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D/ 8/7/ PREFACE

The research reported in this thesis involved diverse, but related
topics. The rapid changing nature of pesticide research-~or now more
accurately because of the recent discovery of PCB's, chlcrinatedwhydrom

carbon research--has required ﬁhat new hypotheses be develgped and tested
during the course of studies already inlprogress. My advisor, Joseph J.
Hickey, has had a constantly fresh approach to research topics, providing
new ideas as well as allowing me freé.reign to explore my own ideas.
Necessarily, reference to the research réported here can ornly be honestly

reported in terms of plural authorships. I have therefore included

within this thesis all coauthors in the belief that today's research mugt

- essentially be a teamwork effért; it would be naive to think otherwise.

The first topic to be presented, kinetics of chlorinated hydrocarbons

in Leke Michigan Herring Gulls, was developed at an informal meeting in

- Dr. Hickey's hotel room during the 1965 North American Wildiife and Natural

Resources Conference. There, collagues from the U.S. Fish and Wildlife
Service, Audubon Society, and University of Wisconsin discussed various
aspects of wildlife«pesticide problems. J. J. Hickey and J. A; Keith

had already demonstreted that Léke Michigan Herring Gulls were badly
contaminated with metabolites of DDT, and Keith, under Hickey's sﬁpervision,
.démonstfated adverse effects of such residues on thé reproduction of the

Green Bay gulls. The basic hypofhesis we tested was whether the very

‘ high residues observed in wild adults could be abttained within one year

in relatively 1lightly contaminated juveniles that had been fed Aléwives,
their main food~source in the wild. Residue concentrations in whole

Alewives were about 1000 times less than those found in the fat of wild

adults.
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We continued to monitor Lake Micﬁigan Herring Gulls and Alewives
‘in the years following our feeding experiment. ‘A major research problenm
developed after the completion of the'feeding'experiment: the interpretw
ation of chromatograms for insecticide residues in the presence of PCB's,
This required nearly complete reevaluation of our residue data and it
Adelayed our final results for aboubt two years. Satisfactory analytical
techniques for the precise quantifiéation of PCB's are cnly now (1970)
beginning to emerge. ‘ A

A major discovery in £he field of pesﬁicide ecology, that of D. A.
Ratcliffe iﬁ 1967 in Great Britain, chahged the direction of bur research
toward eggshells and calcium deposition. Ratcliffe, by examining museun
© specinens, found a significant change in the eggshell thicknesses of
) thrée declining gpecies of British raptors, genefally beginning in 1946
or 1947. J. A. Keith had observed a high frequency of broken eggs on
Creen Bay gulleries in 196 and we saw the same.phenomenon in later years.
"Related phenomena--egg eating, egg bfeakage; and egg disappearance--had
rall beenAréported for the Peregrine Falcon, thé species which iﬂitially
redeived the most attention because it had exhibited the most aiarming
recent avian population crash in thié century. Maﬁy of the significant
Qcological events since 1947, when DDT had achieved general, public use,
began to come together in a Madison conference convened by J J.AHickey
in 1965. I feel strongly that the "Peregrine Conference® has been a ’
‘major stimulus toAmany of the significant findings in pesticide ecolégy
ifor the paét five years. | |

The feeding experiment completed in 1967, we followed up Rétcliffé‘s
study in North America and examined avian eggshells iﬁ a large portion of

“the museums and private egz collections on the continent. For our early

start, D. A. Ratcliffe deserves the credit. Of course, we inclu&ed the
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" Herring Gull. the eggshéll study was necessary~to aid in determining
some of the possible mechanisms of repfoduotive fajlures in Lake Michigan
Herring Gulls as they might rit inﬁo other interactions observed in the
wild., We had originally planned to sbudy the eggshells of 1l raptorial
species, 6 fish-eaters, and 2 species believed to be statiogary in numbers
(to serve s controls). The list was extended to 25 species to include
other species already under study by colBagues in other pzar'ts of the
country. We tested the hypothesis théf éggshells had become thinner
since the "era of the chlorinated hydrocarbéns“, the decade of the 1940s
and later.

Because egg éollecting had died out in the Jate 1930s, our original
plan was to describe normal geographic va}iation in selected species to
give future workers bases of comparison with present-day eggshells.
Unexpectedly, we found many active collectors still in operation and our
‘aggghell study was expanded from an original proposal of four monﬁhs and
2}y museums to a year and a half and some 90 separate collectionse We
needed morée time to search~out recent specimens once we knew they were
available. Such speCimeﬁs provided us with adequate maferials to at
1eést pertially describe the presence or lack of eggshell changes in some
of the 25 species we had plaﬁned to study. The greatest majority of egg
collectors we contacted proved ﬁo be extremely helpfﬁl and cooperative. |

This thesis is, then, divided into three major parts along with an
appendix of miscellaneous data and publications relating to our reséarch.
Each sectlon is written in the appropriate journal style and manuscript

pages are shown on the lower right-hand corners of each thesis page-.

