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BACKGROUND:
Population densities and many other environmental variables of interest vary tremendously among
different sites and at different times. As a result, it can be difficult to discern the biological effects of
produced water (or any other perturbation being studied) from other sources of spatial and temporal
variation (which may arise naturally or from other anthropogenic activities) (Osenberg et al. 1994).
Prior to the start of our project, environmental effects of produced water had been poorly studied
(Neff 1987, Spies 1987), due in part to the application of flawed assessment design (NRC 1990).
Furthermore, vast amounts of produced were being discharged into coastal waters. As a result, the
study of produced water was identified as a critical gap in the study of environmental effects of oil
and gas production (Boesch and Rabalais 1987). We proposed to use the Before-After-ControlImpact Paired Series assessment design (BACIPS: Stewart-Oaten et al. 1986, Schmitt and Osenberg
1996) to quantify potential ecological effects associated with the nearshore discharge of produced
water from a coastal facility located near Gaviota, California.
OBJECTIVES:
The original goal of this project was to provide an unambiguous test of the localized ecological
effects of produced water. We focused on the application of the Before-After-Control-Impact Paired
Series (BACIPS) assessment design, and aimed 1) to obtain a good time series of data prior to the
discharge of produced water, and 2) to provide logistical support for other projects investigating
specific processes operating at the chemical, physical and demographic levels.
Because the BACIPS design requires an extensive time series of data prior to an anthropogenic
activity (such as produced water discharge), unforeseen changes to the planned activity can
compromise successful execution of a BACIPS study (Piltz 1996). Indeed, the produced water outfall
upon which we focused our studies, never went into full operation. As a result, our objectives were
modified to 1) advance the theoretical developments of the BACIPS assessment design (StewartOaten et al. 1992, Osenberg et al. 1994), 2) increase the application of the BACIPS design when
suitable opportunities arise (Osenberg and Schmitt 1994, Schmitt and Osenberg 1996), and 3) use our
long-term series of Before data to estimate natural spatial and temporal variation and evaluate its
implications for the success of BACIPS designs. In particular, we estimated the statistical power of
BACIPS designs to detect impacts on chemical-physical, and individual-based and population-based
biological parameters (Osenberg et al. 1992, 1994).
DESCRIPTION:
We proposed to study a produced water discharge located near Gaviota, California (discharge was
supposed to occur in ~27 m water depth). We initiated our Before sampling in 1988 and expanded
our program during the subsequent two years. The field program focused on the enumeration of
benthic infauna, epifauna, and demersal fishes, growth and tissue production of mussels transplanted
to the study site, and characterization of a variety of chemical and physical attributes (e.g.,
temperature, sedimentation rates, grain size of sediments, trace metal concentrations in the water
column and sediments). The more complex chemical analyses were done in conjunction with
colleagues at UC Santa Cruz and UC Davis. Field sampling for many of the field parameters
continued through October 1995 when it was concluded that produced water would never be
discharged at the site. We used the resulting time series of data to examine patterns of temporal and
spatial variability in environmental data as a means to evaluate the statistical power of subsequent
BACIPS designs.
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In addition to the fieldwork, we also expanded the conceptual development of the BACIPS design
and encouraged the application of BACIPS to other environmental studies. We accomplished this
through publications in peer reviewed journals and books, publication of a Special Feature in
Ecological Applications, the organization of and participation in workshops and meetings, and the
publication of a book (Schmitt, R.J. and C.W. Osenberg. 1996. Detecting ecological impacts:
Concepts and applications in coastal habitats. Academic Press, San Diego. 401 pages). The book
represented a major undertaking and comprised a large portion of our activities during the latter
stages of this project. We also helped train over 30 students and field and laboratory assistants, and
incorporated our results in several new courses that were developed at UC Santa Barbara and UC
Berkeley.
SYNOPSIS OF MAJOR FINDINGS:
In our field studies, we 1) successfully developed and implemented the “before” phase of the
assessment design, 2) obtained time-series data on population densities of infaunal and epifaunal
organisms (as well as basic physical and chemical parameters), and 3) obtained field samples for
analysis by colleagues at UC Santa Cruz and UC Davis. We used the time series data to estimate
