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Population declines 'of certain raptorial·· and p'iscivorous 
birds have been correlated with organochlorine· pesti.cide' ·~ :,_ ,
residues, primarily DDE [1, 1-dichloro-2 1 2-bis(p-chlorophenyl):'· 
ethylene], a metabolite of DDT [l,l,l.;trichloro-2,2-bfs-·"' ·.:.<:--$!4 
(p-chlorophenyl) e.thane 1, found in bird tissues:r arid eggs '(1';:2).'.? 
In experimental studies, DDE 'has lowered reprod.ucti:Ve ~succ-ess. r, 
of mallards (~ platyrhvnchos) (3) "by ·reducing'reggshell":!~-~ 
thickness and increasing shell cracking and embryonic "inoi'tality; 
and it has significantly reduced eggshell thfckness'='of :American 
kestrels(~ sparverius) (4). ··'" ::.: -~ .;.:_; _-;-; ;z··c' 

··. :•... . .. r~ .r_.)' ~, ~~-~·· •,. 

The number of North American black du~ks '(Anas rubripes) ~. 
along the Atlantic Coast has fluctuateq downward since the 
mid-50's, and there has been a marked decrease in the per
centage of imm.a tures in the harvest (5). These· declines · -· :.:; 
cannot be attributed solely to hunting because more restric.;.·~; 
tive hunting regulations have resulted in reduced harvest~---<<: 
Breeding populations of black ducks in Eastern Canaaa·have·· '··''" 
steadily declined since 1963 (6). A survey of organochlorine~ 
pesticide residues in wings of mallards and black ducks show.ed 
the highes·t DDE residues in black ducks from the :Atlantic<· '' ., 
Coastal States (7). 

i Procedures 

An experiment to determine if DDE would affect the~· -' ' '" 
reproduction of black ducks was started in 1969~ _ Test ducks·~:' 
were obtained by collecting eggs from a captive-:black duck __ ;.:=., 

flock and allowing mallard hens to incubate the ·eggs ·and· to·<>~!::.,.,.,, 
raise the ducklings in the test pens. Forty pairs of these .. ,·..:~ 
ducks were randomly assigned to three exPerimental groups: . 
(a) 14 pairs to receive dietary dosages of 10 ppm (dry weight) 
of DDE, (b) 12 pairs to receive 30 ppm; and-(c) 14 pairs to 
receive untreated food.· Individual pairs were assigned · · 
randomly to 15-by 30-foot pens each s·upplied with a 250-gallon 
water trough, a feeder, and a covered nest box. DDE-treated· 
food was provided in mid-November and food- and· water were ,. ·. ~ 
continuously available. The p,p'-DDE was diss.olved in corn.' 
oil and mixed with commercial duck mash in the ratio of 1-
part oil solution to 99 parts mash; an equal amount of clean 
oil was added to the diets of untreated birds. 
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Eggs were collected daily starting in April. They were ~ 
·marked, examined for fractures, reexamined for cracks with a 
cbndler and then stored for up to·lo days prior· to incubation. 
Ten percent of the eggs were not incubated because they were 
selected for measurements or were cracked too severely. 
Embryonation and sur'vival of embryos at weekly· intervals. were 
determined by candling. All hatchlings were web-tagged and 
fed untreated food for 3 weeks .... _,, 

:· The third egg _laid by each hen was selected for measure
ments of shell thickness and ·p-esticide residues. Eggs were 
opened at the equator, the contents stored in jars, and the 
shells was_hed an~ air-dri-ed. The- thickness of the_,.shell plus 
II!embrane was measured _at the equator and at both poles. with. 
a micraneter -calibrated in 0. 01. mm units •. , Egg. contents were 
analyzed ,by,":wARF .lns.titute,- inc~:, Egg- contents. were dried 

.·. :-.~d_:.&r-~u~~--~itll'_-s()di~ sulphate; extract~d witli -~~ ~ix-ture 
,·of, ·_ethy). eth~r.and petro1~um ether (70:170) for_ 8. hrs. _in 
'·Soxhlet apparatus; cleaned ·and separat_ed by two. e.lutions 
through a florisil column with ethyl ether and petr.cileum 

