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Lindsay Oaks and Munir Virani examining a dead vulture in Pakistan, 2000

This book is dedicated to the memory of J. Lindsay Oaks, a friend and colleague
to many, and a great wildlife forensic toxicologist.






Preface

Toxicology and forensics are very historical applications of science, going back
even as far as the Roman Empire; and, forensic toxicology has been the subject of
many a mystery thriller. Yet, forensic ecotoxicology as an applied science is quite
new. In fact, the word ecotoxicology was not coined, as we know it today, as an
applied branch of toxicological science until 1969 by R. Truhaut (see B. A. Rattner,
2009, History of wildlife toxicology, Ecotoxicology 18:773—783). And, as an applied
field of ecology and conservation biology, forensic ecotoxicology and related policy
applications have come into their own only in the last few decades, and its growth
and development has been interesting to say the least. Most of the work described
in this book, as well as other similar toxics work, is not forensics per se, but in
essence it is forensic in nature. In our specialty, forensic ecotoxicology and policy
applications today ideally follow a hypothesis-centered process that must lead to
problem-solving and also builds strongly on known information from past work
(see Fig. 1).

Using as an example, the DDE-induced (DDE is one of the recalcitrant, persis-
tent DDT metabolites) eggshell-thinning phenomenon, a long series of investiga-
tions typically went along the following steps:

1. Describe the pattern, extent, and timing of the phenomenon of eggshell
thinning.

2. Hypothesize and then determine causation and relationships to suspected envi-

ronmental factors (DDE, PCBs, other POPs, stress, nutrition, etc.).

. Identify relationships to individual and population health.

4. Test field hypotheses with controlled experiments and hypothesis-testing field
designs.

5. Determine physiological and biochemical mechanisms of action.

6. Develop predictive ability through models.

7. Translate causation to policy and regulation (this seems to be the most difficult part).

[ON]

None of that was easy, and just for DDE alone, the process took 25-30 years and
many hundreds, more likely thousands, of scientific studies involving also thou-
sands of scientists and technicians. Additional effects, causes, and complications
still continue to be found as research has progressed (for example: A. N. Iwaniuk

vii
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FORENSIC ECOTOXICOLOGY
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Fig. 1 Idealized, step-wise process in forensic ecotoxicology, in the case of conservation, leading
to population, species, or system restoration, and based largely on scientific hypothesis-testing
throughout (modified from D. W. Anderson, 1998, Evaluation and impact of multiple stressors on
ecosystems: four classic case histories, in Cech, Wilson, and Crosby, eds., Multiple stresses in
ecosystems, Lewis Publishers)

et al., 2006, The effects of environmental exposure to DDT on the brain of a song-
bird: Changes in structure associated with mating and song, Behavioural Brain
Research 173:1-10) Nonetheless, there are some people trying to challenge the
results and especially the subsequent policy/regulation results. And of course, the
listed steps did not occur perfectly in the order listed, and often due to conservation
urgency, regulation and policy are sometimes (but not very often) enacted early in
the process, once causation has been reasonably well determined (a “better safe than
sorry” or “precautionary principle” philosophy). R. W. Risebrough (1986, Pesticides
and bird populations, Current Ornithology 3:397-427) briefly summarized the
DDE/eggshell thinning phenomena, and I borrowed the seven steps described above
from my class notes in Wildlife Ecotoxicology (UC Davis). I think this entire pro-
cess represents one of the important early “forensic successes,” although some may
disagree.

Of course, a process such as that described above applied to many ecological
circumstances, and many species, and involved multiple-stressors in almost every
instance. The process is more clear and straightforward when applied to individual
studies, such as described by C. J. Henny, L. J. Blus, E. J. Kolbe, and R. E. Fitzner
(1985, Organophosphate insecticide [famphur] topically applied to cattle kills
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magpies and hawks, Journal of Wildlife Management 49:648—658). In contrast, just
how complex such a diagnostic approach can become, has been nicely illustrated for
Bald Eagles in the Great Lakes (D. A. Best et al., 2010, Productivity, embryo and
eggshell characteristics, and contaminants in bald eagles from the Great Lakes,
USA, 19862000, Environmental Toxicology and Chemistry 29:1581-1592), lead-
ing to scientifically sound conclusions and supporting policy and regulation.