Eventually, all the papers here will be published in various journals.
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The parts are as follows: (1) basic pesticide dynamics in Lake Michigan

Herring Gulls, to be submitted to The Journal of Applied Ecology, (2)

studies of normal and abnormal variation in the eggshells of North American
Herring Guils, to be submitted to The Auk, and (3) studies of eggshell
changes in certain North American birds, to be presented to the Proceedings

of the XV International Ornithological Congress. The appendix includes:

(1) geographical variation studies in the eggshells of Common Loons, accepte

ed by The Canadian Field-Naturalist, (2) eggghell studies in Brown Pelicans,

published by the Wilson Bulletin, and (3) our initial results in Science.

1 cannot acknowledge enough the encouragement and stimulus from my good
friend and respected collegue, Joseph J. Hickey. Dr. Hickey provided me
witﬁ undimited opportunitj to further myself, and for that, I am sincerely
grateful. Dr. Hickey's youthful enthusiésm in research has maintained him
as a leader in his field. R. W, Risebrough, J. A. Keith, and J. Q. Keith
were occasional field companions as well as sources of intellectual

vstimulation and aid. Many other cowcrkers and research aids are mentloned
.- in the acknowledgements of the separate papers. ILucille F. Stickel and

E. H. Dustman were our primary contacts‘and aids from our supporting
agency, the Bureau of Sport Fisheries and Wildlife, Patuxent Wildlife
Research Center, Laurel, Maryland. I am indeed grateful to the bureau.
Had they not funded us, our‘research would not have been possible,

I must mention the names of individual persons whc signlflcantly

- axded us and helped usg to expadlte our eggshell data collection. I just

wish I could mention their names in each publication: W. G. Abbott, G. D.
Alcorn, D. Amadon, O. A, Austin, Jr., J. L. Baillie, A. M. Bailey, Lawra B.
Bailey, R. C. Banks, E. R. Blake, W. J. Breckenridge, D. B. Bull, 7. J.

Cade, J. M. Campbell, the late C. E. Carter, R. G. Chaffee, J. Cope,
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d., L. Diedrich, J; B. Dixon, H. H. Frost, A. Ganler, R. C. Hallman,
W. C. Hanna, W. G. F. Harris; Ed N. Harrison, W. W. Hill, N. D. Hoy,
. Ls G Izard, J« R. Jehl, Jr., N. K. Johnsoh,.P. A+ Johnsgard, R. B,
‘ Iyle, G. H. Lowrey, Jr., T. C. Meitzen, R M. Mengel, R. T. Orr, E. P.
éi Odum, K. C. Parkes, K. E. Pauley, R. A. Paynter, Jr;, R. 8. Palmer,

S. B, Peyton, R. J. Pickering, M. Pollock, R. Quigley, R. W. Quillan,

A. L. Rand, C. H. Richter, W. A. Squires, W. R. Spofford, B, A. Stoner,
Ellie Stickney, H. O, Todd, Jr., the late W. E. C. Todd, A. Wetmore,
and L. R, Wolfe, '

Many of my stafl contacts at Wisconsin have influenced my thinking,

though probably unknowingly. G. Cottam, J. T, Emlen, Jr., O. L. Loucks,
R. A. McCabe, and J. C. Neess were on vafious committees in my behalf.
Finally, I wish to acknowledge my fellow graduate students, who were.more
than beer-drinking companions. From thém'I have had many informﬂtivev
" and profes§ionally'stimnlating hours of discuésioﬁ.
I cannot say that pesticide research has been Qverly'encouraging;
‘though far from uninbefesting. Many wildlife problems afe now deeply

associated or poientially associated with industrial and agricultural

- pollution. Many of our problems in wildlife cbﬁservation have always
been tied with agricultural practices and 1in a sense always at the mercy
of industry and agriculture, whether 1t be mining, grazing, farming,
land»clearing,.drainage; etc. Now, with<environmen£al pollution, our
field has réceived.yet another aspect of competition. Despite the strong
evidence for the potential or real hazards tovwildlifé and natural systems,
our soclety's leadership seems generally’unresponsive to sound ecological
thinking and practice. I am fast coming to believe what Aldo Leopold
said: “Ag for diversity, what remains of our native fauna and flora remains
only because agriculture has not got around to destroying it.* I would say

that this applies as well to industry. Overexploitation of our environ-

’
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ment continues to be man's primary goal whether directly or via

side~effects. Rather than making a conservative living, we still insist

‘ on maximum &nd selfish exploitation with short-term goals. I can see
this in my experiences. OSupposedly responsible scientists even deny the
adverse ecological effects of chemical pollﬁtion; or even worse,‘accept
losses of diversity or potential losses as compatable with the Yphilosophy
of'progréss.“ We have it in our owﬁ ranks. I am reminded of the phéasant
biologist whose main goal was to "naturally farm" phessants solely for the
purpose of harvest. He failed to observe eggshell tﬂinning in pheasants
and on this basis concluded that wildlife was not suffering the adverse
effects of pollution. His ecological world was limited to a “pheasant's
viewpoint." Another of our ecologists counts blackbirds, Starlings, and
White-tailed Deer and, finding that numbers are as high as ever or higher,
concludes that wildlife has not been adversely affected by chemical pollut-

