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When Rachel Carson wrote Silent Spring in
1962, the pesticides being used in massive
quantities on farms and forests were
organochlorine insecticides, one of the earli-
est generations of synthetic pesticides.

Application rates were shockingly high by
today’s standards: in those innocent days, it
was mistakenly believed that if a little pesti-
cide was good, more was better. Few people
before Rachel Carson understood or even
speculated about the possible impact of such
profligate use1.

This early group of compounds had char-
acteristics that made them particularly dam-
aging to the environment and to birds. They
were persistent (remained unchanged for a
long time in the environment), they were sol-
uble in lipids (fats), and they were not easily
eliminated (metabolised and excreted) by the
organisms that ingested them. Because of
these characteristics, these compounds accu-
mulated in fatty tissue and their concentration
increased with each step up the food chain.

The long environmental persistence of
organochlorines was initially considered a
benefit, as claimed by Paul Müller, the father
of DDT. In his Nobel Prize acceptance speech
in 1948, Müller had declared that stability and
environmental persistence were ideal attribut-
es for a pesticide. According to him, it did not
matter if DDT took a little longer to kill
insects; its environmental persistence would
make it prevail over competing products.

Of course, it is precisely because of their
lengthy persistence in living organisms and
the environment that these early organochlo-
rine insecticides came to be restricted and
sometimes banned in the decades after Silent
Spring was published. Because of their poten-
tial to achieve ever-increasing concentrations
with each step up the food chain, the deleteri-
ous effects of these persistent organochlorine

pesticides were most clearly seen in top carni-
vores – birds of prey or fish-eating birds.

DDT became the most infamous of the
organochlorines because it caused the thin-
ning of birds’ eggshells, although this specif-
ic effect was not known when Silent Spring
was published2. Not all birds are affected
equally; chickens and other species of galli-
formes, like quail and pheasants, for example,
are among the least affected. This fact is
important because galliforme species have
been traditionally used to test for pesticide
toxicity.

The most severe effects from eggshell
thinning were found in the peregrine falcon
(Falco peregrinus), the brown pelican
(Pelecanus occidentalis), the double-crested
cormorant (Phalacrocorax auritus), the
osprey (Pandion haliaetus) and the bald eagle
(Haliaetus leucocephalus).

Also very damaging to bird life were the
cyclodiene insecticides such as aldrin, dield-
rin and endrin. Among the pesticides available
to Rachel Carson’s generation, these particu-
lar organochlorines were among the most
toxic to birds. However, even the less toxic
organochlorines – as long as they persisted in
bird tissue rather than being readily cleared
from the body – could reach lethal levels in
the brain during periods of food shortage or
when high energy demands forced the organ-
ism to call upon fat reserves.

Rachel Carson would be pleased to see
that the use of DDT and most of the persistent
organochlorine pesticides has now been
banned in most of the world although it is
clear that the ban had a lot more to do with
concerns about human health than worry
about birds. The continued use of DDT
against the insect vectors of human diseases
like malaria in some parts of the world
remains controversial, and there are argu-

ments for allowing continued use on a small
scale where malaria control alternatives are
impractical or ineffective. Realistically, birds
are unlikely to get serious exposure to pesti-
cides from small-scale indoor surface spray-
ing in tropical climates.

Of greater concern is that we are still see-
ing extremely high levels of DDT and other
organochlorines in areas where deep-burrow-
ing earthworm species and other insects are
bringing them up to the surface in their bod-
ies3. An Australian study showed that virtual-
ly all birds living near cotton fields had
residues of DDT and its metabolites in their
stomach contents 15 years after the product
was discontinued4.

Nevertheless, the good news is that popu-
lations of falcons, ospreys, pelicans and cor-
morants have now recovered in many areas
once affected by the agricultural use of
organochlorines. Rachel Carson would be
pleased.

Numerous organophosphates
replaced organochlorines
In Silent Spring, Rachel Carson mentioned a
few organophosphorous insecticides, notably
parathion, as being exceptionally toxic to
birds. She writes about parathion being used
to control red-winged blackbirds (Agelaius
phoeniceus), considered by many to be crop
pests. She probably could not have imagined
the dominance of this group of insecticides in
the decades that followed the publication of
the book.

Because government regulators saw that
organophosphorous pesticides and carbamate
insecticides stayed active in the environment
for only days or weeks at the most, they
quickly authorized their use to replace the
organochlorines. The extreme toxicity of the
newer compounds was glossed over or
ignored. The main concern became how to
limit exposure for the people applying these
products or working in fields where the prod-
ucts had been applied. This problem has not
been fully solved yet and many pesticide-
exposure poisonings among agricultural
workers continue to be recorded every year.