Going back again to the persistent organic pollutants (POPs), I think also that
DDT and its introduction during WWII, as a secret weapon nobody knew about at
first, nonetheless, came to represent the beginnings of widespread concern for the
individual and environmental effects of unwanted toxic compounds on ecosystems
as well as their components (species and populations). This led to greater under-
standing of the causes for degradation of biodiversity (it started with exploitable fish
and wildlife species), and then for finding solutions to hopefully alleviate these
unwanted ecological factors. Today, it just seems like “common sense.” In the early
days, it almost seemed like heresy to even question the use of pest-control chemi-
cals, no matter how indiscriminate, because they were part of the “green revolution”
and the need to feed a rapidly growing human population.

This is not to say that concern and fledgling approaches to (what we know now
as) ecotoxicological approaches did not go back even as far as the early 1900s,
especially involving compounds like rodenticides, predator-control agents, and
chemically simple, inorganic poisonous compounds (see review by Rattner 2009;
and R. L. Rudd and R. E. Genelly, 1956, Pesticides: their use and toxicity in relation
to wildlife, CA Department of Fish and Game, Game Bull. 7). Rudd and Genelly
(1956) provided a critical “early-step” in modern forensic ecotoxicology, but times
were simpler then in that spray-count era. (I also recommend J. O. Keith, 1991,
Historical perspectives, in T. J. Peterle, Wildlife toxicology, Van Nostrand Reinhold).
In 1946, when DDT and then soon other POPs were introduced into general use by
the overall public, society was infoxicated, not by chemicals, but by the euphoria
that technology was going to solve all of mankind’s problems (albeit, many of them
self-inflicted). But even as early as 1946 and 1951, The Journal of Wildlife
Management published a series of papers (JWM Vols. 10 and 15) on the potential
effects of chemicals applied directly to the open environment. Then, of course, came
Rachel Carson (1962, Silent Spring, Houghton-Mifflin, Boston) and Robert L. Rudd
(1964, Pesticides and the living landscape, University of Wisconsin Press, Madison),
which really got us all started. As surely as most biologists are the “intellectual
children” of Darwin, ecotoxicologists today are, in essence, the intellectual children
of Rachel Carson and Robert Rudd, too.

In forensic ecotoxicology, I think, the field has also evolved through at least three
scientific “generations” of scientists in about 65 years of existence. Most people in
our field first started out as non-toxicological ecologists or conservationists, people
out there studying ecological relationships, demography, behavior, applied ecology,
wildlife management, or whatever. Yes, some were physiological ecologists whose
field of study, especially involving secondary plant compounds, would eventually
lead directly into ecotoxicology. And, some were traditional toxicologists at first.
Most ecologists at the time were faced with the conundrum of describing and trying
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to alleviate newly discovered, man-induced toxicological problems — not that natural
systems are not evolutionarily involved in their own ecotoxicological challenges,
resulting in coevolved ecological systems, and biochemical pathways that could
involve evolutionarily unique toxicants to some degree (see the early classic,
Herbivores: their interaction with secondary plant compounds, edited by
G. A. Rosenthal and D. H. Janzen, 1979, Academic Press). But, most of the “first-
generation” scientists were ecologists and conservationists who were led into eco-
toxicology by the circumstances. Something was “messing up” their ecological
studies, and they had to find out what it was. So ecologists had to do some sleuthing,
and that is where forensics first came in: they had to confirm their hypotheses as best
they could through the scientific, forensic method. The very resources that these
ecologists were studying and trying to understand were “going down.” By the way,
habitat loss is still the most significant factor resulting in the loss of biodiversity
today — but after all, pollution by toxicants is simply one of the human-related fac-
tors that is degrading the quality of habitats.

