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The relative importance of  dieldrin and DDT/DDE in the decline of  the Peregrine Falcon (Falco 
peregrinus)  was vigorously debated at the International Peregrine Symposium at Sacramento in 
1985 (Nisbet, in press; Risebrough and Peakall, in press). This debate is not merely academic, 
since it has important implications for  pesticide usage in those parts of  the world where organo-
chlorines are still widely used. 

In order to contribute to the technical basis of  the debate, this paper reviews the comparative 
toxicology of  the commonly used organochlorine pesticides to the commonly used avian test 
species - Mallard (Anas  platyrhynchos),  Ring-necked Pheasant (Phasianus  colchicus), Japanese 
Quail ( Coturnix  coturnix japónica), and to the two raptorial species - American Kestrel (Falco spar-
verius) and Barn Owl (Tyto  alba) - for  which there are experimental data. The experimental find-
ings are compared with those from  field  studies. 

ACUTE TOXICITY 
The LC50 of  some oganochlorine pesticides to three avian species commonly used for  testing, 

taken from  Heath et al. ( 1972), are given in Table 1. It will be noted that only the cyclodiene pes-
ticides (aldrin, dieldrin and endrin) and heptachlor are consistently more acutely toxic than DDT, 
although chlordane is more toxic in two out of  three species. 

The time that various dietary levels of  organochlorine pesticides take to cause 100% mortality to 
Japanese Quail has been determined by DeWitt (1956). These data are tabulated in Table 2. 

The relative toxicities obtained among the cyclodienes are similar, using this approach, to those 
obtained with the LC 5 O tests, with aldrin and endrin appreciably more toxic than dieldrin. This 
test indicates, however, a greater discrepancy between the toxicities of  dieldrin and DDT, in the 
order of  100:1 rather than about 10:1 (Table 1). Nevertheless the finding  of  Porter & Wiemeyer 
( 1972) that dietary levels of 2.8 ppm DDE caused some mortality of  American Kestrels after  14-16 
months indicates that dietary DDE will also cause mortality. 
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Table 1. Five day LC50 for  some organochlorine pesticides to three avian species. 

Mallard Pheasant Japanese 

Aldrin 155 57 34 
Chlordane 858 430 350 
DDD 4814 579 3165 
DDE 3572 841 1355 
DDT 1869 311 568 
Dieldrin 185 56 57 
Endrin 22 14 18 
Heptachlor 480 224 93 
Lindane ' 5000 561 425 
Methoxychlor 5000 5000 5000 
Mirex 5000 1540 5000 
Toxaphene 538 542 686 

From Heath etal. (1972) 

Table 2. Time taken to cause 100% mortality in Japanese Quail of  dietary levels of  organochlorine pes-
ticides. 

Pesticide Dietary level Time to 100% mortality 
(ppm) (days) 

Aldrin 50 6 
20 8 
10 13 
5 28 
1 47 

Dieldrin 20 40 
10 61 
5 87 
1 76 

Endrin 50 3 
20 8 
10 14 
5 21 (73% 
1 105 (70% 

DDT 150 15 (53% 
100 120 (30% 

After  DeWitt (1956) 

REPRODUCTIVE EFFECTS 
Regrettably the data on the effects  on reproduction under experimental conditions (Table 3) are 

by no means as complete as one would like; there appear to be no detailed experimental studies on 
the effects  of  chlordane, heptachlor, or heptachlor epoxide on reproduction of  the species under 
consideration. Henny etal. (1983), however, have carried out field  studies on the effect  of  hepta-
chlor epoxide on kestrels. 

The marked inter-species variation of  DDE-induced eggshell thinning is well-known (Peakall 
1976; Kiff,  in press). The species considered in Table 3 are either insensitive (pheasant, quail) or 
moderately sensitive (mallard). In the case of  the latter the studies involved artificial  incubation 
which greatly reduced the effect  caused by eggshell thinning. 
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Table 3. Effects on reproduction. 

eggs/hen 
Dosage (ppm in diet) causing effect. 

