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ABSTRACT

This study was conducted 10 de ine the infl of residues of organochiorine
pollutanis on reproductive succass in the brown pelican. A sample egg was taken from
each of 93 marked nests in the nesting colony in South Carolina. Periodic visits
were made 1o determine the fare of marked nests. Each sample egg was analysed for
residues of arganochlorine pollutants. Nest success in the brown pelican was related
to residues of DDE and dieldrin in sample eggs. DDE seemed primarily responsible
for nest failure ; however, deleterious effects of this pollutant on nest success were not
satisfactorily separated from those mdurcd by dieldrin. S:;mﬁmm mlcrmrnlartan
of all five org hlorine resid: ified in the eggs slicated the relationsh
of residues to nest success. Maximum DDE residues in an egg from a successful nest
were 2:37 ug/g and 848 ug/y in an egg from an unsuccessful nest. Comparable
maximum residues for dieldrin in sample eggs were 0-54 ug/g (successful) and 0-99
ug/g (unsuccessful). Nineteen of the 26 eggs from unsuccessful nests contained DDE
residues that exceeded 237 uglg. and 14 of these 26 eggs contained dieldrin residues
that exceeded 0-54 ug/g. Residues of DDD, DDT or PCBs in sample eggs were not
significantly related to mest success. Reproductive success in the brown pelican
colony was subnormal in the years of study—1971 and 1972—but reproductive success
was normal in those nests in which the sample egg containdd either <2'5 ug(g of
DDE or <054 uglg of dieldrin.
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INTRODUCTION

The eggshell thinning phenomenon has been well documented in wild birds
(Ratcliffe, 1967a; Hickey & Anderson, 1968; Ratcliffe, 1970, Anderson & Hickey,
1972). DDE has been shown to be the principal agent inducing eggshell thinning
in the brown pelican (Pelecanus occidentalis) (Blus et al., 1371, 19724, 1972b); and
captive birds of several species fed DDE have exhibited eggshell thinning (Heath
et al., 1969, Wiemeyer & Porter, 1970; Longcore ef af., 1971; McLane & Hall,
1972).

Eggshell thinning of |5 to 209 over a period of years is generally considered to
result in declining populations of birds {Anderson & Hickey, {972). This is some-
what corroborated in short-term studies with captive birds fed DDE in that
deleterious effects on reproductive success occur when eggshell thinning is below
18% (Heath er al., 1969; Longcore er al., 1971). It is assumed that eggshei! thinning
in wild birds is related to lowered reproductive success and this assumption is
supported by results obtained with experimental birds. However, the degree of
response of wild birds to a poliutant may be different from that of captive birds.
The brown pelican seems much more ptibie 10 DDE-induced eggshell thinning
than any species used experimentally. It is possible to calculate the level of DDE
that induces 157, eggshell thinning (between 4 and 5 ug/g in the brown pelican
(Blus er al., 19724)), and extrnpolauon from expcnm:ms wnh caplwe birds
suggests that this fevel would resuit in a declini if d over a
period of years. However, a more direct measure of the association of residues
with reproductive success is desirable because eggshell thinning is only one of the
factors that may influence productivity.

MATERIALS AND METHODS

We obtained a more direct measurement by comparing residues in sample eggs to
nest success on Marsh Island, Cape Romain National Wildlife Refuge (South
Carolina), in 197) and 1972. Nests were selected for sampling over as wide an area
as possible at different times during the nesting season, Numbered aluminjum stakes
with attached flagging or plastic tape were used to mark 93 nests; the stakes were
driven into the ground near the nests. We visited the nesting colony on seven
occasions in 1971 dnd on 16 occasions in 1972. Our visits were short—usually not
much more than an hour in duration. Proionged abservations were never jocalised
in a particular segment of the colony except on two visits in 1972 when a blind
(hide) was employed. One egg was collected from each of the marked nests. The
sample egg was collected from a complete clutch in most cases, but an egg was
sometimes taken from an incomplete clutch. A nest was considered successful
if one or more downy young (3 weeks of age) were produced and unsuccessful if
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no downy young were produced. Young in two nests disappeared soon after

hatching, and these were classified as unsuccessful. There were 50 nests whose fates

were unknown; four which were visited 100 infrequently to determine nest success,