I scanned through J. J. Hickey’s book (1965, Peregrine Falcon populations: their
biology and decline, University of Wisconsin Press) and that of T. J. Cade and
W. Burnham (2003, Return of the Peregrine: a North American saga of tenacity and
teamwork, The Peregrine Fund, Boise) and pulled the following notable names
related to the forensics and regulation centered about just one bird species, the
Peregrine Falcon. Similar stories were being told around all kinds of species of
wildlife, such as the Osprey, Bald Eagle, Brown Pelican, White Pelican, Black-
crowned Night Heron and other ardeids, various waterfowl and game birds, and
many others. This “peregrine-list” reads like a “who’s who” of ecologically oriented
pioneers in wildlife forensic ecotoxicology (just a few examples are given):
Tom J. Cade, Joseph J. Hickey, Ian Newton, David Peakall, Ian Prestt, Derek
A. Ratcliffe, R. W. Risebrough, L. F. Stickel, W. H. Stickel, and many others. This
list could go on for pages. As a graduate student invited to attend the meeting, Hickey
had setup that resulted in Hickey (1965), cited above, one had to have been suffi-
ciently impressed with such a field of experts and it became apparent to me that there
was no other more exciting field to devote one’s professional life! Of course, similar
“stories” like this were developing all over the world with diverse species and eco-
systems, and my bias is obviously North American and for wildlife in particular.

The second generation still comprised some taxonomic or subfield specialists,
but now included people who obtained additional specialized training in and empha-
sizing toxicology and physiological ecology. Those were mostly graduate students
and/or mentees of “first-generation” forensic ecotoxicologists, such as mentioned
above. Then, the current generation seems to be quite a mix of organism plus disci-
pline-oriented field and laboratory specialists, but most have primarily a strong
background in the ecological, chemical, and physical sciences and might now be
called “true” ecotoxicological specialists, much as we now have “conservation
biologists” and “restoration ecologists.” Many have developed ancillary expertise
in some taxonomic group or subfield, such as reptiles and amphibians, systems
ecology, demography, and other specialties. These ecotoxicologists importantly
apply ecology, chemistry, physics, biochemistry and molecular biology, physiology,
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systems ecology, population biology, modeling, statistics, and other disciplines
to their specialties; and, they use the forensic approach to apply their derived
knowledge often to mathematical and statistical modeling and then to policy and
regulation.

This book is a stimulating and quite comprehensive compendium of many of the
currently relevant ecotoxicological problems and their histories and their solutions,
written by many of today’s leaders in the field. Yet, the work itself continues-on, so
much in fact, that this book could easily become the start of an important series.
I have told my students in that university class I mentioned above (Wildlife
Ecotoxicology) that it is the ultimate objective of ecotoxicologists to work ourselves
out of our jobs. I am afraid that is a long time off.

Davis, California, USA Daniel W. Anderson
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Chapter 1
Wildlife Ecotoxicology: Forensic Approaches

John E. Elliott, Christine A. Bishop, and Christy A. Morrissey

Abstract This introductory chapter provides an overview of the book and some
discussion of the emergent themes. The nature of forensic ecotoxicology is consid-
ered, and a definition proposed. We reflect on the experiences of some authors in
trying to translate scientific evidence of toxicant effects into regulatory or non-
regulatory action. We further examine the problem of bias in data interpretation, and
consider some of the dispute resolution processes discussed by the various authors.

