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SOME SUBLETHAL EFFECTS OF pp'-DDT 
. AND ITS METABOLITE pp'-DDE ~ 

ON BREEDING PASSERINE BIRDS ~y 

by ~ 
D. J. Jefferies )./ 

Monks Wood Experimental.Station, The Nature Conservancy / 
Abbots Ripton, H:l.lntingdon, England 

.... 
ABSTRACT 

A oasserinc: bird. the :ae~ale8e Finch, Lonchu.,.o. slrio.ttt, w~ used to 
study the effect or pp'-DDT on the vanOU& parameters ot tb.e reproductive · 
cycle~ .a nidicolous s~!es. One ~und:rc:~ and two birds we~ led tuea.sured 
quantltu:s otpp'~DPT .t.n.'tb.e:diet for 1ux.wcdcs l;lcfore pamng. The test 
diets were then continued until fledging of the young had occurred. A 
further fifty-dght birch were usc:d at:~ controls. Clutch sizes :n the DDT., 
fed pairs we~ si:mil~ to those of the controls, but fertility, hatchability, 
and fiedgitlf{_ succaJ ~e reduced. Several other effec:ts of the DDT 
were 1\0ted.. nese were longer pmocb prior to ovulation, longer incuba
tion and rearing peri!Xb, lighter eg~ and !Jmalla newly-hal ched young. 
Tests with a further fifty-two birds showed that feeding pp'·D DE produces 
similar sublethal effects to those noted with the parent prodHct. 

htroduction 

The detection of residues of Q.!g_anochlorine insecticicl..:s in near
ly all British avian wildlife specimens (Moore & Wal~{er, 1964; 
Prestt, 1967) led to the J;lritish Nature Conservancy u:'ldertalcing 
experimental work ro evaluate their sublethal effects. :eE:Q.DE., t;he 
main metabolite of .EP,-DDTJ wa..'i found in 99% and ..rm'-DD.I 
itself in 27 % oi the spe~ens analysed. '.rhus research was concen
trated on the ettects of these two materials. The subject chosen for 
study was the reproductiy~ ~uccess of the Bengalcse Find, a domes
ticated forpt cl ~e. Sharp-tailed Finch LOiitlmra slrtita (Passeri
formes : Estnidi~ae): · ' · 

Experimental method 
Two hundred and twelve Bengalese Finches, 106 o1 each sex, 

were placed seperately in cages (61 X 41 x .38 em) pro'rided with 
grit, cuttlefish, water and canary and millet seed. The _'!_ge of the 
birds was 200 - 300 days (i.e. sexuallY. mature) and mean b_Qgy 
~was 14.1~ The colony was maintained at 16° C. The rear
ing food vehicle for the insecticides, the method of dosing Jor 2 hours 
daily and the calculation of the daily d9se rate for each bird were 
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d bv Je~s, '!967. Eleven concentrations of the w'-DDTJ 
a.5 use , d f . 

