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Ban of DDT and Subsequent Recovery of

Reproduction in Bald Eagles

Abstract. Reproduction of bald eagles in northwestern Ontario declined from .26
young per breeding area in 1966 1o a low of 0 46 in 1974 and then increased to 1 12 in
1981 Residues of DDE in addied eggs showed a significant inverse relation, con-
firming the effects of this toxicant on bald eagle reproduction at the population level
and the effectiveness of the ban on DDT. The recovery from DDE contamination in
bald eagles appears to be occurring much more rapidly than predicted.

Low rates of reproduction in bald ea-
gle (Haliaeetus leucocephalus) popula-
tions have caused concern for many
years (/, 2) and led, in part, to declaring
the species endangered. A wvariety of
toxicants, particularly dichlorodiphenyl-
dichlorocthylene (DDE), have been im-
plicated in the lowered productivity (2,
3). DDE and dichiorodiphenyldichlo-
roethane (DDD) are metabolites of the
insecticide dichlorodiphenylirichloroeth-
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ane (DDT). Of the three,.DDE poses the
greatest physiological threat to birds of
prey and is the most petsistent contami-
nant in the environment (4, 5) and in the
bodies of birds (6). DDE is so stable in
the environment that, in a controlled 11-
year study, Bever and Gish (¢4) were
unable to calculate a half-life for the
chemical. Evidence of the environmental
problems associated with DDT and its
metabotites led the Environmental Pro-
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tection Agency to ban further use of
DDT effective 31 December 1972 (7)

Six years later, Spitzer er al. (8) re-
ported increased reproduction and de-
creased DDE contamination in ospreys
(Pandion haliaetus) in Connecticut and
on Long Island. Others have reported
scattered improvements in the environ-
ment and in bird reproduction (9) Simi-
lar trends in productivity and DDE levels
in addled cggs of bald ecagles in north-
western Ontario have now been identi-
fied. These eagles nest in a region that
has been exposed to little or no DDT, but
the eagles migrate in the winter to re-
gions of the United States where they
consume DDE-contaminated prey. Re-
duced DDE contamination was found
recently in carcasses and blood plasma
of wintering eagles ([0).

The productivity of the eagle popula-
tion in northwestern Ontario has been
measured annually since 1966 The study
area is a region of lakes and boreal forest
located between 49° and 53°N and 92°
and 95°W Productivity is calculated on
the basis of the number of young raised
to the late nestling stage, the last stage at
which they reliably can be counted, in all
the known breeding areas A breeding
area may be likened to a nesting terri-
tory, but the term has fewer behavioral
connotations (3) An area may contain
several alternate nests, but only one nest
is used for raising young during any vear.
The locations and numbers of breeding
areas are inferred from proximity of
nests and, for uncertain cases, from se-
quential use over a period of years.

During the study all breeding areas
that could be reached each vear were
counted Loss of nests, discovery of
nests, and logistical constraints influ-
enced the number of breeding areas
checked each year Variation in the num-
ber of areas counted is not believed to
influence the validity of the productivity
estimates because of the relatively large
sample size {a minimum of 43 areas, an
average of 106) and because compari-
sons with productivity estimates for
nests discovered during random quadrat
surveys showed no significant differ-
ences Average annual productivity for
1966 to 1981 is shown in Iable 1

During the 16 years of the study T was
able to collect a total of 19 addled eggs
Shell thickness was measwmed and the
eggs were analyzed for several common
chemical contaminants Analyses were
performed by the Wisconsin Alumni Re-
search Foundation in 1967 and by the
Ontario Research Foundation in the oth-
er years (3) The results are shown in
Table 2

Statistical comparisons of the produc-
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tivity and toxicant data are difficult be-
causc of small sample size (each vear
effectively increases N by only 1), con-
siderable year-to-year variation, and the
fact that eggs were not sampled at ran-
dom Eggs were not collected randomly
for logistical, safety, and financial rea-
sons, as well as to avoid disturbing the
birds, which might have caused them to
abandon their nests, possibly resulting in
chilling and lowered survival of em-
bryos. Instead, I waited until after the
normat incubation period and collected
all eggs that remained. This led to unbal-
anced sample sizes, and in 8 years no
addled eggs were found In addition, the
sample consists of eggs that failed and
hence is biased. In spite of these prob-
lems, however, 1 believe that the eggs
provide a valid glimpse of contamination
levels in the population

