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Does contamination by the insecticide D D T cause 
the shells of some birds' eggs to become thinner? If 
so, has breakage of the weaker eggs in the nest caused 
populations of some birds of prey, in particular, to de
cline? 

By the time that the furious dispute 
about these questions in Europe and 
North America died down during the 
mid 1970s, biologists generally agreed 
that D D T contamination of the food 
really does seem to cause the egg-shells 
of some bird species to become thinner. 
T h e groups whose eggs appeared most 
affected were those at the top of the food 
chains — the birds of prey and those that 
eat fish. T h e falcons seemed particularly 
susceptible to D D T contamination. 

In North America, populations of fal
cons, bald eagles, and brown pelicans 
declined sharply during the 1950s and 
1960s, and thinner shells resulting from 
D D T contamina t ion came to be re
garded as the general cause. 

In northern Europe, populations of 
the peregrine falcon also declined disas
trously during the same period. Studies 
showed that there too the egg-shells of 
this species had become thinner — in
deed the connec t ion between broken 
egg-shells, organochlorine pesticides, 
and sudden population declines was first 
noticed in Britain by Dr D . A. Ratcliffe 
of the Nature Conservancy in 1 9 5 8 . 
Even so, biologists concluded that in 

Britain this thinning of the egg-shells 
was not the principal cause of the pereg
rines' decline. Rather, it seemed, adult 
birds were dying because of a massive 
build-up in their bodies of cyclodiene 
pesticides (the group that includes diel-
drin and aldrin). 

A
 fledgling peregrine on the nest. 

In Australia, DDΤ first 
made an appearance in 
1942 . . . but the 
insecticide did not begin to 
be used in agriculture until 
about 1947. 
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The peregrine falcon. Its diet — which 
consists mainly of seed-eating birds like 
galahs, starlings, and sparrows — makes 
it very vulnerable to pesticides sprayed 

on crops. 

wards, but the insecticide did not begin 
to be used in agriculture until about 
1947. Other organochlorine pesticides 
also became part o f the agricul tural 
scene at much the same time. Consump
tion of D D peaked during the late 1960s 
and early 1970s. 

T h e Australian continent should be a 
particularly suitable place to study any 
connection between the pesticides used 
for agricultural purposes and any thin
ning of egg-shells. No pesticides have 
ever been used over vast areas of the arid 
inland, and the amounts used in the 
wheat belts, and on the huge tracts of 
land used for grazing sheep and cattle, 
have been relatively small. On the other 
hand, pesticides have been used in very 
large quantities on market gardens, on 
orchard crops, and in particular on cot
ton. 

Each of the intensively farmed areas, 
such as the Murrumbidgee Irrigation 
Area and the irr igat ion areas in the 
Namoi Valley, can be regarded as an iso
lated island. Egg-shells of susceptible 
bird species may be thinner near those 
intensively farmed areas if pesticides are 
the cause. 

Mrs Penny Olsen of the Division of 
Wildlife Research in Canberra has just 
completed an Australia-wide survey of 
the eggs of peregrine falcons. She was 
assisted by Mr Jerry Olsen, her husband, 
who is an amateur naturalist. T h e study, 
which took 2 years to comple te , 
suggested that in certain areas the egg
shells of peregrine falcons have indeed 
become thinner since the late 1940s, and 
that the amount of thinning is generally 
greates t in in tens ive ly farmed areas 
where D D T has been used the most. 

Peregrines across the world 

T h e peregrine falcon is a cosmopolitan 
bird of prey that occurs on all conti
nents. T h e Australian peregrine is re
garded as being the same species as its 
namesakes in North America, Europe, 
and elsewhere. Different subspecies do 
occur, and these often co-exist on the 
same continent — Australia may be en
dowed with two subspecies. Australian 
peregrines are unusual in that many nest 
in trees. T h e rest nest on ledges in cliffs 
— the normal nesting place for pereg
rine falcons in other countries. 

Peregrine falcon numbers have fallen 
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drastically across much o f the bird's 
Nor thern H e m i s p h e r e range . I t has 
completely died out in the eastern States 
of the United States, and only remnant 
popula t ions r emain in the western 
States. It is declining in Alaska, as are 
two of the three Canadian subspecies. 
All these declines have occurred since 
organochlorine pesticides came into use, 
and the declines appear to have been the 
most drastic where the pesticides have 
been most used. 

I t 's interesting that in Britain pereg
rine numbers have begun to rise again in 
some districts, following a considerable 
reduction in the use of D D T and cyc-
lodienes that was achieved in the late 
1960s. There has been a substantial de
c l ine in Europe and the U . S . S . R . By 
comparison, Australia's peregrine falcon 
population seems relatively intact. 

T h e Olsens studied the egg-shells of 
472 peregrine eggs of varying ages. One 
hundred and sixty-one of these were laid 
before 1947, when D D T first came into 
c o m m o n use . T h e two researchers 
measured the thickness of the shells and 
tabulated the results as a 'thickness in
dex'. They also analysed the membranes 
of some shells for traces of D D T or 
D D E (its breakdown product). 