:E ' ion. Some'even conclude from such data that wildlife has even benefited
from the use of chemicals. Perhaps a conservative approach to natural
ecosystems and man's role in them is needed. bverexploitation and

- destruction of diversity are far from conservative.

Daniel W. Anderson
13 August 1970
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captive herring gulls tsken froﬁ the wild shortly before they attained
the powers of flight.

Attention in this paper has been concentrated on p,pf»DDE, the now
universally distributed metabolite of p,p'-DDT (l,l,l-trichioro~2,2-bis

[p-chlorophenyllethane) in the world environment. This compound is

- known to be significently involved in changes in eggshell thickness in

North American herring gulls (Hickey and Anderson 1968) and has been

found to produce these changes in mallérds (Anas platyrhyﬁchos) fed 3

ppm (wet weight) under controlled conditions (Heath et al. 1969).

STUDY AREAS AND METHODS
Collections and feeding trials
We collected 146 prefledging juveniles in early July 1966 from the
breeding colonies in Green Bay and transported them to the Wisconsin |
State Game Parm, Poyneﬁte (Fig. 1). Five newly fledged Juveniles were

shot on 3 August 1966 to obtain initial data for the feeding trials;

- and ten adults were shot on 31 May as a starting point for the field

observations, which included collections of wild adults at. 2-month

iﬁtervals‘ Approximately 39,700 kg of Lake Michigan alewives (Alosa

’ pseudohanengus) were purchased from commercial fishermen in 2 batches

(batch 1, May 1966; batch 2, August 1966; Table 1). They were glazed

with water and stored at -20°C,

Juveniles were individually color-banded and randomly placed in

:3.7»mxby 3.7-m outdoor bieeding pens, five birds per cage. Two water

troughs (each 17 1itars)‘ were placed in each cage and cleaned and
filled daily until freezup. During the winter months, we found that

snow and moisture from food provided the birds with édequate water. The.

2 .
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test was carried out by feeding lake Michigan fish to a gfoup of

SEASONAL VARTIATION OF CHLORINATED HYDKOCARBONS IN

LAKE MICHIGAN HERRING GULLS

BY .DANIEL W. ANDERSON AND JOSEPH J. HICKEY

~ Department of Wildlife Ecology, University of Wisconsin, Madisog, U.B.A.

Thisg paper reports on the scasonal veriation of some insecticidal

residues in wild, adult herring gulls (Larus argentatus), their build-up

in a captive population of young bifas over the course of 322'dayé and
their relationships to changes in the lipid content of the avian body.
Some approximations of changes in the levels of apparent polychlorinated
biphenyls (PCB'S) are also included.

Wet-weight residue levels of p,p'-DDE (1,1-dichloro-2,2-bis[p=

chlorophenylJethylene) have been reported as high as 2,800 ppm in the

fat of & bald eagle-(Haliaeeﬁus leucocephalus) in California (Hunt "~

. 1969) and 5139 ppm in the fat of a herring gull collected in Wisconsin

by J. A. Keith (personal communication 1964); but theAdietary intake

necessary to produce such levels remains to be characterized. On the

‘basis of & small, known-aged sample df Lake Michigan herring gulls,

Hickey et al. (1966) postulated that the major residue build-up in these

birds occurred in their first year of lifeﬂ However, the migratory
habits of herring gulls at‘this age ruled out the ?ossibility of

relating this build-up to residue levels in the ecosystem‘oan single

' region. In the present study, we have sought to test the possibility

that high levels of DDE can be accumulated by birds exposed to a steady

diet of about 5-6 ppm of this compound and related compounds. This

HARTOLDMONO0029644




FIG. 1. Map of the general study area in which herring gulls were

sampled for chlorinated hydrocarbon residues in 1966 and 1967.
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Table 1. Size of alewives and their pesticide residues (ppm fresh=

weight), used in feeding trials with herring gulls

Measurement

Fo_od itenm

Alewife-batch 1¥ - Alewife-batch 2%

No. pools analyzed

% water*#

% fat¥#

- Fresh-weight (g)/fish

Mean length (mm)/fish
ppm p,p'-DDE

ppm p,p'~TDE + p,p'~DDT
ppm apparent PCB
micrograns DDE/fish

micrograms TDE + DDT/fish

" micrograms APCB/fish,

Al25h equi#alents

v

5 : 3
72.2 (70.5-75.3)  67.h (66.3-69.0)
6. (4.8-7.8) 12.1 (11.0-13.2)

