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Abstract. The relative importance of two or
ganochlorine pesticides in the recent reproductive 
failure of raptors was investigated. Captive barn 
owls were fed 3.0 ppm DDE and 0.5 ppm dieldrin: 
doses were given separately and in combination for 
two years. Breeding success was followed from the 
laying of eggs through natural incubation and rear· 
ing of young. DDE was associated with significant 
eggshell thinning, egg breakage, embryo mortality, 
and reduced production per pair. Dieldrin alone was 
associated with slight but significant eggshell thin
ning. but not with reduction of breeding success. 
Ecological implications of the results are discussed: 
it is suggested that DDE had a much more severe 
effect on reproduction in wild raptors than dieldrin. 
which contributed to their decline primarily through 
adult mortality. 

Many species of raptors have been reduced over 
wide areas in association with contamination by or· 
ganochlorine insecticides (Newton 1979: Ratcliffe 
1980). The birds are beginning to increase in some 
regions following restrictions on the use of pes
ticides (Lockie ei al. 1969: Spitzer et al. 1978: 
Ratcliffe 1980). Due to the persistence of the com
pounds, however, as welJ as their continued intro
duction into the environment, some raptors are 
probably still ingesting organochlorines at levels 
that can reduce productivity ( I-Ienny e't a!. 1977; 
Porter et al. 1978: Wiemeyer e£ a/. 1978: Oehme 
1980: Pruett-Jones era/. 198tl. 

Effects of organochlorines on the breeding sue-
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cess of raptors have been established through a 
combination of laboratory and field studies. They 
include eggshell thinning and egg breakage 
(McLane and Hall 1972; Lincer 1975; Newton and 
Bogan 1978J. embryo mortality (Porter and 
Wiemeyer 1969: Conrad 1978: Newton and Bogan 
l978J, and death of young (Porter and Wiemeyer 
!969). Effects. of two or more toxicants on breeding 
of birds are poorly known. Several to'lic com
pound'S are commonly present at once in tissues of 
wild birds, and interactions between them may alter 
tissue storage and mortality from those observed in 
studies of single contaminants (Lincer 1972: Ludke 
1974). DDE and PCBs (polychlorobiphenylsl ap· 
peared to interact in reducing breeding success of 
American kestrels (Falco sparverius) (Lincer 1972) 
and mallards (Anas platyrlrynchos J (Risebrough and 
Anderson !975). DDT and dieldrin together lowered 
reproductive success of Americ<ln kestrels <Porter 
and Wiemeyer !969). None of these studies in
cluded statistical evaluation of interactions between 
compounds in their effects on breeding. 

In this study, the effects of dietary DDE and diel· 
drin were assessed. singly and in combination. on 
the breeding cycle of the barn owl <T_, to ulha) in an 
effort to obtain information on the relative impor· 
tance of these contaminants in the decline of wild 
raptor populations. 

M'aterials and Methods 

Owh 1-1cre <lt>t:.ined fr..•m the c:aptive colony ac the Patuxent 
Wi!dlif~ Re~elirch C<:n!er. Ninet~en p<ur~ were experienced 
hre<:d<:r' 1 haJ hat>heJ h'Unf!: previously J. and were l-5 to 6 
year~ <lid: the'" pair'> w~r~ k~pt t,,g~th~r. Othen wl!:re inexperi
.:-ne~J t>trJ, 5 t~i 10 m<•n>h' ••IJ, ~nJ 1-1"re PHired rand,,ml~. All 
r<lll'' "~r~ l'iiridpr,ll~ ,,,,i~M..:,! "' \ .1rr1 ln. 3m < I. 1m high 0Ut

d,.,.r ren,_ '<trplt•·J 1-1 irh ,, 11..t.:r t>,•~<l ,tnd n"'t t>,,,, Fi!lht w 
I I IJlc.'\rcrlcn~t.:d p.alr"' ,anJ 4 [\1 .< t'.\flt.'[ !Clh.;.:d r:tH"' \1\L.'rl;' fi,IO· 
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Grour~ v.~rc (~d d,,.,, -••nl,un,n~ lll rrm DDE ''~I "~'ghl. <1.< 
ppm uie(t,lri[l. b\llh C<>mp<>UnJ'>. <'f f)<l (:l~,tlciUC' lcllfl(f(>l £!r(>llp1. 