Both organophosphorous and carbamate
insecticides have a similar mode of action:
they bind to, and put out of commission a vital
enzyme called cholinesterase. They are there-
fore lumped as ‘cholinesterase inhibitors’.
The cholinesterase enzyme, which is present
across the animal kingdom, is active both in
the gap between nerve cells (the synaptic
cleft) and in the junctions between nerve and
muscle cells (neuromuscular junctions). The
role of the cholinesterase enzyme is to neu-
tralize the neural messenger acetylcholine
after it has allowed the nerve impulse to pass
from one cell to the next. The sudden dis-
abling of the critical cholinesterase in the
bird’s brain and peripheral nervous system
leads to the equivalent of a ‘short-circuiting’
of neural connections with a multitude of con-
sequences, none of them good. No other
enzyme in the body has such extensive and
complex functions; in fact, there is hardly a
physiological mechanism or response that
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Birds and pesticides: is
the threat of a silent
spring really behind us?
What would Rachel Carson say if she came back today? Would she
still be sounding the alarm about a world without the sound of birds
in our fields and forests? In this year’s Rachel Carson Memorial
Lecture, Senior Research Scientist for Environment Canada Pierre
Mineau describes why Rachel Carson warned of a ‘silent spring.’ Dr.
Mineau discusses what happened when we switched from
organochlorines like DDT to newer pesticides that were less
persistent but dangerous to birds in different ways. Forty-seven years
after the publication of Carson’s ground-breaking book, uncounted
millions of birds around the world continue to die from pesticides. The
industry still resists regulation and governments are slow to deal with
the problem. Nevertheless, Dr. Mineau sees some reasons for hope.



does not involve cholinesterase.
Hence, the cholinesterase-inhibiting

insecticides have a fundamental mode of
action that affects many more species than
just insects. If non-target species such as birds
or mammals could break down and eliminate
the insecticide before it could poison them,
then it would not be a problem.
Organophosphorous insecticides were rela-
tively easy to produce, and chemists succeed-
ed in creating a wide variety with slightly dif-
ferent molecular structures and properties.
Some of these indeed had a lower toxicity
profile to mammals. As it turns out, however,
birds are singularly ill-equipped to deal with
cholinesterase inhibitors because their detoxi-
fication machinery simply is not up to the
task. Even insecticides developed to be far
less toxic to humans and therefore allowed for
applications with high human exposure (such
as diazinon which was a mainstay of home
and garden use) still prove to be exquisitely
toxic to the average bird. We do not know
why. The answer is no doubt buried in their
evolutionary past.

It is hard to convey just how toxic to birds
these organophosphorous and carbamate
insecticides really are. We can start by listing
LD50 values in milligrammes of active ingre-
dient per kilogramme of bodyweight, the
usual measure in toxicology circles (Table 1).
This is the quantity of a substance estimated
to be able to kill half of the exposed individu-
als. The toxicity of the pesticides to the labo-
ratory rat (Rattus norvegicus), the usual
human surrogate, is also shown for compari-
son.

In addition, to provide a more graphic
illustration, I am borrowing from Rachel
Carson’s ‘Aspirin™ index.’ Recognising that

the average person could not relate well to
milligramme/kilogramme values, she calcu-
lated how many birds a tablet-size amount of
pesticide could kill on average. For example,
an aspirin-sized tablet of aldrin could kill an
average of almost 900 sparrow-sized birds5.
Table 1 provides the Aspirin™ index for sev-
eral common insecticides and birds of average
sensitivity.

We have already noted that an aspirin
tablet-sized amount of the most acutely toxic
organochlorine insecticide, aldrin, represents
approximately 900 lethal doses for the aver-
age sparrow-sized bird. By contrast, the most
toxic organophosphorous insecticide,
fenamiphos,  has an Aspirin™ index of more
than 16,000 lethal doses, a significant jump in
toxicity. Sensitivity of different bird species
usually ranges from 10 times higher to 10
times lower than the average. This means that
our Aspirin™ index is likely in the vicinity of
100,000 lethal doses for some species
exposed to the most toxic organophosphorous
insecticides.

The extremely popular insecticide carbo-
furan, applied to one hectare of maize (Zea
mays)6, represents more than 41 million lethal
doses for the average bird. It is no wonder that
with this and other insecticides of similar tox-
icity, high bird mortality has been frequent
and unavoidable.

As the world adopted a wide variety of
cholinesterase-inhibiting insecticides to
replace persistent organochlorines, we saw a
shift of effects from top-of-food-chain species
(birds of prey and fish-eating birds) to insect-
and grain-eating songbirds that breed in and
around our farm fields. Because birds can
move rapidly into pesticide-treated areas, they
risk being exposed to pesticides simply by

being in the wrong place at the wrong time.
Affected bird species are typically small

and, when breeding, are present in relatively
low densities. Thus, mass bird kills from pes-
ticides tend to be spread over large areas.

The pesticide industry in the early- to
mid-1980s conducted a number of definitive
studies that showed how seldom bird mortali-
ty comes to light without considerable
resources to detect it. This problem is not
unique to pesticide kills but extends to bird
mortality from other human factors such as
communication towers, office buildings and
windmills. The fact that small bird carcasses
are hard to see and are quickly scavenged
ensures that the loss of a few songbirds per
hectare is hardly noticeable (Figure 1); yet,
this loss may represent a large proportion of
the breeding population of a given species
once the deaths over the entire treated surface
are accounted for.