35 where the nest markers could not be located and 11 where no additional eggs

were produced after a singie egg was collected. Six nests were flooded by saltwater;

these were excluded from the analysis. A freshly laid egg was taken from each of L

19 nests, and an incubated egg, the stage of incubation varying from several days o

10 about 30 days (near hatching), was collected from each of 18 nests. N
Contents of individual eggs were analysed by electron capture gas chromato-

graphy; certain residues were confirmed by cither thin Iayer chromatography or

mass spectroph ry. The residues found were p,p’-DDE, p,p’-DDT, p,p"-DDD,

dieldrin and PCBs. The PCBs in these pelican eggs resembled Aroclor 1260 or

those Aroclors that lie near 1260. Some of the eggs contained small quanuues of

smirex, heptachlor epoxide, and bolites of chlord A full description of the

residue analyses is presented by Blus e al. (in press) and Mulhern er al. (1970,

1971). Residue values were transformed to logarithms (log,o) for statistical

computations, A two-way analysis of variance (fixed model) was used to compare

residues in eggs in the four groups that isted of freshly laid and

incubated eggs further divided into eggs from successful and unsuccessful nests.

RESULTS AND DiSCUSSION

Eleven nests produced downy young, 26 produced no downy young, and the fate
of 50 nests was unknown, Residues of the five organochiorines tended to be lower
in those eggs collected from successful nests when pared with those collected *
from unsuccessful nests (Table 1); but analysis of variance revealed that these
differences were significant only for DDE, dieldrin, and DDD (Table 2). Analysis
of variance revealed that DDT and DDD were the oniy residues altered by the
suge of incubation of the sample egg—DDT in eggs decreased significantly
(P < 0:025) during incubation and DDD i d significantly (P < 0-05). These
changes were app ly due to ism of DDT by the developing embryo.
This was previvusly reported by Abou-Donia & Menzel (1968). The DDT residues
were so smali that metabolism of DDT to DDE, aiso reported by Abou-Donia &
Menzel (1968), would result in a very small increase in the DDE level. While we
considered combining DDT with DDD for the statistical analysis, this may have
tended to oversimplify a complicated problem. There was a positive, significant
intercorrelation among each of the residues (Table 3). These intercorrelations
among residues in brown pelican eggs were noted previously (Blus et al., 1971).
Determination of the relation of egg residues to nest success was made more
difficult because of the intercorrelations.
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TABLE )

OROANOCHLORINE RESIDUES IN 37 SINGLE EGGS FROM INDIVIDUAL PILICAN NESTS

Halg Sresh wes weight)

Successful neste

Unsuccessful nesis

DDE Dirkdrin  PCBs

bOT DDD DDE Disidrin PC83 DDT DDD

Eggs [reshly laid when coliected
0'55 016 1:56 o1

ALV

1-20 39 57 032 029
190 052 60 012 015 230 o3 3s 015 029
208 017, 39 ou 013 233 003 60 008 026
226 029 39 042 06 2-46 043 368 052 047
247 018 44 010 o011
2:66 0-64 [ 3] o018 0-30
349 075 78 027 027
350 074 (3] o8 0-50
378 063 76 023 063
392 04 94 013 033
397 a6l 92 o8 043
414 on 98 025 036
524 o 167 043 06!
608 092 99 079 1-04
. 448 040 23 039 095
G* 180 029 434 016 023 343 043 906 024 039
Eggs incubated when collected
130 033 33 005 043 177 036 34 003 025
139 o119 30 o19 927 193 058 L] oy 037
138 019 39 008 019 1-96 052 19 005 0-34
176 029 s 005 017 228 o 90 0-03 038
190 054 173 018 071 288 (] 84 008 [ 22
228 o 186 013 037 332 058 90 013 070
237 035 83 o113 061 397 084 54 047 077
. 398 032 92 030 (3]
399 08 92 005 1-04
39 099 83 033 039
3 064 104 008 083
G 175 031 628  ©10 035 297 038 667 012 036
* G = Geometric Mean.
TABLE 2
GZOMETRIC MEANS (WEIGHTED) OF ORGANOCKLORINE RESIDUES IN 37 1608
FAOM SUCCESSFUL AND UNSUCCESSFUL NESTS OF THE DROWN PELICAN
Geomerric Mean (ug/y, fresh wet weipht)
Nest status
DDE Dieldrin PCBs bpT bDD
Succensful 177 030 3-50 011 030
Unsuccessful 32t 0-49°* 794 017 Q46
Error Mean Square
(Log Residue) 00250 00671 00700 01214 00532
* P <0023,
t P < 0-005.
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ABLE 3
ASSOCIATION OF PIVE ORGANOCHLONINE RESIDUES FOUND IN 37 BROWN PELICAN EOGS