27.7 + 0.4 ~ 31.6 + 0.6
160.2 + 0.9 164.1 + 1.2
3.1 + 0,17 3.05 + 0.65
2.55 + 0.20 1.56 + 0.31
1.84 + 0,3k 2.07 + 0.4k .
| ol L 96.4
'70.6 | 49.3

51.0 65.4

" ¥ Values given are means + 1 standard error, unless othervise

noted.

%% Based on pool means, values in parentheses are ranges.
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R . B i P BN S et 5 . 5



5

feeding trials ran from 3 August 1966 to 20 June 1967. Fresh, prethawed

alewives were fed (up to ten fish/bird/day) as determined by the

_ consumption for the previous feeding, occasionally leaving excess.,

Alewives left from the previous feeding were counted whole or in portion

" and then removed. This was done every one to four days, depending on

weather conditions (cold weather), which in turn dictated the length
of preservation of the fish and their acceptability by the gulls. The

alewives we used were relatively standard-size (Table 1) and, based on

length criteria (Norden 1966), were all in age class III, We recorded

number of fish consumed during each period between feedings and later
converted the values to an estimate of biomass consumed.

Residue analyses were conducted each month on pools of 25 randomly
selected fish taken from the curfent food of {hevgulls (Tablé 1) anq
combined with the biomass-consumed data for an estimate of residue
infgke. Five birds were sacrificed each month, and all birds were
wgigned af one-month intexrvals. Only groups that éppeared healthy and.
vere éonsuming amounts of food cpmparable to the mean for the entire.
colony were considered in this sacrifice. In‘adjusting the gulls to
céptivity and a diet of glewives, we initially encountered an outbresk
of avian aspergillosus that killed 32 birds. Apparently triggered by
the individual or cumulative stresses of capture, transportation,

confinement and malnutrition (Friend and Trainer 1969); this epizootic

vas cleared up by adding 26 g of beef heart per week to each bird's

atet fér-the dufétioh 6f the experimént. This ﬁeat avérageéJcb:E ﬁpﬁ

(vet~weight) of total chlorinated hydrocarbons.

HARTOLDMONO0029647

B AL a1 S i




/s
i
i
]
3
1
i
0

Treatment of carcasses

| Both dead adults and juveniles vere cbmpletely plucked after fresh
body weights and piumage characteristics had been determined.
Eéophageal and stomach contents of wild-collected adults were removed
and exemined. The major and minor pectoralis muscles were removed from

the left side of each bird for a separate breast-muscle analysis.

Equal smounts of mesenteric and subcutaneous fat (1 to 2 g of each)

were pooled from each bird as a fat sample for pesticide analysis.

- Heads, tails, feet, and wings were removed from the carcasses after

breast and fat gampling, and these carcass samples, corrected for
removal of one breast and 2-4 g of fat, were the basis of our "whole=
body" determinations of pesticides as well as our fat indices. All
samples were wrapped in aluminum foil, sealed and frozen (-23°C) until
analysis 1-2 months following preﬁaration. Just priér to analysis, each
carcass and breaét sample %as ground and homogenized to a paste in a
blender and then subsampled for fat and water éxtraction as well as for
pesticide analysis. The fat samples.and homogenized subsamples vere
ground in sodiuﬁ sulfate prior to extréction. |

Thé five juveniles (sexes c¢mbined) from each month's sampling
wvere poocled for single analyses except birds from the last sacrifice -
groﬁp; which was run on an individual basis. Our vild—collected samples

wvere run on an individusl basis in every case,

““Chemical analysis

Since residue analysis for p,p'-TDE (1,l-dichloro-2,2-bis[p=
chlorophenyl]ethane) and p,p'-DDT is significantly interfered with by

PCB's in standard, routine gas chroﬁaﬁography (Jensen 1966, Widmark
. * l;
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i 1967, Holmes et al. 1967, Risebrough et al. 1969, Koeman et al. 1969,

Reynolds 1969), and since our original snalyses were performed before

5 - these problems became apparent, we chose to reevaluate our originsl

g. findings goncerning DDT, TDE and suspected, apparent PCB residues.

A1l residue analyses'and sample extrattions were conducted by WARF
Institute (heresfter referred to as WARF), Madison, Wisconsin, We have
previously described the general laboratory procedures used for us by
~WARF (Hickey & Anderson 1968, Anderson et al. 1969), based on various
.combinations of the gas chromatography (GC) methods outlined by the
U.S. Food & Drug Administration (1965-68), Risebrough et al. (1969) and
Reynolds (1970). Dieldrin (not less than 85% of 1,2,3,4,10,10=
hexachloro-6,T-epoxy-1,4,4a,5,6,7,8,8a-octahydro-1,4-endo-exo-5,8=

dimethanonapthalene) residues were removed by florisil cleanup.

