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Section 1-Overview and Summary

Abstract:

In course of this research and development program we have further developed and
confirmed experimentally the Community Conditioning Hypothesis. This hypothesis states that the
impacts to ecological structures are persistent, that the variables that should be measured
change over time, and that ecological systems are irreversible. We have confirmed the
persistence of effects in a series of experiments ranging from 90 to 180 days for 3 L
microcosms to 240 days for our outdoor mesocosm system. Even wide differences in seasonal
conditions or micro-climate variation in the outdoor mesocosm enclosure did not hide the effects
of the JP-8 upon the larger systems.

We aiso conducted multiple exposure experiments where the microcosm system was
exposed to a series of stresses. The first was a JP-8 stress followed by a heat shock, the
second experiment was comprised of two exposures to JP-8 60 days apart. In the JP-8/heat
experiment, the initial stressor was the dominant pattern with only minor changes in the
trajectory that could be attributed to the heat shock with the variables being measured. In the
second experiment, the dominant pattern at the end of the experiment was due to the second
dosing with JP-8, with only hints of the initial pattern of dosing being apparent. These results
demonstrated the impacts due to multiple stressor events can widely vary, depending upon the
timing and type of stress.

A software package, MuSCLE was also developed to aid in the analysis of effects at the
community level. The package is now Windows NT compatible and includes multivariate data
analysis and pattern recognition tools as well as visualization software.

In addition, what we have learned has been translated to landscape level using
metapopulation dynamic models that indicate the broad scope of toxicant impacts. Areas not
containing toxicants may be impacted due to changes in the patterns of migration due to the
toxicity within a patch. Reviewers of the paper now in press state that this research is a major
contribution to the field of environmental toxicology.

The results of our research and the ranking approach in order to handle data has recently
been applied to a risk assessment for the fjord of Port Valdez, AK. The proposed USEPA risk
assessment guidance document also references our work in its discussion of recovery and the
persistence of effects. Our data analysis tools have also been used in the elucidation of long
term impacts due to the Exxon Valdez spill in Prince William Sound and in the examination of
effluent data.

Key Words: OutdoorMesocosm, JP-8, Community Conditioning Hypothesis, Nonmetric
clustering and association analysis, patch-dynamics, multiple stressors.

Program Summary
We had several key objectives in the performance of this research proposal. They included:

1) A test of the Community Conditioning Hypothesis.

2) Long duration microcosm experiments were to be performed to test the persistence of the
effects generated by the toxicant.

3) Development of an outdoor mesocosm in order to test the community conditioning
hypothesis at larger scales.

4) Development of a set of software tools, multivariate software for community level ecology
(MuSCLE) for conducting data analysis and visualization.

5) Extrapolation of our techniques and resuilts to ecological risk assessment for the
evaluation of toxicant impacts.
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We have met each of these objectives and have continued to expand this research to include
other indicators of toxicant impacts, the impacts of toxicants upon landscapes, and application of
our research to regional ecological risk assessments. Our specific research accomplishments
include:

1) Confirmation of the community conditioning hypothesis in two microcosm experiments of
up to 180 days and in a mesocosm study of 240 days duration. The effects were persistent
even in the outdoor system subject to seasonal variation in light and temperature.

2) Development of an outdoor mesocosm system for toxicity testing that ensures an equitable
colonization of each system. Our unique arrangement of replicates and circulation strategy
resulted in very low variance between replicates for critical parameters.

3) Completion of experiments where the microcosms were subjected to different stressors
to simulate a more realistic scenario and to test the effects of prior stressors to the response of
the systems to subsequent stressors.

4) Improvement of our data analysis software and completion of the transfer of the MuSCLE
software to a Windows95/NT format. This should make the data analysis and visualization tools
more available to the scientific community. The enclosed CD-ROM has a README file that
contains the documentation for the program and our datafiles from our current experiments.

5) Modeling of the effects of toxicants upon patchy populations was begun and the first
paper was accepted for publication. Using metapopulation and patch-dynamic theory, these
models describe the interaction between a contaminated site and the uncontaminated sites all of
which contain populations of the same species. We found that a contaminate in one site could
dramatically affect the population dynamics in other sites if the populations are connected by
migration. In addition, multiple outcomes may occur from the same set of initial conditions
depending upon the distribution of the toxicant in the contaminated site.

6) We have now conducted two short courses during the annual meeting of the Society for
Environmental Toxicology and Chemistry where we have presented the results from this
research and its application to environmental toxicology and risk assessment. These courses
have been among the best attended (sold out the last two years) of any of the short courses
during the annual meetings.

7) We have applied a ranking methodology to an regional ecological risk assessment for Port
Valdez, AK. In addition we conducted this risk assessment without using reference sites or
assuming an equilibrium condition, lessons learned from our microcosm research. This ranking
methodology and approach has already generated a great deal of interest in the risk assessment
community.

8) Since the start of this project we have published 9 papers in peer-reviewed journals or as
peer-reviewed book chapters and now have three in press for 1998. We have also given over
37 talks on the research, from local public groups to international scientific conferences. Six
graduate students have received MS degrees.

The numbers of publications, technology transfers and collaborations are summarized in this
section. Overviews of the various experimental and modeling projects are presented in the
following sections.

Publications 1994-1997

Landis, W. G, G. B. Matthews, R. A. Matthews, and A. Sergeant. 1994. Application of
multivariate techniques to endpoint determination, selection and evaluation in ecological risk
assessment. Environ. Toxicol. Chem. 12: 1917-1927

Landis, W. G, R. A. Matthews, A. J. Markiewicz, and G. B. Matthews. 1995. Non-linear
oscillations detected by multivariate analysis in microcosm toxicity tests with complex toxicants:
Implications for biomonitoring and risk assessment. In Environmental Toxicology and Risk
Assessment-Third Volume, ASTM 1218, J. S. Hughes, G. R. Biddinger, and E. Mones, Eds.,
American Society for Testing and Materials, Philadelphia. pp 133-156
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Matthews, G. B, R. A. Matthews, and W. G. Landis. 1995. Nonmetric clustering and association
analysis: Implications for the evaluation of multispecies toxicity tests and field monitoring.
Environmental Toxicology and Risk Assessment-Third Volume, ASTM 1218, J. S. Hughes, G. R.
Biddinger, and E. Mones, Eds., American Society for Testing and Materials, Philadelphia. pp. 79-
93

Matthews, G. B., R. A. Matthews, and W. G. Landis. 1995. Nonmetric conceptual clustering in
ecology and ecotoxicology. A/l Applications 9:41-48.

Landis, W. G., R. A. Matthews, and G. B. Matthews. 1995. A contrast of human health risk and
ecological risk assessment: risk assessment for an organism versus a complex non-organismal
structure. Human and Ecological Risk Assessment. 1:485-488.

Matthews, R. A., W. G. Landis, G. B. Matthews. 1996. Community conditioning: an ecological
approach to environmental toxicology. Environ. Toxicol. Chem. 15: 597-603.

Landis, W. G., R. A. Matthews and G. B. Matthews. 1996. The layered and historical nature of
ecological systems and the risk assessment of pesticides. Environ. Toxicol. Chem. 15; 432-440.

Landis, W. G., A. J. Markiewicz, G. B. Matthews, R. A. Matthews, and M. J. Roze. 1997.
Chapter 11. An exploration of uncertainty in the determination of environmental toxicity. Eds. C.
G. Ingersoll, T. Dillon, and G. R. Biddinger. Ecological Risk Assessment of Contaminated
Sediments. SETAC Press, Pensacola.

Landis, W. G., R. A. Matthews and G. B. Matthews. 1997. The design and analysis of
multispecies toxicity tests for pesticide registration. Ecological Applications 7: 1111-1116 .

In Press:

Fairbrother, A., W. G. Landis, S. Dominguez, T. Shiroyama, P. Buchholz, M.J. Roze and G. B.
Matthews. In press 1997. A novel nonmetric multivariate approach to the evaluation of
biomarkers in terrestrial field studies. Ecotoxicology

Matthews, R. A., G. B. Matthews and W. G. Landis. In press 1998. Application of community
level toxicity testing to environmental risk assessment. M. Newman Ed. Community level risk
assessment. Ann Arbor Press, Ann Arbor.

Spromberg, J. A, B. M. Johns and W. G. Landis. accepted. Metapopulation dynamics: indirect
effects and multiple discrete outcomes in ecological risk assessment. Environ. Toxicol. Chem.

Masters Thesis Completed

Kelly, S. A. 1995. Effects of multiple stressors on a multispecies system.

Mortensen, Linda S. 1997. Evaluation of Phytochelatin Production as an Exposure Biomarker for
Metals Through Laboratory Testing of Algae

Pickreign, Cynthia. A. 1995. Riggle: a program for the dynamic conceptual time series analysis
of hypervairate data and its application to ecotoxicology.

Rodgers, S. A. 1996. A comparison of structural and functional variables in determining effects
in Mixed Flask Culture Microcosms

Roze, Michael A. 1995. Scientific Visualization of High-Dimensional Data

Wilson, Valerie. A. 1997. The Impact of Soil Composition on the Earthworm, Eisenia foetida,
Response to a Hydrocarbon Toxicant.
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Presentations, 1994-1997

Landis, W. G., R. A. Matthews, G. B. Matthews, and A. M. Markiewicz. The Community
Conditioning Hypothesis and the Dynamics of Stressed Ecological Systems. Ecological Society
of America Workshop Relevancy of Ecological Data to Pesticide Registration. Knoxville, TN,
August 7, 1994.

Landis, W. G. Chaos, Complexity and Environmental Policy. Sequim Lecture and Discussion Club,
Sequim, WA, Sept 2, 1994.

Landis, W. G., R. A. Matthews, and G. B. Matthews. The Balance of Nature Myth: Alternatives
and Implications for Environmental Policy. Sigma Xi Lecture, Western Washington University,
Bellingham, WA October 13, 1994.

Landis, W. G, R. A. Matthews, M. A. Roze. and G. B. Matthews. The Stability Myth and the
Dynamics and Patterns of Xenobiotic Impacts to Ecological Systems. SETAC 94, Denver, CO,
October 1994.

Landis, W.G. M.J. Roze, G.B. Matthews, S. Dominguez, A. Fairbrother. A Multivariate Artificial
Intelligence Approach to the Evaluation of Biomarkers Under Field Conditions Il. SETAC 94,
Denver, CO October 1994.

Matthews, R.A., W.G. Landis, and G.B. Matthews. Application of the Community Conditioning
Hypothesis to the Design of Multispecies Toxicity Tests. SETAC 94, Denver, CO, October 1994.

Landis, W.G., R.A. Matthews, and G.B. Matthews. The Inherent Limitations of Population
Modelingin Environmental Risk Assessmentand an Alternative: Community Conditioning. SETAC
94, Denver, CO, October 1994.

Landis, W. G. Chaos, Complexity and Environmental Policy. Sequim Association of Retired
Scientists and Engineers, Sequim, WA , November 11, 1994,

Landis, W. G. Chaos, Complexity and Environmental Toxicology. Fisheries Seminar, University of
Washington, January 23, 1995

Landis, W. G., G. Mobus, G. B. Matthews, R. A. Matthews C. J. Pickreign and J. Spromberg.
Artificial Intelligence Based Data Analysis, Visualization Tools and Computer Simulation Models
for the Ecological Risk Assessment of Biotechnology Based Products U. S. EPA, Corvallis, OR,
February 23, 1995.

Kelly, S. A. and W. G. Landis. Evaluation of patterns in aquatic community dynamics following
multiple stress events using the Standard Aquatic Microcosm. ASTM Fifth Symposium on
Environmental Toxicology and Risk Assessment: Biomarkers and Risk Assessment Denver, CO,
April 3-5, 1995.

Markiewicz, A. J., R. A. Matthews, and W. G. Landis. Comparison of degradative rate
responses in two generic microcosms: the standardized aquatic microcosm and the mixed flask
culture microcosm. ASTM Fifth Symposium on Environmental Toxicology and Risk Assessment:
Biomarkers and Risk Assessment Denver, CO, April 3-5, 1995.