% fertility % hatch 
Mallard 

% survival reference 

Dieldrin 

DDT 
DDE 

DDT 

Aldrin 
Dieldrin 
Endrin 
DDT 
Dieldrin 

DDT 

DDT 

Dieldrin 

Dieldrin 

2-10 
1-2 

2-10 
>50 

>Img/day 

20 

20* 

40 

40 

2-10 
10 
10 

100 
> Img/day 

20 

20 

10 

10-25 

Pheasant 

1-2 
1-2 
1-2 
100 

>Img/day 

eggs/female 

>3.1 

10-20 

Japanese Quail 

% fertility 
40 

200-400 

10-20 

1-2 
1-2 

2-10 
100 

>Img/day 

% hatch 
40 

200-400 

1 0 - 2 0 

Davidson & Sell 
(1974) 

Heath et al. 
(1969) 

DeWitt (1956) 

Stromberg 
(1977) 

Davidson etal. 
(1976) 
Smith et al. 
(1969) 
Call & Harrell 
(1974) 
Walker et al. 
(1969) 

*200 ppm DDT caused heavy mortality, but in surviving birds there was little effect  on repro-
duction. Eggshell thinning occurred, but artificial  incubation was used in this study. 

The American Kestrel has been used to study the effects  of  dietary dieldrin + DDT (Porter & 
Wiemeyer 1969), DDE (Wiemeyer & Porter 1970), DDE, PCB, and PCB + DDE. Unfortunately 
the effect  of  dieldrin alone has not been studied. The main effects  with the combination of  dieldrin 
and DDT were increased egg disappearance, increased egg destruction by parent birds and 
reduced eggshell thickness, all of  which could have been caused by DDT alone. 

The only study of  reproductive effects  on a raptorial bird in which dieldrin and DDE were 
examined both separately and in combination is that of Mendenhall et al. (1983). These workers 
studied the effect  of 3 ppm DDE and 0.5 ppm dieldrin on the Barn Owl. DDE was associated with 
significant  eggshell thinning, egg breakage, embryo mortality and reduced production. Dieldrin 
was associated with slight eggshell thinning, but no reduction of  reproductive success. The effects 
of  the combination of  DDE and dieldrin were similar to that of  DDE alone. 

FIELD STUDIES 
These are difficult  to interpret since several organochlorines, most notably DDE, PCBs and 

dieldrin, are always present. The results of  the pioneering studies of  Enderson & Berger (1970) on 
the effects  of  dieldrin fed  to Prairie Falcons (Falco  mexicanus)y'm  dosed, tethered Starlings (Stur-
mis vulgaris)  are bedevilled by high and variable background levels of  DDE. Henny etal. ( 1983) in 
their studies on the effect  of  heptachlor on the American Kestrel tackled this problem by dividing 
the data into those with eggs less than or greater than 5 ppm DDE. On this basis they concluded 
that levels of  heptachlor epoxide greater than 1.5 ppm were associated with decreased reproduc-
tion. 

By far  the best data set available on the effect  of  organochlorines on raptor breeding biology is 
that accumulated by Newton and co-workers on the European Sparrowhawk ( Accipiter nisus). 
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Newton ( 1974) summarises the effects  seen as follows:  "marked and significant  decline in nesting 
success occurred on farmed  areas in Britain from 1947. This was almost entirely due to an increase 
in egg breakages and in the failure  of  incubated eggs to hatch. No change occurred in the number of 
eggs laid and, once hatched, the young survived well. The frequency  of  egg breakage was about the 
same in 1947-55 as in 1956-70, but after 1955 there was a significant  increase in the number of 
incubated eggs that failed  to hatch. This was associated with the finding  of  many 'dead-in-shell' 
embryos in the later period (as well as more addled eggs). The implication is that, while eggshell 
thinning and egg breakage occurred throughout the period of  DDT usage, the death of  partly 
formed  embryos occurred only after  the cyclodienes came in". The residue levels in eggs from 
failed  nests of  Sparrowhawks were 116 ppm DDE and 27 ppm dieldrin on a lipid weight basis 
(Newton & Bogan 1978). If  one assumes 8% lipid, then these values are equivalent to 9 and 2 ppm 
wet weight respectively. These values can be compared with 12-41 ppm DDE and 4-9 ppm diel-
drin in the experiments of Mendenhall and co-workers on the Barn Owl. Since no data are avail-
able on accipiters, the possibility that the difference  is caused by inter-species variation cannot be 
ruled out. Nevertheless their conclusion that DDE had a much more severe effect  on reproduction 
in wild raptors than dieldrin, which contributed to their decline primarily through adult mortality, 
seems to provide the best summary of  currently available information. 