T h e eggs came mainly from museum 
collections, or from private collectors. 
T h e Olsens themselves also took a few 
(addled) eggs on licence from nests in 
parts of New South Wales and South 
Australia. However, they tried as far as 
possible to carry out their study without 
doing this. 

Each spot represents the thickness of 
each egg in the Olsens' collection 
(expressed as a 'thickness index'). 
Before 1947 no egg-shells were more 
than 20% thinner than the 
pre-insecticide mean. After 1947 a 
substantial proportion of the eggs 
collected from all over the continent 
were more than 20% thinner. 

In certain areas the 
egg-shells of peregrine 
falcons have indeed 
become thinner since the 
late 1940s. 

As the map shows, the eggs originated 
from loca t ions dotted over m u c h of 
Australia. Some came from parts of the 
Centre whose isolation made it most un
likely that pesticide contamination had 
occurred. Others came from the wheat 
belts, from sheep country, from inten
sively farmed horticultural areas, or from 
near cotton-growing areas, and some 
came from the suburbs of Melbourne. 

Interpretation difficult 

Evaluating what measurements of the 
thickness of egg-shells really mean can 
be very difficult — which helps explain 
the intensity of the dispute about the re
la t ion between D D T and egg-she l l 
thinning that occurred in the Northern 
Hemisphere. Such factors as the length 
of time the eggs have been incubated on 
the nest , the number of eggs in the 
clutch, and whether the clutch was the 
first or second of the season have been 
known to affect the th ickness of the 
shells. 

T h e two researchers were able to rule 
out the stage of incubation as a possible 
cause of variation, since the 46 eggs col
lected before 1947 whose stage of incu
bation had been recorded showed no 
significant differences in the thickness 
of their shells. They were also able to 
rule out the clutch size as a source of 
variation, since clutch sizes before and 
after 1947 did not appear to differ. 

Eggs from the first and second layings 

before 1947 did vary s l ight ly — the 
shells of those in the second laying were 
slightly thicker than those in the first. 
However, when comparing eggs laid be
fore and after 1947, the Olsens overcame 
this fact by ensuring that all samples 
contained eggs from first and second lay
ings in the same proportion. 

The i r results leave no doubt that some 
egg-shells became appreciably thinner in 
the period after 1947 compared with the 
one that went before. Of course, even be
fore that date not all eggs had shells of a 
uniform thickness, but the proportion 
showing a decrease of 1 5 % or more 
compared with the pre-1947 mean has 
inc reased s ince 1 9 4 7 . F u r t h e r m o r e , 
while only one of the 161 eggs collected 
before 1947 proved to be between 15 and 
19% thinner than the pre-1947 mean, no 
less than 68 out of 311 collected after 
that date were more than 2 0 % thinner. 
T h e shell of one egg was as much as 
3 8 % thinner, and, although this may 
have been a freak occurrence, a number 
of others were nearly as thin. 

Unfortunately, the Olsens were not 
able to pinpoint the exact year when 
shells began to become thinner since 
they could not obtain eggs laid in 1947 
and 1948. However, by 1949, thinner-
shelled ones were already appearing. 

Checks and double-checks 

Close agreement between the date when 
eggs with thinner shells began to appear 
and the time D D T first became widely 
used in agriculture does not, of course, 
prove that the two are re la ted. T h e 
Olsens therefore checked the thickness 
of the shells in their collection against 
D D T use in the localities from which 
the eggs had originally come. The i r in 
formation on usage came from a report 
on the use of D D T in Australia, which 
the Australian Academy of Science pub
l i shed in 1 9 7 2 . Compar ing she l l 
thicknesses against this use showed that 
the eggs with the thinnest shells gener
ally did come from localities where the 
most D D T had been used in crop pro
duction. Those eggs coming from areas 
where practically none had been used 
had the thickest shells; indeed, shells 
collected from areas where l i t t le or no 
D D T had been used proved to be as 
thick as they had ever been. 

As a double-check, the Olsens com
pared the thicknesses of their egg-shells 
with the land use in the areas from 
which they came — one would expect 
the most pesticides, to be, used in inten
sively farmed localities. They used the 
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The map shows D D T usage as 
compiled by the Australian Academy of 
Science. 

Three of the sites where egg-shells were 
more than 30% thinner than the pre-1947 
mean were located close to large cities. 

Atlas of Australian Resources as their 
source of information on land use. As 
expected, the greatest proportion of the 
th innes t she l l s c ame from those 
l oca l i t i e s where the mos t in tens ive 
forms of agriculture were being prac
tised. 