Toxicants were mi'<.'d in \i~hra ... ka BranJ Bir~·,•f·P··~~ Dt~l 

fortified ~hopp~d hor~em~at r:.ti,Jn. lJlJE: ,,nJ Ji~IJnn 11.ere J~>
solved in a minimum 1Jf -!<;etone :;.nJ then 1n pn;>p~ l~n" gly~<!l. 

which wa~ rnix"d with thr: hor~emel!.t at" rure vf lr·~ propyleno 
glycol solution, Control diets conrained onlj aceton" and propyl
ene glycol. Samples from 10 batches ,,t' Cl)ntrol Jiet and 10 

b .. tches of ODE + dieldrin diet were frozen and were analyz<:d 
for DDE. diddrin. and background contaminant~. 

The experiment besan on ~l November 1974 and lasted for l"'O 

year.s. Wl)en young were hatched in a pen. toe 1.1iet W<ts changed 
to whole dead undosed white mic<: or rats. which had pn:viously 
been found necessa~y for successful rearing, When the last 
young were removed from the pen (at indc:pendenc<: or death I. 
the: brc:.,di ng pair wa~ returned to the experimental ~!io;:t. Rodents 
were fed for at least one period to II control pain. 8 DOE pairs. 
11 dieldrin pairs, and 6 ODE +dieldrin pairs. Adults that died or 
e$cap~d durinlJ the first half of the experiment were replaced 
with inexperienced bird~ in November 1915. lnellperienced pair~ 
tnat hat.;hed young in 197~ were reclassified as el(per(enced in 
the second year. At the termination of the (X.periment. 45 adults 
were sacrificed and their carcasse• were analyzed for lipid and 
PIO!Slicide content. Three birds that ;;lied dudng the experiment 
wc:r<: a)~Q analyzed, including liver, brain. and the remaining 
carcass. Re~idu" data from sacrificc:d birds were: tested by 3-way 
analysis of variance IANOVAJ for effect oo each to)(icant of 
(.,eding that compound, presence oftl,., other compound. or sex. 
Residues were transformed as logs to stabilize variances, and 
muns are geometric means. 

Breeding data were recorded dailY through fledging o( th" 
young. including number and date of eggs laid. broken (crac~ed 
or cru5hed). de~<:rted. and hatched. and number of young 
tledged. The third egg of each clutch was removed at laying for 
measurem~nt and residue analysis: breeding success data are 
based on the remaining egg5. Bwlcen eggs and tho~c: that failed to 
hatch were removed. Addled eggs were examined for embryona
tion and stage of development. Fledged young were removed 
from the pen to permit rearing of subsequent broods. Data from 
all clutches in a year were pooled for each p<:n. All breeding 
succ:ess data wer" analyzed by 3-way ANOVA for effects of 
DOE or dieldrin treatment. !2:xperic:nce was included as the third 
factor to control for any effect it mtght have on the response of 
birds to tr<:atments. EJiperic:nc:c: did not Bff~ct breeding success. 
so results ;.r.;' presented with data pooled across experience 
cla$ses. Experience interacted with treatment effects in a few 
cas<:s. Data were analyzed separatdy for 1975 and 1976 to pre· 
>erve independence of samples. Proportions (.;'ggs brok<=n. infer
til.;'. deserted. and falling to hatch. and young dying) were trans
formed as sin- 1 \'X. and proportional data for e>ach pen wen~ 
w<:ighted according to size of the sample to promote homogene
i ry of variance. 

Third eus were mea~ured and the contents were analyzed for 
lipid and pesticide contetlt. Effects of d<:>s<= on egg weight and 
lipid content were analy~ed by ~-way ANOVA. witt) fac:tors 
b!l'ing OPE and dieldnn: lipid proportion wa! transformed as 
sin ·1v X. Effects of treatment and year of laying on DOE and 
dieldrin m eg~s were analyzed by 3·way ANOVA: resicue data 
were transformed as logs. and means are geom<=tr(c roeans. The: 
eggshell was air-dded and its thickness fincluding shell mem
branes! was measured at the equator with a Starrett micrometer. 
Effc:<:ts of pesticides on eggshdl thickness were analyzed by 
linear regression of thicknes• on the k>ii of r~$idl.lfi!, usir1g .3rd egg$ 
from all clutch.,s. Significance of slopes and r's was teslfi!d by 1 

t~st (Zar 1974), The difference between slopc:s for DDE and ODE 

V. M. \:kndenha/1 ~~ u/. 

Ji~lllrm tre~l(merHs wJs te1t~d after :..pooniontng the control 
group randomly becwe~n the tw<> regress,on~ 10 pre~r:rve ln
depertd<:nce of the ~a.mples. 