The presence of p,p'-DDE waé'confirmed by WARF (D. L. Hughes,
personal communication 1967) in seven randomly selected extracts
representing brain tiséue, carcass homogebates; breast muscle and
alewives by thin-layer chromatography. It can be seen from the GC
chromatograms in Fig. 2 that éome intefference between DDE and PCB is
;péssible. Pesk-height (PH) comparisons in all Lske Michigan samples
shoved DDE to be very high in relation to pesk 5;:and we 'do not believe
that such interference significantly altered the DDE data. In addition,
',DDE quantifications were always performed at high dailutions {possible
' _530&936 of %“33 nigh concentration) so that interference from peak 5 was.
reduced to a minimum. Sémiquantitative estimates of'DDE, where
 p6ssib1e, by thin-layer chromatography suggested that the levels were

f_in general agreement with gas chromatography, our msjor source of

HARTOLDMONO0029649

e A At ST



residue data. However, DDT and 1DE were either not detected by

thin-layer chromatography, or suggested to be much lower than gas

chromatography alone indicated, especially in herring gull tissues,

|
;

small, unidentified spots appeared on the thin-layer plates which were

suspected to be PCB's. Analyses of PCB's by thin-layer chromatography

have been shown to result in only a few spots, although most PCB's are
mixtures of many differeﬂt.but related compounds (Lichtenstein et al.

" 1969). |

Our estimations of PCB-like compounds were based on standards of

Aroclor 125k (Monsanto Chemical Co., trade name), expressed as "Al25h

equivalents". The selection of A1254 (Fig. 2a) was based partially on

the findings of Risebrough et al. (1969) and others (reviewed by
Reynolds 1970) who found that of the commonly used Aroclors, the
chromatographic pattern of A1254 (and that of A1260) most closely
*. approximated those of field specimens on Several'columns,,’Likewise, we
ﬁound a close resemblance to A1254 in the chromaiégraphic patterns of
o ouf field specimens when they were compared to Al242, A1248 and Al25h,

 Bagley et al. (1970) have positively iﬁentified PCB's in bald eagles

" to the PCB's found in Aroclor 1254. Veith and Lee (1970) showed that
‘Lake Michigan waters and fish contained predominant and "apparent"

Aroclor 1254 mixtures, confirming the presence of PCB's by 3 methods:

(1) combarétive retention times of various peaks under different. 7
anslytical conditions, (2) infra-red spectrophotometry and (3) mass
- spectrometry.

Our objectives in apparent-PCB gquentification were not as much

by mass spectral analysis and have demonstrated that most were identical

HARTOLDMONO0029650
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Fig. 2. Traéings of chromatograms of extrgcts of various tissues as
seen on the DC-200. 4. Aroclor 1254 with peaks numbered as discussed
in the text. Arrows show the positioﬁs of the major DDT-family res-
idues., B. Saponified extract of a mixed garbage sample taken from a
gull which was shot‘while feeding in a dump. Peaks 6, 7 agd 8 did not
'change after saponification. C, Alewife extracts before and after
saponification, showing interference of peaks 6 and 7 withlp,p'nTDE.

D. Juvenile herringigull fat extrécts before and after saponification.
E, Unsaponified and saponified exbré;ts of an adult herring gull carcass
homogenate, showing the nearly undetectable residues of p,p'-TDE and
p,p'-DDT and the stability of the apparent PCB peaks 6, 7 and 8. Peak

) llAsuggests the presence of another’compouna not prevalent as seen in
- A125l, possibly representative of acceléfated accumﬁlation of a higher
nuber, or mixture from A1260. In some ingtances, p,p‘-bDE is off-scale
and shown with dashed lines; in others, it is shown out of the linear

. range of response of the electron-capture detector. In all cases, DDE
was quantified by a separate dilution. Slight discrepancies in ‘retention
~ times between the various chromatograms representfslight day-to~day

variationg in operating conditions.
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toward quantitative precision as they were toward internal constancy of
estimates, so that comparisons with other residues within the system ve
studied could be made and so that temporal comparisons of apparent~PCB's

could be obtained (see Risebrough et al. 1969). They are identified in

the same units as the other residues, but jt should be understood tﬁat
they méy be léss precise or insccurate by some unknown coﬁstant. We
did not_ sattempt to identify any specific Aroclors by pattern
‘résemblances and doubt that any single Aroclors compose the sole
apparent PCB residues in any of our samples.