Damning though this evidence that 
D D T is the cause of thinner peregrine 
falcon egg-shells may seem, it is only 
c i rcumstant ia l . I t ' s possible that the 
thinning has resulted from some other 
environmental factor. Other possible 
causes that have been put forward over
seas include persistent pollutants such 
as polychlorinated biphenyls ( P C B s ) in 
the environment, changes in the climate, 
and diseases. In the Olsens ' opinion 
none of these seems to account for the 
sudden and widespread decrease in shell 
thickness that began to happen around 
about 1947. 

P C B pollution has mainly occurred 
close to cities and, while some of the 

thinnest shells did come from near Mel
bourne and Adelaide, i ťs hard to believe 
that P C B pollution can be a cause of 
thinning in the irrigation schemes of the 
Murray and Murrumbidgee Valleys. No 
diseases seem to have swept through 
peregrine populations during the last 30 
years. 

Between 1895 and 1903 Australia suf
fered from the severest and most wide
spread drought on record. A proportion 
of falcon eggs collected at that time did 
have slightly thinner shells than those 
collected during the previous 10 years, 
but this thinning wasn't permanent. T h e 
th i ckness inc reased again once the 
drought ended. It does not seem possible 
to blame other major climatic variations 
for thinning since 1947. 

Further circumstantial evidence that 
D D T or a derivative really is the cause 
of thinner egg-shells comes from the fact 
that the Olsens detected D D E in the 
shell membranes of eggs laid after 1949. 
They could not detect this substance in 
those from the earlier period. Overseas 
studies have shown a direct relation be
tween D D E levels and egg-shell thin
n ing , both in the f ie ld and under 
laboratory conditions. 

Thinner shells, fewer falcons? 

What effects are the thinner shells hav
ing on our peregrine falcon population? 
With the present knowledge, it's impos
sible to answer this question. Averaging 
out the shell thickness for falcon eggs 
from within the very ar t i f ic ia l geo
graphica l boundar ies o f each S t a t e 
showed that Victoria had the thinnest 
shells — 15% thinner on average com
pared with the mean before 1947. In 
Tasmania the figure was 14%, while in 
all other States it was less than 10%. 

It 's interesting that Mr Norris and his 
co l l eagues o f the V ic to r i an S ta te 
F isher ies and Wildlife Division have 
found broken egg-shells at five Victorian 
eyries. T h e Olsens suggest that abnor
mally thin egg-shells could have been 
the cause — the weaker eggs may merely 
have been broken accidentally during 
incubation. 

During their studies, the Olsens came 
across another five clutches where an 
unknown number of eggs had been bro
ken and where the remaining eggs had 
shells 19% thinner than the pre-1947 
mean. Research in Britain has shown 
that accidental breakage of peregrine 
falcon eggs certainly does occur when 
the shells become this thin. 

T h e two researchers warn that, with a 

mean decrease of 1 5 % in the thickness 
o f its egg-shells , Vic tor ia ' s peregrine 
population may be on the border of via
bil i ty. What 's more , they suggest, in 
some areas the peregrine population may 
already no longer be self-perpetuating. 
T o support this contention they point 
out that none of the raptors (the family 
of the hawks, eagles, and falcons) o f 
North America have been able to main
tain a stable, self-perpetuating popula
tion once the average thickness of their 
egg-shells became more than 1 8 % thin
ner than normal. 

Indeed, i f the relatively uncontami-
nated peregr ine popula t ion that the 
Olsens have studied near Canberra rep
resents the normal breeding situation, 
then the population being studied in 
Vic to r i a by the S t a t e F i s h e r i e s and 
Wildlife Division, which is yielding an 
average of 1·1 young per nest, has a pro
duction rate that is about 3 5 % lower 
than it ought to be. No doubt the cause 
of this low reproduction rate, i f it turns 
out to be real, will be the subject of con
siderable argument. 

According to the Commonwealth De 
partment of Primary Industry, D D T use 
in Australia has fallen greatly in recent 
years. It is still applied to cotton crops 
(as D D T — toxaphene) in northern New 
South Wales and southern Queensland, 
but the quantities being sprayed have 
fallen substantially. Consideration is 
being given to banning the pesticide al
together from cotton crops next season. 
Some D D T is also still available for use 
in suburban gardens. T h e pesticide has 
not been permitted in orchards for about 
a decade. 

Currently, less than 2 0 0 tonnes are 
being used each year in the whole of 
Australia — substantially less than the 
3500-odd tonnes per annum that were 
applied during the late 1960s and early 
1970s, the years of maximum consump
tion. Such figures may bode well for the 
future of the peregrine falcon in Aust
ralia, and it will be interesting to see 
whether the number of peregrine chicks 
fledging in Victoria begins to increase 
now that the amounts of D D T being 
used have fallen. 

More about the topic 

Egg-she l l th inning in the peregrine, 
Falco peregrinus, in Aus t ra l ia . P . 
O l sen and J . O l sen . Australian 
Wildlife Research, 1979, 6 (in press). 

' T h e Use of D D T in Australia.' (Austra
l ian Academy of Sc i ence : Canberra 
1972.) 
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