I have analysed quite a few of the avail-
able avian pesticide impact field studies and
constructed predictive models7. This work has
led me to conclude that a lot of birds are dying
in fields and pastures sprayed for insect con-
trol. Bird species that inhabit farmland and
open areas or those that use farmland during
migration are at risk. Waterfowl and game
birds are at risk because they eat large quanti-
ties of foliage. Songbirds are attracted to pes-
ticide-treated seeds. Birds that feed on agri-
cultural pests, such as grasshoppers, grubs
and cutworms, gorge on the freshly poisoned
insects. (The loss of the latter bird species is
doubly tragic because of the important role
they can play in helping to control pest popu-
lations naturally8.) Scavengers and predators
in turn are poisoned when they consume the
gut contents of their prey. All bird species are
also exposed through their skin and eyes; they
ingest residues when they preen their feathers,
and inhale small droplets and pesticide
vapours when they enter treated fields or
spend time in field borders.

Some of the methods of pesticide delivery
unknown in Rachel Carson’s day have made
the situation even worse for birds. An exam-
ple is the coating of the active ingredients of
pesticides onto small inert granules (sand,
clay, or granulated dried maize cobs).
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Table 1.Toxicity of representative insecticides to birds and rats.The Aspirin index
is the number of sparrow-sized birds killed by one tablet-sized quantity.

Pesticide Average bird toxicity Average rat toxicity AspirinTM Index for
(median of available (mg/kg)* birds of average sensitivity
values) (mg/kg) (No. median lethal doses)

Organochlorines

aldrin 19.8 38 - 67 899
dieldrin 35.1 37- 87 507
lindane 90.8 88 - 270 196
DDT 1334 113 - 250 13

OPs and carbamates

fenamiphos 1.1 2.3 - 19.4 16198
carbofuran 1.65 8.8 10799
monocrotophos 2.51 18 – 20 7099
aldicarb 2.82 0.62 - 1.23 6319
diazinon 5.25 300 - 1250 3394
methamidophos 15.8 13.0 - 15.6 1126
pirimicarb 20.5 142 868
chlorpyrifos 27.4 135 - 155 651
malathion 466 1000 - 1375 38

New insecticides

imidacloprid 35.4 450 504
fipronil 39.2 96 455
chlorfenapyr 8.3 441 - 1152 2147
*Sources: International Program on Chemical Safety (World Health Organisation) and British Crop
Protection Council Manual.

Figure 1. The observer is pointing to a typical
bird kill in freshly-seeded oilseed rape – not the
easiest to see Photo: Pierre Mineau
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Agricultural engineers thought that preparing
pesticides this way would ensure a slow
release of the active ingredients around the
roots of a developing plant9. Unfortunately,
they probably did not foresee that the tiny
granules would prove attractive to birds look-
ing for grit (needed to grind food in the giz-
zard), weed seeds or broken crop seeds10.
Depending on the product, the type of agri-
cultural machinery and where in the field you
look, anywhere from less than one per cent to
more than 50% of the granules actually stay
on the surface in full view of foraging birds11.
Some species like waterfowl pick up the gran-
ules as they sift through puddles that develop
in fields (Figure 2).

I would bet that Rachel Carson, with her
keen understanding of the natural world,
would have foreseen the problem of granular
insecticides and grit-seeking birds. She might
also have understood that we could not solve
bird-pesticide conflicts by moving to
cholinesterase-inhibiting insecticides.

Why continue to use such highly
toxic pesticides?
Reports of mass bird mortality made Rachel
Carson speak of a ‘silent spring.’ It was a
powerful metaphor for everything that was
wrong with the way pesticides were used (and
abused) in the early days of the synthetic pes-
ticide era. Undoubtedly, she would be pleased
that governments now demand far more rigor-
ous testing to anticipate the impact of pesti-
cides on the environment in general and on
birds in particular. However, she would surely
be discouraged to learn that, despite the
requirements for testing, governments have
allowed farmers and forest managers to con-
tinue using products with an appalling record
for killing birds even though their full impact
has been known for decades.

A notorious example of such a product is
the carbamate insecticide carbofuran (princi-
pal trade name FuradanTM). Despite its
extreme toxicity to birds, it appears to be one
of the most widely used insecticides in the
world, either in the form of a liquid spray or
as a granular insecticide. The granular formu-
lation is especially dangerous to birds because
the carrier medium is sand (silica) and there-

fore very attractive to birds as the ideal grit
material.

Two detailed US studies by the Food
Machinery and Chemical Corporation (FMC),
the maker of carbofuran in the 1980s12,
revealed that the typical loss of songbirds fol-
lowing the use of the granular formulation in
mechanically seeded maize fields ranged
from 3 to 16 birds per hectare after account-
ing for search efficiency and scavenging. This
was despite concerted efforts to bury granules
as much as possible to make them less visible
to birds. At the time, given the popularity of
this insecticide, this represented an estimated
yearly kill of 17 to 91 million songbirds in US
maize fields alone13. The same product was
also registered for use with soybean,
sorghum, peanuts, tobacco, cotton, sunflow-
ers and rice as well as several less popular
crops, undoubtedly adding to the total loss of
birdlife. In a third company-led field study, a
total of 799 birds of the same species  horned
larks – (Eremophila alpestris) – as well as a
number of other species were found dead in a
few seeded fields14. The kill rate uncorrected
for finding and scavenging in that study was
over eight birds per hectare, exceeding the
typical breeding density of birds in farmland.