Greater toxicity of the lover molecular-weight, more volatile,
lower-chlorine-content compounds in PCB mixtures is known to occur to

house flies (Musca domestica) and Drosophila melanogaster (Lichtenstein

et al. 1969). One might expect a greater biological degradation rate

of such compounds under field conditions. Jensen et al. (1969)
 suggested that the lower-number (lower chlorination) PCB components are
probably excreted or metabolized at a greater rate than the higher
nﬁmbers, thus resﬁlting in food-web concentration of the higher numbers.
Degradationjof certain of the earlier retention-time compounds in Al125h

. (QF~1'and'DC~2OO columns of gas chromatographs) has been reported for

nallards (Anas platyrhynchos) by Risebrough et al. (1970). Our

~.estimates of apparent PCB's based on Al254 assumed a relationship
_bgbween their.total amounts and the later-retention-time peaks 6, T and

8 (Fig. 2).

" "In the rereading of our ééfiié%léﬁiémétogré&glEfgﬁ“bfiéf—é;"ﬁAﬁF‘s
@se;of’saponification, p,p'~TDE, p,p'-DDT and apparent PCB's were
¢atimated on the basis of various correction factors (CF's). Based on

the data of Jensen et al. (1969) regarding degredation, we tested the
| | T
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hypothesis that peaks 6, 7 and 8 were different in.relation to one
enother between the various sample levels (Table 2, col. 1) but not
between the tissues in any level. Statistical analysis substantiated
this (P<0,001) when randomly selected examples of the various classes
of samples were reanalyzed with saponificapion to remove DDT and TDE
(Table 2). All three corrésponding peaks in Al254 standards remained
unchanged after saponification, Peak T, according to the ratios given
"in Table 3 and compared to standards, in our samples appeared to be
relatively the most stable of the three in such biological materials.
The differences, then, were used for the first correction factor
determination, CF1 (Table 3, col. 7). Total PH6 + PHT + PH8 in Aroclor
1254 was considered as 100 percent of éFl. PHT was found to be
measurable in nearly all instances on the DC-200. Interference of
peaks 6 and 7 with p,p'-TDE in some fish pools (Fig. 2) caused
difficulty in measuring PHT accurately; thereforé, the gpparent PCB
detérmiﬁafion in these samples was estimated only after saponification
féveale& its true height.' The peak4heighf ratios of 6/7 and 8/7 were
myltiplied by the PHT of standards (32;2 percent of peaks 6, 7 and 8
'aS‘determined by actual height measuréments in many standards). They
were then added to .322 for each respective sample level to obtain CF1.
Peeks 6 and 8 interfered with p,p'-TDE and p,p;~DDT, respectively
_(F:_";g. 2). Peak 7 did not interfere with any of the DDT-family ~reéidues,

ahd its PH was used to determine the expected PH6 and PH8 in

chromatograms of unsaponified extracts. The ratio differences given in
Table 3 (cols. 3 to 6) for each of the different sample levels were the
bases used to determine the expected ratios. Differences between the

peak heights in saponified and unsaponified extracts were assumed to

HARTOLDMONO0029654
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Table 2. Comparisons and statistical differences between the three

major pesks of PCB-like compounds in saponified extiacts of various

Lake Michigan sample classes as compared to AlL254 standards

Samplé level .

Whole Juvenile Gull Adult
Variable _ Standards fish . gulls eggs gulls
' No. 1k 9 10 17 10
Peak ratio (6:7) 1.20 0.67 0.58 0.50 0.46
Differences¥ A B c | D D

0. LBxux
Peak ratio (8:7) 0.91 0.77 0.73 0.7k 0.71
Diffefences* A B CB . . BCD . BCD
| 0.7&***

crx 1.000 . 0.775 0.%h6~~ 0.715 0.715

CF3*® | 7.34 5.69. 5.47 5.25 5.25

o bifferences not significant at the 99% level share a common

letter, and were determined by the leastwsignificant—diffefence~test
~and analysis of variance (Steel & Torrie 1960:106-107, 112-115). ' i
'?hese rél&tionships did not change at the 95% levei. '

. ¥ CF2 =. (Conc. Al254 injected/Conc. DDT injected) X (PH DDT/PHT),

CF3 = CF2 X CF1. ' o -

. *¥¥ These ratios were combined on the basis of nonsignificant

differences.
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represent DDT and TDE, The estimations based on rereading original
chromatograms vere in agreement with values based on later
saponification of the same extracts (r = 0,95, P<0.001).
| The major, apparent PCB peaks were crudely estimated on the basis

of PH7 and on differences in sensitivity of équal volumes of Al254

(peak T) and DDT standards at a given attenuation on the gas
chromatégraph. Peak 7 was quantified as though it was p,p'-DDT, and
small differences between the actual PHT and PH DDT standard were
“adjusted (Table 2). The calculated CF2 values froﬁ nine chromaﬁograms
each of the fwo standards, injected at different times and at different
volume-pairs in the linear range of response averaged T.34 (S.E. = 0.17,
C.V. = 7#). A final CF, CF3, was caiculated for each of the four sample
levels (Teble 3, col. 8) and a PCB-index determined for each analysis:
gppaxent/PCB'(Est. ppm,. Al25h equivalents) = CFB'X Peak T measured as
DpT,

