in a
relative sense in microcosms; we do not know how accurately these are
reflected in scaling from the field or biome to the microcosm.

5. A microcosm system is only as useful as the hypothesis that the system
tests: it is limited by the validity of assumptions and the sum of the
precision of techniques used to test ils operating hypothesis.
{Reproduced by permission of the US Department of Energy)

Gillett and Witt (1980) single out point five above for emphasis: the
importance of designing microcosm experiments based upon a specific hypoth-
esis about toxicant chemodynamics and ecosystem response.

Several key processes of ecosystem chemodynamics were discussed by Gillett
and Witt (1980) as factors to be considered in the framing of hypotheses
amenable to the microcosm technique. They caution that transport of chemicals
in microcosm preparations suffers from difficulties related to scale (soil depth, air
flow, temperature cycles).

Transformation reactions of chemicals in microcosms are considered by
Gillett and Witt (1980) to be among the processes more amenable to study
microcosm preparations, The one drawback is the apparent lack of realism in
photolytic reactions in microcosms.

Bioaccumulation is one of the stronger indicators of potential for ecological
harm by a chemical, and Gillett and Witt (1 980) claim that in spite of the reported
insensitivity of terrestrial microcosms to bicaccumulation processes, certain soil
parameters can provide an accurate estimate of bioconcentration.

Whether or not a chemical causes detrimental biological effects is the main
reason for concern about chemicals in the environment, and it follows that
microcosms, if they are to be of value in the assessment of chemical injury to the
environment, must be useful for studies of effects. However, this assumption
carries a heavy load of oversimplification. Microcosm preparations inevitably
diverge in time from the ecosystem they represent. Therefore, the information to
be gained, if environmentally relevant, must be gathered in days or weeks,
perhaps a few months, at best. Microcosms are perforce useful for short-term
effects, not for chronic processes operating over months or years. System
processes that have been studied with microcosm preparations include energy
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relationships, nutrient cycling, and chemical transformations. Population inter-
actions that have been studied with microcosm preparations include plant—
microbe interactions, arthropod population interactions, and predator—prey
interactions.

Gillett and Witt (1980) speak of the usefulness of microcosms to evaluate
gestalt effects (routes, chemical species or transformation products, interactions
with dietary and other components of the natural environment, etc.) in
subchronic tests. They report that in spite of the fact that many of the
mechanisms are unknown, the soil core microcosm showed the greatest potential
promise for determining terrestrial ecosystem vulnerability to chemical damage.

Several research recommendations are presented by Gillett and Witt (1980).
The conferees’ sugpestions fell in two divergent groups: standardization and
improvement of technology. In the first category, the accent was upon routine
screening of regulated chemicals, and in the second with trade-offs between
system replicability and realism. The incorporation of mathematical modelling
was regarded as essential before microcosm preparations could be fully
exploited.

The overlap in the objectives of the workshop reported by Gillett and Witt
(1980) with the current effort are broad enough to merit quoting the specific
recommendations:

2.2.3 Recommendations for Terrestrial Microcosm Research

*1. Use reference compounds in comparative tests of new chemicals.

2. Test the chemical at the level anticipated in the environment, then at
multiples and fractions of that level.

3. Obtain kinetic data (1ime—space—concentration profiles).

4. For bioaccumulation and biotransformation studies. use trophic levels

equivalent to the environment modelled.

Use standard organisms in constructed microcosms.

6. Use at least two soils with properties within different ranges. (The
following require substantial research to establish their thrust in
standardization and to resolve inconsistencies. inter alia.)

7. Use unformulated, technical-grade (commercial) products; appropriate
formulations should also be tested.

8. Use radioactive isotopes (major or nominal ingredient only).

9. Perform mass balance on chemical and transformation products.

0. Provide determination of transformation products to the extent of
analytical feasibility.

11. Determine the biological activity of transformation products.”

LA

1

“The use of microcosms for screening chemicals that requires the fate and effects of
chemicals in the system be reasonably similar to (and thereby predict) those in the
environments modelled. For validation, verification, mathematical modelling,
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and design criteria, the following are suggested:

1. Incorporate photochemical action.

2. Achieve realistic airflows.

3. Simulate temperatures more accurately throughout the system.

4. Define the errors caused by the structure of the system (e.g., wall effects
and scaling problems).

5. Develop nondestructive plant tests and tests of plant—soil (rhizosphere)
interaction. (For example, include a plant species for mutagenicity
testing, such as Tradescantia or Arabidoposis spp.).

6. Establish criteria for fauna appropriate to the scale of the system and test
objectives.

7. Identity parameters of reproducibility which can serve as operational
criteria.

8. Develop both predictive and analytical mathematical models.

9. Perform field tnials specifically to verify accuracy of microcosms’.

In addition to the conference proceedings discussed above, there is a large
literature on microcosms in the open scientific journals and various internal
reports. Pease er al. (1982) constructed for EPRI a very useful tabulation (which
includes some previously mentioned contributions in Giesy (1980)) for aquatic
microcosms (Tables | and 2). They include physical (72 studies) and biological
(70 studies) characteristics involving methodology for the testing of various
chemicals, This tabulation provides a concise (but incomplete) description of the
field and will serve as an entrance to the literature.