In a rather perverse way, carbofuran has
been useful in helping us understand which
birds search for food in crop fields and may
therefore be at risk of poisoning. Based on the
data I collected from studies and bird mortal-
ity incidents, I have documented more than 80
bird species known to have been killed by this
insecticide just in Canadian and US cropland.

Today, the granular formulation of carbo-
furan is no longer legal in North America but
is still sold all over the world for a variety of
crops (although the fate of the closely-related
product – furathiocarb – is still being debated
in Europe). Often, the carbofuran granules are
applied by hand to the fields and only crudely
worked into the soil, if at all (Figure 3).

The principal manufacturer of carbofuran,

FMC Corporation, continues to claim that the
product is safe when used as directed.

‘Furadan remains a useful product, vital
to the sustainability of agriculture. FMC
believes the proper use of Furadan does not
create a risk to human health, wildlife, or the
environment, and we will continue to promote
its responsible use.’ 15

Another mass killer of birds is the
organophosphorous insecticide monocro-
tophos. Within a few weeks in 1995/6, an esti-
mated 20,000 Swainson’s hawks (Buteo
swainsoni) were poisoned to death in farm
fields in the Argentine pampas after feeding
on grasshoppers sprayed with the chemical
(figure 4)16.

Although the kills came as a shock to the
conservation community, the carnage was
surely no surprise to the manufacturers. As
early as 1970, the two leading manufacturers
of monocrotophos17 had conducted small-
scale tests in Europe in response to reported
bird mortality. These unpublished tests had
uncovered 74 dead or paralysed birds in only
two hectares of crop, an amazing bird density
by today’s standard18. The following year, two
Colorado researchers carried out a one-time
search and found 69 dead or debilitated indi-
viduals, including birds of prey in a 32 ha
wheat field treated with monocrotophos19. Kill
reports were coming from many parts of the
globe in a wide variety of croplands. Before
the aforementioned incident in Argentina, the
largest kill on record had been an estimated
10,000 wintering American robins (Turdus
migratorius) following application of
monocrotophos to two Florida potato fields20.
The manufacturer determined that the pesti-
cide had contaminated berry-producing
shrubs in the field edge.

After monocrotophos ceased to be regis-
tered or used in North America or Europe, it
fell below our radar. We were not thinking
globally. In 1994, monocrotophos was said to
be one of the most widely used insecticides in

Figure 3. Agricultural workers sprinkling insecticide granules on maize plants

Figure 2. Pinkish carbofuran granules (circled)
can be seen alongside weed seeds and other
plant material retrieved from a poisoned duck

Photo: FAO 1994

Photo: Canadian Wildlife Service
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the world and 15 different manufacturers
were making it. According to the latest infor-
mation available, there are now 19 listed man-
ufacturers although I would like to believe the
overall use of the chemical has declined21.

The Swainson’s hawk slaughter could just
as easily have remained an idle topic of con-
versation among Argentine farmers over a
shared yerba-mate. The reason the world
found out was because the species was declin-
ing and US researchers were following radio-
marked birds. By chance, the kills happened
in close proximity to a farm where these
researchers had been billeted previously and
the farmer therefore knew exactly who to con-
tact to report the kills.

The incident attracted substantial atten-
tion from newspapers and popular periodicals
such as the National Geographic. When the
Canadian government sent me to Buenos
Aires to help theArgentine government devel-
op a regulatory response to the events, my
task was made a lot easier by the publicity the
issue had received. I was able to work with
dedicated and competent officials from the
Argentine Ministry of Agriculture who clear-
ly understood the possible impact on the rep-
utation of their country’s agriculture. Under a
harsh international spotlight, Argentina
immediately altered its regulations to control
the use of monocrotophos. A few years later,
they followed through with a total ban on the
product in Argentina. The events in Argentina
proved to be a watershed for that country and
led to bird monitoring programmes and
farmer outreach programs to reduce the foot-
print of agriculture on the pampas22.

It is now obvious that insecticides such as
carbofuran and monocrotophos continue to
kill birds regularly and predictably wherever
and whenever they are used. The latter are but

two of the worst offenders but other products
in current use in North America also carry a
significant risk of causing mortality when
used according to label directions. Based on
mortality models and knowledge of pesticide
use patterns, we can plot the likelihood of bird
mortality across the agricultural landscape.
This is shown here for the US on a State by
State basis for 1997, the last year for which a
comprehensive pesticide use survey was
available (Figure 5). In several States, we
expect more than 20% of the total farmland
area to be causing bird mortality by virtue of
the pesticide choices that were made.