natural temporal variability and used these data, together with data from a study of another produced
water outfall, to estimate the statistical power of BACIPS assessment designs. Between-site
differences in chemical - physical parameters (e.g., elemental concentration) and in individual-based
biological parameters (e.g., body size) were quite consistent through time, whereas differences in
population-based parameters (e.g., density) were more variable. The magnitude of effects was
estimated to be greatest for population-based parameters and least for chemical - physical parameters,
which tended to balance the statistical power associated with these two parameter groups. Individualbased parameters were intermediate in estimates of effect size. The ratio of effect size to variability
(and thus statistical power) was greatest for individual-based parameters and least for population and
chemical - physical parameters. The results suggest that relatively few of the population and
chemical - physical parameters could provide adequate power given time constraints of most studies.
We also evaluated the assumptions of the BACIPS design and explored related analytical issues. For
example, Carpenter et al. (1989) proposed Randomized Intervention Analysis (RIA), arguing that it
was robust to violations of assumptions required by parametric tests of BACIPS data (such as
normality, equal variances, additivity and independence). If true, RIA would greatly increase the
applicability of BACIPS. However, contrary to these assertions, our analyses showed that
randomization tests are unlikely to be more valid than parametric tests (Stewart-Oaten et al. 1992).
The assumptions that time and location effects be additive and that Impact-Control differences be
independent through time are critical to both parametric and randomization tests. These assumptions
must be tested, and if they are violated, remedial action should be taken. In general, this will require
a long time-series of data that enables appropriate model development and testing. We have
addressed these issues using our “before” time series and have shown that serial correlation in the
time series of differences was relatively small in our data set and did not appear to vary among the
parameter groups (Osenberg et al. 1994).
STUDY PRODUCTS:
PUBLICATIONS (listed chronologically; * indicates most important publications: reprints included
with the Final Study Report):
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*Stewart-Oaten, A., J.R. Bence and C.W. Osenberg. 1992. Detecting effects of unreplicated
perturbations: no simple solution. Ecology 73:1396-1404.
Osenberg, C.W., S.J. Holbrook and R.J. Schmitt. 1992. Implications for the design of environmental
assessment studies. Pages 75-90 In P.M. Grifman and S.E. Yoder (eds.) Perspectives on the
Marine Environment. USC Sea Grant, Los Angeles, California.
Osenberg, C.W. and R.J. Schmitt. 1994. Detecting human impacts in marine habitats. Ecological
Applications 4:1-2.
*Osenberg, C.W., R.J. Schmitt, S.J. Holbrook, K. E. Abu-Saba, and A. R. Flegal. 1994. Detection of
environmental impacts: natural variability, effect size, and power analysis. Ecological
Applications 4:16-30.
*Schmitt, R.J. and C.W. Osenberg (editors and contributing authors). 1996. Detecting ecological
impacts: Concepts and applications in coastal habitats. Academic Press, San Diego.
*Osenberg, C.W. and R.J. Schmitt. 1996. Detecting ecological impacts caused by human activities.
Pages 3-16 in R.J. Schmitt and C.W. Osenberg (eds.) Detecting ecological impacts: Concepts
and applications in coastal habitats. Academic Press, San Diego.
Osenberg, C.W., R.J. Schmitt, S.J. Holbrook, K. E. Abu-Saba, and A. R. Flegal. 1996. Detection of
environmental impacts: natural variability, effect size, and power analysis. Pages 83-108 in
R.J. Schmitt and C.W. Osenberg (eds.) Detecting ecological impacts: Concepts and
applications in coastal habitats. Academic Press, San Diego. [Republication of Osenberg et al.
1994, Ecological Applications 4:16-30.]
Schmitt, R.J., C.W. Osenberg, W.J. Douros, and J. Chesson. 1996. The art and science of
administrative environmental impact assessment. Pages 279-291 in R.J. Schmitt and C.W.
Osenberg (eds.) Detecting ecological impacts: Concepts and applications in coastal habitats.
Academic Press.
Ambrose, R.F., R.J. Schmitt, and C.W. Osenberg. 1996. Predicted and observed environmental
impacts: can we foretell ecological change? Pages 343-367 in R.J. Schmitt and C.W. Osenberg
(eds.) Detecting ecological impacts: Concepts and applications in coastal habitats. Academic
Press, San Diego.
Canestro, D., P.T. Raimondi, D.C. Reed, R.J. Schmitt, and S.J. Holbrook. 1996. A study of methods
and techniques for detecting ecological impacts. Pages 53-67 in Methods and Techniques of
Underwater Research, Proceedings of the American Academy of Underwater Scientists
Symposium, AAUS, Nahant, MA.
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RESEARCH PRESENTATIONS:
Papers and posters presented at regional and national meetings and workshops:
Herrlinger, T.J. and C.W. Osenberg. 1989. Demographic and behavioral responses of benthic marine