2.3 Summary

2.3.1 Definitions

Microcosms are experimental preparations of subsets of ecosystems that range in
complexity along a continuum from laboratory bench scale to field (natural)
scale; there is an overlap at each end of the continuum of complexity with
laboratory bench scale and field plot scale.

2.3.2 Advantages af Microcosm Technigue Versus Laboratory-scale and
Field-scale Testing of Xenobiotic Chemicals

Microcosms are more realistic than laboratory tests and more manageable
(replicable) than field tests,

2.3.3 Disadvantages of Microcosm Technigue Compared with Laboratory-
scale and Field-scale Testing of Xenobiotic Chemicals

There is usually an inverse relationship between realism (complexity) and
precision (replicability) in microcosm performance. In some special cases this



Table 1 Physical characteristics of small microcosms, Copyright (0 1982, Electric Power Research Institute EPRI EA-2283, Feasibility of
Large-Scale Aguatic Microcasms. Reprinted with permission
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Table | (Conrd.)
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{1975) wooden troughs siream micro-
CORM
Giddings and  Slate botlom, Sand and Cool white 18 Spring water Spring water Soddium arsenate -
Eddlemon  glass aguaria lake mud Aucrescent replaced waler filles) aquar- imjected after
(1977) Bxlbx19em lights; 160000 removesd for I water al- 7 weeks of sampling
and 60 = 3 Jux, LD 12:12 samples and lowed to stand water quality
w A om; distilled water for | week, per-
1.5 em of sub- replaced water mitting it o
strite added that evaporated  clear. |5 mg
to euch wel ilgae/sg cm
guaria of surface
area added 10
each aquarta
Giiesy (1978) 96,4 m long Black PVC - - 96 |imin Synthetic 1o Cadmivm 1) -
06 m wide pustic, sili- 1.3 em/s simialate 3 cone on dde-
0.3 m deep con, sand, high ntural sur- composition
concrete organic salt face rup-off of leaf litter
channel. Pools
IREFELIN
Gitle and I =0.75x060m Giravel, sand, 2500 foodl- 30 day - Terrestrial - Digldnin
Chilbett lass box organic mat-  candles 18 night
(1978 ter, sea sand, LI 12012
clay
Gilleat and I %075 x 0,60 m Sand, gravel LD 16:8 21=-24 Added as needed  Terrestrial DT,
Ginle (1978)  glass box; and potting from a common  and terrestnal; methoxychlor, -
Plexiglas lid soil wWiler source suatic dyfonate, aldnn,
dichdrin
Cioodyear 244 cm dimeter - Outdoor - - — Fertilizers -
el . w A5 om deep; ambieni
(1972) vinyl plastic
bottom; corru-
gated steel

side

059
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Gorden er al.
{19659)

Guthrie
o al,
{1974)

Guthrie
et al, (1979)

Harrison amnd
Davies
{1977}

Haollibaugh
(1978)

Isensee
er .
(1973}

Jussby er ail,
{197 7a)

Jassby et al.
(197 7h)

Johnson and
Burke
{197K)

250-ml Erlen-
meyer flasks
plugged with
colton

033 < 0,50 m,
301 cylin-
drical poly-
ethylene tanks

Oyster colony

21 boroailicate
flal bottom
boiling Masks
21 Erlenmeyer
Nasks; 100 um
mesh
25452 .
178 cm glass
aquaria filled
1o d-]

To-1 cylinder
609 om rlios
Ti.8 ¢m height
libreglass with
ned-toxie seal

-1 eylinder
60.% am radius
158 em height
fibreglass with
non-loxic seal

14 m?*, fitire-
glass

Oyster shells

River sand
4 om deep;
partsles
038 mm
wished in
HCI

River sand
4em desp
particles
0.3~ mm
witshed 1n
HCT

4 cool white
fluorescent,
2 incandes-
cenl, and
Trosied plas-
e thermal
barrier

Seasonal

507 incident
salar {out-
dowor)

[rark

High output
Muasrescent
LD 12:02

High output
fuorescent
LD 12:12

%2

5 regimens

Ambient

e Y

194 10

19410

Replace evapor-
ated water
daily with
autoclaved
TEsETYOIr Waler

10-50%,
dilution day

Evaporated
waler replaced
with distilled
waler

Replace evap-
orated water
{1 em) every
week

Replace evap-
orated water
1 em) every
week

Flowthrough;
30 day
lurpover

Reservolr
waler

Jones Bay-
Galwveston

Seawaler

Standard re-
Terence waler
+ NH NG, +
K HPO,
Demuneral-
ired water

Demineral-
iwed waler

Bacternl activity-

effects on
primary
producers

Thermal loading

Heawy metals

Mutrient
ratios (55, M)

Phoaphate;
silicate trace
metals, vitamins
- labelled;
cacodylic acid
and dimethylar-
sine

Mutnems

and ofganisms

Nutrients;
trevphic
structure

Arsenule
reduction

Mixing bar,
B rpm

Hand swirling
2 times day

Constant
asration

Constan
neration

Acrated
1.2 1 /min

Stirred

159 swaisdsorg o1 Linfuj [ponuay) 131pasg o1 s1saf fo uonpnoay



Table | (Contd.)