Even for a developed country such as the
US, pesticide use leads to a constant drain of
bird life from cropped fields. A key question
that emerged from the Swainson’s hawk inci-
dent was: How many bird species like robins
or Swainson’s hawks are packed into a few
hectares of farmland where a single farmer
strictly following pesticide label instructions
can kill thousands of birds at a time? It is a
frightening reality that a single Argentine
farmer could have as much impact on the
Swainson’s hawk population as several hun-
dred farmers applying the same pesticide in
the northern hemisphere where the birds are
breeding, and therefore widely dispersed over
farmland.

Today, carbofuran, monocrotophos and
other well-known problem insecticides con-
tinue to be mainstays of the pesticide market
in many countries, especially the developing
nations of the southern hemisphere. The
Canadian academic Bridget Stutchbury, in her
popular book Silence of the Songbirds, recent-
ly revived the issue of the risk to migrant birds
from toxic pesticides in the farmland where
these birds overwinter. She describes the prof-
ligate and increasing use of bird-toxic com-
pounds in Central and South American coun-
tries where North American migrants fly in
the winter. She documents pesticide use that
is four times higher than the level normally
used on similar crops in the US, a level
already considered far too high if bird losses
are to be avoided.

In a 2001 Pesticide News article24,
Catharina Wesseling documented increasing
pesticide imports into Central America,

notably Costa Rica and Guatemala. Pesticides
that made it to the top ten in one or more
countries of the region included aldicarb, car-
bofuran, methamidophos and terbufos – all
cholinesterase-inhibiting compounds of
extreme toxicity to birds. Two years ago, Dr
Rosalyn Renfrew, who was working on
bobolinks (Dolichonys oryzivorus) in Bolivia,
was able to confirm that monocrotophos was
the dominant insecticide in rice cultivation in
that country and was likely affecting a lot of
birds.

Why do people today not care
about bird mortality?
Rachel Carson would have decried these con-
tinuing bird losses. But someone who is a lit-
tle more hard-nosed might ask whether these
pesticide-related kills really matter in the
overall scheme of things. After all, birds die
of many causes.

Some of our own work in North America
suggests that pesticide-induced mortality has
been an important contributor to grassland
and farmland bird declines. For example,
regional declines have been correlated with
the use of toxic granular insecticides in rape-
seed (canola) fields25. On the continental
scale, my analyses suggest that the killing
potential of the insecticides used is a better
correlate of species declines than the simple
intensity of farming. As argued in the previ-
ous section, kills on the wintering grounds
can affect large numbers of birds. When bird
populations are in decline because of a multi-
tude of factors, is it wise to keep ignoring
such a highly preventable cause of mortality?

The speed with which the Argentine gov-
ernment dealt with the monocrotophos issue
remains a hard act to follow. Based on over 25
years of observation, I believe that pesticide
regulation systems in different countries
around the world are more or less in step with
national public opinion, whatever that may
be. The UK, for example, is a land of bird
lovers and bird watchers. When it comes to
pesticides and their impact on birds, Britons
have been living in a bird-friendly bubble.
Very early on, it was decided in the UK that
high bird mortality in fields was unacceptable.

Figure 5. Proportion of the total 1997 US farmland area where the use of pesticides created a
situation where bird deaths were expected.

Figure 4.What people imagine a bird kill should
look like. Swainson’s hawks killed by
monocrotophos were gathered from
surrounding fields for the photograph

Photo: Brian Woodbridge
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Therefore, most of the pesticides that contin-
ue to kill birds around the world have been
severely restricted in the UK. The UK
Wildlife Incident Investigation Scheme26 has
been the envy of the rest of the world for as
long as I have been studying pesticides.
Current declines of common birds in farm-
land are better understood in the UK than
they are anywhere in the world; the British
are therefore in a much better position to
address these declines.

The removal of many products with a
direct lethal effect on birds has shifted con-
cerns to how pesticide effects on plants and
invertebrates, whether targeted or not, may
indirectly affect birds. In the most general
way, the increased use of herbicides has
reduced the need for crop rotation and
allowed for larger fields and extensive mono-
culture. The use of herbicides in fields and
field margins has directly affected the quanti-
ty and availability of nesting habitat as well
as the capacity of that habitat to support a rich
variety of insects, which is essential for birds.
Some herbicides and fungicides and especial-
ly insecticides can directly reduce the quanti-
ty and variety of insect life available to birds.
The potential for these indirect effects is still
not formally considered at the time of pesti-
cide registration – but at least British regula-
tors are aware of it. In North America, we are
still too busy dealing with acute direct effects
to pay attention to indirect effects.

The North American public is generally
apathetic about the loss of birdlife on farm-
land, and there is a long-standing belief in
rural North America that farmland birds are
crop pests. For these reasons, regulation to
reduce pesticide-induced bird deaths moves
at a glacial pace. This is all the more surpris-
ing because, in both Canada and the United
States, most birds are ‘protected’ under treaty
obligation and strict liability provisions and
laws against killing birds have been in place
since 191627. Ironically, the ‘Migratory Bird’
treaty or convention was initially signed as a
result of concerns about declines in bird
species considered beneficial to farming
interests because of their role in insect con-
trol. Yet, it took 47 years between the first
observations of mass bird mortality from the
use of parathion to its eventual ban in the US.
And when the restrictions were finally
imposed, human health was invoked rather
than the safety of the environment.