CALL, D. J. & B. E. HARRELL 1974. Effects  of  dieldrin and PCBs upon the production and morphology of  Japanese 
Quail eggs. Bull.  Environ. Contam.  Toxicol.  11: 70-77. 
DAVIDSON, K. L. & J. L. SELL 1974. Dieldrin and DDT effects  on reproduction and some hepatic mixed-function  exi-
dases in the mallard duck. Arch. Environ. Contam.  Toxicol.  2: 302-314. 
DEWITT, J. B. 1956. Chronic toxicity to quail and pheasants of  some chlorinated insecticides. J. Agr. Food  Chem. 4: 
863-866. 
ENDERSON, J. H. & D. D. BERGER 1972. Pesticides: eggshell thinning nad lowered production of  young in Prairie 
Falcons. Bioscience 20: 355-356. 
HEATH, R. G., J. W. SPANN, E. F. HILL & J. F. KREITZER 1972. Comparative dietary toxicities of  pesticides to birds. 
U.S. Fish & Wildlife  Serv. Spec. Sei. Rep. 152. Washington, D.C.. 57pp. 
HENNY, C. J., L. J. BLUS & C. J. STAFFORD 1983. Effects  of  heptachlor on American Kestrels in the Columbia 
Basin, Oregon. J.  Wildl.  Manage.  47: 1080-1087. 
KIFF, L. F. A bibliography  of  avian eggshell  thinning.  Western Foundation of  Vertebrate Zoology. Los Angeles (in press). 
MENDENHALL, V. M., E. E. KLAAS & M. A. R. MCLANE 1983. Breeding success of  Barn Owls (Tyto alba) fed  low 
levels of  DDE and dieldrin. Arch. Environ, Contam.  Toxicol.  12: 235-240. 
NEWTON, 1.1974. Changes attributed to pesticides in the nesting success of  the Sparrowhawk in Britain. J.  Appl Ecol 
11:95-102. 
NEWTON, I. & J. BOGAN 1978. The role of  different  organochlorine compounds in the breeding of  British Sparrow-
hawks. J.  Appl. Ecol.  15: 105-. 
NISBET, I. C. T. 1987. Relative importance of  DDE and dieldrin in the decline of  Peregrine Falcon populations. In T. J. 
Cade, J. H. Enderson, C. M. White & C. G. Thelander (eds.) Peregrine  Falcon  Populations:  their Management  and 
Recovery. The Peregrine Fund, Inc. Santa Cruz (in press). 
PEAKALL, D. B. 1976. Physiological effects  of  chlorinated hydrocarbons on avian species. Pp. 343-360 in R. Haque & 
V. H. Freed (eds.) Environmental Dynamics of  Pesticides.  Plenum Press, New York. 
PORTER, R. D. & S. N. WIEMEYER 1969. Dieldrin and DDT: effects  on Sparrowhawk eggshells and reproduction. 
Science 165: 199-200. 
PORTER, R. D. & S. N. WIEMEYER 1972. DDE at low dietary levels in captive American Kestrels. Bull.  Environ. Con-
tam. Toxicol.  8: 193-199. 
RISEBROUGH, R. W. & D. B. PEAKALL 1987. The relative importance of  the several organochlorines in the decline of 
Peregrine Falcon populations. In  T. J. Cade, J. H. Enderson, C. M. White & C. G. Thelander (eds.) Peregrine Falcon 
Populations: their Management and Recovery. The Peregrine Fund, Inc. Santa Cruz (in press). 
SMITH, S. I., C. W. WEBER & B. L. REID 1970. The effect  of  high levels of  dietary DDT on egg production, mortality, 
fertility,  hatchability and pesticide content of  yolks in Japanese Quail. Poultry  ScL  48: 1000-1004. 
STROMBERG, K. L. 1977. Seed treatment pesticide effects  on pheasant reproduction at sublethal doses. J.  Wildl.  Man-
age. 41: 632-642. 
WALKER, A. I. T., C. H. NEILL, D. E. STEVENSON & J. ROBINSON 1969. The toxicity of  dieldrin (HEOD) to 
Japanese Quail (Coturnix  coturnix japónica). Toxicol.  Appl Pharmacol.  15: 69-73. 
WIEMEYER, S. N. & R. D. PORTER 1970. DDE thins eggshells of  captive American Kestrels. Nature 227: 737-738. 

REFERENCES 

David B. Peakall 
National Wildlife  Research Center 

Canadian Wildlife  Service 
Ottawa, Ontario 

Canada KIA 0H3 

Robert W. Risebrough 
Bodega Bay Institute 

2711 PiedmontAvenue 
Berkeley California 94705, U.S.A. 

464 