Construction Temperature Flow and Water
Citation design Substrate Light {°C) tirmover rate description Treatment Mixing
Kawabata and 300-ml fiasks — IS0 hux 24 — Taub start Mutrients and -
Kurihara solution aquatic oligo-
{197H) chaete
Kehde and PET LA LES 250 foot- 3034 Currend, Bemjs  Natural stream Mitrate;
Wilhm 007 m marine candles water phaosphane
(1971 plywood coated LD 12:12
with white non-
toxic enime
Kersting 3 compariment Sand with A= LD 14:10 18 600700 ml/day  Filtered DHuron Compariment
{1975) Plexiglas Organic Auorescent waker from {herbicide) A s stirred
A=TI] miterial lamps eutrophic
B=175ml removed B = shickded lake
C=175ml C = completely
dark
Kevern and  Stream riflle - Incandescent Contralled Flowthrough Diestilled Temp, light,
Ball pool (2= 20 1o+ syulem bul witer and Mow, photo-
(1965} cm) 246-1 water details not INOTRARIE period, and
recycled recarded nutriemnts chelator
Krius and Bmwe | mx Water satur- - 501/ min Dristilled Radioactive
Curry 12 em wood ated sod water and Mn tracer **Mn
(1979) coated with
fibreglass
Lefer 500-ml Erlen- Cool white M+ 1 250-ml of Bacterial, algal, -
(1977} meyer flasks fluorescent Taub multi- protozoan and
stopped with light with vitamin melazorn taxa
cotton und frosted plas- solution in each  injected inlo
cheesecloth the plates. flask 10 systems,
1 50 Systems were
candles exposed 10w
variety of
stresses Lo

evalunte their
rEspOnSe
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Leffer
{1978}

Lichtenstein
el al,
(1978)

Metcall
of al.
{1971a)

Metcall
ot al.
{1973)
anad Ly
ot al.
(1975}

MNeill
(1972}

Meill
(1974)

49 % ¥ = 26 cm
atainless steel,
compartmental-
ed

10 12 = 20 in
lass aquaria

Cilass aguaria

Crysiallizing
bowks (18,5 =

1 cm) 500 ml of
mined algae cul-
tures added. Clear
window glass
plates placed

on top of bowls

2-l erysallinng
howls with 1500
ml of water

Lake mud and
soil

180 in® 71 Washed quartz 5000 fool-

sand

— Sand

candles

LD 12:12

Bank of 10
fMuorescent
lnmps cool
white, 40
witt; i
[+ 2.5) foot
candles
LD 12:12

125 ml /min

terrestral

+ Aguatic
BOYF 1 -
B6F 41 -
271415

Semilaned
rain

Standard re-
ference water

Aguatic;
terrestrinl

Unchlonmated
well water

Radiolabelled =
nutrienls
#Ee, 13p
- phosplaie -

Radiolabelled Aeration

DDT, DDE, DDD

Methoxyclor

DDT, methoxy- —

chlor, and DT

analogues;

lead, cadmium,

and sewage

sludge

Fish introduced  Every 4 days

into microcosm with large

to study preda- paddle in plas-

tion L can amd
randomly re-
distributed
alter mixing.
This procedure
wits [ollowed
fowr 17 weeks,
For the next
I8 weeks, cul-
ures were
miixed every 7
days using the
same method.
Mo mixing
aller treat-
ment began

Interspecific 4-7 dnys

compelition homogeniza-
ton of
stock cullures
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Tahble | (Contd.)

Construction Temperature Flow and Water
Citation design 5V ratio Subsiraie Light {"C) turnover rate description Treatment Mixing
Meill 2+ crystallzing — White fluor- 2415 - Unchlonnated Interspecific 4-7 days ini-
(1975) bowls escenl lamps - well water competition tial mixing.
Mo mixing after
start of ex-
periment
Minon Series It -— Bank of fuor- 5 - 17, salt amd Sucvessional Slow bubbling
{1969) 2 T50-ml Roux escent lights, Guillard's changes of wiills air lor
Masks with 2150 Jux Medium (1) Enotobiote 2-3 wecka
cork stoppers, LD 12:12 MACTDCOEMNA
fitted with observed over
spinal needies time in aerated
for moculation microcosms with
seawater medium
(107 salmaty)
and brine water
(15%; salimity)
Series 11 = = As it Series As in series == Seawater with Successional Mo mixing a
5 750-ml | 1 sen salt and changes in any time
with 25 ml of Guillard's non-acrated
seawater with Medium gnotobiotic
sea salts amd MICEOCOaTS
Guillard's over time in
Medium ([} enriched sca-
Rubber stoppers wiler
with small tubes
with removahble
cap, plugged
with cotton and
cheesecloth over
ends of tubing
o prevent pre-
daution by shrimp
Oilum and A-ml — Plastic screen 150 wail photo - 1 -0.08 — Light, temp., Acration
Hoskin recirculating windows food lights mys; 10 min flow on
{1957} stream apparalus cireulation aufwuchs
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Dilason
{1977}

Patten and
Witkamp
(1967}
Perez
et al
{1977)

Poreella
e .
(1975)

Ramm and
Bella
(1974)

Richardson
{1930y

Ringelberg
(19T

Samsel
et al.
(1972)