Dieldrin residues were detected in all the samples (10)

specifically tested for that compound, but at low levels in compariéon
;tp the other chlorinated hydrocarbon residues. In herring gull fat
samples in May 1966, dieldrin composed 0.19% of the total chlorinated
‘hydrocarbon load. Reinert (1970) found that low levels of dieldrin were
"éreSQnt»in all Leke Michigan fish analyzed., In furthér discussion here
general chlorinated‘hydrocarbons of major importance beéause of their
‘high 1evelsareconslderedas _DDE, DDT.,. D8 and-PCB-1ike -residuess
tbieldrin and other chlorinated’hydrocarbén residueé got evaluated in

.this study remain a problem for future research.
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RESULTS  AND DISCUSSION

General observations concerning wild adults
‘The alewife most likely represented the dominant food source of

Lake Michigan herring gulls during the géneral period in which this
- study was conducted. In 1965, this species was estimated to comprise
approximately TW% of the total weight of Lake Michigan fish in
exﬁlaratory trawl catches (Bureau of Commercial Fisheries 1966,
hereaftér called BCF). Ludwig (1966) has shown its importanée as a food
of herring gulis during the breeding season, but believes that insects
were formerly.more important in the birds' diet. He found that alewives

. comprised 83% of cocurrence, smelt (Osmerus mordax) 10% and yellow perch

(Perca flavescens) 3% of the diets of Lake Michigan and Lake Huron

herring gulls,bto attest to the importancevof fish in the general diet

in spring. Thé alevife ﬁas been abundant in Lake Michigan since the
mia~l956's,"is present in large numbers in all parts of the lake, and
wgé-believed to be still increasing in 1966 (BCF 1966). |

| During the early winter of i966—67, large numbers of herring gulls
fed at various city dumps for about one-fourth of the year. By February
no gulls could bé found in any of the five éumps we visited, although
large amounts of garﬁage wvere still availéble. Our hunting pfessure did
; not seem to affect the gulis' use of dumps, &s locel caretekers reported
‘large numbers soon following our effortsa; Fisﬁ remains discarded thefe

. Aﬁy._f;i.ﬁih;}:)rggﬁﬁﬁars _even then Hseemed.‘,;ilﬁport ant in .the»—bi%ds— R
| Later in the winter, we found herring gulls congregating aboutv
wint§r~fi$hing opergtions, in active harbors;’along the ice-sheet edges
,iSO ﬁ or more offshore, and‘l/Q to I km offshore over open water. At

‘ ' A 10
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! this time, gulls were feeding on fishing §ebris and unvanted species
(mostly alewivesi discarded by fishermen and turned up in the backwashes
of fishing vessels. Guils also appeared to be feeding on materials not
associate& with any humen activities.

Our small samples in stomach and esophageal analysis (Table 3)
were evaluated on a gualitative basis only, but the dats indicated
general food-habits of the wild herring gulls ﬁe studied in 1966 and
1967. Fish included chubs, smelt, yellow perch and possibly other fish
species in addition to the dominant alewife. Plant materials included

Polygonum seeds, Ulmus leaves, Thuja tips, grass blades and

unidentifiéble stems and leaves (tree and lawn trimmings?), most'of
.‘which was probably picked up incidentally to other food items. Actual
identifiable garbage included meat trimmings, potato peels and pieces,
noodles, lettuce, eggshells, and gssociated items such as toothpicks and
miscellaneous wrappérs. ~Invertebrate.materials iﬁcluded remains of
Coleoptera, gastropods, crustaceans, and unidentifigble insect parts.
I£ems classified as '"miscellaneous” included feathers and gravel. All
items but fish ahd garbage represented mincr food itéms. Itiis apparent
~ that Loke Michigan herring gulls are fredominantly fish-eaters.,
The mostrimportant potentiai factor regarding residue levels in
food which ﬁight have "diluted" the residue levels of wild birds during
7£he-winter months was garbage. Miscellaneous,'random collections from

- esophagi-did not bear this out, however, as the few samp]es suggested

vf that r631dues in garbage vere at leaaﬁ comparable or hipher than those
é 1n'alewives. Pork fat, representing meat trlmmlngs, 8 common form of
* garbage, taken from a single bird in August 1966 averaged 3.85 ppm