organisms to produced water discharge: sensitive indicators and links to population dynamics.
Third Annual Research Symposium of the UC Toxic Substances Research and Teaching
Program, University of California, San Francisco (poster).
Osenberg, C.W., R.J. Schmitt and S.J. Holbrook. 1989. An impact assessment design for detecting
ecological effects of discharged produced water. Third Annual Research Symposium of the UC
Toxic Substances Research and Teaching Program, University of California, San Francisco
(poster).
Osenberg, C.W., A. Stewart-Oaten and J.R. Bence. 1990. The analysis of environmental impact data
resulting from the Before-After-Control-Impact-Paired (BACIP) design. Fourth Annual
Research Symposium of the UC Toxic Substances Research and Teaching Program, University
of California, Santa Barbara (poster).
Osenberg, C.W., R.J. Schmitt and S.J. Holbrook. 1990. Differential ability to detect environmental
impacts arising in ecological systems. Fourth Annual Research Symposium of the UC Toxic
Substances Research and Teaching Program, University of California, Santa Barbara (poster).
Osenberg, C.W., R.J. Schmitt and S.J. Holbrook. 1991. Implications for the design of environmental
assessment studies. Symposium on The Marine Environment. 100th Anniversary of the
Southern California Academy of Sciences. University of Southern California, May 1991.
(invited)
Osenberg, C.W., S.J. Holbrook and R.J. Schmitt. 1991. The power to detect unreplicated
perturbations varies among physical, chemical and biological parameters. Ecological Society of
America, San Antonio, Texas.
Osenberg, C.W., S.J. Holbrook, and R.J. Schmitt. 1991. The spatial scale of ecological effects
associated with point-source discharges. Fifth Annual Research Symposium of the UC Toxic
Substances Research and Teaching Program, San Francisco, California. (poster)
Osenberg, C.W., R.J. Schmitt, S.J. Holbrook and D. Canestro. 1992. Spatial scale of ecological
effects associated with an open coast discharge of produced water. International Produced
Water Symposium, San Diego, California.
Osenberg, C.W., R.J. Schmitt and S.J. Holbrook. 1992. Detection of environmental impacts: power
analysis and spatial inference. Symposium on The design of environmental impact assessment
studies: Conceptual issues and application, held at the Second International Temperate Reefs
Symposium, Auckland, New Zealand, January 1992.
Osenberg, C.W., A. Sberze, and J. Dai. 1993. Assessing ecological impacts of human activities in
aquatic environments. Seventh Annual Research Symposium of the UC Toxic Substances
Research and Teaching Program, University of California, Santa Cruz. November 1993
(poster).
Canestro, D., P.T. Raimondi, D.C. Reed, R.J. Schmitt, and S.J. Holbrook. 1996. A study of methods
and techniques for detecting ecological impacts. Annual meeting of the American Academy of
Underwater Scientists.
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Osenberg, C.W., R.J. Schmitt, S.J. Holbrook, C.M. St. Mary, and T.W.-M. Fan. 1998. Effects of
produced water on mussel growth and production: application of the BACIPS design. 27th
Benthological Ecology Meetings, Melbourne, Florida, March 1998.
Other (Invited Seminars and Workshops)
Osenberg presented results of this research during invited seminars at:
Department of Geography, University of California at Santa Barbara, November 1991.
Department of Zoology, Oregon State University, January 1994.
Department of Wildlife Ecology and Conservation, University of Florida, March 1997.
Department of Biology, University of Michigan, Ann Arbor, September 1997.
Department of Biological Sciences, Dartmouth College, September 1997.
Department of Zoology, University of Florida, September 1998.
The Design of Environmental Impact Assessment Studies: Conceptual Issues and Application.
Schmitt and Osenberg organized this symposium, which was held at the Second International
Temperate Reef Symposium, in Auckland, New Zealand (January 1992) and featured speakers
from Australia, New Zealand and the United States. The US contingent included several SCEI
investigators and an MMS scientist.
UC Toxic Substances Research and Teaching Program (Coastal Environmental Program). All
Principal Investigators were intimately involved in the UC Toxic Substances Research and
Teaching Program (Coastal Environmental Program), and attended annual workshops
throughout the UC system between 1989 and the present. In addition to attendance at the
workshops, MMS-sponsored research was often the focus of research presentations.
Coastal Toxicology Research in California. Schmitt organized this workshop involving University of
California, local, state and federal agency personnel. Santa Barbara, CA. February 1993.
(Osenberg was an invited participant)
Meta-analysis, interaction strength and effect size: application of biological models to the synthesis
of experimental data. Osenberg designed and organized a working group at the National Center
for Ecological Analysis and Synthesis, Santa Barbara, California, which met five times between
July 1996 and May 1998. Applications of meta-analysis include the synthesis of environmental