An average level of toxicant contami-
nation for each year in which eggs were
obtained was calculated as follows First
1 calculated average values for single
clutches with more than one egg, on the
assumption that eggs in the same clutch
are not independent but represent a sin-

1.3
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bald eagle reproduction and DDE 2 1.0
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0 82 young per breeding area

gle female Then the clutches were aver-
aped. To conduct a regression analysis of
productivity on toxicant levels, 1 used
only the 8 years for which both repro-
duction and toxicant data were avail-
able To adjust for different numbers of
cluiches during different years, 1 used
the statistical analysis system general
linear model procedure weighted for
number of clutches

Productivity in this population of ca-
gles declined irregularly but markedly
from 1 26 young per breeding area in
1966 to a low of 0.46 in [974 Since then
it has increased irregularly to 1.12 in
1981, the highest since 1966. In Fig 1
productivity and DDE, the major toxi-
cant believed responsible for lowered
reproduction, are plotted together over
the [6-year period. The increase in re-
production following the ban of DDT is
highly significant regardless of how the
data are viewed If one considers all
16 years together, for example, the cur-
vilinear, quadratic regression of produc-
tivity against year is highly significant
(P < 01). Alternatively, if the 16 years
are broken into two segments represent-

4130

4100

170

140

DDE (ppm, dry weight) {a)

DDT ban - 1o

15

78 80

66 68 70 72 T4 76

Year

Table 1. Summary of bald eagle reproduction in northwestern Ontario, 1966 to 1981

Number Number Per- Num- Number
of . centage of young Number
. of areas ‘ ber
Year breeding with of areas of per ‘nesl of young
areas young with young with per area
checked young young
1966 43 32 74 54 17 126
1967 78 41 53 57 14 073
1968 100 56 56 89 16 089
1969 106 55 52 89 16 084
1970 59 21 36 32 I3 054
1971 84 EN) 42 51 14 060
1972 94 37 39 51 14 0354
1973 98 44 45 76 17 078
1974 145 47 32 67 14 0.46
1975 118 52 44 91 18 077
1976 132 71 54 {14 16 086
1977 134 72 54 129 1.8 096
1978 17 54 46 26 18 Q82
1979 129 75 58 126 1.7 098
1986 131 69 33 122 18 093
1981 129 80 62 144 18 112
Mean 106 53 50 87 [6 082
1233



Table 2 Organochlorine and mercury residues and eggshell characteristics of addled bald eagle eggs coilected in northwestern Ontario 1966 to

1981

Nest Eggshell . Residues weight
Year num- 1higckncss R-a&diﬁf F}at Watel — I (ppm _dry weight)

ber (mm) index (%) (%) DDT DDE DDD  Dieldin  PCB'st He
1967 48 NMi 2.86 399 77.9 MI§ 44 MI 303 NM NM
1967 71 NM 307 8.56 703 MI 95 MI 121 NM NM
1968 16 NM 271 15.3 750 2.62 121 517 583 NM NM
1971 48 0.55 226 2.4 829 0.35 125 13.20 737 977 351
1971 54 0.48 2.44 27 738 023 95 Q66 527 148 279
1972 188 056 NM 21.8 13.6 NDi| 87 1. 86 8.21 176 118
1976 3258 052 NM 56 79.0 005 133 076 529 64 8 100
1976 328 053 NM 58 78.6 0.05 16 4 093 5.42 771 084
1976 339 057 NM 88 75.8 012 30 4 318 12.40 218 2 282
1976 297 056 NM 68 78.6 ND 398 134 1 31 126 2 140
1976 297 048 NM 58 796 ND 504 191 1.42 1216 157
1977 116 055 273 27 81.9 011 06 06l 177 91 2 044
1977 116 053 2.69 59 806 038 23 8 082 418 186 1 041
1980 453 058 2.99 4 8 811 ND 166 1 59 402 839 132
1980 459 060 320 49 774 009 14 5 075 270 66 8 4 16
1980 459 0 66 316 50 780 009 240 114 409 130 0 391
1951 433 060 2.97 52 815 ND 78 065 I 84 47 5 NM
1951 375 055 2.63 81 793 ND 48 2 1 30 [ 40 146 4 NM
1981 375 0 60 272 81 751 ND 534 1 16 [ 4l 157 4 NM