Scurn and
Theilwcker
{1977

1EHD 2 GCHD
glass cylimder

GlMk-ml, 4-cm
din, glass

I66 1, 19.5 =
9x 21 cm
plastic poly-
winyl chlonide

T5= 15cm
lucite

31 and S00-ml
glass Erlen-
meyer flasks
60 1-2 gal,

I 10-gal, and |
2[]-“| ﬂ-lhl
aiiaria

10 | auto-
trophic: 7.51
heterotrophic;
56 1 decom-
poser chamber
15 S00-ml
Aasks

20-] glass
cirboys, 10-|
container for
lish

Silt-loams

Simulates MNarragansell

ambignt

Bay sediment

Lake sediment

Sediment

20 wait
Muorescent
bulbs; -
Justed o 3
light regimens

Coal white
Ruorescent
lamps

50 fluor-
escent lumps

Dark

Full sunlight
for part of the
day was most
succesiful

LD 12:12

S00-700 foot
candles

W41

25

Ambien

5%1

17-19

2315

20 b snmpling:
450 ml /day with
addition of
nuatrien

2-3 doys
addition of
sterile water

14em/s

Daily removal
of 10 of the

water, repluce

with nutrenis
None

0.3 and 0% 1 h !

Mome

Dristilled

Marragansatl
Bay water

Detonized
waler

Seawnier

Sterilized
pond water

Enriched
SENWEr

Light

12%; ethylens
omide

Variation in
wiler turnover,
turbubence
incrdent radia-
tion and ratio

ol pelagic wolume
1o benthse
volume

Light, nutrients,
mercury, nilfogen

MNaCl, NalH,
Ma,5, MNa,80,,
BaCl,

Addition of
Rasmic sub-
slances

Co irmidation
5 ppm, 10 ppm,
and 15 ppm

OXYEEN SLICELES

Chlornated
hyidrocarbans

Aeration

Aeration

Electric
moior

Water mixed
with mag-
netic stir

har

Prior o
sampling

Mon-cir-
culating

Magnetic
stirrer

30 days
homogeti-
zation
prio: to
experiment
Aeration
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Table | (Conrd.)

Construction Temperature Flow and Water
Citation design 5/V ritio Substrate Light {C) turnover ribe description Treatment Mazing
Sebetich 11.5-cm apeci- Glass cover 129 lux 20 000029 Y'P in Lake Melwon Radio phos- Diatoms
(1975) men dishes, ships and fluorascent; microcosms con- M distlled phorus trean- aeraled prior
glass micrgscopic LD 1608 taining water water ment to experiment
slides and a snail;
00035 **P
the 4 compart-
ment microcesms
Taub Cilass bottles L 12412 15 — Filiered Imterspecific
(1978) aulockaved competition
arhoretum
pond water
Taub and Ciallon jurs, Synthetic - - Mone Synthetc Cropping,
Crow glass sediment lake waler competithon
{1980
Thomann - Sediment - 13 - Local saline Minture of -
et al. and brackish pesticides
{1973) wiler adrdesd weekly
Trabulka and  Photographic Field col- Banks of 3 1941 Maintained with  Mixture of Plutonium
Eyman tray with sur- lected fuorescent the addition of  spring and 237 nitrate
(1976) fwce area 0.2 m* secliment lighting: 1 spring water distilled
operited on cilwted with waler
LD 12:12; distilled water
1 on con-

tinuous cycle
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Walier-Echols
ani
Lichienstein
(1977

Ward and
Matsumura
{1978}

Whittaker
(1961

18 = em
plass cylinder

20-ml glnss
culture tubes
with untight-
ened screw
cips

2281 indoor
agpapra; 915 =
92 em outdoos
aguarea gliss,
porcelamned
steel, concreld

Agreculiural 14 days dark
sinl, lake
mud

5 g sediment

Sediment and  Fluorescen
Tocks lighe

0432

22-26

Tap waler

Lake water

approx,
18 ml/tube

Uncontaminaned
river waler

Phorate sulph-
oande, phorale
sulphone, phora-
towon, phoraloxon
sulphaoxide, and
phoratoxon
sulphaong

Filtered through
Whatman No. |

filter paper;
some with
nutrients added,
TCDD

JJP

— Mot discussed in text,
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Table 2 Biological characteristics of a small microcosm. Copyright (© 1982, Electric Power Research Institute, EPRI EA-2283

Feasibility of Large-Scale Aguatic Microcosms, Reprinted with permission

Citation

Inocculation

Duration/maintenance

Biological categories

Mo. species present

Abbott (1967)
Adler er al. 1980

Admiraal (1977)

Allen and Brock (1%68)
Barsdate ef al. (1974)

Beyers (1962)

Bourguin er al, (1974)

Rryfogle and McInifett
(1979

Child (1972)

Confer (1972)

Bay water and sediments

Bay water and sediments

Inoculum of mixed fora
from various sources

1 flora /Tauna assemblages
and ground Carex leaves
1=l sediment and 3-1 water
and 30-g Valisneria

Salt-marsh mud and water

Algae, autoclaved pond
water, and 60-ml mixed
stock inocula diluted 1o 2:1
by adding distilled water
Spanish moss festoons with
associated Mora and fauna