The US Environmental Protection
Agency launched its re-evaluation of the
granular formulations of carbofuran in 1985,
following a risk assessment that confirmed
how dangerous the product really was.
Nevertheless, it took six years to reach a
negotiated settlement with FMC Corporation
before the principal uses of the pesticide
could be gradually phased out. As recently as
2006, the State of Louisiana was still peti-
tioning the EPA to allow granular carbofuran
to be used again in rice cultivation, a move
fiercely contested by environmental groups
and wildlife agencies. Perhaps more surpris-
ing is the fact that the use of carbofuran as a
liquid spray has continued more or less

unabated despite ample evidence from indus-
try field studies dating back to the 1980s that
the use of this product causes regular and pre-
dictable avian mortality.

As an employee of the Canadian Wildlife
Service and responsible for the review of both
new and existing pesticides in Canada, I built
and submitted the case for cancelling the reg-
istration of granular carbofuran in 1991. At
the time, my department presented a strong
scientific case against all formulations and all
uses of this product. In our opinion, there was
no possible application of carbofuran (short
of glasshouse use) that did not place birds at
risk. The US Fish and Wildlife Service went
on record with a similar evaluation. Both
Canada and the US have imposed restrictions
on the granular products and on uses that
place endangered species at risk. However, as
of 2009, the fate of carbofuran is still being
debated in both Canada and the US and the
manufacturer has vowed to keep fighting the
EPA’s proposed cancellation of the product.
The presence of carbofuran residues in drink-
ing water, rather than bird deaths, is now the
main reason cited by the EPA for proposing
cancellation.

Except in the UK and some parts of
Europe, it is fair to say that the interests of
birds have not weighed heavily in decisions
about which pesticides should be registered
and where. The products responsible for
much of the avian mortality seen around the
globe tend to be the same depressingly famil-
iar ones: carbofuran, monocrotophos, diazi-
non, parathion, phorate, terbufos, fenthion,
and a few others of lesser toxicity such as fen-
itrothion or chlorpyrifos.

Several of these products are in the
process of being curtailed in North America
because of their threat to human health (that
of children especially) and, as a fortunate
side-effect, bird mortality in fields is decreas-
ing28. However, many uses potentially damag-
ing to birdlife persist and important regulato-
ry decisions affecting bird welfare can take
decades to be settled as illustrated earlier. The
patents for all of these pesticides have now
expired, allowing a host of small (or not so
small) companies to manufacture and sell
them to any country that has not limited their
use.

Have we made progress?
Certainly, our understanding of pesticides has
improved dramatically over the past five
decades. Whether you believe that we have
acted quickly enough to deal with pesticide
problems may depend on whether you are a
‘glass half full,’ or ‘glass half empty’ sort of
person. Certainly, when I look at our own
forestry situation in Canada, I now see greater
emphasis on biological control of forest pests
than there was a few decades ago. Similarly,
the promotion of products with a better envi-
ronmental profile is now part-and-parcel of
project planning by the World Bank29 and
other international development agencies.
The use of monocrotophos has recently
declined in Central and South America fol-
lowing the listing of all monocrotophos for-

mulations in Annex III of the Rotterdam
Convention on the trade in hazardous chemi-
cals. The American Bird Conservancy, the
only non-governmental organisation that
maintains an interest in bird and pesticide
issues in North America, is tracking these
changes and encouraging the remaining user
countries to find safer alternatives.

The last major desert locust outbreak in
the Sahel region of Africa between late 2003
and early 2005 saw 13 million hectares
sprayed with toxic organophosphorous insec-
ticides, notably chlorpyrifos and malathion
and to a lesser extent fenitrothion, putting
millions of birds (not to mention people) at
risk of poisoning. Incidentally, a number of
European bird species migrate to and through
the Sahel, so what takes place in that region
should be of interest to European conserva-
tionists. A large study published in September
this year30 reported that a staggering 59% of
all trans-Saharan migrating birds (75 out of
127 species) have been declining since 1970
due to low rainfall, shrinking floodplains and
massive changes in land use, making these
bird species more vulnerable to additional
stressors. I suggest that the treatment of 13
million hectares with toxic organophospho-
rous insecticides is an additional stressor
those birds could do without!

Recently, the Food and Agriculture
Organization (FAO) and some national gov-
ernments have been promoting the switch to
biological control agents such as the fungus
Metarhizium anisopliae (commercialized as
Green MuscleTM). Pioneering work on behalf
of the Government of Senegal is showing the
world that biological control of locusts is not
only possible but cost effective for a develop-
ing country. In 2009, almost 100% of
grasshopper infestations in Senegal were
treated with Metarhizium early in the season,
preventing the second and third generations
from developing and completely eliminating
the need for any chemical interventions later
in the season, resulting in major environmen-
tal and economic savings for that country31.

The adoption of better laws and regula-
tions governing pesticide registration make it
possible to oppose new products that have a
poor environmental profile. This continues to
be easier than removing older, well-estab-
lished products from circulation and this is
true regardless of how bad the older products
are.