Zukowski, A., K. Davies, R. A. Matthews, and W. G. Landis. The synergistic effects of chlorine
and water soluble fraction of the turbine fuel, JP-8, on the sand dollar, Dendraster excentricus.
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ASTM Fifth Symposium on Environmental Toxicology and Risk Assessment: Biomarkers and Risk
Assessment Denver, April 3-5, 1995,

Landis, W. G., R. A. Matthews and G. B. Matthews. Extrapolation from the laboratory to the field:
community conditioning, spatial heterogeneity and nonlinear dynamics as unifying themes. ASTM
Fifth Symposium on Environmental Toxicology and Risk Assessment: Biomarkers and Risk
Assessment Denver, April 3-5, 1995.

Landis, W. G., R. A. Matthews, and G. B. Matthews. Non-equilibrium Dynamics and Alternatives
to the Recovery Model in Ecological Risk Assessment of Contaminated Sediments. SETAC
Sediment Risk Assessment Workshop, Asilomar, CA, April 24-28, 1995.

Landis, W. G., R. M. Matthews and G. B. Matthews. Organismal and Non-organismal Structures
in Environmental Toxicology and Risk Assessment. PNWSETAC Annual Meeting, University of
Washington, Seattle, WA, May 11-12, 1995,

Kelly, S. A.and W. G. Landis. Community Conditioning Confirmed in a Multiple Stressor
Microcosm.. PNWSETAC Annual Meeting, University of Washington, Seattle, WA, May 11-12,
1995.

Spromberg, J. A. and W. G. Landis. Metapopulation Dynamics as a Model for Toxicant Impact in
Patchy Environments. PNWSETAC Annual Meeting, University of Washington, Seattle, WA. May
11-12, 1995.

Pickreign, C. J., G. B. Matthews, R. A. Matthews, and W. G. Landis. Riggle: A Program for the
Dynamic Conceptual Time Series Analysis of Hypervariate Data and Its Application to

Ecotoxicology. PNWSETAC Annual Meeting, University of Washington, Seattle, WA. May 11-12,
1995.

Landis, W. G., J. A. Spromberg, G. Mobus, C. Pickreign, and G. B. Matthews. Non-equilibrium
Models, the Patch Dynamics of Horizontal Gene Transfer, Competitive Interactions and
Implications for the Risk Assessment of Biotechnology-based Products. USEPA Biotechnology
Risk Assessment Symposium, Pensacola, FL, June 6-9, 1995.

Spromberg, J. A. and W. G. Landis. Metapopulation Dynamics As a Model For Toxicant Impactin
Patchy Environments. SETAC Annual Meeting, Vancouver BC, Canada, November 5-11 , 1995,

S.A. Kelly, A.J. Markiewicz, W.G. Landis, R.A. Matthews, and G.B. Matthews. Community
Conditioning Confirmed In a Multiple Stressor Microcosm. SETAC Annual Meeting, VancouverBC,
Canada, November 5-11, 1995.

Landis, W. G. Laboratory to Field Extrapolations: Organismal and Non-organismal Structures in
Environmental Toxicology and Risk Assessment. SETAC Annual Meeting, Vancouver BC, Canada
November5-11, 1995.

Pickreign, C. J., G. B. Matthews, R. A. Matthews, and W. G. Landis. Riggle: A program for the
dynamic conceptual time series analysis of hypervariate data and its application to
ecotoxicology. SETAC Annual Meeting, Vancouver BC, Canada, November 5-11, 1995.

Landis, W. G,, R. A. Matthews, and G. B. Matthews. The Layered and Historical Impacts of

Xenobiotics to Ecological Structures. Department of Biology, Oklahoma State University,
Stillwater, OK February 9, 1996.
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Landis, W. G, R. A. Matthews, and G. B. Matthews. The Stability Myth, and An Alternative:
Community Conditioning. Department of Biology, University of Victoria, Victoria BC, Canada,
March 8, 1996.

Landis, W. G., R. A. Matthews, and G. B. Matthews. After Remediation: The Metapopulation
Dynamics of Organisms After Cleanup. Second Annual Meeting of the Environmental
Management Association. Bloomington, IN March 23, 1996.

Landis, W. G. and J. A. Spromberg. The Use of Metapopulation Models in Ecological Risk
Assessment: Impacts of Toxicants Throughout an Ecological Landscape. Sixth Symposium on
Environmental Toxicology and Risk Assessment: Modeling and Risk Assessment. Orlando, FL,
April 16, 1996.

Landis, W. G. Are Indirect Effects Important in Risk Assessment? Annual Meeting of the Pacific
Northwest Chapter of SETAC. Corvallis, OR, May 18, 1996.

Landis, W. G., R. A. Matthews and G. B. Matthews. The Layered and Historical Impacts of
Xenobiotics to Ecological Structures. Oregon Graduate Institute, Beaverton, OR, May 31, 1996.

Landis, W. G., R. A. Matthews and G. B. Matthews. The Recovery Myth and Implications for
Environmental Management. US Geological Survey, Tacoma, WA. September 13, 1996.

Landis, W. G. and M. Fellows. The Introduction of Community Conditioning, Non-Equilibrium
Dynamics, and Island Biogeography into a High School Curriculum. 1996 Annual Meeting of the
Society for Environmental Toxicology and Chemistry, Washington, D. C. November 17-21, 1996.

Landis, W. G., B. John, and J. A. Spromberg. Metapopulation Dynamics, Indirect Effects,
Multiple Discrete Outcomes and Uncertainty in Ecological Risk Assessment. 1996 Annual Meeting
of the Society for Environmental Toxicology and Chemistry, Washington, D. C. November 16-20,
1996.

Matthews, G. B. and M. Roze. Worm Plots. IEEE SIGGRAPH 97, Los Angeles, California, August
1997.

Matthews, G. and M. Roze. Worm Plots. Computer Graphics and Applications. 17(6)
November/December1997.

Landis, W. G., A. J. Markiewicz, S. A. Kelly , R. A. Matthews, and G. B. Matthews. The Impacts
of Multiple Stressors to Model Ecological Structures. 1997 Annual Meeting of the Society for
Environmental Toxicology and Chemistry, Washington, D. C. November 16-20, 1997.

Matthews, R. A. A. J. Markiewicz, V. L. Harter, and W. G. Landis , Incorporating Detrital
Conditioning In Outdoor Microcosms Dosed With JP-8 Jet Fuel. 1997 Annual Meeting of the
Society for Environmental Toxicology and Chemistry, Washington, D. C. November 16-20, 1997.

Graduate Students Supported by the Grant and Undergraduate Student Research
Projects

Brown, Shiela. Development of the mesocosm protocol (J. Hardy-Huxley College)

DeMan, Michael. Database development for MuSCLE. Currently working for Apple, hopes to
finish soon (G. Matthews-computer Science).

Gabrio, Rox-Computer programming and support. _

Johns, Bettina- Derivation of the metapopulation models for toxicant patch dynamics ( W. Landis-
HuxelyCollege)
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Harter, Virginia. Development of the mesocosm protocol (R. Matthews-Huxley College)

Kelly, Sue., Effects of multiple stressors on a multispecies system (W. Landis-Huxley College)
Macovsky, Louis. Development of the mesocosm protocol and patch-dynamic theory (W.
Landis-HuxleyCollege)

Mortensen, Linda. Evaluation of Phytochelatin as a metal biomarker in the presence of JP-8
WSF. (W. Landis-Huxley College)

Pickreign, Cynthia. Riggle: a program for the dynamic conceptual time series analysis of
hypervairate data and its application to ecotoxicology (G. Matthews-computer Science)
Rodgers, Sara - Comparison of MFC toxicity tests with and without adapted communities (Dr.
Landis-HuxleyCollege).

Roze, Michael- Application of RIFFLE program for data evaluation (Dr. G. Matthews-Computer
Science).

Spromberg, Julann A.- Derivation of the metapopulation models for toxicant patch dynamics ( W.
Landis-HuxelyCollege)

Wilson, Valerie. The impact of soil composition on the earthworm, Eisenia foetida, response to
a hydrocarbon toxicant (W. Landis-Huxley College)

Professional Collaborators in the Research Program

Frieda B. Taub, School of Fisheries, University of Washington, Seattle, WA
John H. Taub, Seattle, WA.

Anne Fairbrother, ecological planning and toxicology, Corvallis Oregon.

Interactions and Consultations

Over the last year this research has been translated into technology transfers to DOD and
EPA laboratories and the private sector. Apart from presenting the research at national and
international meetings, we have been successful in transferring this data and technology during
informal meetings or presentations on-site. Below is a list of several of the groups with which
we met and transferred information over the last 36 months.

Lidia Watrud, Team Leader, and Ray Siedler Biotechnology Team, U.S. EPA-Corvallis, OR. Data
analysis from terrestrial microcosms.

Nigel Blakley, Department of Ecology, Olympia, WA. Toxicity evaluation of petroleum mixtures.
Zeneca. Data analysis of aquatic microcosm studies.

Anne Sergeant, ORD, U.S. EPA., Washington, D.C. Application of multivariate methods to
ecological risk assessments.

Scott Ferson, Applied Biomathematics, Setauket, NY. Nonmetric clustering techniques.
Technology Transfers

USEPA Corvallis, Lidia Watrud. Use of NCAA for the determination of patterns in soil microbial
communities.

SETAC short courses, 1996-1997. Community conditioning, metapopulation dynamics and the
use of multivariate statistics in the analysis of environmental data.

Peter Chapman, Zeneca. The use of NCAA in the analysis of mesocosm data sets.

Prince William Sound Regional Citizens’ Advisory Committee. Use of ranking methods in
ecological risk assessment.
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Selected Abstracts of Papers Presented June 1, 1996-November 1997.
Society of Environmental Toxicology and Chemistry Annual Meeting, Washington DC November

1996

Metapopulation Dynamics, Indirect Effects, Multiple Discrete Outcomes and
Uncertainty in Ecological Risk Assessment. W. G. Landis, and B. Johns Institute of
Environmental Toxicology and Chemistry, Huxley College of Environmental Studies, Western
Washington University, Bellingham, WA., J. A. Spromberg, Toxicology Program, University of
Kentucky, Lexington, KY. A critical issue in environmental toxicology is the impact of xenobiotics
at different scales. Metapopulation dynamic models are tools for investigating the potential for
impacts of a contaminant upon the organisms within a patchy landscape. In our current series
of simulation studies we have investigated the impact of the initial population sizes, distances
between patches, and dose-response curves upon the dynamics of each subpopulation. The
models themselves are discrete, deterministic and exhibit density dependence upon growth and
immigration rates. All patches are equivalent habitats except that one patch is contaminated. An
assumption is also made that the distribution of the toxicant is contagious and we use a Poisson
distribution to simulate exposure. Persistent and degradable toxicants were modeled. As a
toxicant degrades several discrete outcomes are available. The outcomes for a single patch and
initial conditions can range from extinction to reaching carrying capacity or exhibiting bifurcating
dynamics. Variation among multiple runs for a single patch is largest at the end of the simulation.
Small changes in initial population size, patch distance or patch arrangement can drastically
change the probabilities of extinction, reaching carrying capacity or the onset of bifurcating
dynamics. The output has important implications for environmental toxicology and risk
assessment. Multispecies toxicity tests and field data should also be examined for impacts upon
non-stressed populations in a patchy environment. Impacts upon non-stressed subpopulations
have been observed in fisheries biology. Additionally, the same stressor may result in different
and discrete outcomes, with the probabilities changing in a nonlinear fashion. This research is
supported by USAFOSR grant F49620-94-1-0285.