Linfiltered pond water and
fertilization

Mutrients were added on
day 1 and 147 days later
220 days

Water replaced | /wk; |
container with silicate
enriched water pumped in
5-10 days

st month-—cross seeding;
water level mauintained with
distilled water

After 7 days malathion
treatment. Samples on 10,
20 and 30 days

85 days

200 days

1 series: 1—5 months, 11-
8 months, 11113 months

Phytoplankion, molluscs,
anail

Phytoplankion and benthic
OrRANISMS

Bivalves, phytoplankton,
diatoms

Bacteria, protozoa

Bacteria, Tetrahymena

Plants, algae, proloeoa,
oligochactes, snails

Plants, decomposers

Algae, phytoplankton

Spanish mess (producer),
arthropods (consumer),
diptera (consumer)
Filamentous algae,
planktonic algae, snails,
ostracods

Al least 3 present

4 benthic diatoms

Unknown

Mixed natural flora and
[auna

4T species per cycle

Unknown

3 Chiorelia, Coelasirum,
Ankistrodesmus

75 species present

12 after 3 months’
operation
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Cooke (1967)

Cooper (1970)
Cooper (1973)

Crouthamel (1977}

Davis et al. (1977)

DePinto er al. (1980)

Dolen and Wagner
(1978)

Eichenberger (1972)

Elmgren er al. (1980)

Taub F & G solutions, fish
tank water, 100 mg
CaCOy,, 0.07 mg af
lwboratory stock
MUCTOCOSEM

Filtered pond water and
250-g awtoclaved sediments

Aged tapwater, -l
inoculum of water with
mixture of plankionic algae

Unfiltered seawater from
tidal estuary

Adirondack acid water and
sediment and slurry of
various neutralizing
materials.

0, 1, 5, 12% sewage added
1o outdoor groundwaler
stream simulator
Marragansett Bay water
and sediment; continuous
flow wnd intermittent
mixing

1) days—no maintenance
except adding of disilled
wiler

3 months

Initial 2 days acration;
cross-culture daily for 2
weeks; after P/R > 1
herbivore added

12 vessels were mixed
together and redistributed
I /week lor the 1st 6 weeks
after start, After o G-week
homogenization perod,
conlenls were maintained
and solated,

Harvest periods at 30, 60,
and 120 davs

Briel mixing before water
chemistry samples every 3
days for 48 days

60 days

20 days, test

> 1 year

Autotrophs (algae,
diatoms), heterotrophs
{ostracods, copepods,
daphnids)

Zooplankton
Algae, rooplankion, fish

Microcrustaceans, fish

Phytoplankion,
macrophytes, benthic
invertebrates, fish {one
instance)

Algue, fungh, protozoa,
bacteria

Autotrophs, heterotrophs

Phytoplankton,
zooplankton, tunicates,
macrobenthos,

meiobenthos, microbenthos

25 genera

I8 species

25 individuals of 9 different
specics
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Table 2 (Conid.)

Citation Inocutation Duration mamicnance Biolopcal categones Mo speces present
Evans and Henderson Sediment scoops from two 135 days and 92 days— Polychastes, crustacea, M
(1977) saies i Kanchoe Bay conditions umulate olipochactes. maects,
transferred 1o 2 ambecnt nematodes, sponges,
flowthrough mucTocosms diatoms
Everest (1978) 18x |E= 25 cm sectioms of  Treatment **F non- Algac, distoms, rooted 1 sdentificd olhers present
sall marsh with assocuated destructive radsoassay at 1,  macrophyies, molluscs,
OTEANISMS COMpSe 2 and 4 1dal cyches after arthropod, annchid. insects
terrestrial part; aguatic intro of **P and a1 4, K,
reservoir is | part scawater; 16, and 32 days.
% parts synthetic scawater Deestructive radioassay at
allowed to stabilize two 2, 4, and § wocks
weeks
Ferens and Beyers Half flasks received 40 days, microcosms Algac 2
(1972) irradiated inocula; 1/2 sacrificed every 3 days
control inocula
Frabeigh (1971) 5.0-ml of “climax’ After inoculation, constani Algae, rotifers, ostrocod K
microcosm into 250 ml temp maintained (204 C).
fresh medium. Phosphorus  Microcosms were kept in
added in the initial mediom — shallow trays of water to
of | /2-strength Taub's-36, maintain high humidity.
Mitrate, thiamin, and Light regimen used LD
vitamins added to stock 12:12. Sodium
solution concentration altered 1o
provide a constant sodium
1o polassium ratio
Fraleigh (1978) Taub medium (with nitrate  Baich microcosms sampled  Algae, rotilers, ostracod, L]
and vitamins) moculated at intervals for standing bacteria
with 5 ml of chmax crop, biomass, and
micTocosm and varying P chlorophyll at 80-day
concentrations intervals.
Fraleigh and Wiegen Outdoor microcosm (rom a - Algae, grazers, brineflics —
(1975) thermal spring algal

COmMMURNITY

dunfup ponwayy fo ysty Bunownsy sof spoyiapy 099



Giddings and
Eddiemon (1977}

Giesy (1975)

Giile and Gillewr (197%)

Gillent and Gile (1976)

Goodyear er al, (1972)

Gorden er al. (1969)

Guthrie er al, (1979)

Sand substrate, spring
water, algal inoculum, and
adult snails

Stream microcosm (EPA-
ERDAY), leaf litter
envelopes incubated with
cadmium contaminated
stream waler