Chemical analn<=~ wer~ perft.Jrmtd at Ralt<:dl S'i<:ntific Ser
vices. Inc .. Madi~on. WI. Carcass samples u.ere prepared by 
removal of beak, manus. feet. skin. and gastrointestinal tract. 
.mo were ground in a Hobart A0200 meat grinder. Egg samples 
wue air-dried at room temperature for three days. A lO-g aliquot 
of each csrcass. and whole eggs. were mi~<.ed with anhydrous 
sodium sulfate. air-driei,l ior;! to 5 days. and extracted for eight 
hours in a Soxhlet apparams with 50t;Yr ethyl ether in petroleum 
ether. The solution was conc~ntrated on a steam bath aod th<: 
volume adjusted with petroleum ether. For cleanup. a 2 to 5 ml 
aliquot of th<= extract was placed on a Flonsil' column and eluted 
with 150 ml of 3 to 5% ethyl ether in petroleum ether followed by 
.)SO ml of 15% c:thylcth<:r in petrok:um "ther. The solutions were 
concentrated on a stearn bath and made to 15 to 50 ml with 
petroleum ether (hexane in 1975). An aliquot of 10 ~-tl or less "'as 
analy:zed by electron-capture gas chromatography by using the 
following column$; for 1915 eggs, 11% OV-17 + QF-1 or 1.5% 
SP-225011.95% SP-~401. and for {'Cfls, 5% DC-200: for t976 eggs 
and carcasses. 1.5% OV-17 + 1.95% QF-1. or 5% OV-210: and 
for diet •amples. l :5% SP-2250/l .95% SP-240 l. PCBs in eus and 
carcasses were quantified 011 the basis of A<oclor t 1254 aod in 
diet on the basis of Aroclor~ 10)6. The lower limit of sensitivity 
was 0.05 ppm except that for PCBs it was 0.1 ppro. All residufs 
are e:o:pressed as ppm wet weigl>t. an4 are accurate to two sig
nificatlt digits. For lipid determination. an aliquot of the Soxhlct 
extract was evaporated to dryness on a steam bath. desiccated. 
and wo;!iglled. 

Results 

Diets: Feed into which both DDE and dieldrin had 
been mixed contained a mean of 2.83 ppm DDE 
(standard error 0.10), 0.58 ppm dieldrin (SE 0.028). 
and 0.25 ppm PCBs (SE 0.090). No residues were 
detected in control diets. None of the diet residues 
differed between the first and second years of the 
experiment. 

Effeas vf Pesticides on Adult Owls': DDE and 
dieldrin were significantly higher in carcasses of birds 
that were fed these compounds than in birds not re
ceiving them (Table 1), There were no differences in 
carcass storage of either toxicant due to presence of 
the other (p > O.lOL Sex affected dieldrin residue, 
but a large 3·way interaction between all factors 
made this difficult to interpret. The mean PCB resi
due was 8.0 ppm. 

Three DDE·fed birds (all female), 3 dieldrin-fed 
birds (2 females and l male), 2 DDE +dieldrin birds 
(female and male), and no control birds died during 
the experiment. The proportion of dosed birds that 
died was not significantly higher than among con
trols (X2

• p > 0.05). Residues were analyzed only in 
the three dieldrin birds: two had low carcass lipid, 
and their brain residues (5 .0 and 15 ppm) were 
within the lethal range (Stickel et at. 1969). Two 
DDE females died when they were unable to lay a 
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Effects of Feeding DDE and Dieldrin to Barn Owls 

Table 1. Residues in carcasses of adult bam owb fed DOE. 
both toxicants. or control diet for two years 

Do~e group Statistic 

Comrol GM• 
N 
SDb 

ODE< GM 
N 
so 

Dieldrin'" GM 
N 
SD 

DOE. + Oicldrin'd GM 
N 
SD 

• Geometric mean 
~Standard deviation (in logs) 