· 
1
g food mi.."-ture were prepared an ed to 102 b1rds (20, 18, 4, 

~~~1• +, 18, 10, 6, 2, and 2 on diets containing 75, I?O! 150, 200, 

300, :no, -l.JO, 525, 600! 1200 and 10,000 par~s per nullwn, of pp'
DDT by weight rcspecuvely). Ten concentratwns o_f the pp -DDEJ 

ring food mi~ture were prepared and fed to 52 brrds (4, 6,-6, 10, 
~:~, 6, 2, 6 and 4 on diets contai~ng 12, 25, 50~ 100, 150, 300, 500, 
lOOO, 2000 and 5000 ppm of pp -DDE respectively). A further 58 

Pi\GE 03 
I 

birds were placed on control diet. 
A11-birds··were-rnajntainecl-on-t:hese --test-cliets-for---six--weeks-------------

bdore being paired with another fed at the same dietary level. The 
insecticide diet was tben continued until fledging or death of the 

· .. young h:1d occurred. Certain pairs were allowed to lay a second 
· clutch to increase data on e~ weight but most were sacrificed at 

~point. 
Two pairs of birds were sa·crificed for analysis at 6 weeks and 

one pair with eggs were sacrificed at laying in both DDT and DDE
~ed groups. Others were analysed at the end of the experiment . 

. · · was by Gas-liquid . chromatography (for method see 
· dferies & French, 1969). · · 

rate groups and :mortality 
, The 47 pairs fed pp~-DDT were divided into three dose rate 

,._,....., ......... ((A) up to 50, (B) 51-250 and (C) above 250 (Lg/dayfbird) 
purposes of analysis (see Table 1). Two pairs in group B laid no 

and the females died one and two months after pairing. In the 
dose rate group C (mean 1,205 !l-gfda.y) death occurred in 

or both birds of each of the 5 pairs within 6 ,,..-eeks. As Prestt et al 
press) have shown that Bengalese Finches at 16o C would 

r.t.;U.Wiu.1uc 4-.401 g of food daily, the mean dose rates, 34, 139 and 
(Lg/day amoWlt to 8,.32 and 274 ppm in the total diet. 

· ·The-24-pairs-fed- pp'·~DDE ·were -aiso-divided-into-.. three-dose- · ----------
groups ((D) up to 50, (E) 51-320 and (F) above 320 (Lg/day/ 
. In the lethal dose rate group F (mean 840 (J.g/day) one or both 
of each of the 3 pairs died before eggs were laid. The mean 

rates, 18, 168 and 840 (;Lg/day amount to 4,38 and 191 ppm in 
total diet . 

. different to tltat"ofthe'toO.W'l-'pa:irs--(Table 1). However was a 
· .. tendency for large clutches to be more common amo~g· pairs fed 

DDT (control 21 %, low dose rate 32 %, high dose rate 44% of 
clutches were of 6f7 eggs). 
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TABLE 1 

Effect of pp'-DDT and pp'·DDE on reproductive success 

Dose rate 
J.Lg/dayjbird 

(mean) 

Days 
between 
pairin~ 

and laymg 
{range) 

Mean 
clutch size 
(total eggs) 

Mean 
number 
fertillf 

Mean 
number 
hatching 

Mean 
number 
fledging· 

(S) 

w --.... 
<Sl 
~.) 

----10 
G' 
G ,__.-

«,. 

G) 

LO 

N 
<Sl 

CD 

I Probabi 
\ of diffc:n 
(from con 

I 

Con~ol None I 13.9 4.B6 3.83 l 3. 72 r 3.59 I 
(29 pain) (8-28} (141) 1 ~------~---~ 

Low DD_T dose l-50 ~7.5 4.82 3.41 3.00 ) 2.27 I P < 0.1 
(22 pairs) (34) (~7) (106} t, '. · \ ~ 

·--- . ~ 
High DDT de»c: 51-250 24.8 4.75 3.40 3.00 i !.45 i :r: 

{20 ~ra)' (139) (i-73} (95} \ \ ~ 
( 

1 . r 
AllDDT.dosedbirds l-25<l 1 -~I.O 4.19 · 3.40 3.00 I !.88 \P<O.l':r! 

(42 ~in) '· (84) 1 (4-73) {201} . 
I · , · I 

·Low ODE dose · 1-5\l I 21.0 4.53 2.60 2.40 ll 2.07 \ P < \.1 
- '(!5 paif.a) (18) (7-99) (68) ·______ 1----

1 Hi~h ODE dose 51-320 I 26.5 6.17 2.!7 1.83 1 0.83 [ 
(6 pai~) ( 168) (9-54) (37) l \ 

1 AU ODE dosed birds !-320 l 22.6 5.00 l 2.48 - 2.24 -~ t.71 \_P_<_0-.1-0, 
(21 pain) (61) \ (7-99) (105) / ~ 1 i I ' I . _____ !__ ___ _ 
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'=\-n ._615::;!were weighed on the ~ay of la~g (see !able_ 2). As 
thr"' '?Sf rate increased the eggs la1d became hghtcr tn wc1ght. A 
Sn'''"'"''nt's test showed this reduction in weight to be significant 
(t = 2.509; DF 4-90; P < 2 '%). In the Bengalese Finch the weight 
of an egg is correlated with the order of laying as success.\v\: eggs 
bid tend to be progressively heavier (control: 1.119, 1.167, 1.175, 
1.105, 1.222 g for eggs l to 5). However1 the difference in w~ight 
between eggs laid by controls and dosed birds is not due to differ~ nee 
in clutch size as the eggs laid by dosed birds also follow il.n ascending 
"-eight series but arc lighter in weight (1.096, l.l39, 1.161, U64, 
1.194- g). 

TABLE 2 

Mean egg weight of control, DDT and ODE-dosed bi.rds 
-~ 

Doser ate I DDT ! DD£ J of female 

I Number I Mean Wt. ± St E I Number I Mean Wt. ± St E 

1 l I I Control I 160 1.185 ± 0.009 160 !.185 ± 0.009 

I 212 i I l 

I- 50 JJg/day 1.162 ± 0.007 162 I 1.172 ± 0.010 
51-100 )lg/day r+.· 1.154 ± 0.015 

I 
9 I 1.094 ± 0.036 

10\.300 JJg/day l.l46 ± 0.014 27 1.075 ± 0.026 

i 
: 

All dosed birds 1.158 ± 0.006 198 I US6 ± 0.009 
I ! 

With regard to shell weight, previous work (Jefferies, 1969) 
has indicated that at a given egg weight (above 1.08 g) an egg laid 
by a. DDT dosed bird has a higher percentage shell wdght than one 
laid by a control. 

~rt 
- ·. Orily' 70.8 % of the 106 eggs laid by the low dose rate group 
were fertile compared to 78.7% o:f the 141 control eggs (Table 1). 
Surprisingly, this percentage was not increased in the high dose 
rate group and remained very similar at 71.6 %· The dose rates of 
DDT fed, appear to reduce fertility by about a tenth. The first and 
second eggs laid have the highest infertility rate (35 %, DDT; 
26 % control). 

fertile eggs produced by the control pairs 
failed to hatch (97.3% hatching). In the DDT-fed birds this number 
was 17 out o£ 143 fertile eggs 88.1% hatching). The percentage 
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hatching from all eggs laid was reduc~d from 76.6% to 62.7 %. 
Ag.Un there was a close similarity b~tween the results obtained wi~h 
both high and low dose rates of DDT. The dose rates o{ DDT fed 
appear to reduce hatching of fertile eggs by about a tenth. The 
dead embryos were mostly almost completely developed b:.1t 
showed no obvious teratisms. 