Planted rye grass on 1,2
surface and alfalfa seed
planted on other half,
Seeds covered with soil
mixture and washed sea
sand. Dieldrin fate tested.
{Terrestrial microcosm)
Terrestrial microcosm
added soil mixture; start
light /temp cycle; 3 days

5 levels of fertilization
tested in Aowthrough
system with |5 pools; all
pools receive initial
plankton inoculum
collected near Savannah
River plant

2.5-ml well water mixed
with mature microcosm
Inocula from 2 sources
(Lakes Keowee and
Hartwell) | tank heated, |
ambient

Distilled water replaced
evaporated water, 7 weeks
equilibration; then
contaminant added-—
conclusion 140 days

28 weeks

Organisms added
throughout experiment

Day 0 add pesticide, plan
seeds, per schedule; 56 day
termination

May 26 initial incculum
and fert.; 2 Jun add
maosguito fish; 13 Aug Znd
fert; 10 Sept lerminate

Evaporated water replaced
daily

Filamentous algae,
benthos, snuls, insects,
zooplankton

Aquatic macrophytes,
periphyton, micro and
macroinvericbrates, fish,
terrestrial organic detritus

Gastropods, insects,
crustaceans, v:arlhwnrms,
nematodes, vole, plants

Girasses, annelids,
nematodes, molluses,
insects, mammals, birds,
reptiles

Plankton, invertebrate fish

Phytoplankton, bactena

Bacteria

6 mentioned

12 species present

Gambusia affinis and other
{actual number unknown)

Lake Keowee: 10, Lake
Hartwell; 17, Bacterial
geners
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Table 2 (Canid.)

Cilation

Inosculation

Dwuration/maintenance

Biological categories Mo. specics present

Guthrie er al. (1974)

Harrison and Davies
(1977)

Hollibaugh {1978)

Isensee of af (1973)

Jussby et al, (1977 a,b)

Johnson and Burke
{1978)

Oyster colonies from 2
bays were collected as
examples of naturally

OCCULTINEG MICTOCOsMmS

Matural phytoplankton
assemblage lrom an
existing controlled
experimental ccosystem
Phosphate, silicate,
vitamins, and trace metals
added 1o raw seawater
samples from Halifax
Harbour

Batch aguatic microcosms
inoculated with Daphmia,
Phyaa, ond Gambusia plus
aged aguanum water, 5
days later herbacides added
Batch microcosms enriched
with nutrients and
inoculated with 3.51 of
lake water plus 7001 of
demineralized water

Jm sediment and or a
4.5-m water column, Water
samples collected weekly
from MERL microcosm
experiment.

{Henthic /pelagic
MHCTOCOSM ]

Oyster colony samples jced  Molluscs, arthropods,

and returned 1o lab in &
hours; flesh of all
arganisms removed,
emulsified, and analysed
for heavy metals

2—3 weeks per experiment

After pretreatment, waler
wils separated into fasks.
Substrate added to flasks,
Stock solutions were
prepared for each
experiment

| ml water sample; 2 days
for radioactive analysis,
exposure 32 days;
muerocosm lerminated

L M-day duration

Flowthrough system with
bay water being replaced
approx. My days

5 species noted
polychactes

Phytoplankion ]

Protozoa, duatoms, rotifers, 4 identified, others present

smuils, fish, cladocerans

Aanfup pronuay fo ysiy Bunowassy of spoyiapy 799

Diatoms, protozoa, 21 species present
rotifers, cladocerans,

ostracods, copepods,

periphyton, insects,

malluscs, fish
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Kawabata and
Kurihara (1978)

Kehde and Willim
(1972)

Kersting {1975)

Kevern and Ball (1965)

Knaus and Curry
(1979

Leifier (1977)

Lichtenstein e al,
(1978)

Batch microcosms

Matural stream water plus
nutrients; closed system
with flow pumps

Flowthrough microcosm
compartmentalized A, B,
and C are inoculated (lake
water) with algae; B with
Daphnia; C with bacteria
substrate (sand)
Recirculating stream
microcosm; distilled water
and inorganic nutrients
seeded by introducing
periphyton-covered stones
from warm waler streams
Recirculating stream
microcosm moculated with
water-saturated sod and
black willow shoots
Batch microcosms
inpculated with laboratory
aquaria water, larm pond,
cemetery urns, and
established microcosms

Compartmentalized
terrestrial aquatic; sol
added 1o terrestrial
chamber; lake mud 1o
aguatic chamber; corn
planted after 28 days; fish
and aquatic plants added
after day 44

Al-day duration

Complete mixing for 9-day
colomization period; snails
added for grazing, 92-day
duration

Comp. A s lighied, B-
shield, C-dark after | wk,
toxicant added; duration
10 whs.

Periodic addition of
nulrients, colonization
period of 10 months, after
which physical /chemical
perturbations were tested.

One single pulse of **Mn
added to water samples
daily for 20 days

Cross-seeding for 2 weeks
and subsequent 2 months
for development; 4 Lypes
chosen plus reference
microcosm maintained lor
about 2 1,2 years

Aged pesticide residue and
fresh tested simulated
rainfall on days 42 and 49,
terrestrial chamber
terminated day 30; aquatic
terminated on day 70

Bacieria, algac, protozoa

Peniphyton, blue-green

algae, molluses, green algae

Adgae, zooplankton,
bacteria

Algae, bacteria

Gireen algae, blue-green
algae, diatoms, prolosoa,
bacteria

Plants and fish

6 algal genera; | snasl—
Physa gyring

2 {without baclena)

Type A— LU species

Type B—17

Type C—21

Type D—25
3
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Table 2 (Contd.)