Incorporating Detrital Conditioning in Outdoor Microcosms Dosed with JP-8 Jet Fuel.
R.A. Matthews, A. Markiewicz, V. Harter, and W.G. Landis, Huxley College of Environmental
Studies, Western Washington University, Bellingham, WA 98225, USA. We have developed an
outdoor microcosm that incorporates detrital conditioning to test the hypothesis that microbiota
play a critical role in altering the community response to hydrocarbon toxicants. The microcosms
were constructed using 568 L tanks, arranged in 6 units of 4 tanks, with each unit equidistant
from a central conditioning tank (CT). During pre-treatment, the microcosms and CT were filled
with nutrient-amended well water (500 pg-N/L and 20 pg-P/L), artificial sediment (silica sand,
ground chitin, and cellulose powder) leaf packs containing dried maple leaves, elodea fragment,
and unglazed tiles for periphyton growth. Water circulation was maintained at the rate of 24
exchanges per day. After four weeks, invertebrates from local ponds were added to the CT.
Leaf packs were added to the CT and microcosms every two weeks: eight week old packs
were discarded after returning invertebrates to the CT. On a weekly basis, 25% of the
sediments, leaf packs, tiles, and elodea from each microcosm were transferred to another
microcosm; the CT walls and tiles were scraped; and the water quality was monitored.
Circulation was discontinued one week prior to dosing. On 4/12/96, the microcosms were dosed
to contain 0-0.25 ug/L of JP-8 jet fuel. Within two weeks the GC/MS hydrocarbon concentrations
were very low in the water column of the highest treatment group. There has been little acute
toxicity, despite selecting doses that caused sever, acute toxicity in laboratory microcosm
studies. The presence of a complex, detritus-based microbial community appears to mitigate the
influences of the toxicant on the microcosms.

The Impacts of Multiple Stressors to Model Ecological Structures. W. G. Landis, S. A.
Kelly and A. J. Markiewicz, Institute of Environmental Toxicology and Chemistry, R. A. Matthews,
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Institute for Watershed Studies, Huxley College, G. B. Matthews., Computer Science Department,
Western Washington University, Bellingham, WA. The basis of the community conditioning
hypothesis is that ecological structures are the result of their unique etiology. Systems that have
been exposed to a variety of stressors should be reflect this history. We have now conducted
a series of microcosm experiments that can compare the effects of multiple stressors upon
community dynamics. The microcosm protocols are derived from the Standardized Aquatic
Microcosm (SAM) and have Lemma and additional protozoan species. Two multiple stressor
experiments have been conducted. In an extended length SAM (ELSAM), two of four treatments
were dosed with the turbine fuel JP-8 one week into the experiment. Two treatments were later
exposed to the heat stress, one that had received jet fuel and one that had not. Similarly, an
ELSAM was conducted with the second stressor being the further addition of JP-8 replacing the
heat shock. Biological, physical and chemical data were analyzed with multivariate techniques
including nonmetric clustering and association analysis. Space-time worms and phase diagrams
were also employed to ascertain the dynamic relationships of variables identified as important by
the multivariate techniques. The experiments do not result in a simple additive linear response to
the additional stressor. Examination of the relative population dynamics reveal alterations in
trajectories that suggest treatment related effects. As in previous single stressor experiments,
recovery does not occur even after extended experimental periods. We are now attempting to
measure the resulting trajectories, changes in similarity vectors and overall dynamics. However,
community conditioning does appear to be an important framework in understanding systems
with a heterogeneous array of stressors.

Society of Environmental Toxicology and Chemistry Annual Meeting, San Francisco, CA
November 16-20 1997,

Impacts of JP-8 jet fuel on microbial and macroinvertebrate communities in aquatic
microcosms. R. A. Matthews, Institute for Watershed Studies, W. G. Landis, and A. J.
Markiewicz, Institute of Environmental Toxicology and Chemistry, and G. B. Matthews, Computer
Science Department, Western Washington University, Bellingham, WA. We investigated the
impacts of neat JP-8 jet fuel on microbial and macroinvertebrate communities in 380 L outdoor
aquatic microcosms. Twenty-four 380 L microcosms were constructed around a 12,000 L
central conditioning tank (CT). Prior to dosing the microcosms and CT were filled with nutrient-
amended water, artificial sediments, leaf packs, Elodea fragments, and unglazed tiles. Water
was circulated (24 exchanges/day), invertebrates from local ponds were added to the CT, and
25% of the sediments, leafpacks, tiles, and Elodea were transferred between mesocosms every
two weeks. The water quality and biota in the microcosms were sampled 25- and 3-days prior
to dosing, and weekly for 8 months after dosing.

On 12-April-96 the microcosms were dosed with 0-95 mL of neat JP-8. These doses had very
little toxic effect, despite yielding water column hydrocarbon concentrations that should have
been acutely toxic to invertebrates. During the first two weeks, the hydrocarbons appeared to
stimulate bacterial growth, seen as increased microbial respiration. After the initial response,
the major patterns were seasonal responses to changes in light and temperature rather than
dose-response effects. The presence of a complex, detritus-based microbial community .
appears to mitigate the influences of the toxicant in the microcosms.

The Impact of Soil Composition on the Earthworm, Eisenia foetida, Response to a
Hydrocarbon Toxicant. V. J. Wilson, W. Landis, Institute of Environmental Toxicology and
Chemistry, Western Washington University, Bellingham, WA. Formulations of artificial soil used in
earthworm toxicity tests include sand, clay and peat moss components which may affect the
bioavailability of the toxicant. These components may partially immobilize the toxicant thereby
increasing the concentration at which earthworms exhibit lethal responses. Lethal effects on the
compost worm, Eisenia foetida, exposed to concentrations of jet-fuel are determined using
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artificial soil of different compositions. Artificial soil is made up of varying proportions of sand,
organic material (peat moss) and clay.

The newly developed ASTM test methodology for determining earthworm toxicity was used to
develop concentration-response curves for artificial soil with high amounts of clay and high
amounts of organic material. Results indicated that the proportions of soil components do impact
the earthworm response to the jet-fuel toxicant. Soil with increased peat moss and decreased
clay components exhibited a concentration-response curve that indicated a lower toxicity to
earthworms than standard ASTM artificial soil. In soil with increased peat moss (with the clay
component equivalent to the standard soil), the toxicity, as indicated by the concentration-
response curve, varied according to the amount of peat content. In soil with increased clay,
there were no significant differences in the concentration-response curves as compared to
ASTM standard soil. These changes in soil toxicity may reflect differences in soil textures and
soil chemistry between various soil types.

Community Conditioning and Experimental Design Parameters for Aquatic
Multispecies Toxicity Tests. W. G. Landis, A. J. Markiewicz, Institute of Environmental
Toxicology and Chemistry, R. A. Matthews, Institute of Watershed Studies, Huxley College, G. B.
Matthews, Department of Computer Science, Western Washington University, Bellingham, WA.
We have conducted multispecies toxicity tests with three very different protocols, the mixed
flask culture (MFC), the standardized aquatic microcosm (SAM), and an outdoor mesocosm. In
addition we have developed the community conditioning hypothesis to describe the features and
dynamics that we have observed in these experiments and in field studies. We are proposing
design parameters that could be utilized in a variety of multispecies toxicity tests to aid data
collection, analysis, and interpretation. A few of these design considerations are:

1. Multispecies toxicity test systems are complex, non-equilibrium, historical, and non-linear.
Ecological structures do not recover or return to thier original state.

2. Every care must be made to ensure the similarity of the experimental replicates. This

includes introducing known components or ensuring that the migration pathways from the

source are equal for all replicates.

Environmental gradients require a random block experimental design.

Avoid pseudoreplication. This means multiple samples from the same enclosure cannot ever

be treated as experimental replicates.

Univariate statistical techniques are not appropriate for multivariate structures.

Calculation of NOECs and LOECs are inappropriate.

Multivariate methods are more suitable for the data analysis of multispecies toxicity tests. No

one multivariate technique is always best.

Data exploration using a variety of techniques should be followed by confirmatory statistics.

Multivariate visualization techniques should be used.

©® Noo Aw

Evaluation of Phytochelatin Production as an Exposure Biomarker for Metals Through
Laboratory Testing of Algae. L. S. Mortensen, and W. G. Landis, Institute of Environmental
Toxicology and Chemistry, Huxley College of Environmental Studies, Western Washington
University, Bellingham, WA. Phytochelatins are sulfur rich polypeptides found in plants from all
major families and have the general structure of (y-Glu-Cys),-Gly where n= 2 to 11. Functionally
similar to mammalian metallothioneins, their formation in plants is induced by the presence of
heavy metal ions. Recently, phytochelatins have been proposed as biomarkers of heavy metals
in field studies. Contaminated environments most often contain waste mixtures rather than single
compounds. This study examined phytochelatin induction in the green algae Selenastrum
capricornutum by 48 hour exposure to cadmium, lead and the water soluble fraction (WSF) of
JP-8 jetfuel. Phytochelatin induction by mixtures of cadmium and JP-8 WSF, and cadmium and
lead were also tested. Finally a complex mixture, the WSF of crude oil, assumed to contain
cadmium and lead as impurities, was tested for phytochelatin induction. Cadmium and lead
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induced phytochelatin production while JP-8 and crude oil WSFs did not. Cadmium and WSF JP-8
fuel mixture tests resulted in slightly increased phytochelatin production compared to
phytochelatin production in tests using only cadmium. Cadmium and lead in mixture were
antagonistic in terms of phytochelatin production compared to phytochelatin production in tests
using cadmium alone. Phytochelatin measurement appears to be a good exposure biomarker
because it is sensitive and specific for metals and not inhibited by common organic poliutants.
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Section 2. A Test of the Community Conditioning Hypothesis:
Persistence of Effects in Model Ecological Structures dosed with
the Jet Fuel, JP-8.

Introduction

In our previous studies (Landis et al 1993a, 1993b, 1995, Matthews Landis and Matthews
1996) we have observed the persistence of effects with a series of microcosm toxicity tests
using a variety of turbine fuels. These effects persist long after the toxicant has degraded or
otherwise been eliminated from the microcosm. These observations are inconsistent with a
disturbance followed by recovery model. We have proposed and alternative model, the
community conditioning hypothesis, which states that ecological communities tend to preserve
information about every event in their etiology (Matthews, Landis and Matthews 1996, Landis,
Matthews and Matthews 1996). The basic components of this hypothesis follow.

Communities are a product of their unique etiology, which is the historical collection of
physical, chemical and biological events leading up to a point in time. No two ecological
systems will ever be identical.

Events that alter the structure or function of populations within the community become a
part of the history of the community and are difficult to erase. The influence of the event
may increase or decrease over time, but is not lost from the history of the community.

Information can be stored in an array of biotic and abiotic forms, such as varieties of
detritus types, phenotypic fitness or change in age structure. Any subset of community
measurements, such as single-species population counts or reproduction dynamics,
cannot be assumed to be representative of the entire community.

Information may be retained by properties of the community that remain hidden for
indefinite time periods. The potential of this conditioning to alter the future trajectory of
the community may remain undiminished.

Almost all environmental events leave lasting effects. No observed effect does not
mean no effect, the observer may just be looking in the wrong place, not have used
appropriate data analysis tools or too small a sample size.

The search for the recovery of an ecological structure in meaningless in terms of the
ecological system. Recovery by definition (Lewontin 1969) eliminates the history of the
system. Only in terms of human value structure expressed as a subset of ecological
variables can the illusion of ecological recovery be observed.

This paper presents a series of comprehensive studies detailing the biological and ecological
impacts of the water soluble fraction (WSF) of the turbine fuel JP-8. These studies are designed
to compliment the previously published research examining the impacts of Jet-A and JP-4 (Landis
et al 1993a, 1993b) using the Standardized Aquatic Microcosm (SAM).

We used a modification of SAM in these experiments not to mimic a particular aquatic system,
but as a model that has some of the properties of naturally derived ecosystems. These
properties include food web structure, a variety of photosynthetic and grazer organisms, and
the property of being a complex system. No constructed ecological system is ever going to
replicate a natural system since they will always have dissimilar histories of colonization and
artificial systems are much more closed to migration and immigration (Landis et al 1997).
However, these constructed systems are useful research tools in examining particular features
and properties of naturally occurring systems. Our goal in this study was to examine the
persistence of historical events within a ecosystem using the SAM as a model.
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In the experiments reported here the effects of the water soluble fraction (WSF) of the
turbine fuel JP-8 were observed in a set of single species and then in two muitispecies toxicity
test experiments. The multispecies experiments were based on the Standardized Aquatic
Microcosm (SAM) protocol. One SAM experiment was at the normal 63 day length, the other
was twice a long. In both experiments clusters associated with treatment persisted during the
experiment after the degradation of the WSF. Although the patterns observed in each
experiment were similar, the specifics were not. The variables that best described each system
changed with sampling date, although broad similarities could be found. The importance of
historical events, the irreversibility of ecological systems and the contrasting viewpoint of this
research is contrasted with the search for recovery as an endpoint.