impact assessments.
Florida Big Bend coastal research workshop: toward a scientific basis for ecosystem management.
Sponsored by Florida Sea Grant, UF Department of Fisheries and Aquatic Sciences, USGS
(Florida Caribbean Science Center), and Suwannee River Water Management District.
Steinhatchee, Florida, May 1997. (Osenberg was an invited participant)
Oral Presentations at Workshops
"Integrated study of environmental impacts: linking environmental changes with biological
responses". Annual workshop of the UC Toxic Substances Research and Teaching Program
(Coastal Environmental Program). Bodega Marine Laboratory, January 1990. (Osenberg)
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"Statistical considerations in environmental assessment studies: the Before-After-Control-ImpactPaired design". Annual workshop of the UC Toxic Substances Research and Teaching Program
(Coastal Environmental Program). Bodega Marine Laboratory, January 1990. (Osenberg)
Chair, working group on "Environmental effects of produced water discharge". Annual workshop of
the UC Toxic Substances Research and Teaching Program (Coastal Environmental Program).
Bodega Marine Laboratory, November 1991. (Osenberg)
"Eco-toxicological research at the University of California". Annual workshop of the UC Toxic
Substances Research and Teaching Program (Coastal Environmental Program). Bodega Marine
Laboratory, September 1994. (Osenberg)
Oral Presentations at Public Meetings
"Ecological and Demographic Effects of Produced Water". Southern California Educational Initiative
Site Visit, University of California at Santa Barbara, April 1990. (Osenberg)
"Demographic Effects of Produced Water". Southern California Educational Initiative Site Visit,
University of California at Santa Barbara, March 1991. (Osenberg)
"Ecological Effects of Produced Water". Southern California Educational Initiative Site Visit,
University of California at Santa Barbara, March 1991. (Osenberg)
"Environmental Effects of Produced Water". Presentation to the Minerals Management Advisory
Board Outer Continental Shelf Scientific Committee, Santa Barbara, California, March 2, 1995.
(Osenberg)
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FINAL STUDY REPORT
Long-term Monitoring of Biological Parameters at a Proposed Produced
Water Discharge: Application of a BACIPS Assessment Design
I. GENERAL INTRODUCTION
Motivation
Population densities and many other environmental variables of interest vary tremendously
among different sites and at different times. As a result, it can be difficult to discern the
biological effects of produced water (or any other perturbation being studied) from other
sources of spatial and temporal variation (which may arise naturally or from other
anthropogenic activities) (Osenberg et al. 1994). Indeed, most field assessments have yielded
equivocal results at best, and at the time that we initiated this study, the biological effects of
produced water were poorly understood (Neff 1987). For example, previous field assessments
of produced water effects, most of which have been conducted in the Gulf of Mexico region,
have confounded the effects of produced water with natural variability and/or effects arising
from other types of human activities (Spies 1987, Carney 1987, Osenberg and Schmitt 1996).
Because produced water had been so poorly studied and because vast amounts of produced
water were being discharged into coastal waters, the study of produced water was identified as
a critical gap in the study of environmental effects of oil and gas production (Boesch and
Rabalais 1987). Understanding environmental effects of produced water requires the
application of improved assessment designs (NRC 1990).
We proposed to use the Before-After-Control-Impact Paired Series assessment design
(BACIPS: Stewart-Oaten et al. 1986, Schmitt and Osenberg 1996) to quantify potential
ecological effects associated with the nearshore discharge of produced water. Application of
the BACIPS design permits the separation of the produced water "signal" from natural
"noise". In its simplest design, BACIPS requires simultaneous sampling of at least one
Control site (away from the outfall) and at least one Impact site (near the outfall) several times
Before and again After discharge of produced water. During the Before period, the difference
between the Impact and Control sites estimates natural spatial variability, and thus the
expected difference during the After period if the intervention has no effect. The estimated
difference from the Before period is then compared statistically to the actual difference
observed during the After period. If assumptions underlying BACIPS have been satisfied
(Stewart-Oaten et al. 1986, 1992), a statistically significant result is taken as evidence of an
environmental impact. The size of the impact and the confidence in this estimate can also be
estimated using the Before and After time series.
Objectives
The original goal of this project was to provide statistically reliable information on the
existence and magnitude of localized ecological effects that result from the nearshore