Citation

Inoculation

Duration; maintenance

Biological categories

Mo, species present

Metcall er al. (197 1a)

Metcall er al. (1973)

Neill (1972)
Meill (1974)
Meill (1975)

Terrestrial /aquatic; day
|—sand and water
organisms added w1
intervals

Terrestrial jaguatic; day
|—sand and water
organisms added at
intervals

Batch microcosms
inoculated with stock
culture obtained from
Texas ponds and lakes

Batch microcosms
inoculated with stock
culture obtained from
Texas ponds and lakes

Fish introduced and
allowed to feed for 45 min
every 3 days

Day 2—Daphmia, snuls,
algae, sorghum and
plankton culture; day 26—
mosquito larvae, day -
mosguitofish added;
terminated on day 33

Day 2— Daphnia, snails,
algae, sorghum and
plankton culture; day 26—
mosquito larvae; day 30—
mosquitofish added;
terminated on day 33
Cross-seeding every 4-7
days for more than 8
months until no statistical
difference detected between
populations; defined as
equilibrinm

Cross-seeding every 4-7
days for more than 8
months until no statistical
difference detected between
populations; defined as
equilibrium

Stock cultures uncontrolled
by light and temp,, and
nutrient conditions Lo
provide variation, Weckly
additions of new
individuzls

Algae, protozoa, snail,
diatoms, insects, fish

Algae, protozoa, snail,

diatoms, insects, fish

Algae, crustacen, bacteria

Algae, crustacea, hacteria

Algae, fish, crustaceans

19

32 {without bacteria)

35 (without bacteria)

20 green and blue-green
algae
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Minom { 1969)

Odum and Hoskin
(1957)

Ollason (1977)

Patten and Witkamp

(1967)

Perez e al, (1977)

Porcella er al. (1975)

Batch microcosms;
inoculated with pure
cultures of algae, bacteria,
and bring shnimp
(gnotobiotic system)
Recirculuting stream
microcosm inoculated with
i blade of eel grass and
waler from Silver Spring,
Fla., plus inorganic
fertilizer

Flowthrough microcosm
inoculated with batch
cultures from horse trough

4 batch microcosm inoculs
Ivpes: (a) sterile leaves;
(b} leaves with microflora;
(¢} leaves, microflora and
millipedes; (d) same as c
placed on 1-cm soil

Batch microcosms,
incculinted with filiered (1-
mm mesh) seawater and
benthic box lilled with
Marragansett Bay
sediment, including
OTgANISMS

Sediment waler
microcosms filled with 15-
cm of sediment and 9-1
waler,

Series |—aerated; Serics

Il—unaerated, Crombie

tube added in Series 11 to
prevent overgrazing, 200
days

Fresh nutrient {400 ml)
added daily; photopeniod 4
days; samples taken every
12 h; 6l-day duration

H-ml sterile water added
every 2-3 days with 10-
em Hg vacuum; terminated
after 18 davs

Maimtenance to simulate
ambient conditions closely
(30035 day duration)

107 volume walter
replaced with fresh media
whith was 5 C cooler than
MICTOCOSM; gas pressure
readjusted; 189 day
duration

Algae, bacterin, 8
crusiaceans

Algae, protozoa, rotifers, —
bacterin

Microflora and millipedes —

Diatoms, algag, protozoa, Species not identified
benthic epifauna and
inlauna, clenophores,

ooplankton

Insects, green algae, blue-
green algae, and ostracods

Species nol identified
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Table 2 {(Conrd.)

Citation

Incculation

Duration/maintendnce

Biological categories

Mo, species present

Ramm and Bella (1974)

Richardson (1930)

Ringelberg (1977)

Ringelberg and
Kersting (1978)

Extract of algae with
soluble carbon; O,
removed and pH adjusted
to 7.5-84.00; 2-ml inocula
conlaining anacrobes
added; flask shaken (o
disperse inocula

Water collected from river
with abundance and
variety of insect larvae,
snails, worms, crustacea,
small invertebrates. Fish
introduced

Autotrophic chamber
imoculated with Chiorella
vrlgaris and Scermedesmus
guadricouda—herbivore
chamber inoculiated with
Daphnia sp,

J-compartment microcosm;

filtered (0.45 um) lake
water and 2 pure algal
cultures: Daphmia in
herbivore chamber (large
scube vy small scale
compared)

Flasks sealed air tight,
incubated in dark at 20°C,
samples withdrawn with a
syringe

5 years

3 years 4

Recirculating pump
exchanges water and
nutricnis; lake water
replaces samples distilled
walter (o replace
evaporation; autotrophic
chamber stirred constantly;
duration 720 duys for
large, 400 days for small

Anacrobes

Insect larvae, worms,
crustaces, small
invertebrates, fish

Algae, herbivore,
decomposers

Algae, diatoms, bacteria

Mot identified

T species noted on 180 day
of experiment

10 identified species, other
present
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Samsel e af. (1972)

Scura and Theilacker
{1977}

Sehetich (1975)

Taub (1976)

Taub and Crow (1980)