~~~ 
Four out of the .I 08 chicks reared by the control pairs died 

before fledging (9~3% survival). In the DDT-fed groups, chkk 
survival was reduced to 75.8 %·and 48..3 % with low and high dose 
rates respectively (62.7% overall). Thus .survival was considerably 
lower than in the control group and is related to the dose rate 
(up to 30 p.gfday, 3.0;. over 150 11g/day, 0.9 fledglings per nes;)
The dose rates of DDT fed, reduce chick survival by about a third. 

In the low and high DDT dose rate groups 33 % and 52 % of 
the chick dcathl occurred within a day ofhatch.ing whereas none of 
the control chicks died during this period. The crops of dead chicks 
were always found empty and no muscular trembling of the ty.Je 
noted with adults dying of DDT poiso~ was seen in chicks of 
any age. . . . · ;· 

The weights of newly hatched chich were taken to ascertain 
whether the lighter eggs of the DDT-fed birds produced smaller 
chicks than those of the controlS. Each-nest was examined at 09.•JO 
hours each day and the first chicks hatched were weighed and 
compared to their egg we.ight at laying (each egg was number~d 
to facilitate identification). A comparison of chick to egg weights in 
the control pairs showed that as the egg weight decreased so did 
that of the chlck hatched (Table 3). Although this same relationship 
was found to exist in DDT -fed groups, the <:~ks weight from a stan
da:rd egg of I.O.g decreased from 0~799 (control) to 0.753 (low dose) 
and 0.699 g (high dose). Thm, 'as.wdl as the chicks of DDT-hd 
pairs being smaller because of their lighter eggs, it appears that they 
are smaller at .corresponding egg· "'eights~ 
Duration of the breeding cycle : 

The time taken to complete the three periods of the breediag 
cycle, pairing to laying, incubation and rearing the young) was 
measured for each or the pairs ·me~l. ~·: ,,:;;1, . ·.< . . ·~{·..... ··.. . ' ·-~-· 

The relationship between dbSc rate of DDT and the time taken 
from pairing to; ovUlation has already been discussed by Jefferies 
(1967). As the dose rate of the female increases there is significant 
(P < 1 %) increase in the delay between pairing and ovulation. 
The present experiment confirms this conclusion {Table I). 