discharge of produced water. We focused on the application of the Before-After-ControlImpact Paired Series (BACIPS) assessment design, and aimed 1) to obtain a good time series
of data prior to the discharge of produced water, and 2) to provide logistical support for other
projects investigating specific processes operating at the chemical, physical and demographic
levels. These other projects were also funded through the Southern California Educational
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Initiative, as well as the related UC Toxic Substances Research and Teaching Program.
Through these collaborations and the application of a rigorous statistical design we hoped to
provide an unambiguous test of the localized effects of produced water and associated
impacts.
Because the BACIPS design requires an extensive time series of data prior to an
anthropogenic activity (such as produced water discharge), unforeseen changes to the planned
activity can compromise successful execution of a BACIPS study (Piltz 1996). Indeed, the
produced water outfall upon which we focused our studies, never went into full operation. As
a result, our data do not provide a test of produced water effects. Our studies do, however,
provide a comprehensive time series of data that can be used to provide critical information
needed to evaluate field assessment designs and thus guide the design and application of
future assessment studies. As a result, our objectives were modified. Instead of focusing on
the estimation of produced water effects, we aimed to 1) advance the theoretical developments
of the BACIPS assessment design (Stewart-Oaten et al. 1992, Osenberg et al. 1994), 2)
increase the application of the BACIPS design when suitable opportunities arise (Osenberg
and Schmitt 1994, Schmitt and Osenberg 1996), and 3) use our long-term series of Before
data to estimate natural spatial and temporal variation and evaluate its implications for the
success of BACIPS designs. In particular, we estimated the statistical power of BACIPS
designs to detect impacts on chemical-physical, and individual-based and population-based
biological parameters (Osenberg et al. 1992, 1994).
Basic Approach
We proposed to study a produced water discharge located near Gaviota, California. Because
we planned to use the BACIPS design, it was vital that we had sufficient time to collect
Before data prior to the discharge of produced water. We were fortunate to have advance
warning about this facility and the proposal to discharge produced through a diffuser located
at a depth of ~27 m. We initiated our sampling in 1988 under funding from the UC Toxic
Substances Research and Teaching Program. We sampled three sites: a Control site (~1600 m
upcurrent from the diffuser), a Near Impact site (~50 m downcurrent from the diffuser) and a
Far Impact site (~250 m downcurrent). In 1989 (the first year of the SCEI program), we
expanded our sampling and began processing the field samples. The field program focused on
the enumeration of benthic infauna, epifauna, and demersal fishes, growth and tissue
production of mussels transplanted to the study site, and characterization of a variety of
chemical and physical attributes (e.g., temperature, sedimentation rates, grain size of
sediments, trace metal concentrations in the water column and sediments) – see Osenberg et
al. 1994 for discussion of methodology (see Section V.). The more complex chemical
analyses were done in conjunction with colleagues at UC Santa Cruz and UC Davis: we made
the field collections and turned the samples over to them for subsequent analysis. Table 1
summarizes the types of samples that have been collected as part of this study.
Field sampling for many of the field parameters continued through October 1995 when it was
concluded that produced water would never be discharged at the site. Since that time, no
additional samples have been collected, and some samples collected during the last year were
never processed. Despite our inability to perform a test of produced water impacts at the
Gaviota study site, we used the resulting data to examine patterns of temporal and spatial
variability in environmental data as a means to evaluate the statistical power of subsequent
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BACIPS designs. In a companion study, we were able to conduct an “unplanned” BACIPS
study when a produced discharge abruptly went out of service (see Schmitt and Osenberg,
Ecological Responses to, and Recovery From, Produced Water Discharge: Application of a
BACIPS Assessment Design). Furthermore, the infaunal samples have been made available to
other projects designed to evaluate in more detail patterns of spatial and temporal variation
and the effects of taxonomic aggregation (Carr et al., Detecting Ecological Impacts: Effects
of Taxonomic Aggregation in the Before-After/Control-Impact Paired Series Design).
Table 1. Samples Collected From Gaviota Study Sites As Part Of BACIPS Design
Sample Type
Infaunal Density3
Band Transects
Emergence Rates3
ReEntry Rates3
Lytechinus Quadrats
Lytechinus Size/GSI
Grain size
Organic Matter
Sediment Traps
Temp./Currents
Mussel growth