Carcass residu~5. 
ppm wet weight 

ODE Dieldrin 

Male Fernale Male Feml\le 

0.80 0.11 0.33 0.1.5 
2 2 2 2 
() 0078 0.091 0 25 o. 12 

II:!. 78. 0.23 0.30 
9 6 9 6 
0.056 0.34 0.14 0.14 

1.2 J.l 9.6 9.2 
12 7 12 7 
0.18 0.16 0.17 0.12 

102. 79. 12. 7.8 
6 5 6 s 
0.10 0.16 0.13 0.20 

,. DOE ana dieldrin were: each highc=r in bird5 dosed with that 
cornpound <p < O.OOIJ 
'
1 Dieldrin rc$idues differed with 5ex (().OS> p > O.OIJ; 3-way 
interaction between all J factors (0.05 > p > O.Oil 

virtually shell-less egg. Cause of death in the other 
birds was not determined. 

Effects of Pesticides on Eggs: Egg weight averaged 
26.67 g, and lipid content 5.36%. There was no sig· 
nificant change in egg characteristics with treatment 
in either year. Mean residues of toxicants were 
higher in eggs.of pairs receiving dosed diets than in 
those of undosed ones (Table 2). There was no ef
fect of either toxicant on deposition of the other (p 
> 0.10). Residues in eggs incrMsed significamly 
from 1975 to 1976, suggesting that adults continued 
to accumulate organochlorines for at least 14 
months. PCBs in eggs averaged 1.6 ppm in 1975 and 
2.1 ppm in 1976. 

Eggshells were thinned severely by DDE and 
31ightly by dieldrin (Table 2). Both effects were sig
nificant, and they were additive (Figures I and 2). 
Thinning was greater in 1976, which corresponds 
with the higher egg residues in that year. 

Breeding Success: Laying was reduced in dosed 
groups in 1975 only (Table 3). All pairs were inexpe· 
rienced that failed to lay in the first year. Interaction 
between treatment effects and experience, as well 
as uncontrolled variables that differed between ex
perience groups, make it difficult to interpret the 
tendency not to lay. Production by birds that !aid 
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eggs was significantly influenced by DOE in both 
years (Table 3l. Egg breakage increased greatly 
with ODE.· There was signifkant interaction be
tween ODE and experience factors in 1975 (0.05 > p 
> O.Oil. but it was small and did not interfere with 
interpretation. More eggs were laid by females in 
ODE-dosed groups. because eggs that broke before 
completion of a clutch were often replaced, and be
cause females that lost a clutch renested more often 
(up to four clutches per year in ODE and DDE + 
dieldrin groups, up to 3 for control and dieldrin). 
More embryos died in DDE and DDE + dieldrin 
groups. and this was significant in 1976. Hatching 
success was lower with DDE in both years. Mortal· 
ity of young was not significantly affected by treat
ment, and therefore fledging success followed the 
same trends as hatching success. 

Mean date of first laying (Table 3}, infertility, and 
desertion of the clutch did not differ between treat
ment groups (p > 0.10). 

Discussion 

Results of the study are consistent with others in 
which DDE had severe effects on breeding success 
of birds. Similar doses of DOE caused eggshell 
thinning of II to 22% in various other species 
(Heath et a!. 1969: McLane and Hall 1972; 
Longcore and Samson 1973; Lincer 1975). The barn 
owl appears to be among the most sensitive tested 
species. Embryo mortality in the barn owls was sig
nificant only in 1976, when DDE residues were 
highest, and was a minor component of overall 
breeding failure, due to the overwhelming incidence 
of breakage. Death of embryos due to DOE has 
been found in some laboratory studies (Heath et a!. 
1969; Smith eta!. 1969: Longcore eta/. !971) and in 
two field studies (Conrad 1978: Ne:wton and Bogan 
1978), but not in other cases (Jones and Summers 
1968; Britton et a/. 1974). Death of new)y,hatched 
young did not contribute to breeding losses in this 
study, although it has in others (Porter and 
Wiemeyer 1969: Longcore eta/. 1971·. Britton et al. 
1974). 