~---

;;,. ·ether1_.(,5_:95;,J5:85) .•. ·.Analysis was by gas chromatography;
using •. a .. Barber, -·Coleman Pesticide Analyzer Model 5360. 
Columns _were glass, 4 ft x _4 mm •. For the first J"lution, 
the col~ .p_~cki_ng was 5; per_cent. D~ .~00 on Crompor:t_ XXX . 
(70/9_0 _mesh),; :temperatures,_~ere: ._ injec:tor 2350C, column 
190°C,,~~d.:..det_-~ctor 24q_°C.~, 1 'for the _s_econd _elution, packing 
was 5-p_ercent:_Q-F'l..~t!:_Cranp_ort Dpt (60/70 mesh) and temp_er
atures were; 'l-,inlector .. 220oc, _column 195.°C, and detector. 
240~C •. ;.Ni.trogen flow _rates were such that p,p 1 -DDT had 

'""""· -
retention .._o;;,,8:10 min and _dieldrin, 4-5 .. min. _,. _ 

Productivity data for test ducks and parameters for 
reproductive success are arranged sequentially in Tables 
la and lb. · Data were tested by analysis of variance with 
angular.transformations,applied to percentages before analysis 
(8) ·l~ ,Methods of Cocbra~ (9) .. were us.ed to determine if 
weigh~ing ;.of .!data were necessary. Means wer_e separated by· 
methodsJ.-.of J?.upcan.;,.(l.OL.~!ond: Kramer: _(_ll) ....... ,, :~· .. : · · :. 

=~:?td.J .lv ~":lJ.O v;~_ ·~ .~:c. ~-.,~-~ · :.- .. ~.:;. ._: :~-- :.;.i~1.:~ ·.,~ 

;:::quo::x:.• l£:::""'Resu~ts and Discussi:'n .. : .-i.:..:'.:;~:." c.·· 

(::J .. "al·,~~ , .. 1b) "'"":-on n1 "'u .:_-:.._·.e.e:c~~ \}~~··1-~: .. :_.,· \ ··:r o""' ........ , · · 
·•oJ bJ,e,!s.~ c.,.ci?ta~id~_.D~~ at .~o-~l1)9'and~ 30·~ ppm ~a-ulie'd · s':i.gnif~ 

icant shell thinning (P<O~ 01) and shell cracking. (Table lb). 
Shells_ ~f:-th:i.l-d- eggs- fr·~-· do.sed ducks were:. 18-24 percent . 
th__~!!'J"_at:>_tf_!le. ~-ql:l._ato.r .•. ~h~Jli.9~~ll_s f.::JID. th_ird eggs .of. u!ldosed 
ducks;-;:f,!3-~J: _p~r£~pt_,:-E_inp.~! ~~•::t!'~ .. ~ap ;,a,~d ~?;;}~; perc_ent 
thi~n~-~ !f_t Lt?.eJ -~P.~_?t-' (J'~~l~.rth~, ~x!=_e~t !'!:~bel~.- tra~-~~ng. !lf 

.. all eggs. from. 30 ppm. dosed .ducks· averaged 21. perceilt,Mwhich 
sign#_ic~~-tJY::<l.'~ O.:P..i),·e~~e-cier, th~ cracki!lg o_f~_~ggspells 
fran undosed ducks. or. from. 1(), .ppm doses) _ducks. ,-,Incidence. of 
cracked eggshells~fr~ 'io ppm-dosed ducks was also higher 
than that of unclosed birds (P< 0. 05) A comparison between 
the total cracked shells and uncracked shells of third eggs 
from both the two dosed groupf revealed that cracked shells 
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TABLE ta. 

Reproductivity data of captive black ducks· fed DDE in ·tne· food 

Pairs of ducks 
Egg a 

Laid 
Cracked 
Incubated* 
Embryonated 

Embryos alive: 
1 week 
2 weeks 
3 weeks 

Ducklings hatched 
Ducklings alive at 21 day~ 

. ., 

DDE added to·food (ppm dry wt.) 
None . · 10 30 

.·.- ··141 :~.z. -~~ 14 Fy -_-.• e.~-' 12 .. · .. P"·"'·~,.O·•. -·· . 
:.:-, :--:. ·?: ..._ i: ;-_~--. :_ ........ n:. 
. -I 79: ~ ·._; ~>: ! 217 ... 

3'. ; . . 21 
160" .. ';. 182 

85i-'" ':"" . 107 

. 145 
31 

·.··:104 
... 44 

. :. -, ~~ __ ., i . - ·.-:· 
81:;..., -~-~ • ! 