First Sample
Date

No. Sampling
Dates

Feb 88
Feb 88
Jun 89
Jan 90
Feb 88
Feb 89
Oct 89
Oct 89
Dec 89
May 89
Sep 89-Apr 90

Samples sent to colleagues at UCSC and UCD2:
Sediment chemistry
Apr 89
Water column elements
Apr 89
Water column organics
Nov 92
Mussel body burdens
Apr 90

No. Dates
Processed1,2

45
46
31
26
45
32
22
25
28
50
10

42
46
31
26
45
32
22
25
28
50
10

20
20
20
10

11
12
0
0

1

This gives number of dates on which samples have been processed. In a small number of cases, this
may include dates in which data were not available from all three sites (e.g., when Lytechinus
densities were 0 at the Far Impact site, we could not estimate size-distributions).
2
We do not know how many of the chemical samples have been processed. We have indicated only
those samples for which we have received data.
3
The invertebrate samples are only sorted to rough taxonomic levels. Species level identifications will
be obtained for a subset of samples under a new project by Carr, Holbrook, and Osenberg.

In addition to the fieldwork, we also expanded the conceptual development of the BACIPS
design and encouraged the application of BACIPS to other environmental studies. We
accomplished this through publications in peer-reviewed journals, publication of a Special
Feature in Ecological Applications, the organization of and participation in workshops and
meetings, and the production of a book (Schmitt, R.J. and C.W. Osenberg. 1996. Detecting
ecological impacts: Concepts and applications in coastal habitats. Academic Press, San
Diego. 401 pages). The book represented a major undertaking and comprised a large portion
of our activities during the latter stages of this project. We also helped train over 30
undergraduate and graduate students and post-graduate field and lab assistants.
In the following sections, we provide several reprints of major publications resulting from this
study. One of our primary accomplishments was the publication of our book, which contains
chapters contributed from many SCEI investigators (and MMS personnel). This book
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represents the most current and rigorous treatment of field assessment designs and has
received excellent reviews (e.g., Fairweather 1996, Rachlin 1996). For example, Rachlin
(1996) noted that the “book provides an intelligent and comprehensive overview of the state
of the art and science of ecological impact assessment as it is currently practiced and, more
importantly, how it should be practiced.” (Rachlin, 1996). This book represents a general
treatment of the theoretical issues that motivated the SCEI program and more specifically
focuses on the application of the BACIPS design, a central focus of this specific project.
II. Contents of: R.J. Schmitt and C.W. Osenberg (eds.). 1996. Detecting Ecological
Impacts: Concepts and Applications in Coastal Habitats. Academic Press, San Diego.
An Introduction to Ecological Impact Assessment: Principles and Goals
1. Detecting ecological impacts caused by human activities. C.W. Osenberg and R.J. Schmitt
2. Goals in environmental monitoring, A. Stewart-Oaten
3. Criteria for selecting marine organisms in biomonitoring studies, G.P. Jones and U.L. Kaly
4. Impacts on soft-sediment macrofauna: the effects of spatial variation on temporal trends
S.F. Thrush, R.D. Pridmore, J.E. Hewitt
5. Scalable decision criteria for environmental impact assessment: effect size, type I, and type
II errors, B.D. Mapstone
Improving Field Assessments of Local Impacts: Before-After-Control-Impact Designs
6. Detecton of environmental impacts: natural variability, effect size, and power analysis
C.W. Osenberg, R.J. Schmitt, S.J. Holbrook, K.E. Abu-Saba, A.R. Flegal
7. Problems in the analysis of environmental monitoring data, A. Stewart-Oaten
8. Estimating the size of an effect from a Before-After-Control-Impact Paired Series design:
the predictive approach applied to a power plant study
J.R. Bence, A. Stewart-Oaten, S.C. Schroeter
9. On beyond BACI: sampling designs that might reliably detect environmental disturbances
A.J. Underwood
Extension of Local Impacts to Larger Scale Consequences
10. Determining the spatial extent of ecological impacts caused by local anthropogenic
disturbances in coastal marine habitats, P.T. Raimondi and D.C. Reed
11. Predicting the scale of marine impacts: understanding planktonic links between
populations, M.J. Keough and K.P. Black
12. Influence of pollutants and oceanography on abundance and deformities of wild fish
larvae, M.J. Kingsford and C.A. Gray
13. Consequences for adult fish stocks of human-induced mortality on immatures
R.M. Nisbet, W.W. Murdoch, A. Stewart-Oaten
The Link Between Admnistrative Environmental Impact Studies and Well-Designed Field
Assessments
14. The art and science of administrative environmental impact assessment
R.J. Schmitt, C.W. Osenberg, W.J. Douros, J. Chesson
15. On the adequacy and improvement of marine benthic preimpact surveys: examples from
the Gulf of Mexico Outer Continental Shelf, R.S. Carney
16. Organizational constraints on environmental impact assessment research
F.M. Piltz
17. Administrative, legal, and public constraints on environmental impacts assessment
C. Lester
18. Predicted and observed environmental impacts: can we foretell ecological changes?
R.F. Ambrose, R.J. Schmitt, C.W. Osenberg