Methods
Chemicals

All chemicals used in the culture of the organisms for the Standardized Aquatic Microcosm
and in the preparation of the microcosm medium, T82MV, were reagent grade or as specified by
the ASTM and USEPA protocols. Individual hydrocarbon reference standards, that were used to
identify and quantify the water soluble components in the jet fuels, were purchased from the
Alltech Chemical Company (Deerfield, IL), were certified to 99+% purity and A.C.S.
spectrophotometric grade. The ASTM D3710 Qualitative Calibration Mix and the Qualitative
Reference Reformate Standard were purchased from Supelco Chromatography Products
(Bellefonte, PA). All standards were prepared in pesticide residue grade, A.C.S. specification
hexane or carbon disulfide, purchased from VWR Scientific (Seattle, WA).

JP-8 was supplied by the U. S. Air Force Toxicology Laboratory at Wright Patterson Air Force
Base in Ohio. The samples were collected in two liter fuel cans from in-line quality
assurance/quality control valves, sealed on site, lot shipment recorded and transported to the
laboratory, using in-place chain-of-custody procedures. The procedure for producing the water
soluble fraction (WSF) of a turbine has been described (Landis et al 1993b).

Algal and Daphnid Toxicity Tests

In order to estimate the short term and relative toxicities of the JP-8 WSF mixture a series of
short-term toxicity tests were performed. These included the 96 hr algal growth inhibition with
three species of algae and the 48h D. magna toxicity test.

Algal growth inhibition: Algal growth inhibition tests were performed to determine the toxicity
of the WSF of the various fuels using Chlorella vulgarius, Ankistrodesmus falcatus and
Selenastrum capricornutum. Test algae were grown in a semi-flow through culture apparatus
on the microcosm media T82MV and taken during log phase growth for inoculation into the test
flasks. Five hundred mL Erlenmeyer flasks with ground glass stoppers were used as test
chambers. with serial dilution's of the water soluble fraction at concentrations of 0.0, 6.25, 12.5,
25, 50 and 100 percent then placed in the flasks. The test organisms were added at a

concentration of approximately 3.0 x 104 cells/mL. Total volume was 100 mL with two replicates
of controls and the test concentrations used. Test mixtures will be incubated at 20.0°C + 1.0°C
with a 12:12 hour light/dark cycle. Using a Newbauer Counting Chamber, cell densities were
determined every 24 hrs for the 96 hr duration of the test.

The cell numbers are then plotted against the concentrations. If possible a least square
regression line was drawn and the IC50 (the concentration at which algal growth is reduced to

50% of the control) determined.

D. magna toxicity test: D. magna acute toxicity tests were conducted using T82MV media at
concentrations of 0.0, 6.25, 12.5, 25, 50 and 100 percent WSF. Ten neonates were placed in
each 250 mL beaker containing 200 mL of test solution. Two replicates were used at each
concentration. At 24 and 48 hrs the number immobilized was recorded. Data were analyzed
graphically and statistically to obtain an estimate of the EC50.

Gas Chromatography of WSF
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A Tekmar LSC 2000 Purge and Trap (P&T) concentrator system in tandem with a Hewlett
Packard 5890A Gas Chromatograph with a Flame lonization Detector (FID) was used for the
analysis of all microcosm samples and standards (Landis et al 1993b). Instrument blanks and
deionized distilled water blanks are used to verify the P&T and GC columns cleanliness prior to
analysis of samples. A 5 mL gas tight Teflon Luer lock syringe was used to remove a 3.5 mL
sample and inject it into the 5 mL sparger where the sample was purged with pre-purified
nitrogen gas for eleven minutes and dry-purged for four minutes. Volatile hydrocarbons, purged

from the sample and collected on the Tenax/Silica Gel column, were desorbed at 180°C directly
onto the gas chromatograph SPB-5, 30 m x 0.53 mm ID 1.5 um film, fused silica capillary column.
The GC column was programmed to hold at 35°C for two minutes, increase to 225°C at 12°C/min
and hold at that temperature for five minutes. A Spectra-Physics 4290 Integrator recorded the
FID signal output of the volatile hydrocarbons, separated and eluted from the column by
molecular weight and boiling point. A comparison was then made of the sample chromatograph
peak retention times and area under the peak curve to n-paraffin and aromatic chromatograph
reference standards, prepared and analyzed under the same conditions, for sample
concentrationdeterminations.

Multispecies Toxicity Tests

The 63-day SAM protocol previously has been described (ASTM E 1366-91, 1991) and a
summary describing the use of the technique in the testing of turbine fuel has been published
(Landis et al 1993b). The experimental design consists of a defined ecological system with a
specified algal, invertebrate and microbial community. Four treatment groups of 6 independent
replicates were used.

Two major modifications were made to the SAM protocol. The first was the means of
toxicant delivery. On day 7, 450 mL were removed from each container using an autoclaved,

100 mL capacity basting tube, with a sterile square of 100 mesh Nitex® tied over the opening to
prevent the removal of the organisms. The 100% WSF stock material was then combined with
fresh, sterile T82MV and added in appropriate amounts to produce concentrations of 0, 1, 5 and
15 percent WSF for the four treatment groups (Treatment 1-4 respectively). After toxicant
addition the final volume was adjusted to 3L. The second modification was the substitution of
Tetrahymena thermophila BIV for the hypotrichous ciliate used in past experiments. The results
presented below demonstrate the suitability of the Tetrahymena for inclusion in the protocol. The
microcosms were monitored for structural parameters, with subsamples removed from each
microcosm and counts of population densities made for all species, on Tuesdays and Fridays,
for the duration of the experiments.

In order to examine the repeatability of a microcosm , two separate experiments were
performed in the same environmental room, using the same cultures, and with the measurements
taken by essentially the same staff. The first experiment, JP-8-1, was for 63 days. Immediately
following the JP-8-1 experiment, a 126 day experiment was performed , JP-8-2.

Data analysis

Data were collected and analyzed in a conventional fashion as directed by the protocol.
Intervals of non-significant difference (. =0.05) were calculated and plotted for the measured
variables. Shannon-Weaver diversity was calculated for the algal assemblage.

Three multivariate techniques were used to identify patterns and compare the clusters to
treatment groups. Two of them were based on the ratio of multivariate metric distances within
treatment groups vs. between treatment groups. One of these is calculated using Euclidean
distance and the other with cosine of vectors distance (Good, 1982; Smith ef al., 1990). The third
test used nonmetric clustering and association analysis (NCAA) (Matthews and Hearne 1991,
Matthews et al 1991a, 1991b, Matthews et al 1995). Redundant measures such as algal
biovolume and algal species diversity based on the algal counts and were eliminated from the
clustering.
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The approach to using NCAA has been modified to emphasize the optimization of cluster
quality. This process is conducted in an iterative fashion. Generally, the number of clusters
being sought for is reduced, the number of iterations increased to improve the chance of finding
a maximum clustering, and the numbers of best variables being identified is reduced. Using the
graphical output and the measures of cluster quality it can be determined that cluster quality is
approaching at least a local maximum. The optimal clusters are then compared to treatment
groups with an association test and the significance determined. We will present the results of
different combinations of cluster quality, number of important variables and the results of the Chi-
square goodness of fit test.

Results
Single species toxicity tests

The results of the single species toxicity test results conducted with the WSF of JP-8 are
presented in Table 1 and Figure 1. In some cases multiple toxicity were conducted with the
same test species and those results are shown individually. Generally the IC50 for the three
algal species tested, Ankistrodesmus, Selenastrum and Chlamydamonas, was higher than the
ECS50 results for D. magna and D. pulex. This is a pattern common with the other turbine fuels
tested to date (Landis 1993a, 1993b). Compared to results for the WSF of crude oil, the toxicity
is in the same range.

The test data are represented as scatter plots in Figure 1. Variability in the daphnid toxicity
tests was relatively low, and reflects the shallow concentration-response curve. The D. pulex
results were within the range of data for D. magna (Figure 1a). There was much more scatter
apparent in the data obtained for the three algal species tested (Figure 1b). Again there was a
shallow concentration-response relationship for JP-8.

Fate of JP-8 in Microcosms

The constituents of the WSF were rapidly removed from the water column. Figure 2 depicts
two chromatograms taken from a treatment 4 replicate of SAM JP-8-1. At the initial dosing of the
container a variety of materials were visible and in high concentration. Forty-eight hours later
the area under the curves were substantially reduced. In order the quantify the removal rates,
specific compounds were followed during the course of the SAM experiment and two of these,
benzene and toluene, are presented in Figure 3.

Benzene (Figure 3a) was rapidly removed from the water column, with half of it removed by
72 hours after dosing. The downwards trend continues until after 192 hours (8 days) an
increase in noted in the concentration of the material. This is not due to the recurrent mixing of
the sediments and other components of the microcosm, since that had occurred several times
before.

Toluene was present at five times the concentration of benzene (Figure 3b). At 72 hours
over two thirds of the material was removed from the water column. The removal appeared to
be asymptotic after 144 hours (6 days), yet the material increased in concentration after 240
hours post dosing. Again, the increase does not appear to be directly related to the stirring of
the microcosm during sampling.
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Figure 1. The results of the single species toxicity test results.
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Figure 2. Chromatograms from a SAM dosed with 15 percent WSF, time zero (A) and 48 hours
post dosing (B).
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Treatment 4, SAM JP-8-1 Benzene Degradation
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Figure 3. The concentrations of benzene (a) and toluene (b) in the SAM-1 experiment. The
samples are taken from a SAM dosed with 15 percent WSF.
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Summary of Univariate Results

AlgalPopulationDynamics: The population dynamics of the algae are presented in Fig, 4 and
5 for the JP-8-1 and JP-8-2 microcosm experiments respectively. In Fig. 5, day 63 is noted by a
vertical line for ease of comparison to the normal period of a SAM experiment. Note that the x
and y axes are of different scales in the figures to best represent each experiment.

In Fig. 4, the zero percent and 1 percent WSF treatments (Fig. 4a and 4b)appear to be similar.
In both treatment groups the algae sharply declined, then increased again after day 21.
Fluctuations were then observed until the end of the experiment. Stigeoclonium was a major part
of both treatments during the later 2/3 of the experiment. Treatments 3 and 4 were similar in that
the initial density of algal cells is not as high compared to the first two treatment groups.
Although not as high a peak density was reached, the algae persist at a higher density for a
longer time in Treatment 4. This persistent increase was statistically significant (IND method).
Stigeoclonium is again an important part of the algal assembly during the latter segments of the
experiment.

Fig. 5 summarizes the JP-8-2 experiment. In the first two treatment groups were again similar
(Fig. 5a and 5b). The densities do not reach the same initial densities as in the JP-8-1
experiment, yet both demonstrated the initial reduction in density around day 20. At day 21 both
assemblages see a rapid increase in algal density due to Anabena, Stigeoclonium and Lyngbya.
The densities then decline until only low numbers of cells are present. The 5 percent treatment
(Fig. 5¢) sees a delay in the Anabena, Stigeoclonium and Lyngbya bloom until day 42. After the
bloom occurs the numbers of cells then decline. Although the JP-8 is toxic to algae, the highest
treatment group (Fig. 5d) has the highest numbers of algae and the populations persist the
longest. During the period from day 28 until day 84, Anabena and Scenedesmus were the
principal types in the algal assemblage. The total algal densities were generally highest in
treatment 4. As in the other treatment groups, the numbers of algae were low during the last
stages of the experiment.

Diversity has often been used as a measure of the structural status of an ecological
assemblage or community. Figure 6 presents the Shannon-Weaver diversity for the algal
assemblage for both experiments. In each experiment there was an initial decline in diversity that
apparently starts to level off at approximately day 42. After day 42 neither experiment
demonstrated much change is diversity except for a fluctuation in the Treatment 1of JP-8-2
between day 91 and 105. As defined by the use of the IND, JP-8-1 showed only an occasional
single event divergence in diversity from Treatment 1. In the JP-8-2 experiment Treatment 4 did
initially have a higher diversity than that of Treatment one in the early stages. After day 35, no
more divergences from the diversity range of Treatment 1 were noted.