For example, a few years ago, the
American Bird Conservancy led the fight
against registration of chlorfenapyr, a novel
insecticide that showed promise against pests
already resistant to existing insecticides in
cotton. Unfortunately, the pesticide was
extremely harmful to birds, in terms of both
acute and reproductive toxicity. In addition, it
had very high toxicity to aquatic organisms
and was quite persistent. Through a coordi-
nated campaign, the American Bird
Conservancy was able to show US regulators
that the American public did care about high
risks to birds and this gave the EPA the nec-
essary support to make a science-based deci-
sion and deny registration in the US32
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although chlorfenapyr has now been regis-
tered in many other countries.

Over the span of my career, I have seen an
increased acceptance in government circles of
the concept of relative risk assessment. This
replaces the old ‘ostrich with its head in the
sand’ policy that could be paraphrased as: ‘If
it’s registered, it’s safe!’ There is a grudging
acknowledgment that pesticide registration
decisions involve a difficult and value-laden
balancing of risks and benefits. Having done
the work myself, I have a genuine apprecia-
tion for the scientists who have to weigh the
pros and cons of the pesticides submitted for
registration. This is not an easy job. For exam-
ple, you may recall that in last year’s Rachel
Carson Lecture, Dr Charles Benbrook dis-
cussed the increasing use of systemic insecti-
cides including the new family of products
known as the neonicotinoids. These products
pose a whole new set of problems. It is
becoming clear that we may now be putting
pollinators like bees at greater risk even as the
farm landscape gradually becomes safer for
birds.

For several years now, I have been
involved in the design of an unbiased and
objective pesticide risk measurement system
that will be used to inform farmers and crop
advisors about these trade-offs in risks and
how best to tailor their pest control strategies
to the local environment. This web-based sys-
tem, called PRiME (for Pesticide Risk
Mitigation Engine)33 has been developed
through a grant from the Natural Resources
Conservation Service (of the US Department
of Agriculture) to the not-for-profit IPM
Institute and is about to be rolled out in the
US, with Canada ideally to follow soon.

Are we better at predicting new
problems?
Undoubtedly, Rachel Carson would be
pleased to see that we now ask about bird tox-
icity and other potential environmental effects
before new pesticides are put on the market. It
will continue to be necessary to test new pes-
ticides because surprises are always possible.
One recent surprise for avian scientists was
the fact that the usual inter-species sensitivity
profile was completely reversed for the new
insecticide fipronil. For some reason, galli-
form species that are usually reasonably resis-
tant to most of the cholinesterase-inhibiting
products are exquisitely sensitive to this par-
ticular molecule.

Without wishing to enter into a discussion
on the ethics of animal testing, I have to open
a small parenthesis here. Many of my col-
leagues who are involved with predicting the
risk to birds are becoming increasingly con-
cerned about the current trend to cut back
drastically on toxicity testing on live organ-
isms. Many of us believe that already too few
species are tested to provide an accurate pic-
ture of potential ecological harm. I am afraid
it will be a very long time indeed before we
see in vitro systems that will allow us to detect
a specific sensitivity issue such as we saw in
the case of fipronil and galliform bird species.

With the years of experience we have with

bird impacts, it would be logical to assume
that we now can predict which pesticides are
likely to cause a problem for birds and when.
Certainly, we now understand about persis-
tence and bio-accumulation. And some of my
own modeling of pesticide field studies has
shown that bird mortality is somewhat pre-
dictable. However, the same work suggests
that the way we assess the safety of new pes-
ticides for birds is fundamentally flawed and
most definitely out of date. Relying on long-
established methods that were devised in the
organochlorine era, pesticide regulators
around the world still assume that birds are
only exposed to pesticides through the inges-
tion of contaminated foods. And this, despite
early research results that unequivocally
showed the importance of non-dietary routes
of exposure such as absorption through the
feet and skin, preening, and inhalation.
Research we are currently conducting sup-
ports these early findings.

So far in this article, I have placed a great
deal of emphasis on bird mortality and the
reader may come away with the impression
that this is the only issue that concerns us. If
the truth be told, the issue of lethal effects still
dominates the registration review of pesti-
cides. It is hard to argue that lethal effects do
not represent an important endpoint. Put more
simply, dead birds do not breed very well nor
do they exhibit normal behaviours!

However, an increasing concern for regu-
lators is that a high proportion of pesticides
currently registered, or submitted for registra-
tion, is predicted to cause reproductive effects
based on current testing and assessment pro-
cedures. Our analysis showed over 15 years
ago that, even with modern pesticides, effects
on the development and survival of eggs and
chicks often occur without visible signs of
toxicity in the parents34. Reproductive tests,
like the requirements for acute and dietary
toxicity testing, are carried out in precocial
species – that is, birds that do not require
much parental care after hatching. The two
species most often used are the mallard (Anas
platyrhynchos) and a quail species, the north-
ern bobwhite (Colinus virginianus). The
design of the test harks back to the
organochlorine period. The test subjects are
exposed to the pesticide for a long time (10
weeks) before they lay eggs, and then for
another 10 weeks of egg-laying. The eggs are
collected immediately after they are laid and
artificially incubated. Endpoints include
parental weights, egg production, eggshell
thickness, and hatching and survival rates of
the chicks. The test therefore is based on a
very truncated version of avian reproduction
with minimal behavioural input on the part of
the parent birds.