:: 69: .... ~ ~: ;. L 
61 1: ... ; 

35' 
32, 

84 .. --.::- ·; 
76 ... 
74. 
39 
.25 

-'· 27 
20 
19 

8 
4 

*Excludes cracked eggs and those removed-for .analysi~. 

TABLE lb. 
' . . 

'- ~ ; .,. • 1,: 

Progression of re.productfve success amODg; captive, bl~ck. ducks 
.. ·· . 'fed DDE in the:. food~~ -~· j:' i ~.., .· r:·,.- .. -

DDE added to food·(ppm dry wt.) 
None - · 10 30 

Eggs laid perlhen (average) 
Percent 

Hens which laid · 
Cracked eggs . • 
Embryonated (of eggs incubated) 
Embryos alive: 

1 week~-
2 weeks 
3 weeks 

Ducklings hatched: 
of third week embryos 
of eggs embryonated 

Ducklings surviving: 
1 week 
2 weeks 
3 weeks 

Ducklings alive at 21 days 
(of eggs embryonated) 

13 

100 
2.::·; 

530:' :: 
;•,·, ... 

95 
81. 
72, ~ . .::_· 

·-!' 

57 
41 

97! 
94 
9f"= 
38 

, ... 
··' 

. 

15 
. 

·:. 100 
:. ' lo* 
·.:: ~ s9 

I. '79** 
' 71** 

69 

53 
36 

90 
85 
64** 
231 

*Difference from control significant (P.( 0. 05). 
**Difference from control highly significant (PtO.Ol). 
#Difference from control approaches significance (P•O.OS) 
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12 

83 
21** 
42 

61* 
45* 
43 

42 
18 

63 
63 
50** 

9* 
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' TABLE 2. : 

·•1 ,, I 

(• 

• ... ;,, .. ··, 
~- ; ' •.• "} '•. • :;- ! ~-

i'~ '1; f:Shell thickness ~nd ,residues of' DDE in eggs laid by, captive' black ducks· .. 

. ~. --------------------------~~--~-------------------------------------:: ··· · Dose .. ,. ·~· No. : Eggshell thickness measurements: No. DDE residue: 
._.!t: ·'(ppm···, ' shells means, extremes (mm); and percentage eggs mean and 

'· "~.:;:·in diet, measured# difference between dosed and undosed groups analyzed range (ppm 
• · dry weight) Equator Cap Apex for DDE# wet weight) 

. .... 

,, 
None 13 ' 0.34 0.29 0.24 

.. ,: {0.27-0.39) (0.22-0.34) (0.16-0.32) 

··. 0.21 0~28 0.17 
(0.13-0.23) 

• 1., 
10 14 

(0.24-0.30) (0.17-0.26) 
-17.6%* -27~6%* -29.2%* 

30. 10 0.26 0.20 0.15 
(0.23-0.30) (0.17-0.25) (0.12-0.25) 

-23.5%* -31.0%* -37.5%* 

*All differences from undosed group highly significant {P<P.Ol). 
#~f~~s to measurement and analysis of the third eggs laid by hens. 

•t' 

b 

13 

14 

10 

0.28 
(0.14-0.67) 

46.3 
(33.7-62.5) 

144.1 
(95.5-218.5) 

:·~; 

( J 



from dosed birds were significantly· thinner (P<O. 05 and,~:;~: 

P<O.Ol) than uncracked third eggshells from the same dosage 
groups. Egg fractures were lin.aar hairline.cracks,_inden~ .. -:t;;;:L 

tations, and-collapsed shells at egg·poles•-.:;..:Twenty~five-1c £~\\~ 
percent of the cracked egg sheila.- from dosed 'hens·.-were S:·-~1 :e~3.,; 

collapsed. . . ~~~: · .. -... : ... , '.·~_·:~<~·;_j ;,~: .. :··~-~~~-'I_~- 8'; J <');~.:vc .. -!_ -::..icc.b::i!J .. 
!·.: ~~-- · . . : -- · .. · -~ ---~~~ _. .... :-:..J·~i; ~---• ,s .. :.Sfh.s_,_d,.. .,f.'!19!>'19q 