Total daphnia (Fig.7) reflected the concentration-response effects in both experimental
systems for during the first 42 days. In JP-8-1 the lag in daphnia growth for the first 28 days
was clear and follows the order, from most to least growth of Treatments 1, 2, 3, and 4.
Treatment 2 is actually lower than Treatment 1 on day 14, but is not significantly different
thereafter. In the JP-8-2 experiment Treatments 3 and 4 are lower than Treatment 1 until day 21.
Treatments 2 and 3 occasionally overshoot Treatment 1 and Treatment 4 is significantly lower
during days 21-51. After day 51 no significant divergence from Treatment 1 is apparent.

The pH measurements also demonstrated the divergence of Treatment 4 from Treatment 1 (Fig.
8). In JP-8-1 (Fig. 9a), both Treatments 3 and 4 exhibit an excursion outside of the IND during the
first 28 days of the experiment. No consistent differences were observed for the rest of the 63
day experiment. JP-8-2 (Fig. 8b) only Treatment 4 diverged from the IND in having a higher pH, in
the first 42 days of the experiment. However, from days 98 until day 126 both Treatments 3 and
4 had a lower pH than within the range of Treatment 1.
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Figure 4. Algae population dynamics JP-8-1 within the four treatments.
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Summary of Multivariate Results. _

The statistical significance of the three clustering methods used are presented in Figure 8.
The NCAA was clustered using the best 10 variables with 20 retries. In both experiments,
clustering was associated with treatment during the majority of the experiment. It is also
apparent that the three methods were not equivalent. On certain sampling dates the NCAA was
better at detecting clusters than the other methods. At other times cosine or Euclidean clustering
was better. At the end of the 63 day experiment JP-8-1 (Figure 9a) none of the methods were
able to detect a clustering associated with treatment group. However, the longer experiment, JP-
8-2 (Figure Sb) demonstrates that the effects of the JP-8 can persist well beyond 63 days.

A direct comparison of the NCAA resuits for the two experiments demonstrate that
comparable results were obtained during the first 63 days of the experiment. At times no
significant association was detectable, but the association reappeared. The cluster quality in
both experiments peaked between days 14 and 21, followed by a general decline and then
stabilization until the end of the experiment.

A difficulty in the evaluation of the association data is that each date is clustered separately
and there is no correction of the multitude of statistical tests conducted. In order to ensure that
the statistically significance was not spurious, we also incorporated cluster quality into our
analysis. Two cluster quality values were used, 0.5 as in the published evaluations of other
fuels, and 0.6 as used in a previous evaluation of the JP-8 data (Matthews et al 1996).

Table 3 presents the variables that were important in determining the clusters for each
sampling date during the first 63 days for each experiment. In order to be considered important
the contribution to the cluster quality has to be better than the average cluster quality for that
sampling date. A pattern of green algae and daphnia being important in the early stages of the
experiment followed by the appearance of ostracods and bluegreens during the latter stages
was common to both experiments. However, the correspondence of variables being important in
clustering was never exact on the same sampling date and on some days no variables were in
common.

Table 4 presents a comparison of the ranks of the important variables for both experiments
for the fist 63 days. The memberships of the four top ranks are identical except for P/R ratio
being included. Although the membership overlaps, only pH has the same ranking in both
experiments.

Further comparisons can be made by examining the JP-8-2 experiment for days 64-126 and
as an complete experiment (Table 5). Days 64-126 exhibited a different ranking of important
variables compared to the earlier phases of the experiment. Of the top four rankings only two
variables are in common, Small Daphnia and Chlamydomonas. This changein rankings is
reflective of the change in the microcosm becoming a detritally based system. The
correspondence of variables of the first four ranks over the entire experiment to the first 63
days with the entire experiment is high with four of the five variables in common.

Table 6 portrays the membership of each treatment group into each cluster for both experiments.
In the JP-8-1 experiment the most common pattern was that two clusters were best. Typically
treatments 1 and 2 comprised one cluster and 3 and 4 the other. Treatments 1, 2 and 4 each

comprised its own cluster at some point in the experiment. In the JP-8-2 experiment, two, three
or four clusters were the best in almost equal numbers. Treatments 1,2,3 and 4 all comprised
separate clusters at some time during the experiment. Treatment 4 stood alone the most often of
any of the treatment groups. The patterns are quite diverse. On day 47, treatments 1 and 4
comprise a cluster while the intermediate treatments are in distinct clusters. ON other dates the
clusters are as expected, treatments 1 and 2 forming one cluster and 3 and 4 the other (days 21,
82, 88).
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Toxicant  Organism IC50/EC50 percent WSF

JP-8 Ankistrodesmus 29.8
Chlamydomonas 65.5
Selenastrum 15.3
Ankistrodesmus 14.8
Chlamydomonas 24.2
Ankistrodesmus 32.5
Selenastrum 62
D. magna 10.8
D. magna 12.5
D. pulex 22.8

CrudeOQil Selenastrum 16.0
D. magna 9.0

Table 1. Comparison of JP-8 to the toxicity of crude oil. In each experiment the toxicant is the
water soluble fraction of each of the materials listed. WSF=Water Soluble Fraction.
T82=microcosm media. LW=Lake Water. The algal tests were conducted following ASTM E
1218-90. Daphnid toxicity tests were conducted following the protocols of ASTM E 729-88 and
Biesinger (1987).

Section 2-16




Ll-guonossg

‘sa|qeleA Buipuodsaliod

JO JaquINU Mo} B aAey sjuswiadxa ay} jo sabejs aje| pue Aliea ay) yiog “useped juaiedde ou st a1ayj jey) SjoN “sjuawadxe

130q 0} UOLILIOD SJE SO|qELIeA 3y} Jo 831y} (1.Z Aep) ajep suo uQ "ybiy Apejnoiued jou si ssjqeuen Juepodul Jo ouspuodsaliod

a1 159} Aioixo} saadsiynw e jo uonesidal ayy je Jdwaje ue ase sjuswuadxs ay} ybnoy)y "pasedwod pue pajussaud

ale a)jep buidwes yoes Joj sajqeleA juepodw ay) ‘sAeq €9 1sii4 8U) 10} g-8-dl* PUB |-8-df* 10} S}NSaY S|1Y jo uosuedwo) ‘g ajqel

Z qeuy-Hd-eiqbuh1-isBiuy-dd  (F)HA-(P)ydeain-(€)udd3-(znspiuy-(1)udeas €9
0 yde@s-Hd-i1spuy-Buk-weyo ydd3-1olyD-ydea-iiyd-1s0 09
I (y)qeuy-(y)usas-(€)ud-(2)eles-(1)6ns ydeqi-ydegw-usog-ydegs-1olyd 95
L (b)aeuy-(p)weyo-(€)Hd-@ud-(L)4as0  (€)dd-(ENsmuy-(g)usos-(1)Buki-(L)welyd €5
I ao-iyd-weyo-yd-Hd (P)HA-(g)aes-(ENsnuy-(2)iolyd-(1)uydda /¢
Z (P)weyd (Pnsnuy-(g)ydeas-(z)usos-(1)udda  (p)ydd3a-(y)weyo-(€)ao-(ghspuy-(L)qeuy  of
Z (¥)ao-(¥)udd3-(c)udean-(z)Hd-(1)udeas (¥)Bns-(Phsnuy-(e)ydd3-(z)ydean-(L)Hd  2¥
0 (#)ao-(r)udean-(€)Hd-(2)dd-(1)udeas (e)yde@-(z)bns-(z)u2as-(1)Hd-(1)sMuy  Gg
Z ()Hd-(g)ydeqs-(z)uaos-(2nspiuv-(1)dd ao-oiN-iud-Ispuy-Hd  z¢
0 dd-weyo-ydeq-isuy-1oiyd eiqbuf-jo|n-bns-weyo-usdg 8z
€ we|yd-ydegn-Hd-ydegs-ispuy (2)ao-(z)udeqgs-(2hspuy-(1)Hd-(L)usdos Lz
l (Phspjuy (g)ens)-(z)udeas-(1)usds-(1)iolyo 1Ispuy-Hd-ydeas /i
Z (P)ud-(€)spuy-(2)dd-(2)udea-(1)udeas Hd-ydeqi-udeds vl
I (¥)udegs-(¢)uydeaqn-(2)Hd-(2)ao-(1)4dd Hd-ydegl LI
l (P)IoyD-(¥)weyo-(e)udeas-(2)ao-(1)nso  (p)eneL-(g)sles-(2)olyd-(2hsmuy-(1)usdg . L
eq

@ouapuodsalod ejlep31441yzwesg-dr ejep3 1441y Lwesg-dr




Rank JP-8-1 JP-8-2

1 Ankistrodesmus SmalDaphnia

2 pH pH

3 SmalDaphnia Chlamydomonas-PR

4 Chiamydomonas Ankistrodesmus

5 Chlorella-Scenedesmus-Ephippia Anabaena-MediunDaphnia-Optical
Density

6 Stigeoclonium-MediuBaphnia-LgDaphnia Scenedesmus-Lyngbia-Ephippia

7 Selenastrum-PR-OpticaDensity Chlorella-Philodina

8 Ulothrix-Lyngbia-Philodina Ostracods

9 Anabaena-Ostracods-Tetrahymena Selenastrum-Stigeoclonium

Tetrahymena-LargeDaphnia

Table 3. Comparison of the ranks of important variables. These are the resuits of Riffle when
the clustering is based on the 5 best variables. The top four ranked variables are shared in each
experiment although the order of the top four is different except for pH.

Days 64-126 Days 1-126

Optical Density SmDaphnia
MedDaphnia-Ostracods pH
Selenastrum-SmDaphnia Chlamydomonas
Chiamydomonas PR

PR MedDaphnia

Philodina Ankistrodesmus-Ostracods
Ankistrodesmus-Lyngbia-Ephippia-OpticaDensity Optical Density
Tetrahymena Selenastrum

Chlorella Lyngbia-Ephippia-Philodina
Stigeoclonium-Anabaena Scenedesmus-Anabaena Tetrahymena

Stigeocionium-Chlorella-LgDaphnia
Table 4. Rank order of the JP-8-2 Experiment.

Table 5. Composition of the Clusters obtained by NCAA for the JP-8-1 and JP-8-2 experiments.
The treatment groups are 1, 2, 3, 4 forthe 0, 1, 5, and 15 percent WSF treatments respectively.
Cluster 1 is always the cluster comprised primarily of treatment 1and so forth. Note that often
only 2 or three clusters are present in the data.

JP-8-1
Day Cluster 1 Cluster2 Cluster 3 Cluster4
7 1 1,2,3 3.4
11 1,3 2 1,3 4
14 1,2 3,4
17 1,2 3.4
21 1,2 3.4
25 Not significant
28 Do over
32 1,2,3 3,4
35 1,2 3,4
39 Not significant
42 Not significant
46 Not significant
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47 1,2,3 4

53 1,2 34

56 1,2 2,3 1,4 1,2,3,4

60 1,2,3 4

63 Not significant

JP-8-2

7 Not significant

11 1 2 3 4

14 1 2,3 2,3 4

18 1,2 2,3 3 4

21 1,2 3,4

25 1,2 2,3 4

28 1 1,4 23

32 Not significant

35 1,2 3 1,4

39 1,4 2,3

42 1,2 3 4

46 Not significant

46 1,2 1,3 4

47 1,4 2 3

53 1,2 2,3 34 -

56 1,2 3,4

60 1,2 3.4

63 1,3 2 2,3 4

67 1,4 2,3

70 1,2 2,3 ' 3,4

74 1,2 3,4

75 Not significant

82 1,2 3,4

88 1,2 3.4

91 Not significant

95 1,2 3.4

08 Not significant

102 1,2,3 2,34

105 1,3 2,3 24 4

108 1,2 1,3 3 2,1

112 Not significant

116 1,2 1,2 3 ‘ 4

119 Not significant

123 Not significant

126 1,2 1,2 2,3 4
Discussion

These experiments confirmed the persistence of concentration related clusters during the
course of each experiment. Significant clustering would occur, then perhaps a period were
treatment effects could not be detected, followed by a re-establishment of the clustering related
to treatment. This pattern was the most pervasive and common throughout this series of
experiments even though the toxicant is no longer detectable within the water column. These
results are comparable to previously published (Landis et al 1993a, 1993b, Matthews, Landis,
Matthews 1996) microcosm experiments.
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Ecosystem Dynamics and the Importance of Non-equilibrium Conditions

The return of a system to its pre-existing state, structurally, metabolically and dynamically, is
a classical definition of recovery. The property that confers upon a system the ability to recover
is stability. It has often been assumed the stability is a property of persistent ecological systems.
It has even been suggested that the examination of stability and the measurements of resilience
and recovery are the most appropriate attributes to be studied in multispecies toxicity tests.
Even in situations where an equilibrium does not occur it is assumed that given more time that
replicate systems will converge toward an equilibrium condition (Rosenzweig and Buikema
1994). As comforting as an assumption of ecological stability may be, there is an increasing
amount of data that indicate that stable systems may be the exception.