Introduction

The field of wildlife toxicology emerged in response to the use, misuse, and ecological
mishaps associated with the explosion of commercial chemical use in the twentieth
century (Rattner 2009). Many of the earliest studies, and those that really define the
field, and in a sense its mythology, were exercises in detective or forensic science.
Numerous publications, including chapters in this book, cite “Silent Spring” (Carson
1962) and its influence on widening the awareness of the hazards of environmental
contaminants. Yet even as Carson was finishing and publishing her book, one of the
most interesting and compelling scientific narratives in wildlife ecotoxicology was
just unfolding. In the spring of 1961, Derek Ratcliffe, a biologist with the British
Trust for Ornithology, organized a survey of peregrine falcon (Falco peregrinus)
populations in Great Britain. Ironically, the survey was commissioned in response
to calls by homing pigeon enthusiasts to remove legal protection for the falcon.
It was alleged that peregrine populations were increasing and killing many of their
homers. However, by the end of the survey in the summer of 1961, it was apparent

J.E. Elliott (><)

Environment Canada, Science and Technology Branch,

Pacific Wildlife Research Centre, Delta, BC, V4K 3N2, Canada
e-mail: John.elliott@ec.gc.ca
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that British peregrine populations were in a state of serious decline or even a crash.
Ratcliffe describes the ensuing investigations as follows:

The search for causes had begun in 1961 when the first serious symptoms of decline became
clear. It was case of detective work with few clues.

Ratcliffe 1980, page 306

When Ratcliffe began his detective work and search for clues, he had no operating
paradigm of contaminant effects on wildlife and limited supporting forensics, such as
analytical chemical methods. There were no published accounts linking agricultural
or industrial chemicals and declines in wildlife population size or occurrences.
Peregrines in particular were associated with wilder spaces, certainly not with agri-
cultural or urban activities. Fifty years later, we live in a world where the awareness
and knowledge of the spread and potential hazard of toxic chemicals is one of the
acknowledged “risks of modernity” (Beck 1992). The field of environmental toxi-
cology and chemistry now constitutes a virtual industry employing thousands of
toxicologists, ecologists, chemists, veterinarians, hydrologists, soil scientists, statis-
ticians, risk assessors, regulators, other specialists, and many students. We believe
that group is the primary audience for this book along with a broader readership of
people interested in environmental pollution problems, and the human element
behind the work.

The book is about investigating the cause and effect relationships between environ-
mental toxicants and vertebrate wildlife populations. We have used a case study format.
Many of the cases began as a conservation problem in which a detective-like or forensic
investigation was initiated to determine the cause of the health effects in the animals.
Some of the studies are more chemical based. They examine the evidence for effects
of a given compound or element on a specific taxonomic group, which is how most
environmental toxicology now proceeds. Researchers conduct dose response studies
in the laboratory or collect environmental samples and quantify the presence of a
chemical. That may lead to an assessment of exposure, hazard, or risk. Alternately
there may be an attempt to look for correlative evidence of effects in the field using
biomarkers or ecological techniques. In essence, it is the reverse of traditional scientific
approach; the putative cause is known and the search is for an effect.

Most of the significant advances in the wildlife ecotoxicology, as in other fields,
occur when biologists or other scientists observe unusual phenomena in nature, and
wonder about the cause. Such phenomena have included declining populations or
unusual patterns of deformed offspring, whether as overt morphologies or more subtle
physiological features. Whatever approach was taken, the authors of each chapter
have first defined the problem and proceeded to describe the ensuing scientific inves-
tigations. In each case they have gone on to depict the broader regulatory or remedial
aspects of the problem, and in some cases to expand on their personal experiences.