Dieldrin did not reduce breeding success in the 
barn owls, either alone or through interaction with 
DOE. The slight eggshell thinning which it induced 
resembled that in mallards (Davison and Sell 1974), 
bur did not contribute to egg breakage. Dieldrin did 
not cause embryo mortality: this is consistent with 
most studies (DeWitt 1956: Graves et a/. 1969; 
Wiese era/. 1969: Dahlgren and Linder 1974: Shel
linberger 1978). although occasional effects have 
been found (DeWitt 1956: Neill(!( a/. 197!). Earlier 
suggestions that dieldrin may be a primary cause of 
embryo mortality. alone or v. hen other organo-

PAGE 
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V. \1. ~lendeohall era/. 

Table 2. R-'•rJu.:' ,,r;-J ·hell :hrc~n"" ,,,. ,·~~- ,,( hr111 '""I' kd DDE. Ji.:klr•o. l'>l>th l<>Xrcanh. "'control Ji<L .lrJ egg of l>t clut~h in 
~ach year 

Y..:ar 

1975 

1971) 

ODE. ppm• 
Dieldrin, ppm'' 
Shell thicknes~. mm· 
~ 

DDEo. ppm·' 
Dieldrin. ppm 1' 

Shell thickness. mm• 
~ 

Trc;Jimc::nt ~n'u~ 

Cvnlrl>i 

ll. 25'1\0.05Kl' 

(l.,l I ID.Il!'\11 
0.27ll10.004) 
l} 

0.40 10.051) 
0.20 10471 
0.21l~H0.0041 

10 

........ --- ··--·-··· .. ---···---·· ---- ··-··--·- ·······-------------

ODE 

r:: oo O~':l1 

11.13 IO.QJ31 

0.:2310 0051 
9 

-+1. (0,02.51 

o. :~ 10 o:5J 
\).2()7 {(1.0031 
{J 

Dieldrin 

0.29 10.067! 
3.o 10 ~6> 
().2(\910.004) 
8 

0 36 10.0~11 

8. I 10.0361 
0.27210.0041 
It 

DDE + uioddrin 

11. 10.0601 
4.: 10.0411 
().~:010.0071 

13 

~2. 10.060> 
9.0 10.054) 
0.200(0.(1()6) 

10 
·--------------------------------

'ODE was higher in .:gg~ frvm group~ fed DDE. and was higher in !976 than 1975: p < 0.001 
•· Dieldrin was t>igher in ~ggs (rom groups fed dieldrin. and w1;1~ higher in 1976 than 1975: p < 0.001 
· Oiffereo~e~ in ~hdl thickness tc•ted by regression anal pi• (Figures I and 2) 
" Residues are geometric means 
· Standard r:rror. in logs 

:l. Jr.)Qj ,,. 
,; 

2: 
:} :?5C. 
r 

~ :;:of'~"'·?' 

' :::OE 
• O'JE • D1e!-;:Jr.n 

·.a ~c.c 

JO~ IN ::::GG ~~M 

flg. 1. Shell thickness as a function of DOE io eggs. For DOE. y 
= 264 - 33.4 log~, r' - 0. 79. N = 68: p <: 0.001 for >lope and r. 
For OOE: +dieldrin, y = 16.S - 38,81<'8 x. r' = 0.80. N = 61: p < 
0.00! for slope and r. Slopes with and without dieldrin are ~ign.ti· 
cantly differ<:l1t: p = 0.04 

chlorines are present (Bjus et al. 1974: Newton 
1979), were not borne our. 

Breeding failure caused by DDE in our experi
ment and others supports the com;:lusion that DDT 
contamination has severely reduced productivity of 
wild raptors. Residues and shell thinning in the barn 
owls in 1975 were of the same magnitude as in many 
declining populations of diurnal raptors <Cade eta!. 
1971: Koeman et at. 1972: Wiemeyer et of. 197~: 
Gilbertson and Reynolds 1974: Henny et at. 1977: 
Lincer and Clark !978). Wild owl5 have generally 
escaped 5evere contamination (Gilbertson and 
Reynolds 1974: Lincer and Clark 1978). although a 
few may approach il (Klaas eta/. 1978). Experi
mental residue5 in 197(5 exceeded almost all records 
for wild birds. 

Failure throughout the breeding cycle of the barn 
owls was similar in many respects to that in a 

)50· 

::l. . 
,,. 3():), 
./1 

'i 
:J 2:10i ! . 
..J ' 

,:;j 200j 
~ . 