The return of a system to its pre-existing state, structurally, metabolically and dynamically, is
a classical definition of recovery. In regard to populations, Connell and Sousa (1983) examined a
great deal of the literature on population dynamics and found stability as return to original
conditions extremely rare. Andrews (1991) in a study of tropical lizards found that the
population dynamics are unstable. Hypothesized causes are the rapid population turnover and
the complexity of a food web. Over the last ten years it has in fact been found that many
populations exhibit chaotic dynamics (Schaffer and Kot, 1986, Hastings et al 1993). Although
density dependent regulation is operating, the populations are characterized by large
unpredictable fluctuations that are inherently unpredictable. In fact there is ample theory that
predicts the inherent instability of large dynamic and connected systems (Gardner and Ashby
1970, May 1972). Given the unpredictability of outcomes in a variety of theoretical (Yodzis
1988) and experimental (Thompson et al 1991)cases, an assumption about the reality of stability
and the reliance upon the measurement of recovery seems improper.

Recovery as a value, not ecological reality

Although we were able to detect patterns that are distinctive of treatment groups during the
entirety of both experiments, the densities of organisms and the chemical parameters are not
substantially different. Among most of the variables no significant difference was observed.
Typically, when this state has occurred the claim of recovery is made. In one instance the
structure of a freshwater macrophyte community was altered by the application of Atrazine, yet
because the biomass was equivalent the claim of recovery was made (Solomon et al 1995). In
another instance data were eliminated that countered the claim of recovery because it did not
have the resistant life stages of other macrobenthos and had to re-colonize the artificial stream
systems. Eliminating the variable allowed a claim of recovery to be made.

In both instances recovery could be claimed if only one aspect of the community was
observed or data that did not conform to this interpretation was eliminated.

Conclusions
1) Effects are persistent in these model ecological systems long after the demise of the toxicant.
In the case of the 126 day experiment clusters that matched treatment groups were identifiable
until the end of the experiment.

2) Patterns of impacts are detectable at concentrations 15 times lower than the experimentally
derived single species ECs,.

3) The replicate experiments are not replicable in the specific, but the broad pattern of the
disruption of algal, herbivore dynamics followed by more subtle effects are consistently
repeated. These impacts are similar to those observed in the Jet-A and JP-4 experiments
previously described.

4) The durability of the indirect effects and therefore the information about historical events
appears to be a consistent feature of these microcosm systems. At time the ability of our
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techniques to detect patterns is diminished, but the re-emergence of patterns related to treatment
is a consistent property of these experimental systems. Although the replicates may be
constrained in ecosystem space by nutrient limitations, the identity of the treatment groups
persist.

5) The critical features of the community conditioning hypothesis: persistence of information
within an ecological systems, the reappearance of patterns and therefore the non-equilibrium
dynamics have again been confirmed.
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Section 3 - Outdoor Mesocosms

Introduction

We developed an outdoor mesocosm system that incorporates detrital conditioning to test the
hypothesis that microbiota play a critical role in altering the community response to hydrocarbon
toxicants. The mesocosms were constructed using 568 L tanks, arranged in 6 units of 4 tanks,
with each unit equidistant from a central conditioning tank. During pre-treatment, the mesocosms
and conditioning tank were filled with nutrient-amended well-water (500 (g-N/L and 20 (g-P/L),
artificial sediment (silica sand, ground chitin, and cellulose powder), leaf packs containing dried
maple leaves, elodea fragments, and unglazed tiles for periphyton growth. Water circulation
was maintained at the rate of 24 exchanges per day. After four weeks, invertebrates from local
ponds were added to the conditioning tank. Leaf packs were added to the conditioning tank and
mesocosms every two weeks; eight week old packs were discarded after returning
invertebrates to the conditioning tank. On a weekly basis, 25% of the sediments, leaf packs,
tiles, and elodea from each mesocosm were transferred to another mesocosm; the conditioning
tank walls and tiles were scraped: and the water quality was monitored. Circulation was
discontinued one week prior to dosing. On April 12, 1996, the mesocosms were dosed with 0-,
19-, 57-, and 97 mL of neat JP-8 jet fuel, resulting in the following concentrations of JP-8:

TREATMENGROUP  mLJP-8 CONCENTRATION

Group 1 0.0mL 0.0mLJP-8/L
Group 2 19.0mL 0.05mLJP-8/L
Group 3 57.0mL 0.15mLJP-8/L
Group 4 95.0mL 0.25mLJP-8/L

The dose was chosen to provide hydrocarbon concentrations similar to those used in earlier
laboratory-based Standardized Aquatic Microcosms (SAM) and Mixed Flask Culture Microcosms
(MFC) tests. The post-exposure experiment duration was 208 days.

Methods
Constructing the Outdoor Mesocosms
This section describes the procedure for the construction of an outdoor mesocosm
experiment, including the design, materials, set-up, and the conditioning of mesocosm
communities. Figures 1-4 show the finished conditioning tank and mesocosms at the IETC
research site. :

Materials

1)_340 L Mesocosms (568 L capacity), fiberglass, oval, (63.5 cm x 147.3 ¢m or 150 gal oval
fiberglass cattle troughs, 58 in x 25 in).

2)_12,000 L Conditioning Tank, with 30 mil PVC liner, (116.84 cm x 365.76 cm stainless steel
tank, round, 15 gauge, 11771.35 L or 3110 gal capacity).

3)_Pump, TEEL Stainless steel, self-priming, centrifugal with TEFC motor, Teflon seals. 3/4 HP.
4)_1.905 cm PVC SCH-40 irrigation pipe (3/4 in), elbows, couplings, butterfly valves, and unions.
5)_3.81 cm PVC SCH-40 irrigation pipe (1 1/2 in), elbows, couplings, butterfly valves, and unions.
6)_Plastic sheeting, 2 rolls, clear, 12 mil, (15.24 cm x 269.24 cm or 6 ft x 106 ft)

7)_Sand, (15.294 m3 or 20 yd3)

8)_Tarpaulins, polytuf, heavy duty (168 cm x 584.64 cm or 14 ft x 18 ft)

9)_Water source, analytically examined and characterized.

Site Preparation and Conditioning Tank Installation

A 15.5 m x 15.5 m area was cleared of all vegetation, large rocks and other debris. The
excavated material from the center area was used to form a 46 cm high berm around the
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entire15.5 m x 156.5 m area. The center of the site was excavated to a level depth of 1.22 m (4
ft) and a radius of 3.96 m (13 ft). Bricks (15.24 cm x 2.54 cm or 6 in x 1 in) were evenly spaced
around the circumference of the excavation to act as supports for the tank wall. The 12,000 L
stainless steel tank was assembled and placed on the bricks so that it was stable. Sand (1.6 m3
or 2.1 yd3) was spread evenly in the bottom of the tank, 15.2 in (6 in) deep, to form a cushion for
the tank liner. The tank liner was placed in the tank according to manufacturer's instructions and
secured to the top of the tank. Additional sand was spread around the outside of the tank and
tamped down to provide thermal insulation and support for the tank walls. A mixture of sand
(1.15 m3 or 1.5 yd3), 400 g of ground chitin, and 400 g of cellulose powder was placed in the
bottom of the tank to serve as an initial substrate (ASTM-E 1366-91). The tank was filled with
source water so that the level of water was 0.15 m below the top of the tank. The area around
the conditioning tank was graded and leveled. Overlapping sheets of heavy duty tarpaulins
were placed on the graded area to cover the ground from the sides of the conditioning tank to
the edge of the berm. The tarpaulin area was covered with 7 m3 (9.2 yd3) of sand up to the
edge of the berm to secure the tarpaulin and cushion the mesocosms.

Mesocosm Placement and Set-up

Six groups of four 568 L capacity mesocosms were arranged equidistant from the center of
the central conditioning tank. The mesocosms were placed in a 2 x 2 matrix and spaced
approximately 0.5 m apart. Dry sand (0.048 m3 or 0.063 yd3) was placed in the bottom of each
mesocosm, with care taken not to block the intake opening mid-way along the side of the
mesocosm and near the bottom. The sand covered the bottom to a depth of 0.03 m. Ground
chitin and cellulose powder (63.3g each) was mixed with the sand in each mesocosm.

Flow-through System Design
Plumbing and Installation

A 3.81 cm PVC pipe was plumbed from the conditioning tank to the inlet of the pump and from
the outlet to a six-port manifold located directly above the conditioning tank. From each port on
the manifold, a 3.81 cm PVC pipe was plumbed to each four-port manifold located in the center of
each 2 x 2 group of four mesocosms. A butterfly valve was located inline to the four-port
manifold so that each group of four could be isolated from the flow-through system. From each
port on the four-port manifold, a union fitted with an inline restrictor disk (1 cm ID opening) was
plumbed into a1.905 cm PVC pipe that connected to the mesocosm intake. The mesocosm intake
was a 3.81 cm threaded opening located on the side of the mesocosm, approximately 3.8 cm
from the bottom, and midway down the mesocosm length. Each mesocosm was fitted with a 3.8
cm overflow pipe located 0.15 m from the top of each mesocosm. Each overflow pipe was
covered with Mesh #18 (1 mm) to prevent loss of macroinvertebrates from the mesocosms. The
overflow pipes from each group of four mesocosms were plumbed into a 3.81 cm PVC pipe that
extended back to the edge of the conditioning tank.

Water Circulation and Flow

Water was pumped from the conditioning tank to the six-port manifold located directly above
the conditioning tank. Water was routed from each port on the manifold to one of the four-port
manifolds located in the center of each group of four mesocosms. Water was routed from each
port on the four-port manifold through an inline restrictor disc to reduce the flow to 0.11 L/sec
before it entered the intake port of the mesocosm. The water was split into two opposite
streams as it entered the mesocosm and encountered the opposite wall. Each stream circulated
the water in each half of the mesocosm in a slow moving, circular pattern. Water entered the
mesocosm through a 3.81 cm threaded opening approximately 3.8 cm from the bottom, at the
midpoint of the mesocosm. At capacity the mesocosm water levels were maintained to within
0.15 m of the mesocosm top by the outflow pipe that routed the overflow from the group of four
mesocosms back by gravity to the conditioning tank. Mesocosm volumes were replenished at a
rate of one complete exchange per hour. Supplemental water from the designated water source
was supplemented to the conditioning tank to compensate for losses due to evaporation and
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monitoring procedures.

Criteria used to minimize water flow and spatial variation

Pipe lengths and sizes were kept identical within each section of the distribution network.
Water flow was regulated into each mesocosm using inline restrictor disks to produce twenty-
four changes of water per day per mesocosm. Mesocosm overflow outlet screens were
cleaned regularly to ensure water levels remained consistent. The position of the six groups of
four mesocosms was equidistant from conditioning tank. The position of the three groups of four
mesocosms on one half of the site were positioned identically with reference to the three groups
of four mesocosms on the other half of the site, regardiess of the orientation of the center line.
The position of each mesocosm in each group of four was identically arranged in a 2 x 2 matrix,
with the long side parallel to the east-west axis.

Canopy Construction

Canopies for the conditioning tank and each of the individual mesocosms were constructed
to prevent precipitation from entering the systems and to exclude airborne debris, insects, and
contaminants. PVC pipe (1.905 cm), elbows, and tees were used to make the mesocosm
canopy frame. The frame was built in the shape of a right triangle measuring 163 cm in length
and 126 cm wide. Cut sections of 12 mil clear plastic measuring 305 cm x 183 cm were secured
on two sides of the triangular framework with heavy duty clear tape. The base of the frame
was fitted with four short 1.905 cm PVC pipes that were adapted to be screwed directly onto
the top of the mesocosm rim. The canopy was slightly larger than the outside edge of the
mesocosms, allowing full protection, but maximum accessibility. The open ends of the
mesocosm canopies were covered with plastic screen mesh to retain emergent species and
exclude insect pests. On completion of flow-through system and canopy construction, sand
was used to berm around the individual mesocosms and cover the 1.905 cm PVC pipes leading
into the mesocosm intake ports. The sand provided protection and thermal insulation for the
mesocosms and piping.