Productivity data.are based onLuncracked eggs from:each~J&q 
treatment (Tables la,.- lb)_;, Egg product~~:;among ~reatme_!?:t i\lll:.•-'1£ 
groups- did. not· differ significantly. t ::Allrundosed- hens and! , 8~;) 
all 10 ppm dosed hens laid and there was-no apparent;del~Yi:C~~~c 
in the onset of laying. Twoof 12 'hens·in·tbe,30.ppm-groupq:.~ ,;, 
did not lay. Embryonation of eggs from dosed hens equaled.;.-.. 
that of undosed hens. Embryonic mortality among_-eggs: from;;b>e:: 
dosed hens, in contrast to undosed ~hins, occurred--early in:,r,.· a(.(! _ 

incubation and was significantly greater_.in each of the ';.; :, 
first 2 weeks of incubation~-'~ The survi~af of~ ducklings to:"i"J-.> 
21 days was significantly (P<O. 01). lowe-r for. the do_sed groups'
than for the control group. Sur vi val of duckl{ngs- t'r'"Om...: .,.. • ---· ~ 
dosed parents -in terms .of "percentag-e of 2i-:~ay-dui::kfit1gs- ~;~~ 
embryonated eggs" was 40-76 percent lower. t_han s~!vival of- hns 
ducklings from undosed parents. 

Average DDE residues (wet weight) in eggs from hens 
fed 10 and 30 ppm DDE _were 46 ppm and 144 ppm (T~p)._e.:_2).~:~. . r :· 
Each egg from· undosed hens had less than q_. 7 ppm, cDDE._:x--:: ::.; . ~ 
Residues of DDT, DDD, and dieldrin each averaged 0.05 ppm -·. _- ;, 
or less in all eggs regardless _of treatment~· Lipid weightsr ,-;-. 
averaged 12. 7· percent of the fresh _weight of ~egg:_con.~ents. · · 

Lam~nt ~ al. (12) report p,p'~~DDE -±-esid~~l fr~-1>'r~- .~.;-· 
pelican eggs (Pelecanus occidentalis) ·on Anacapa. ·Island~---.' •.· -
California, that ranged from 39.5 to 135.0 ppm (wet weight). -
These DDE resi9ues closely approx:lmite: the levels' we found · · 
in our black dUck eggs. This California pelican population 
has experienced a drastic, near· total, nesting failure~~:_: 
related to shell thinning and collapse of' <eggshells (13)'~"'"
Anderson£! al. (14) 'have demonstrated~ significant ~~orrelationa 
between DDE residues and shell thickness_ o~ field-collected 
eggs of double-crested cormorants- (Phalocrocorax ~auri.tus)'.and e 
white pelicans (Pelecanus erythrorhynchos).-:- Kran~z!! alL (lSi 
report that eggs_ from Maine bald eagles (Haliaeetus leucocephslus) 
contained. DDE residues ranging from 13.2 to 27.6 ppm (wet weight). 
Maine bald eagle nesting bas been a near'failure for at least _ 
the past 4 years. · · 

A continuous dietary concentration as low as 10-ppm DDE ·
in dry mash, which approximates 3 ppm wet weight in natural 
foods, adversely affects black duck reproduction. DDE residues 
in aquatic invertebrates from black duck wintering areas ·(16) 
and in black duck eggs collected in 13 Atlantic Coastal States 
and Canada (17) suggest that wild black ducks may consume 
amounts of DDE equivalent to our lower dosage. 
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SUIIIIIIary 

Eggs of captive black ducks fed diets containing DDE at l 
10 and 30 ppm (dry weight) experienced significant shell 
thinning and an increase'in shell cracking when compared to 
eggs of untreated black ducks, Eggshells from dosed ducks 
were: 18-24 percent thinner at the equator than shells from 
unclosed ducks; 28-31 percent thinner at the cap; and 29-38 
percent thinner at the apex, Shell cracking averaged 21 
percent among eggs from the 30 ppm DDE dosage and 10 percent 
among eggs 'from the 10 ppm dosage, Only 2 percent of the 
eggs from untreated black ducks-were cracked. Survt•al of 
ducklings. from dosed parents in terms of "percentage of 21-day 
ducklings of embryonated eggs" was 40-76 percent lower than 
survival of ducklings from undosed parents, Average DDE 
residues (wet·weight) in'eggs from hens fed 10 and 30 ppm 
DDE were 46 ppm and 144 ppm, respectively. 
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