12

Pages
3-16
17-27
29-48
49-66
67-80

83-108
109-131
133-149
151-175

179-198
199-234
235-255
257-277

281-293
295-315
317-328
329-343
345-369

Final Study Report – Osenberg et al.

III. The need for sound field assessments.
Osenberg, C.W. and R.J. Schmitt. 1996. Detecting ecological impacts caused by human
activities. Pages 3-16 in R.J. Schmitt and C.W. Osenberg (eds.) Detecting
ecological impacts: Concepts and applications in coastal habitats. Academic
Press, San Diego.

13

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

14

Final Study Report – Osenberg et al.

15

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

16

Final Study Report – Osenberg et al.

17

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

18

Final Study Report – Osenberg et al.

19

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

20

Final Study Report – Osenberg et al.

21

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

22

Final Study Report – Osenberg et al.

23

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

24

Final Study Report – Osenberg et al.

25

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

26

Final Study Report – Osenberg et al.

IV. Assumptions of BACIPS and the (mis-)application of
randomization procedures.
Stewart-Oaten, A., J.R. Bence and C.W. Osenberg. 1992. Assessing effects of unreplicated
perturbations: no simple solutions. Ecology 73:1396-1404.

27

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

28

Final Study Report – Osenberg et al.

29

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

30

Final Study Report – Osenberg et al.

31

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

32

Final Study Report – Osenberg et al.

33

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

34

Final Study Report – Osenberg et al.

35

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

V. Statistical power: the design and application of BACIPS studies.
Osenberg, C.W., R.J. Schmitt, S.J. Holbrook, K. E. Abu-Saba, and A. R. Flegal. 1994.
Detection of environmental impacts: natural variability, effect size, and power analysis.
Ecological Applications 4:16-30.

36

Final Study Report – Osenberg et al.

37

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

38

Final Study Report – Osenberg et al.

39

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

40

Final Study Report – Osenberg et al.

41

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

42

Final Study Report – Osenberg et al.

43

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

44

Final Study Report – Osenberg et al.

45

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

46

Final Study Report – Osenberg et al.

47

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

48

Final Study Report – Osenberg et al.

49

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

50

Final Study Report – Osenberg et al.