Establishment and Conditioning Phase
The conditioning tank and mesocosm flow-through system were circulated for three months
prior to beginning the experiment.

Month 1

Water and sediments were collected from local freshwater streams, creeks, and lakes and
inoculated into the conditioning tank and the individual mesocosms. Water and sediments were
composited and mixed into a slurry. Two liters were added to the conditioning tank and 300 mL
to each mesocosm. Eight labeled, unglazed tiles (15.24 x 15.24 cm) were suspended in each
mesocosm to lay parallel to the sediment and at a depth of 0.2 m.
3)Ninety-six tiles were suspended similarly in the conditioning tank. Four labeled macrophyte
packs containing 50 g (wet weight) of Elodea were added to each mesocosm and twelve packs
were added to the conditioning tank. Every two weeks, four labeled leaf packs were added to
each mesocosm and twelve packs were added to the conditioning tank. Each leaf packs
contained 10 g of maple leaves (Acer sp.), air-dried for six months, with stems removed.

Month 2

Water and sediment were collected again from local freshwater streams, creeks, and lakes.
One liter of sediment slurry was inoculated into each mesocosms and 10 L was placed into the
conditioning tank. Each mesocosm was inoculated with 5 cladocera (Daphnia pulex), 5
amphipods (Hyalella azteca), 3 snails, (Ampularia cuprina), and 20 ciliates (Paramecium
bursaria). The conditioning tank was inoculated with 30 cladocera (D. pulex), 30 amphipods,
(H. azteca), 20 snails, (A. cuprina), and 250 ciliates, (P. bursaria). Each week 2 L sediment,
four leaf packs, four Elodea packs, and two unglazed tiles were transferred from one
mesocosm to the next mesocosm in increasing numerical order. Each week four of the tiles in
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each mesocosm were scraped to remove periphyton; the alternate four tiles were scraped the
following week. The scrapings were returned to the mesocosms. Each week water quality in
the conditioning tank was analyzed to measure pH, alkalinity, conductivity, hardness, turbidity,
dissolved oxygen, temperature, soluble reactive phosphate, and nitrate/nitrite.

Pre-exposure Period (21 days)

Water quality parameters (alkalinity, pH, conductivity, hardness, turbidity, dissolved oxygen,
temperature, light intensity, nitrate/nitrite, soluble reactive phosphate, and total organic carbon)
and volatile organics (purge & trap gas chromatography) were measured weekly. Biweekly
biological samples were collected to measure:

Elodea wet weight

Elodea ash-free dry weight (pruned portion only)
8-week leaf pack macroinvertebrate taxonomic abundance
8-week leaf pack wet weight

2-week periphyton taxonomic abundance
2-week periphyton ash-free dry weight

2-week periphyton total solids

2-week periphyton total volatile solids

2-week periphyton chlorophyll concentration
2-week periphyton TTC respiration
phytoplankton taxonomic abundance
phytoplankton ash-free dry weight
phytoplankton total solids

phytoplankton total volatile solids

phytoplankton chlorophyll concentration
phytoplankton TTCrespiration

The 8-week old leaf packs were removed from the mesocosms after counting and returning
all invertebrates to the mesocosm. The periphyton samples were scraped from 4 tiles (alternate
tiles every two weeks).

Mesocosm and System Modifications (1 Week Before Treatment)

The re-circulation system was disconnected and the outflow was redirected to the overflow
containments. The water level in each mesocosm was marked. All cross-inoculations and
reinoculations of sediments and biota was stopped. The mesocosms were randomly assigned
to treatment groups.

Exposure Period (208 days)
On day zero of the exposure period the following volumes of neat JP-8 were added to each
of the six mesocosms in a treatment group:

Group mLJP-8 Concentration
#1 0.00mLJP-8 0.00mLJP-8/L
#2 19.0mL JP-8 0.05mLJP-8/L
#3 57.0mLJP-8 0.15mLJP-8/L
#4 95.0mLJP-8 0.25mLJP-8/L

The JP-8 used for dosing was collected immediately after refining and shipped in sealed
containers to our laboratory. The containers were opened at the time of treatment. Class A
graduated cylinders were used to dispense appropriate volumes to each mesocosm. The jet fuel
was carefully poured onto the surface of the water to distribute the fuel evenly as a surficial
slick.

Mesocosm Measurement Parameters
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Same as Pre-exposure, weekly for first 60-days, then biweekly for a total exposure period
of 208 days. Elodea measurements were discontinued after the first month because the plants
did not thrive.

JP-8 Jet Fuel Analyses

Purge & Trap/Gas Chromatography (P&T/GC) was used to analyze the concentrations of
selected hydrocarbons in the water column. Peak areas and retention times were used for
hydrocarbon identification and quantification. The FID signal was reported as Log10 transformed
PeakArea.

Supplements to Mesocosms (Weekly)

Conditioned source water from the conditioning tank was added as needed to maintain
mesocosm water levels. Four new leaf packs were added to each mesocosm every two
weeks. Nutrient concentrations were amended as needed to maintain minimum of 20 ug/L SRP
and 500 pg/L NO3.

Results and Discussion

Periphyton and Leaf Pack Data
Data Set Description

The periphyton and leaf pack data are located in the compact disk provided with this report.
The data are in ASCIi format in the file pl.dat (all sampling days) and in subfiles for each sampling
date (e.g., pl_004.dat). The CD also contains README files that describe the contents of each
data set and SPSS command files for producing descriptive statistics and single-day data sets.
The verified Mesa spreadsheet files are located on the same CD.

All data were verified using double-entry, followed by subtraction of the duplicate files. Non-
zero results were checked against the laboratory bench sheets and entered correctly. The
corrected file was reverified by randomly selecting one row from each experiment day and
checking all columns against the bench sheet entries. Any computational errors were corrected
and the data were plotted to review outliers. Outliers were reverified against benchsheet
entries and decisions concerning rejection or acceptance are documented in the outlier files on
theCD.

The variables included in pl.dat are described below.

Sampleldentification Variables:

meso Mesocosmnumber

group Treatmentgroup

m Month

d Day

y Year

day Experimentday
Periphyton Taxonomic Variables:

prep Periphytonreplicate

anki Ankistrodesmus, cells/mL

chla Chlamydomonasgcells/mL

sele Selenastrum,cells/mL

scen Scenedesmus, cells/mL

schr Schroederia, cells/mL

ogre Other green algae, cells/mL
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filg Filamentous greenalgae, cells/mL

pend Pennatediatoms, cells/mL
cend Centricdiatoms, cells/mL
melo Melosira,cells/mL
nost Nostoc, cells/mL
oscl Oscillatoria,cells/mL
amoe Amoeba, cells/mL
eugl! Euglena,cells/mL
afla Autotrophic flagellates, cells/mL
hfla Heterotrophicflagellates, cells/mL
geil Greenciliate, cells/mL
cil Ciliates,cells/mL
roti Rotifers, organisms/mL
Periphyton Functional Variables:
ts Totalsolids, mg/mL
tvs Totalvolatile solids, mg/mL
afdw Ash-free dry weight, mg/mL
ttc TTCrespiration,mg/mL
chio Chlorophylimg/mL
Leaf Pack Taxonomic Variables
Irep Leaf pack replicate
amph Amphipods, #/g
cope Copepods, #/g
ostr Ostracods, #/g
daph Daphnia, #/g
snai Snails, #/g
limp Limpets, #/g
clam Clams,#/g
tbug True bugs, #/g
mayf Mayflies, #/g
stnf Stoneflies, #/g
cadf Caddisflies, #/g
damf Damselflies,#/g
drag Dragonflies, #/g
mosq Mosquitoes, #/g
chir Chironomids,#/g
bwrm Bloodworms, #/g
owrm Other worms, #/g

Summary Statistics and Graphical Analysis

Figures 5 through 45 show each variable plotted by experiment day and group. Most of the
periphyton taxa exhibited population increases during the summer. This made pattern analysis
difficult because the JP-8 dose was applied in early spring when population numbers were
relatively low. The variance associated with the larger summer populations obscured the smaller
spring differences related to dose. Because of this, only nonparametric statistical procedures
were used to identify patterns (Spearman's rho correlation analysis and Nonparametric
Clustering and Association Analysis).

A few taxa exhibited seasonal decreases in population numbers. Diatoms (Centric, Melosira,
and Pennate; Figures 9-11) had higher populations in early spring, which is consistent with
algal bloom sequences for natural populations. Similarly, Ankistrodesmus decreased by mid-
summer (Figure 15). Prescott (1962) describes this species as "common pioneers" in artificial
ponds and laboratory aquaria, indicating species propensity to bloom early in the absence of
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competition from other algal taxa. Schroederia, Selenastrum, and rotifer numbers also
decreased during the summer and fall.

Most of the macroinvertebrate taxa were only collected in small numbers on the leaf packs,
so the patterns and correlations in these taxa are questionable. Amphipods and snails were
relatively abundant and positively correlated. Both increased in abundance as the season
progressed; neither exhibited a dose/response relationship. Annelids (“other") were also
relatively abundant on the leaf packs, and exhibited a strong, negative correlation with dose (see
below).

Correlations

The variables were examined for pair-wise correlations using nonparametric, rank-order
Spearman's rho correlation analysis using the SPSS-X NONPAR CORR procedure (SPSS, 1990).
These results are shown in Table 1. Because of the large number of samples in the data set,
there were many statistically significant correlations (p >= 0.05). Correlations that explain at
least 60% of the variance between the two variables were plotted in Figures 46 - 60. Most of
the positive correlations were simple, indirect measurements of algal population dynamics:
during the summer many algal taxa increased in numbers. There were negative correlations
between autotrophic vs. heterotrophic flagellates and autotrophic flagellates vs. filamentous
green algae, which might have been due to competition. There were also significant, but
unremarkable correlations between total community respiration (TTC respiration), chlorophyll, and
other indirect measures of biomass (total solids, ash-free dry weight, etc.)

Table 2 lists the taxa that were significantly correlated with dose during the first 60 days of
the experiment. Prominently featured on this list were taxa that responded to the JP-8 WSF in the
SAM experiments, including Ankistrodesmus, Chlamydomonas, Selenastrum, and Daphnia. Most
of the dose/response relationships were negative, indicating inhibition by the jet fuel. The
highest correlation coefficient was -0.35 for "other" worms (Annelids). Chlamydomonas,
Euglenoids, Rotifers, and Caddisflies, however, responded positively with dose.

Phytoplankton and Water Quality Data
Data Set Description

The phytoplankton and water quality data are located in the compact disk provided with this
report. The data are in ASCII format in the file ph.dat (all sampling days) and in subfiles for each
sampling date (e.g., ph_004.dat). The CD also contains README files that describe the contents
of each data set and SPSS command files for producing descriptive statistics and single-day
data sets. The verified Mesa spreadsheet files are located on the same CD.

All data were verified using double-entry, followed by subtraction of the duplicate files. Non-
zero results were checked against the laboratory bench sheets and entered correctly. The
corrected file was reverified by randomly selecting one row from each experiment day and
checking all columns against the bench sheet entries. Any computational errors were corrected
and the data were plotted to review outliers. Outliers were reverified against benchsheet
entries and decisions concerning rejection or acceptance are documented in the outlier files on
the enclosed CD.

The variables included in ph.dat are described below.