#(M/L % W10, where M = mass in grams. L. = length in centimeters, and W = width in centimeters.
to 1977; Aroclor 1254/1260, believed to be more accurate, was used in the other years
PCRB's not recognized at the time the measurement was made)

information did not justify the cost of analysis

ing periods before and after the ban (/7),
linear regression can be performed for
the two time periods The slopes of the
two lines are —0 07 and 0.07 young per
breeding area per year, respectively  The
difference between these slopes is highly
significant [r (12) = 3 87, P <C 011

For the 8 years for which both repro-
duction and toxicant data are available,
the weighted regression of productivity
on DDE is significant (P < 05) Levels
of DDE in eggs before and after the DDT
ban are significantly different (P << .05,
two-sample rank-sum test).

Other contaminants do not show the
same marked relation with productivity
Levels of polychlorinated biphenyls
(PCB's) remain relatively high and pose
a continuing threat to the eagle popula-
tion Levels of dieldrin have not been as
high as those of DDE and PCB’s. but
they are high for dieldrin (/2) (Dieldrin
was banned from further use in 1974 )
PCB s and dieldiin may have contribut-
ed to or caused the failures of these
addled eggs and may have helped sup-
press overall productivity. Other organo-
chlorines appear to be present only at
low levels Mercury levels were low
throughout the study period and not be-
lieved to affect the eagles in this region
{(/3). Eggshell thickness, measured di-
rectly or with the Ratcliffe index (Table
2), generally show the expected relation
with high levels of DDE, although sam-
ple sizes and variability prevent statisti-
cal significance (P > 05, Spearman’s
rank correlation)

These resuits confirm the suspected
negative relation between DDE and bald

1234

liNone detected (<X 0 001 ppm}

eagle reproduction at the population fev-
el Although DDE is persistent and may
be present in the environment fo1 many
years, the effect on bald eagles appears
to be diminishing much faster than pre-
dicted. It appears that the ban on DDT
use was appyopriate and effective

The rapid recovery of eagle reproduc-
tion sinc¢e the ban of DDT is puzzling
DDE contamination in the environment
and organisms at the site of original
application is known to remain for & long
time (4 5). Apparently the toxicant is
diffusing out of aguatic food webs, set-
tling into the sediment, or otherwise not
continuing to circulate in the bald eagle’s
food web (9)

Even if DDE were to disappear from
the prey of these eagles, it would be
expected to remain in the breeding birds
themselves Shell thinning and reproduc-
tive impairment caused by DDE persist
in black ducks (Anas rubripes) long after
the individuals resume ap uncontaminat-
ed diet (6) DDE, which is fat-soluble, is
thought to be eliminated from female
birds only through fat deposited in eggs.
Once they acquire DDE residues, eagles,
which lay many fewer eggs than ducks.
would be expected to remain contam-
inated for long periods, if not for life If
individuals remain contaminated but the
population is showing recovery. there
may be a higher turnover among breed-
ing birds than is realized That is, young,
relatively uncontaminated females may
be replacing older, contaminated birds

Regardless of the mechanism of recov-
ery, the magnitude of the observed fluc-
tuation in the productivity of these ea-

NM. not measured
$Mercury was nol measured in 1981 becaues the nced for this

“Aroclor 1260 was used as the reference standard from 1971

§MI, measurement maccurate (interference of

gles is striking There are no data on
long-term natural variations in the repro-
ductive rates of bald eagles under pris-
tine conditions. I would not expect. how-
ever, to see a natural fluctuation in this
population on the order that appears to
have been caused by the introduction
and subsequent withdrawal of DDT

While the recovery of reproduction in
this population is encouraging, it is im-
portant to yecognize that reproduction is
only one dimension of eagle population
dynamics. Survival rates and habitat are
also important Changes in survival
rates, in fact, may be even more impot-
tant than compaiable changes in repro-
ductive rates (/4) If a high turnover
among breeding birds is responsible for
flushing DDE c¢ontamination out of the
population, it also may signal lower sur-
vival rates than expected. We have virtu-
ally no good data on survival rates in this
species and need to develop techniques
to measure survival

James W. GRIER

Departiment of Zoology, North Dakota
State University Fargo 58105
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