Stenlized pond water
imoculated with equal
numbers of copepod,
cladoceran, ostracod,
plant, and pure culture of
green algae and Euglena

Algae and rotifers cultured
in a medium to which
chlorinated hydrocarbons
were added. Rotilers fed 1o
anchovy larvae

2. 3, and 4 compartmeni
micTocosms; 7
combinations of sand,
water, snml and diatoms
tested

Batch microcosms with
nutrients added inoculuted
with algae and mixture of
Rrazers

Synthetic lake water and
secliments. 10 species of
algae inoculated on day 0.
Girazing began on day 4
with introduction of
amimals. Protozoa and
rotifers added and
ostracods and amphipods
individually added

Belore treatment
equilibration time 1 week;
treatment (O, and gamma
rays); microcosms
maintained al constant
temp and photoperiod or
b wieeks

Algae kepl in constant
light: day 10 rotifers
added; day 20 anchovy
larvae hatch; day 25
rotifers fed (o anchovy;
and day 45 termination,
Equilibration time | day
for those containing snails
and distoms; for those
conlaining both sand and
water and snail /diatom
equilibrate separately for |
day

Alter inoculation,
microcosms perturbed and
monitored for 5 weeks

Copepod, cladoceran,
ostracod, green algae,
aquatic plants, profozoa

Phytoplankton, rotifers,
dinoflagellates

Smail, diatom

Algae, protozod, bacteria,

rolifers, ostracods

Aldgae, protozoa, rotifers,
ostricod, amphipod

4 identified species, 2
geners

3 discussed

Species nol wentified, 2
peneri

7 species identified, others
present

1B species, plus bacteria
and other microorganisms
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Table 2 (Conrd.)

Citation

Inoculation

Biological categories Mo, species present

Thomann er af. (1973}

Trabalka and Eyman
[1976)

Wilter-Echols and
Lichtenstein (1977)

Ward and Matsumura
{1978)

Whittaker {1961}

Saline and brackish waler
and sediment with
associated microflors and
fauna

Waler in l-year old
microcosm inoculated with
plutonium-237 nitrate

Phorate sulphoxide treated
loam soil, slowly added 1o
tap water

HC-TCDD added 1o two
batch microcosms

P used as a tracer Lo
maonitor phosphate ions in
water with H,PO,

Duration/maintenance

Pesticides added weekly at
50 pg/ml. Mineral salt with
yeast extract used o isolate
bacteria, Pesticide levels
monitored monthly
Maintained with the
addition of spring water,
diluted with distilled water
1o prevent mineral build-
up. 90-day duration

2 week incubation period

Incubation pernods (rom |
hour to 589 days

Bacteria

Aguatic macrophytes, 12 genera observed
algae, goldfish, snails

amphipod

Insects, fish ]

—MNot discussed.
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Evaluation of Tests to Predict Chemical Injury to Ecosystems 669

situation is of little or no concern, for example, measuring gross distribution of a
xenobiotic chemical in system compartments.

2.4 Implementation of Microcosm Testing

The experimental design of a microcosm test depends on the objectives of the
experiment which may be: (1) the testing of hypotheses (deductive) or (2)
exploratory (inductive) testing. Experimental design is a pragmatic, case-specific
problem. Standardization of microcosm design is of limited value.

Microcosms are subsets (models) of ecosystems, not miniature ecosystems.
Realism and replicability of microcosm experiments have to be defined and
interpreted in this context.

Results of microcosm experiments are incomplete without appropriate
verification (for example, in field tests).

There are 15 points that summarize the current status of microcosm
applications in ecotoxicology.

(1) It has yet to be determined which ecosystem variables are most suitable for
specific microcosm application.

(2) Microcosms are limited by scale relationships (size dependencies of
organisms and area: volume ratios) and are unstable in time.

(3) Microcosm design requires an ecosystem perspective.

(4) As complexity of microcosm design increases, realism and cost tends to
increase and precision tends to decrease.

(5) There are few a priori rules for the inclusion of common factors in
microcosm design; generic-design microcosms are of very limited use.

(6) Microcosms have a place in a tiered scheme of environmental hazard
assessment of chemicals.

(7) Microcosm experiments are of limited use until they are validated by field
experiments.

(8) Mathematical models must play a central role in all environmental hazard
assessment because of the inherent limitations of empirical data.

(%) Microcosms provide information at the process level; they are subsets of
ecosystems, not miniature ecosystems. Processes include energy relation-
ships, nutrient cycling, chemical transformations, and organism responses
at the population or community level.

(10) Both ‘synthetic’ (gnotobiotic) and ‘natural’ {excised or reconstructed)
microcosms are of potential use in hazard assessment,

(11) Population or community level metabolic processes are more appropriate
than organism-level processes for environmental hazard assessment with
microcosms.

(12) Criteria for employing results from microcosm tests in the regulatory
process have not been developed.
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(13) The usefulness of microcosms for routine screening of potentially hazard-
ous substances is not clear.

(14) Nolaboratory system or microcosm is ready for use as a test protocol or for
prediction of the environmental hazard of a toxic chemical,

(15) Some specific microcosms tests can now be recommended for development
of hazard assessment:
(2) Plant—microbe interactions
(b) Arthropod population interactions
(c) Soil core preparation
(d) Predator-prey interactions
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