Simple correlation coefficient (r)

Chemical
Dieldrin PCBs ooT bpD
DDE 0:3564%* Q-585°¢ 0-4803 0-399%
Dieldrin 0351 0- 0-563**
PChy 0-407 04788
DDT 0-137%
* P <008,
t 2 <001
3 P <001
** P <0001

The maximum DDE residue in an egg from a successful nest was 2-37 ug/g.
The maximum DDE residue in an egg (rom an unsuccessful nest was 8-48 ug/g
and 19 of 26 eggs from unsuccessful nests (73-1 ;) contained more than 2-37 ug/g.
Use of binomisl tables (Mainland ef al., 1956) to test these data further revesled
that production of downy young seemed related primarily to DDE in the egg
(Fig. 1). Of 20 nests in which the sample egg contained <2:5 ug/g of DDE, 11
produced at least one downy young (probability of a successful nest = 0-550;

Number of nesns, ramaining eges, and downy yeuny

Fig. 1. Nests, remaining eggs, and downy voung reiated to DDE content of sample eggs.
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959, confidence limits = 0-315 to 0-770). Using the lower confidence limit, the
probability that by chance all of the 17 nests containing > 25 ug/g of DDE would
be unsuccesslul is 0-000001 or approximately once in 1,000,000 times. The maximum
dieldrin residue in a sample egg from a successful nest was 054 ug'g. The maximum
dieldrin residue in a sampie egg from an unsuccessful nest was 0-99 ug/g, and 14 of
26 sample eggs (53-8 %) from unsuccessful nests contained >0-54 Hg/g of dieldrin.
Use of the binomial tables also revealed that the Jevel of dieldrin in the sample egg
- was related to nest success (Fig. 2). Of 23 nests in which the sample egg contained

—E}lw-u“ Jan

’.5

H

T . Dowey young

£ Te—02 16)

3 Remoining eggs
°

4
3 0 5 t i)
Number of neats, remaining sggs,and downy young

Fig. 2. Nests, remaining cggs, and downy young related to dieldrin content of sample eggs.

<054 ug/g of dieidrin, 11 produced at least one downy young (probability of a
successful nest = 0-478; 95 % confidence limits = 0-306 10 0:732). Using the lower
confidence limit, the probability that by chance ail of the 14 nests comaining
sample eggs with >0-54 ug/g of dieldrin would be unsuccessful is 0-000034 to 34
times in a million. Use of the binomia tables indicated that DDT, DDD, or PCB
residues had little influence (P > 0-10) on nest success.

In the 20 nests in which the sample egg contained <2-5 ug'g of DDE (Fig. 1),
17 downy young were produced. Assuming that sample eggs would have produced



ORGANOCHLORINE RESIOUES IN PELICAN EGGS

87

downy young st the same rate s the remaining eggs (17 downy young from 33

eggs = 51-5%), production can be calcuiated to be 27 young or 1-36 young per

nest, which is considered a normal rate of productivity for the brown pelican

(Henny, 1972). Using the same analysis for dieldrin, 17 young were produced in

23 nests in which the sample egg contained <0-54 ug/g of dieldrin. Assuming that

sample eggs would have produced downy young at the same rate as the remaining

eggs (17 downy young from 37 eggs = 45:9 %), production can be calculated to

be 28 young or 1-22 young per nest, which is also considered a normal rate of

productivity.