The concept for the book arose from a session “Wildlife Toxicology: Forensic
Approaches” at the Society of Environmental Toxicology and Chemistry (SETAC)
World Congress held in November of 2004 in Portland, Oregon. Definitions of the
word, forensic, are varying. Forensic science involves the application of scientific
disciplines to resolving medical and legal problems. Forensic toxicology is an
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important part of that field and focuses on identifying injury or death caused by
poisoning. More recently the field of environmental forensics has emerged, which
has its own society and journal, and focuses mainly on applications of environmental
chemistry and associated disciplines to identifying sources of contamination.
Forensic toxicologists, who largely work with human cases, define their work as the
application of toxicology to the purposes of the law (e.g. Cravey and Baselt 1981).
Thus for forensic ecotoxicology, we could extend that definition to legal applications
of ecotoxicology. Investigations of an “eco” nature normally would not involve
criminal law, but rather regulatory or non-regulatory efforts to attenuate the impact
of pollutants and contaminants on organisms, or ideally on ecosystems, both small
and large. We think a definition of forensic which invokes the apparent original
connotation of the word might be more appropriate here. It applies to investigations
which invoke public debate or discussion: “of, relating to, or used in public debate
or argument” (Princeton University 2010). Thus, forensic ecotoxicology could be
defined as: “the investigation of causal linkages between source(s) and presence of
a chemical or mixture, and biological effects, with the goal of reducing impact via
regulatory or non-regulatory interventions”.

The examples presented here are selective, and were based on developing a list of
possible subjects and issues, then inviting people to write those stories including their
experiences in doing the research and the regulatory process. There are many more
topics and examples that could have been described. We have tried to provide an over-
view covering a variety of classes of compounds, sources, types of forensic investiga-
tions, and regulatory aspects. The spatial scope of the issues varies in many of the
examples, but those localized cases are useful in describing what worked and did not
work, and can provide guidance and understanding for related problems elsewhere.

Two themes emerge repeatedly from these case studies. We see that, despite all
the advances in knowledge and technology since Ratcliffe’s day, establishing cause
and effect in the field, remains a daunting challenge. It is worth noting that in the
wildlife toxicology field, the most successful examples from a regulatory point of
view involved “simple lethality”. Among the chapters, those include organochlorine
pesticides and waterbirds, lead shot and pesticides in birds of prey, and diclofenac
and vultures. To that list we could add the classic studies by Ian Newton and
colleagues, not included here but often cited, on the impact of dieldrin and other
cyclodienes on raptors in Britain and on bats and other species elsewhere (Newton
et al. 1992; Blus 2003). In most of those cases, the species of concern were long
lived and K-selected for which survival of breeding adults was the crucial demo-
graphic parameter. Such studies commonly took place over extended temporal and
spatial scales often involving a number of collaborators as well as a broader network
of volunteers and naturalists, or they were highly focused local studies of marked
populations also carried out over longer time periods. When the evidence is in the
form of more subtle physiological or reproductive endpoints, establishing cause and
effect linkages, particularly at the population level, is even more difficult. In a number
of the chapters here, the authors describe attempts to make those connections,
including the three case studies on reptiles, and amphibians and fish. Other studies
have relied primarily on a risk assessment approach, establishing only exposure in
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the field. For many wildlife top predators, practical and ethical constraints preclude
anything but a risk assessment strategy.

The second theme emerging is the challenge of trying to mitigate the identified
threat to wildlife, whether through regulation, remediation, or other means. It is
encouraging to see how many were successful in bringing about positive change,
despite the many obstacles encountered. Under the broader definition of forensics, and
thus invoking the social and regulatory implications of the ecotoxicological science,
itis interesting to compare that context in Ratcliffe’s time with that of today. Ratcliffe
describes the response of various agencies and institutions at the time to the evidence
accumulating against the organochlorine insecticides:

It was not an easy time. Some of us had our first experience of scientists playing politics,
and we learned how vicious a vested interest under pressure can be. It was clearly in many
people’s interests, one way or another, to believe that the wildlife conservationists were
talking nonsense, and they left no stone unturned in trying to establish this. Every new
paper with more evidence was dissected and gone over with a fine tooth comb, to see what
flaws could be found...Tactics at times resembled those of a courtroom rather than the sci-
entific debating chamber. There were tedious arguments about the nature of proof, and the
validity of circumstantial evidence. The attempts to deny effects of pesticides on wild rap-
tors descended now and then into obscurantism.