Nevertheless, the obvious question is
whether effects seen following such pro-
longed feeding on the pesticide would also be
seen in the course of the much shorter expo-
sure periods more typical of current pesti-
cides. It does not help that there currently is
no requirement to report pesticide concentra-
tions in the eggs of the birds on test – thereby
precluding any attempt to link the laboratory
with field conditions. The jury is still out as to

whether effects seen in the laboratory are
occurring in wild bird populations.

Many readers will be familiar with Our
Stolen Future by Theo Colborn and col-
leagues, first published in 1996. This book
has been compared to Silent Spring in terms
of the impact it has had on the public’s aware-
ness of chemical hazards and on chemical
regulators worldwide. The thesis of the book
is that minute amounts of some chemicals can
disrupt the delicate hormonal balance of
developing embryos and foetuses and have
long-term effects that are sometimes not evi-
dent until the exposed individuals reach sexu-
al maturity. The authors questioned some of
the basic tenets of toxicology such as the idea
that a toxic response is always proportional to
the size of the dose. At this point, our meagre
understanding of how pesticides affect birds
sub-lethally in the wild does not allow us to
conclude whether pesticide effects on hor-
mones lead to further losses of birds.

As part of a group of ecotoxicology
experts and veterinarians convened by the
Smithsonian Institute in 2007, I was able to
add to the chorus of voices that lamented our
continued ignorance of the consequences of
sub-lethal pesticide exposure in wildlife. As a
group, we rated this lack of understanding as
the most vexing problem in ecotoxicology35.
As mentioned earlier, cholinesterase
inhibitors can have a broad range of physio-
logical effects at less than lethal exposure lev-
els. Poisoned individuals may be seriously
compromised physiologically even if they ini-
tially survive an acute exposure.

Some of the factors that may contribute to
later death in the case of birds exposed to
cholinesterase inhibitors include injuries from
hitting moving or stationary objects while in a
state of intoxication, weakness from anorexia,
a reduced ability to regulate internal tempera-
ture, disorientation during migration, disrup-
tion of normal circadian (24-hour) patterns, as
well as delayed muscular weakness, to name
a few36. There have been several reviews of
the behavioural effects of pesticides37. Some
of the on-going debates have been whether
behavioural impairments are expected at low
levels of exposure relative to levels that cause
visible impairment or death and whether these
subtle (or not so subtle) effects contribute to
reduced survival and should be factored into
the assessment of pesticide safety to birds
more than they currently are. When it comes
to newer pesticides, our ignorance of sub-
lethal effects is almost complete.

What should we do?
Above all else, I believe that Rachel Carson
would urge people who care about the envi-
ronment to get more involved in pesticide
issues. Specifically, she would probably coun-
sel that the most effective action organisations
and individuals can take is to let regulatory
authorities know they care about the impact of
pesticides on people, birds, and the environ-
ment in general. Good science-based advoca-
cy from responsible NGOs is needed to pro-
vide a counterweight to the pesticide industry
lobby. Initiatives to make pesticide informa-

17

Rachel Carson Memorial Lecture Pesticides News 86 December 2009



tion more generally available, such as the
Pesticide Action Network Pesticide
Database38 or the more recent European
Footprint initiative39, are critical to our under-
standing of pesticide risks. Unfortunately, the
latter even with official EU backing appears
to be running out of funds and may not be
updated.

Rachel Carson would clearly be pushing
the system to move to more Integrated Pest
Management and intelligent pest control.
Rachel Carson was not against pesticides –
she was against a blind reliance on poorly
thought out chemical solutions replacing
common sense. The pesticide industry is in
the business of pest control to make a profit
and this profit is dependent on high volume
sales. It is illogical to expect those industries
to advocate rational pesticide use and to pro-
mote non-pesticide alternatives. This is why
Rachel Carson would continue to push gov-
ernment to take its rightful place in the design
of pest control strategies in order to ensure
our food supply while minimizing and miti-
gating the impact on the natural environment
and on our health and well-being.

Concerns over the well-being of migrato-
ry birds must transcend national boundaries.
We need to think more globally. In the US, the
American Bird Conservancy has recently
petitioned the EPA to prohibit the import of
foodstuffs with residues of pesticides that
have been restricted domestically because of
their impact on birds and the environment. If
the EPA were to adopt this policy, it would
greatly curtail the use of environmentally-
damaging pesticides and hasten the advent of
lower-risk alternatives in countries that do not
have the infrastructure necessary to oppose
powerful agro-chemical interests.

The pesticides most responsible for bird
mortality around the globe can easily be
replaced by better alternatives without risk to
the livelihood of farmers. Despite corporate
pronouncements to the contrary, environmen-
tally-damaging pesticides are rarely essential
to food security. Removing them from the
market should be the next phase in the contin-
ued evolution of our pest control strategy.

That would be a legacy that Rachel
Carson would be proud of.
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