The relationship of DDE or dieldrin residues to nest success foliowed the same .

trend in uch of the 2 years. Student’s /-test was used to compare residue means;

there were insufficient eggs to id idues in relation to stage of incubation

for each year. DDE or dieldrin residues in eggs from successful nests in each year

were not sl;mﬂumly different (P > 0-05) from each other nor were DDE or

dieldrin residues in eggs collected each year from unsuccessful nests n;mﬁcantly

different (P > 0:0S) from each other. DDE or dieldrin residues in eggs

from unsuccessful nests in each year were significantly higher (P < 0-05) than

those residues in successful nests in either year. Residues of each organochiorine

in eggs from nests where fates were unknown were lower than those found in

eggs from unsuccessful nests, but they were higher than in those sample eggs from

unsuccessful nests. Because of the similiarity of the relationship of egg residues to

nest success in each year, data from both years were combined for statistical

analysis.

Upon ination of residues of DDE and dieldrin in individual eggs (Table 1),

the close intercorrelation of these two chemicals is evident. There is only onc cgg

from an unsuccessful nest in which dieldrin (0-58 ug/g) exceeds the maximum

level found in an egg from a successful nest, and the DDE level (1493 ug/g) fails

below the maximum Jevei found in an egg from s successful nest. Otherwise,

eggs from unsuccessful nests contain levels of DDE and dieldrin that are both

below the maximum levels found in &n egg from a successful nest (6 eggs), both .
above the maximum levels (13 eggs), or with DDE above the maximum level and [
dieidrin below the maximum level (6 cggs). This relationship tends to indicate that )
nest success is primatily dependent upon the DDE level in the female that is
reflected by the residue in the egg, However, the effects of dieldrin and DDE were
not completely identified. All of the pollutants found in the pelican eggs are
presumably toxic to the embryo or hatched young, but their effects on toxicity:
may not be strictly additive with regard to the quantitative effect induced by a
given unn of chemical. Thus, little would be gained and much might be lost in

ightforward additi ity without first d g this hi

There is also the problem of separating embryotoxic effects from =ush¢|l lhmmng
effects, although, in the final analysis, eggshell thinning may result in cracking or
crushing of the eggshell that is toxic to the embryo. DDE appears to induce all or
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most of the eggshell thinning found in the brown pelican (Blus er /., 1971, 1972a,
1972b); and this chemicai would be expected to contribute to all of the deaths of
embryos caused by crushing or cracking of the eggshell attributable to environ-
mental pollution. There seemed to be some indication that DDE is embryotoxic in
the intact egg at the low levels found in this study; but this is dificult to determine,
particularly in the presence of dieldrin. The principal effect of dieldrin is probably
embryotoxicity in those eggs with shells with sufficient strength to withstand the
weight stresses associated with incubation. There is also the possibility that dieldrin
may be 7 with post-hatchi y (Koeman e al., 1967) or adverse
effects on behaviour of young birds (Baxlcr et al., 1969). Although influences of
poliutants on the breeding behaviour of birds have been mentioned as one of the
factors ad ty affecting repr ive success (Snyder er al., 1973), there is little
experimental evidence to confirm this. Snyder et al. (1973) mention possibie
sbnormal parental behaviour in American kestrels (Falco sparverius) given dictary
DDE plus PCBs.

Although there was no sigaificant (P > 0-10) interaction between stage of incuba-
tion and nest success in relation to levels of five chemicals in pelican eggs, there
seemed to be a trend for DDE levels to vary with stage of incubation (Table !).
Of the five highest DDE residues, four occurred in freshly laid eggs collected from
unsuccessful nests. This trend was also refected in two freshly laid crushed eggs
that contained 361 and 7-04 ug/g of DDE; these nests were not included iy the
analysis because only one egg was known to be [aid in each nest. Two other freshly
laid eggs which had been crushed wers collected from unsuccessful nests, each of
which contained three eggs. These eggs contained 3- 52 md 3 08 jig-g of DDE, but
were excluded from the analysis due to q g by salt water. The
dieldrin levels in these four eggs ranged from 0-32 to 0-50 ug/g Crushed eggs were
observed in two of the 26 unsuccessful nests included in the analysis. Thus, there
is a tendency (not statistically significant) for freshly laid eggs from unsuccessful
nests to contain more DDE than incubated eggs from ul nests. This may
be related to eggs with higher DDE levels having a shorter nest life than thase with
Jower levels because of cracking and crushing of shells thinned by DDE.