Ratcliffe 1980, page 331

Given the financial implications, some opposition from affected parties to new
chemical regulations or cleanup actions would be expected. Corporations are formed
to make money, thus whether it is loss of market share from banning of a pesticide
or other product, upgrades in pollution control technology, clean up and restoration
of a contaminated site, financial resources have to be diverted to the problem, and
so away from profit or other investment needs. Differences in resource access and
use are the source of most human conflicts. Such conflicts sparked the original con-
servation activism in North America, and eventually the environmental movement
and laws of the 1970s such as the U.S. Endangered Species Act (McCormick 1989).
Resource conflicts have lead to widespread civil disobedience and even violence
(Marr-Liang and Severson-Baker 1999; Amster 2006), and in the extreme can result
in societal breakdown and civil war (Le Billon 2001), sometimes leading to further
environmental degradation (Dudley et al. 2002).

As dispute resolution mechanisms, many jurisdictions employ science advisory
boards or ecological risk panels, composed of a range of scientists and other specialists
from opposing perspectives, usually industry, government, and academia (EPA
2002). Such bodies are charged with examining the data and determining whether
there is evidence, for example, for a commercial chemical such as a pesticide to
cause significant damage to biota.

A number of the chapters in this book recount the authors’ experiences with such
decision making tribunals. Opposing sides will differ on not only the interpretation of
the pertinent data, but also on study design and methods. As scientists, at least initially
we tend to harbor myths about objectivity and simplicity and purity of truth seeking
and scientific endeavor (Lackey 2002). In reality, science has always been about testing
competing hypotheses and variations in interpretation of results. The debates often
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become even more contentious when they widen into the social and political realms.
Both scientists and the broader society continually debate questions of evolution,
nature versus nurture, theories of cosmology and most recently climate change.
Fundamental to quality control and “resolving” scientific arguments is the need for
repeatability of results and the peer-review process. Even repeatability of experiments
can get bogged down, however, in the complexities of experimental design. It has even
been asserted that some governments have legislated the requirement for quality
assurance procedures so stringent as to prevent publication of data that is critical of
important commercial interests. That topic is discussed in the chapter by Lougheed
and by others in this book. Even the peer review process, which like democracy is one
of those “worst imaginable but better than the rest” systems, has recently been ques-
tioned (Brahic 2010; New Scientist 2010; Sieber 2006; Smith 2006).

Data interpretation is unavoidably a function of perspective, which is influenced by
background, education and experience, but can also be affected by biases of the finan-
cial and career nature. Accepting some degree of bias as unavoidable, the goal is to
avoid conflicts of interest that are primarily of a financial nature (e.g., Barrow and
Conrad 2006). It is a delicate topic, but such distinctions can become murky, when we
consider that most industry advocates are paid consultants, whose continued employ-
ment depends in part on their success in defending the interests of their clients.
Similarly, careers can be advanced and, therefore, salaries increased for government
scientists whose findings provide the evidence needed for regulatory decisions. The
academic community is not isolated from the problem of conflicts of interest.
Regardless of the consideration that many academics also act as paid consultants to
industry or government, university based researchers can also see their funding and
careers advanced if they work on high profile conservation issues. Thus, there is the
potential of direct gain from over- or under-stating the implications of their findings.

There is some recent literature examining the problems associated with
interpretation of contentious data and how to deal with bias and conflict of interest
(Rosenstock 2002; Hayes 2004; Barrow and Conrad 2006; Huss et al. 2007; Rohr
and McCoy 2010). Recommendations include the need for: complete and transpar-
ent disclosure of funding sources in all reports, presentations and publications;
balanced makeup of review boards and panels; improved education of both profes-
sionals and the broader public about environmental ethics and conflicts of interest.

The implications of the choices made in environmental policy and regulatory
decisions cannot be overstated. Such decisions on use of pesticides or industrial
chemicals, on large commercial and industrial land developments, and forestry,
agricultural and fishery habitat stewardship clearly have profound consequences.
The outcomes can lead, on the one hand, to excessive environmental damage and
loss of biodiversity and ecological services. On the other hand, the decision may
result in unwarranted restrictions on resource development or protection leading to
economic hardship or even poverty in local communities. That can in turn contribute
to even greater losses of biodiversity (Bradshaw et al. 2009).