With regard to incubation times, these vary with the clutch 
size and the position of the egg in the cl~tch. Eggs are usually laid 
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TABLE 3 

The relationship between egg weight and weight of newly hatched young 
from pair:!; of bird5 fed control, DDT and DD:E diets 

··-··· -· ·-·· -,.-- -- ·-

~in g. (x) 
.. - .. -·'-· -~ s;gnifi"'nc• Equation of correlation 

I I 
coefficient 0.8 l.O 1.1 

I 
Control y = 0.524x + 0.275 p < 1% 0.694 0.799 I 0.851 -
DDT l· 50 llgfday y = 0.742x. + 0.011 p < 1% 0.605 0.753 0.827 - Chick wt. 
DDT 51-250 llg/day y = 0. 754x - 0.055 p < 0.1% 0.548 0.699 

I 
0.774 - i:a g. (y) 

DDEd~ed y = 1.096x - 0.387 p < 0.1% 0.528 0.709 0.819 -

TABLE 4 

The xnean concentrarion.s of DDT + DDE in. the liv~rs of test birds at 1he time of pairing, 
1-.yi.og (Of oi;Lly) and fledging of the young, in one com.plete clutch taken !It time of laying, in 
.oon-hatchiDg eggs and in dead one-day-Old ciliicks are given togethe%' with l•~thal conl:entTations 
for DDT a.nd DDE and the contamination level of the control. The mean d;~so rate given is for 

the individlJals analysed or for the parentiS of the eggs and chicks. 

Mean I Mean I Nwnb~::r I ppm 
Dose rate Specimen dose mtc: d&!l 

I . ()lgfday). I 
on ose I 

tested . DDT+ DDE 
I 

.. __ Q9_ntrol I At fledging - 108 10 0.08 + 0.69 
· --·----.-- -·-Non•hatching·eggs ·-·-··--.. .:.. .. ___ ·-- ... ···-··- . --- - 13 0.17 + 0.65 ... - . 

. DDT low d~e At Lai.ring 29 42 2 13.9 + 5.8 
At aying · 48 64 

I 
l 8.6 + 9.7 

At fted~ng . 32 103 10 10.3 + 10.0 
1 camp etc clutch 48 - 5 21.4 ' 19.1 , 
Non-hatching eggs 33 ! 17 ]7.9 + 24.5 

: "i DDT high dose At pliliing . 161 42 2 16.9 + 8.1 
At layirt~ 189 

I 
87 1 ! 37.2 + 29.6 

At flcd~g 134 100 10 39.8 + 36.2 
I comp etc clutch 189 

! 
~ 6 124-.8 + 61.7 

Non-hatching eggs 155 ~ 

I 2.0 66.9 + 42.8 
Dead chicks · 197 - i lB 114.7 + 97.4 

I 
-
I 

DDT lethal do~e I Dying 734. 43 10 176.1 + 84.5 

DOE low dose At hairing 34 42 I 2 I - 21.8 
At edging · 18 102 I 5 - 15.8 
Non-hatching eggs 18 -

I 
13 l 

~ 43.9 

DOE high dose -
At Jti.J-ing 109 42 2 - 151.3 
At edging 14-5 142 5 - 119.4 
Non-hatching eggs 53 - I - 98.3 

DOE lethal dose I Dying 869 122 
-

5 - 658.4 
I I 
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at 24 hour intervals until the full clutch has been pr~duced. 
Incubation takes just over 16 days {control, 16.22 days; DDT, 
16.21 days in 4, 5, 6 egg clutches) except for the first two eggs which 
take lol)ger as incubation does not start until the third egg has been 
laid. With 4,5 and 6 egg clutches the mean incubation time for the ·. 
firstegg was 16.8, 17.3 and 18.0 days respectively in th1~ control and 
18.0, 18.1 and 18.3 days in DDT-fed pairs. Th.i5 difference is present 
but not so marked in the second egg and suggests that incubation 
times for- tlie first two eggs are longer in DDT -fed pairs than in 
controls. 