REFERENCES
(see also the Literature Cited sections in the reprints in sections III, IV and V)
Boesch, D.F. and N.N. Rabalais, eds. 1987. Long-term Environmental Effects of Offshore Oil
and Gas Development. Elsevier Applied Science, New York, 708p.
Carney, R. 1987. A review of study designs for the detection of long-term environmental
effcts of offshore petroleum activities. Pages 651-696 in: Long-term environmental effects
of offshore oil and -gas development. D.F. Boesch & N.N. Rabalais, eds., Elsevier Applied
Science, New York.
Carpenter S.R., T.M. Frost, D. Heisey, T.K. Kratz. 1989. Randomized intervention analysis
and the interpretation of whole ecosystem experiments. Ecology 70:1142-1152.
Fairweather, P.G. 1996. Coping with complexity. Trends in Ecology and Evolution 11:485.
National Research Council. 1990. Managing Troubled Waters: The role of marine
environmental monitoring. National Academy Press, Washington, D.C. 125 p.
Neff, J.M. 1987 Biological effects of drilling fluids, drill cuttings and produced waters.
Pages 469-538 in: Long-term environmental effects of offshore oil and gas development.
D.F. Boesch & N.N. Rabalais, eds., Elsevier Applied Science, New York.
Osenberg, C.W., S.J. Holbrook and R.J. Schmitt. 1992. Implications for the design of
environmental assessment studies. Pages 75-90 in P.M. Griffman and S.E. Yoder, eds,
Perspectives on the Marine Environment. USC Sea Grant, Los Angeles, California.
Osenberg, C.W. and R.J. Schmitt. 1994. Detecting human impacts in marine habitats.
Ecological Applications 4:1-2.
Osenberg, C.W. and R.J. Schmitt. 1996. Detecting ecological impacts caused by human
activities. Pages 3-16 in R.J. Schmitt and C.W. Osenberg (eds.) Detecting ecological
impacts: Concepts and applications in coastal habitats. Academic Press, San Diego.
Osenberg, C.W., R.J. Schmitt, S.J. Holbrook, K. E. Abu-Saba, and A. R. Flegal. 1994.
Detection of environmental impacts: natural variability, effect size, and power analysis.
Ecological Applications 4:16-30.
Piltz, F.M. 1996. Organizational constraints on environmental impact assessment research.
Pages 317-328 in R.J. Schmitt and C.W. Osenberg (eds.) Detecting ecological impacts:
Concepts and applications in coastal habitats. Academic Press, San Diego.
Rachlin, J.W. 1996. Review of Detecting Ecological Impacts. Transactions of the American
Fisheries Society 126:545-547.
Schmitt, R.J. and C.W. Osenberg (editors and contributing authors). 1996. Detecting
ecological impacts: Concepts and applications in coastal habitats. Academic Press, San
Diego. 401 p.
Spies, R.B. 1987. The biological effects of petroleum hydrocarbons in the sea: assessments
from the field and microcosms. Pages 411-467 in D.F. Boesch and N.N. Rabalais, editors.
Long-term environmental effects of offshore oil and gas development. Elsevier Applied
Science, New York.

51

Long-term Monitoring of Biological Parameters: Application of a BACIPS Assessment Design

Stewart-Oaten, A., J. Bence and C.W. Osenberg. 1992. Assessing effects of unreplicated
perturbations: no simple solutions. Ecology 73:1396-1404.
Stewart-Oaten, A., W.W. Murdoch and K.R. Parker. 1986.
assessment: “Pseudoreplication” in time? Ecology 67:929-940.

52

Environmental impact

The Department of the Interior Mission
As the Nation's principal conservation agency, the Department of the Interior has responsibility for most
of our nationally owned public lands and natural resources. This includes fostering sound use of our
land and water resources; protecting our fish, wildlife, and biological diversity; preserving the
environmental and cultural values of our national parks and historical places; and providing for the
enjoyment of life through outdoor recreation. The Department assesses our energy and mineral
resources and works to ensure that their development is in the best interests of all our people by
encouraging stewardship and citizen participation in their care. The Department also has a major
responsibility for American Indian reservation communities and for people who live in island territories
under U.S. administration.

The Minerals Management Service Mission
As a bureau of the Department of the Interior, the Minerals Management Service's (MMS) primary
responsibilities are to manage the mineral resources located on the Nation's Outer Continental Shelf
(OCS), collect revenue from the Federal OCS and onshore Federal and Indian lands, and distribute
those revenues.
Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program
administers the OCS competitive leasing program and oversees the safe and environmentally sound
exploration and production of our Nation's offshore natural gas, oil and other mineral resources. The
MMS Royalty Management Program meets its responsibilities by ensuring the efficient, timely and
accurate collection and disbursement of revenue from mineral leasing and production due to Indian
tribes and allottees, States and the U.S. Treasury.
The MMS strives to fulfill its responsibilities through the general guiding principles of: (1) being
responsive to the public's concerns and interests by maintaining a dialogue with all potentially affected
parties and (2) carrying out its programs with an emphasis on working to enhance the quality of life for
all Americans by lending MMS assistance and expertise to economic development and environmental
protection.