As some authors recount here, opposition to change or action can also come
within government agencies. It can stem from intervention at the political level or
even from corruption. However, new actions can be stifled by simple bureaucratic
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inertia, and the tendency for large hierarchical organizations to suppress scientific
dialog and in particular, dissenting views (Bella 1992, 2004).

Resolution of environmental disputes sometimes has to move beyond the scien-
tific panel or board to be settled by a judicial process even by civil litigation. For
example, the USA has the Natural Resource Damage Assessment (NRDA) process
to assess injury and economic costs from oil and chemical contamination (Ofiara
2002). Among the cases discussed here, a number had to resort to litigation such as
those described by Christine Custer, the chapter by Edson et al. on the Rocky
Mountain Arsenal, and the original ban on lead shot for waterfowl hunting in the
US, discussed in the chapter by Thomas and Scheuhammer.

However, it also emerges how often the dialogs and eventual solutions were
devised in more open and conciliatory ways, with efforts by both parties to devise a
consensus solution. Ratcliffe and other colleagues in Britain and across the Atlantic
in North America began to make a case against broad scale organochlorine pesticide
usage in the early 1960s. It took almost a decade for the first significant regulatory
restrictions. That contrasts with the experience 40 years later of the multinational
team investigating the crashing Asian vulture populations. Lindsay Oaks and col-
leagues faced the same skepticism that a chemical, in that case a veterinarian drug,
could in any way be poisoning vultures on a continental scale and pushing them to
the brink of extinction. Until they completed their work in Pakistan, most of the
experts involved in studying the problem were convinced that it must have been a
disease or some other undefined factor. But, once faced with the carefully compiled
evidence against diclofenac, the governments and industry in Pakistan and India
responded relatively quickly to try and address the problem by banning and restricting
use of the drug. The question now is whether identification of the problem and
attempts to address came quickly enough and are adequate and enforceable. Whether
all or any of the vulture populations recover like the peregrines will only be apparent
with time.

The first chapters in this book deal mainly with contamination by persistent
organic pollutants, the so-called legacy ‘POP’s. There has been a great deal of success
inregulating these compounds, which now proceeds under the Stockholm Convention
on Persistent Organic Pollutants. We considered possible chapters on the newer
POPs issues, particularly the brominated flame retardants and perfluorinated com-
pounds. However, evidence for a potential problem from those compounds has come
primarily from monitoring of temporal and spatial patterns of contamination, rather
than evidence of effects in the field (Hites 2004). The process has also been broad
and diffused without a defining focal narrative. How the perfluorinated contaminant
issue was identified and addressed by John Giesy and colleagues is covered briefly
in the chapter by Tim Lougheed, which discusses the social and political context of
regulating environmental contaminants.

On the persistent organic pollutant theme the opening chapter examines dioxin
pollution from the forest industry. That was problem for many jurisdictions, and is
detailed here in the context of first reports of significant wildlife exposure and effects
in waterbirds and other wildlife on the Pacific coast of Canada. The main ongoing
problem with POPs is the legacy of contaminated sites from manufacturing, waste
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disposal or intensive use. As a consequence of the degree of economic and industrial
development, the US likely has among the largest inventory of such sites, and
probably the best characterized and addressed (http://www.epa.gov/superfund/index.
htm). Many past and ongoing investigations in the US have been conducted under the
Natural Resource Damage Assessment (NRDA) process. Four chapters address
issues associated with that legacy contamination. The chapter by Chris Custer takes
a species approach rather than a problem based approach demonstrating how a range
of contaminant sources and types can be addressed using a versatile indicator spe-
cies, the tree swallow (Tachycineta bicolor), at NRDA sites across the United States.
From there, the focus narrows to an NRDA case study of the Rocky Mountain
Arsenal, which we selected because of the important role that wildlife poisoning had
on identifying and defining the extent of the contamination at that site. We follow that
with two forensic studies about South Florida’s Lake Apopka. One involves the
efforts by Alan Woodward and others to understand the causes of reproductive and
developmental problems in alligators (Alligator mississippiensis). Apart from the
complexity of establishing cause and effect in the wild, there emerges the need for
baseline ecological monitoring to provide some understanding of what is “normal”
in a wildlife population. The companion chapter by Roxanne Conrow and colleagues
describes the efforts to rehabilitate Lake Apopka. It focuses on acute mortality of
waterbirds from OC pesticides, an unexpected consequence of efforts to restore the
ecological integrity of the lake following decades of anthropogenic insults.