SampleldentificationVariables:

meso Mesocosmnumber
group Treatmentgroup

m Month

d Day
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y Year
day Experimentday

Water Quality Variables:
pH pH
amDO1 Initial morning dissolved oxygen, mg/L
pmDO2  Afternoon dissolved oxygen, mg/L
amDO3  Next day morning dissolved oxygen, mg/L

light AmbientiLight, fc

temp Watertemperature, C

alk Alkalinity,mg/L

cond Conductivity, uS

hard Hardness, mg/L

turb Turbidity NTU

no3 Nitrate/nitrite,mg/L

srp Soluble phosphate, mg/L
Derived Variables:

photo Photosynthesis,amdo3-amdo1

respir Respirationpmdo2-amdo3
Phytoplankton Taxonomic Variables: _

anki Ankistrodesmus, cells/mL

chla Chlamydomonascells/mL

sele Selenastrum,cells/mL

scen Scenedesmus, cells/mL

schro Schroederia, cells/mL

ougr Other green algae, cells/mL

filgr Filamentous greenalgae, cells/mL

pen Pennatediatoms, cells/mL

cent Centricdiatoms, cells/mL

nost Nostoc, cells/mL

osc Oscillatoria,cells/mL

amoeba Amoeba,cells/mL

eug| Euglena,celis/mL

hflag Heterotrophicflagellates, celis/mL

hcil Ciliates,cells/mL

rotif Rotifers, organisms/mL
PhytoplanktonFunctionalVariables:

ts Totalsolids, mg/mL

tvs Total volatile solids, mg/mL

afdw Ash-free dry weight, mg/mL

ttc TTCrespiration,mg/mL

chlo Chlorophylimg/mL

toc Total organic carbon, mg/mL

Summary Statistics and Graphical Analysis

Figures 61 through 96 show each variable plotted by experiment day and group. Fewer
taxa showed seasonal increases than in the periphyton data. Many of the taxa either maintained
fluctuating populations throughout the experiment or showed a seasonal decrease. Taxa that
decreased in the summer included ciliates, centric and pennate diatoms, heterotrophic flagellates,
Ankistrodesmus, and Schroederia.
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The water quality variables followed predictable patterns associated with seasonal
influences. Ambient light and water temperatures were highest during the summer. Respiration
increased throughout the year, regardless of whether it was measured as lower morning
dissolved oxygen concentrations (amDO1, amDO2), calculated "Respiration," or TTC respiration.
Photosynthetic rates (pmDO2), conductivity, and turbidity also increased during the summer.
Nitrogen and phosphorus concentrations remained low throughout the experiment, and alkalinity,
hardness, and pH remained more-or-less constant.

As with the phytoplankton and leaf pack data, the variance was proportional to the mean for
most parameters. Only nonparametric statistical procedures were used to identify patterns
(Spearman's rho correlation analysis and Nonparametric Clustering and Association Analysis).

Correlations

The variables were examined for pair-wise correlations using nonparametric, rank-order
Spearman's rho correlation analysis using the SPSS-X NONPAR CORR procedure (SPSS, 1990).
These results are shown in Table 3. Because of the large number of samples in the data set,
there were many statistically significant correlations (p >= 0.05). Correlations that explain at
least 60% of the variance between the two variables were plotted in Figures 97 through 123.

Most of the positive correlations were simple, indirect measurements of algal population
dynamics: during the summer many algal taxa increased in numbers. There were also simple
correlations between biologically related measurements. For example, all of the dissolved
oxygen measurements were closely correlated with each other and with pH (Figures 102-103,
106, 115-117). Similarly, oxygen concentrations were negatively correlated with TTC respiration
(Figures 105, 108, 110)

Morning dissolved oxygen (Figure 104 and 107) was negatively correlated with soluble
reactive phosphate. Low morning oxygen concentrations indicate respiration, which consumes
nutrients, so this correlation is the reverse of the expected pattern. However, the oxygen
concentrations may have been low enough to allow some overnight release of phosphorus.
Also, dissolved phosphorus is released during decomposition of organic matter, so the nighttime
respiration could be releasing phosphorus from decomposing algae.

Table 4 lists the taxa that were significantly correlated with dose during the first 60 days of
the experiment. All of these correlations were relatively weak considering the large sample
sizes.

Riffle Results

The periphyton/leaf pack and phytoplankton/water quality data sets were analyzed for
multivariate patterns using RIFFLE, a nonmetric clustering and association analysis software
program developed by Matthews and Hearne (1991). Riffle cluster qualities and chi-squared
association analysis results for each experiment day are shown in Figures 124-129. Most of
the periphyton/leaf pack data clustered better than randomized data and were significantly
associated with treatment group (Figures 124-145). In the phytoplankton/water quality data set,
very few days clustered better than random, and the associations between RIFFLE clusters and
treatment groups were rarely significant. When the water quality data were examined
independently (without phytoplankton), there were more dates with good RIFFLE clusters, but
still very few significant associations. The cluster strength increased as summer progressed,
indicating that groups of mesocosms were diverging from the rest. This was very likely due to
microclimatic differences in abiotic factors such as light and temperature, which resulted in
"block" effects despite our efforts to reduce such patterns.
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Chromatography Data

Dosing ranges from 0-0.25 mL of neat JP8 per liter of mesocosm water. The highest dose
(0.25 mg/L JP8) produced GC curves that were 78% and 110% of the curves produced for low-
and high-molecular wt compounds, respectively, in the 15% WSF SAMS. Therefore, the
theoretical doses in the mesocosms cover the same ranges as in the SAMS.
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.0300

N( 1435)
SIG .256
-.0188
N( 1435)
SIG .476
.0975

N{ 1435)
SI1G .000
-.0342
N( 1435)
SIG .195
-.0074
N( 1435)
SIG .779
-.0093
N{ 1435)
SIG .724
-.0056
N( 1435)
SIG .832
.0577

N( 1435)
SIG .029
-.0069
N{ 1435}
SIG .794
-.0028
N( 1435)
SIG .916
.0152

N( 1435)
SIG .565
-.0009
N{ 1434)
S1G .972
.0367

N( 1435)
SIG .165
.0378

N{ 1435)
SIG .153



OSCL

AMOE

EUGL

GCIL

CIL

ROTI

TS

CHLO

LREP

AMPH

COPE

OSTR

DAPH

SNAI

LIMP

NosT

.4248

N( 1917)
SIG .000
.1652

N{ 1917)
SIG .000
.1472

N( 1917)
SIG .000
.4944

N{ 1738)
SIG .000
.4992

N{ 1738}
SIG .000
.4269

N{ 1685)
SIG .000
.3569

N( 1738)
SIG .000
.0611

N{ 1738)
816G .011
.3849

N({ 1915)
SIG .000
.4914

N{ 1910)
SIG .000
L1559

N( 1911)
SIG .000
.3413

N{ 1815)
SIG .000
.5503

N( 1909)
SIG .000
-.0080
N( 1916)
SIG .725
.1494

N{ 1435)
SIG .000
L2712

N( 1435)
SIG .000
L1155

N( 1435)
SIG .000
.4415

N{ 1435)
SIG .000
.0422

N{ 1435)
SIG .110
-.0031
N{ 1435)

SIG .907

0SCL
.1758

N( 1917)
SIG .000
.1519

N({ 1917)
8IG .000
.2841

N( 1738)
SIG .000
.2451

N{ 1738}
SIG .000
.2954

N{ 1685)
8IG .000
.3956

N{ 1738)
SIG .000
-.0396
N{ 1738)
SIG .099
.2130

N{ 1915)
SIG .000
L2971

N( 1910)
SIG .000
.0218

N( 1911)
SIG .340
.2010

N( 1815)
SIG .000
.4217

N{ 1909)
816 .000
-.0256
N( 1916)
SIG .262
.3000

N{ 1435)
SI1G .000
.1539

N{ 1435)
SIG .000
-.0464
N{ 1435)
SIG .079
.2018

N( 1435)
SIG .000
.1478

N{ 1435)
SIG .000
.0005

N{ 1435)
SIG .986

AMOE
.1240

N( 1917)
SIG .000
.0775

N{ 1738)
816 .001
.1109

N( 1738)
SIG .000
.1257

N{ 1685)
SIG .000
21441

N{ 1738)
S1G .000
-.0321
N{ 1738)
SIG .181
.1099

N({ 1915)
816 .000
L1113

N{ 1910)
816 .000
.0836

N{ 1911)
SIG .000
.1006

N( 1815)
S16 .000
L1242

N( 1909)
SIG .000
-.0152
N{ 1916)
SI1G .507
.1231

N{ 1435)
8IG .000
.0984

N{ 1435)
SIG .000
.0197

N{ 1435)
SIG .455
.0702

N{ 1435)
816G .008
.0039

N( 1435)
SIG .881
-.0063
N{ 1435)
SIG .813

EUGL
L1325

N( 1738)
SIG .000
.1251

N{ 1738)
SI1G .000
.1470

N{ 1685)
816 .000
.1317

N( 1738)
816 .000
.1010

N{ 1738)
SIG .000
.1445

N{ 1915)
SIG .000
L1191

N( 1910)
SIG .000
.1165

N( 1911)
SIG .000
.1443

N{( 1815)
8IG .000
.1316

N{ 1909)
SIG .000
.0018

N( 1916)
SIG .936
-.0084
N{ 1435)
SIG .750
.0133

N{ 1435%5)
SIG .614
-.0156
N{ 1435%5)
SIG .556
. 0427

N( 1435)
SIG .106
-.0117
N( 1435)
SIG .659
.0048

N{ 1435)
SIG .855

AFLA
.6861

N( 1738)
SI1G .000
.4532

N{( 1685)
81G .000
.3268

N( 1738)
SIG .000
L1276

N{ 1738}
8I6 .000
.3258

N{ 1736)
8I1G .000
.3851

N( 1732)
SIG .000
.1327

N{ 1733)
SI1IG .000
.4296

N{ 1732)
8I1G .000
.5077

N({ 1730)
SIG .000
-.0336
N{ 1737)
SIG .162
-.0095
N( 1435)
SIG .719
.2571

N{ 1435)
SIG .000
.0668

N{ 1435)
816 .011
.3854

N{ 1435)
SIG .000
-.1288
N( 1435)
SIG .000
-.0394
N( 1435)
SIG .136

HFLA
.3281

N( 1685)
8IG .000
.4029

N( 1738)
8I1G .000
.0704

N( 1738)
8IG .003
.1923

N( 1736)
SIG .000
.2546

N{ 1732)
SIG .000
.0609

N{ 1733)
SIG .011
L3071

N{ 1732)
SIG .000
.4538

N( 1730}
81G .000
.0003

N( 1737)
SIG .989
.0682

N( 1435)
SIG .010
L3317

N{ 1435)
SIG .000
.0634

N{ 1435)
SIG .016
.3249

N{( 1435)
816 .000
-.0979
N{ 1435)
SIG .000
-.0588
N( 1435)
SIG .026

GCIL
.5179

N( 1685}
SIG .000
.0654

N{ 1685)
816G .007
.3310

N( 1683)
816 .000
.3705

N{ 1680)
SIG .000
.1464

N( 1681)
SIG .000
.3328

N( 1683)
SIG .000
.4043

N{ 1677)
8IG .000
-.0563
N( 1684)
SIG .021
.1084

N{ 1382)
SI6 .000
.0835

N{ 1382)
SIG .002
.0606

N{ 1382)
SIG .024
.2827

N( 1382)
SIG .000
.0113

N{ 1382)
SIG .674
.0236

N{ 1382)
SIG .380

CIL
.2871

N( 1738)
SIG .000
.4207

N{ 1736)
SIG .000
.4478

N( 1732)
SIG .000
.2256

N{ 1733)
SIG .000
.3943

N( 1732)
SIG .000
.5533

N( 1730)
8IG .000
-.0256
N{ 1737)
SIG .286
.2135

N{ 1435)
SIG .000
.1840

N{ 1435)
SIG .000
-.0196
N{ 1435)
SIG .458
.1812

N( 1435)
S16 .000
.0401

N( 1435)
SIG .129
.0064

N( 1435)
SIG .809

ROTI
.4430

N( 1736)
SIG .000
.3596

N( 1732)
S1G6 .000
.3811

N{ 1733)
S1G .000
.4238

N{ 1732)
SIG .000
.3872

N( 1730)
8IG .000
-.0054
N{ 1737)
SIG .822
~.3332
N{ 1435)
SIG .000
~.0274
N( 1435)
SIG .300
.0775

N( 1435)
SIG .003
-.0069
N{ 1435)
SIG .795
-.3784
N{ 1435)
SIG .000
-.0141
N{ 1435)
SIG .593

TS

.7630

N{ 2004)
SIG .000
.8173

N{ 2005)
SI1G .000
.5652

N{ 1308)
SIG .000
.5902

N{ 1907)
SIG .