‘We cannot completely rule out the possibility that some unidentified poltutant
may have had significant adverse effects on nest success of the pelicans, but this
possibility seems highly unlikely. Six of the eggs were analysed for residues of
chromium, nickel, selenium, arsenic, mercury, lead, cadmium, copper, zinc, and
magnesium. Concentrations of these metals did not scem unduly high—residues
of Pb and Cd seemed unusually low—but little is known concerning the influence
of low levels of these metals on reproductive success in birds.

It is also necessary to consider that some nests were unsuccessful for reasons
other than residues in the eggs. Nest desertion is the most likely cause of lack of
success because it may occur for various reasons such as inclement weather, food
shortage, or human disturbance. Young may also die from diseases, inclement
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weather, and other factors. This might alter the relationship of residues to nest
success by inclusion of eggs with low residues in the sample from unsuccessful
nests and by possible desertion of some nests in which the sample egg contained
>2'S ug/g of DDE or >0-54 ug/g of dicldrin. This bias, if it occurred, was not
sufficient to obscure the relationship between residue levels and nest success.

QOur calculations assume that residues in one egg from a clutch of brown pelican
eggs (mean clutch size is near three eggs) is representative of residues of other
eggs in the clutch. We have residue data from two eggs from each of four clutches
collected in Florida in 1969 that bear on this point. Analysis by a paired r-test
(Simpson et al., 1960) revealed no significant difference (P > 0-05)in organochlorine
residues relative to the order in which eggs were laid in the same cluich. Poits
(1968) aiso found no significant diff in or hiorine residues in eggs of
the same clutch of the shag ( Phalacrocorax ari lis). Vesmeer & R ids (1970)
reported highly significant correlations of residue levels between eggs of the same
clutch of the California guit (Larus californicus). Tt appears valid to use residues
in one egg of the clutch to represent residues in other eggs within the same clutch.

The evidence for influence of DDE and dieldrin residues on nest success is
similar to evidence for the effects of DDE on eggshell thinning in wiid birds; it is
correlative evidence and should not be construed as exhibiting a cause-and-effect
relationship. Cause-and-effect evidence may be drawn from experimental demon-
strations that birds fed DDE experienced lowered reproductive success (Heath eral.,
1969; Longcore ef al., 1971). In the sl.udy of black ducks (Anas rubripes) fed DDE
(Longscore o al., 1971), | dr ve success d; h . DDE
residues in the egg were much h:.hzr than those in the brown pelican cux

There have been few studies of effects of residues in eggs on success of marked
nests. In several studies, dieldrin was reported to have a deleterious effect on nest
success (Potts, 1968; Lockie er al., 1969). in our study, dieldrin levels approximated
those found in the Scottish goiden eagle (Aquila chrysaetos); a mean level of
0:86 ug/g in the eagle eggs was associated with lowered reproductive success and
reproductive success improved markedly when the average dieldrin level dropped
10 0-34 ug/g (Lockie er al., 1969). Snyder ez al. (1973) found DDE related to nest
success in Cooper's hawks (Acclpllcr cooperi), bul lhere was little menuon ol'

residue levels in eggs from 1 or 1 nests. The
levet in Cooper's hawk eggs was low but the range was not mven Rnchﬂ‘e (19676)
found no significant difference in organochlorine residues in eggs from successful
and unsuccessful nests of the peregrine (Falco peregrinus); however, residue analyses
were made at a time when PCBs were not taken into account. PCBs may seriously
interfere with analysis for certain other or hil unless suitable analytical
procedures are followed.

Brown peli are reproduci b lly in the colony involved in this
study, and the number of young produ::d in each of the last four years is insufficient
to maintain a stable population (Blus e a/., 1972a; Henny, 1972). The population
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in South Carolina declined from over S000 breeding pairs in the 1950s to the
current population of slightly over 1000 pairs (Beckett, 1966; Blus, 1970; Blus
e1 al., 1972a).

The data presented in this study show a strong correlative relationship between
DDE and dieldrin in eggs with reproductive success and decline of the brown
pelican population in South Carolina.
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