Two results for .the duration of the rearing period on ere obtained 
for each pair. The tiine taken from the hatching of thdirst egg to 
the fledging (i.e. voluntarily leaving the nest box) ol the first young 
and the corresponding time for the last bird. In the control pairs, 
the mean rearhlg time was 25.1 ± 0.3 days (range 19- 29) and in the 
DDT-fed pairs, ~6.2 ± .0.4 days (range 22-34). The difference is 
significant. (t . 2.159~; so· :pF; P < 5 %). 
Overall effects on numbers fledged : 

.. Chi:>~quared t~tsJ:cimp~~ ~<;:~umbers of eggs laid to young 
fledged iri control and DDT-fed pairs showed a signjficant difference 
even afth£Towest:dose rate {Table 1). . 
Second· g~eration test.: 

A sutiill:test of the ~ff~cts of DDT on the breeding ability of the 
second generation was made . by using 32 of the fledg1ings. These 
birds had. developed in a milieu contaminated with DDT from the 
first cell division until they were nearly sexually matm·e. Twenty
two fledglings from the low dose rate group (mean dose rate of 
parents 24 !J.g/bird/day) were given the.ir DDT diets until they were 
8 weeks old. 'fh.ey were then fed a control diet until at !) months of 
age they were pair~d,mth ·~other fledgling and their control diet 
continued. Ten 5-i:nonth old birds from control parents were also 
paired. Mean dutch size, number fertile, hatdnn,g and fledging 
was 4.80. 4.60, 4.60 and 3.80 respectively in the controls and 4.64, 
4.18, 4.00 and 3.45 in the DDT fledglings. Although these results 
are below :the success of the control pairs tbey are similar to the 
normal success of contr~l pairs in the main experiment~ One noticea~ 
able effect was the considerably l~nger defay::·before ovulation 
(Control13.8 da~, range 9-16; DDT 18.7da:ys; 1:ange i·-55). Ana~ 
lyses of fledglings at 2 nionths. showed a mean liver residue of 
17.78 ppm DDT+ 8.96ppmDDE. These figures were 2.51 + 9.08 
at 5 montqS. Two infertile eggs .c;ontained a me~n "Of 7.81 ppm DDT 
+ 18.57 }Jpm DDE. . . 

Effect of pp'-DDE on reproductiol\, 
Feeding pp' -DDE to Bengalese Finches produced the same 
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svblethal eHects as those noted with pp'-DDT. There was a signi
ficant reduction in the number of young fledged (Table l), 1 educed 
fcnility and hatchability (Table 1), a delay in ovulation (T<tble 1), 
a !'eduction in egg weight (Table 2) and a reduction in chick w<:ight 
(Table 3). 

T\\'0 of the II dead chicks died with peck wounds on th(; abdo
n1cn (as did two of the DDT chicks ~ see also J efl'cri cs, 1967) 
and one had both legs torn off. Extremely aggre~sive behavic,ur was 
also noted in ~nc' of the dosed males. This aggressive behaviour 
against chicks and mate has never been seen in any control or 
stock pairs. Soft.shelled and mis-shaped eggs were only laid by 
DDE-dosed birds. 

Analyses 

Analyses of livers, eggs and chicks were made for purfoses of 
correlation with field samples. The results arc shown in Ta.ble 4, 

Discussion 

Nidicolous species form the majority of birds and yet they are 
not usually used in laboratory trials of the effects of organochlorines 
on breeding (Galliform birds are generally used and with electric 
incubators) .In such species, incubation and rearing of young !;tresses 
the test birds and approximates more closely to field conditions. Also 
the use of a known dose rate throughout the whole: cycle has obvious 
advantages for compaJison with field doses. In the present experi
ment the use of this technique showed significant reductic>ns in 
fledging success at dietary levels lower than those used by other 
workers (8 ppm DDT and 4 ppmDDE). In California, \\'hue the 
Peregrine Falcon Falco peregrinu.s has disappeared, muscle and whole 
body analyses' of rap tot £ood species show concentrations higher than 
4 ppm DDE (Risebrough 'et al, 1967). 

The high mortality of one-day-old chicks could be due to (i) 
the large quantity of pesticide absorbed from the yolk (ppm increases 
as the chid is smaller than the egg) and the stx·ess of hatchir:g, (ii) 
parents not feeding or brooding them or (iii) reduced wei:~ht at 
hatching reducing chances of survival. The amount of DDT fed by 
the parents during the 2~hour test period of the first day rnust be 
extremely small compared to the content absorbed from the egg. 

The reduction in chick weight at each egg size could b<:' due to 
smaller yolks within each egg from DDT-fed pairs or again it could 
be related to reduced feeding by DDT parents during the first hours 
after hatching and bdore weighing at 09.00 hours. 
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