G.1 1.:) 

~ Control 
i:l Dje-·dr1" 

10 100 
Dl ELDR'"-' 1\ EGG, :0°!'-1 

Flg. :z. Shell thickness a$ a function of dieldrin in egg. Y ~ 278 -
6.10 log x. r" = 0. !0. N = 60; 0.02 > p > 0.01 for slope and r 

closely-studied natural population of European 
sparrowhawks (Accipiter nisus) (Newton 1974: 
Newton and Bogan 1978>. Egg breakage accounted 
for the largest proportion of failure in the spar· 
rowhawks. followed by embryo mortality, and both 
were associated with DDE: death of young was 
negligible. Failure to lay and desertion reduced pro
ductivity more than in the bam owls. 

Dieldrin appears from our results to have been a 
minor factor in breeding failure of raptors. Residues 
in the barn owls were higher than in any wild popu
lation, yet they were not associated with losses. The 
compound has been implicated in breeding failure of 
one species, the golden eagle (Chn-5aetos aquila l 
! Lockie et ul. 1969). In general, however. it appears 
that DDE rather than dieldrin has been responsible 
for reduced productivity in wild birds. 

Assessing the full effect of pesticides on natural 
populations requires that we consider nor only pro
duc:tivity but also mortality. Mortality due to pes
ticide poisoning has contributed to raptor declines, 
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Table 3. Reprodu.;tiv~ success of barn owls fed ODE. diel ooth to!licantl. or control diet for two 1 ears 

1975 IY76 

()0£ - DDE ~ 
Control DOE -1nn <Jieldril'l Control oDE Dieldrin t.hddrin 

\lumber of breeding pair~• 14 13 12 14 14 ~~ 15 
Number of pairs laying" 13 9 9 13 14 I~ 14 
Mean date of l:sr egg 9 Mar. 23 Feb. 

"'f Mean eggs laidlpau"" 7.85 14 6 
!·~b. ~5 F~b. 9 Feb. 29 Jan. 8 Feb. 13 Feh. 
75 13.6 10.9 J7 .) 9.08 15.8 

y ()( eggs brokend• 3.0 82. ·.~ 47. 5.0 60. 6.0 58 
,. q. embryos dying' 2L 25. ~.7 32. 24. 44. ~-S 6!!. 
'J Mean eggs hatthcd!pair" 3.15 Lll :i.88 :!.33 369 (l.86 },9~ I .00 

'7r nestlings dYing 6.6 46. ~.J 0.41 7.6 6.7 10. 6. 7 
)I Mean young fledged/pair" 2.85 0.67 3.1'~ ~.2! 3 OS 0.71 .1.08 0.78 

' Excludes pairs ln which escape or death interrupted ·eedl"!:l 
t. All results listed beneath based on pair5 that laid at k.•>t on(• clutch 
' DOE effect significant: p < 0.001 in 1975. 0.01 > p <1.001 10 1976 
" Percentages are transformed 
'DDE effect significant: p < 0.001 for both yeats 
r DOE effect significant for 1976 only: p < 0.001 
• DDE effect significant: 0.05 > p > 0.01 for 1975. 0 01 > p ;·- 0.001 for 1976 

some catastrophic (Prestt and Ratcliffe 1972; New
ton 1979). Dieldrin has probably had a much greater 
impact on survival of wild birds than DDT. It has 
been assigned primary blame for many raptor 
deaths (Koeman eta/. 1969: Mulhern eta/. 1970: Be· 
lisle et a/. 1972; Prestt and Ratcliffe 1972; Bogan 
and Mitchell 1973; Kaiser eta/. 1980). Fewer deaths 
have been ascribed to DDT, even in North Ameri· 
ca where it has predominated among contaminants 
(Mulhern et al. 1970; Belisle et ar 1972). It appears 
from laboratory and field results that DDT and diel
drin have exerted their effects on raptor populations 
largely at opposite ends of the life cycle. 

rtclaro>.-/~dgme11rs. We thank J~n Barton. J:on~: Hildreth. Joe 
Snydc:t. Dan Smith, and Sue Brown for technical assistance: 
Gary Hensler and WilHam Stout for extensive statistical support: 
and Stanley N. Wiemc:yer. Christine Bunck. and Gary Heinz for 
reviewing toe maousc;ript. 
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