The next series of chapters continues the pesticide theme but shifts to studies of
current use compounds. They start with two terrestrial studies of birds. The first is
in an agricultural setting and describes efforts to understand how, over a period of a
decade, top predators were poisoned from a number of supposedly non-accumulative
and non-persistent organophosphorus and carbamate insecticides. The second is in
a forestry setting and addresses an unusual situation of a compound, monosodium
methane arsenate (MSMA), originally deployed as herbicide, but later developed as
a systemic insecticide to suppress bark beetles (Dendroctonus spp.) in an epidemic
outbreak. It is, to our knowledge, the only ecotoxicological study of woodpeckers
(Picoides spp.). They are followed by investigations of two of the major herbicides
on a global scale, and the experiences of Rick Relyea and Tyrone Hayes, respectively,
dealing with the awakening reality for many that impacts on amphibians were over-
looked when assessing the risks of these chemicals in the environment. The experiences
of those two scientists, as recounted in their chapters, appear a lot more like those
of Derek Ratcliffe than some of the more conciliatory approaches taken by industry
as described in other chapters.

Two classic problems in wildlife toxicology are the focus of the chapters by
Harry Ohlendorf on selenium and by Vernon Thomas and Tony Scheuhammer on
continuing issues caused by poisoning from lead projectiles. Ohlendorf’s is a classic
case study using typical forensic approaches, which started with the finding of
deformed ducks in areas subject to runoff from agricultural drainage water. Most
readers would already have some awareness and, therefore, would not be surprised
at the challenges associated with resolving water related issues in California. The
chapter by Thomas and Scheuhammer addresses the ongoing problem of lead, and
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whether we should be continuing to use lead projectiles when safe and affordable
options are available.

The final case studies examined two very different aspects of environmental
contamination by pharmaceutical compounds. Great progress has been made in
reducing eutrophication and industrial pollution resulting in recovery on lakes and
rivers in many countries. However, with growing human populations and increasing
complexity and variety of pharmaceutical and other commercial chemicals, we have
seen the emergence of new sorts of challenges such as those chronicled by Charles
Tyler and Amy Filby on developmental abnormalities in fish from British rivers.
The second is the story of secondary poisoning of vultures through the use of a
veterinary drug widely used to treat joint and muscle problems in cattle and other
livestock. It is a compelling example of Beck’s risks of modernity. The plight of the
vultures poignantly demonstrates that despite our new awareness of the risks of
using drugs and other commercial chemicals, and all the testing and safeguards
that we can put in place, there will likely be other such far-reaching and profound
consequences from the deployment of chemical technologies.

The final chapter by Tim Lougheed examines the broader context of environmental
contamination, and compares the political and regulatory approaches adopted in
various countries.

The authors of these 14 case studies have described the science behind each topic,
the relations to regulatory actions and the human stories behind the science. They
have each tried to make the topics accessible to a broader audience. There are also
some insights from the various personal experiences on how the systems worked and
how attempts were made, successfully or not, to make changes to improve conditions
for the affected wildlife. We hope that the readers find the chapters useful to their
own research or related activities, and can appreciate the magnitude of work involved
from identifying a contaminant-related problem to achieving a resolution.
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