'1(V¢teweight) of DDE, 0.28 ppm of apparent PCB, with DDT and TDE
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;;= undetected. A pool of esophageal contenis from gulls shot.oﬁ I October
1966 avefﬁged 3.94, none detected and 12.7 (Fig. 3b). This pool was
composed of fish remains along wifh mixed ggrbage and much
unidentifiable material. Plastic wrappers were commonly foﬁnd in meny
of the gull stomachs,

Chubs (Leucichthys sp.) on which gulls were found feéding
(discarded by £ishermen) contaiﬁed h-313 1.26 and 1.53 ppm (wet-weight)
of the residues DDE, DDT + TDE and appérent PCB, respecti&ely. Partly
digested alewives taken from esophagi and.étomaéhs of herring'gulls shot

near their breeding colonies on 3 August 1966 averaged 1.25 ppm DDE,

0.18 ppm DDT + TDE and 0.26 "ppm" apparent PCB. These values are the
lowest we found for any alewives.and suggest that samples taken directly
from the alimentary tracts.may sémewhaf underestimate the actual |
residues present. Alewives (2 pools of 25 fish each) picked up fresh
near the breeding colonies on 23 June 1967 averaged 2.44, 0.97 and 1.39
g of the same chlorinasted hydrocarbons,

| About allvthat#we éan conclude from the above dbservationsAié that
in these Wisconsin dumps, chlorinated hydrocarbon residueg vere present
that were aé high or higher than those foundAin natural food; DDT and
TDE residues were not detectable in the few garbage representatives not
deflnltely associated thh discarded fish.

In early May, Just prior to intensive nesting and breeding act1v1ty,

flocks of 25 to 300 herrlng gulls could be found loaflng on alfalfa and ’

stubble fields near the shore. They were eatlng small 1nsect at thls
time, but most activity appeared to be associated with reproductive
behavior rather than feeding.‘ Coleoptera taken by nestiﬂg gulls in this
region‘ran 0.5 ppm DDE (wet-—wéiéht) in 1964 (Hickey et al. 196'6). |
12
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Juvenile food consumption and general observations
We found that the weight of alewives, their corresponding water and

lipid contents and their chlorinated hydrocarbon residues varied between
late spring and early summer (Table 1). Since p,p'-DDT is commonly
converted to p,p'~TDE in frozen specimens under anaerobic conditions
(Jefreries & Walker 1966), we felt these had to be considered together
in data analysis. The 1966 levels of DDT-complex (DDE + TDE + DDT)
residues in alewives from our August batch 2 (Teble 1) were only slightly
higher (on & ppm, wet-weight basis)vthan those reported by Reinert (1969)
for our general study area; however, May batch 1 slewives.were higher
(by about 1 ppm) than any alewives he reported for Lake Michigan.
Reinert (1970) reported s general DDT~cpmpléx of Leke Michigan alewives
in 1967-68 as 3.89 ppm (96 analyses), a value which we believe to be

- closely comparsable to the general levels we found. On a 100% lipid

' basis, the fesidués reported by Reinert were 37.6 ppm, compared to 38,1

- ppm in batch 2. The higher levels in batch 1 on a lipid basis (93.1
ppm) suggest a;seasonal variation in alewife'resid&es-not<striétly
related to fat reservoirs (Table 1).

Actual wéight of food éonsumed per captive herring gull per day

peaked in December and'dropéed to a low in early May (Fig.'Ba). Food
consumption wéé probably again on the increase after that léw. The

April-May lov in food consumption coincides with the normallbreeding

_season of Green Bay herring éyL%,ngiﬁmaiQ@ﬁg.,nggikﬁ weremot . _

comparable in gonadal developmenf to adults. The general period of‘peak
egg-laying during the springs of 1966 to 1968 was lateQApril to mid-May.

We found that juvehile gonads were discernable by September

13
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FIG. 3. Seasonal veriation in the amount of food and associated fat

and residue components ingested by penned, jﬁvenile herring gulls. Since
periods between samplings were not équal, points are placed at midpoints
for each period and are expressed as units/bird/day. Sampling dates are
shown with a small dot near the lower axis. Closed circlges represent,

batch 1 alewives, and triangles represent batch 2.
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follovwing fledging, but not readily so until December. Juvenile gonads
wvere at their maximum, however, by mid-June 1967, but still not then
comparsble in size to adult gonads in.their most regressed stage during
the winter (Juvenile § = 5 by 8 mm, Jjuvenile g? = 1 by 3 mm; regressed
adult § = 6 by 10 mm, regressed adult & = 3 by 5 mu), Juveniles were

4 molting primaries and contour feathers in June 1967 and beginning to
show typical subadult plumage. One juvenile, however,'a dark bird, was
molting into new feathers as dark or‘darker than its original plumage.

We found that our capti§e herring gulls rarely failed to eat during
each day, except during short periods of extreme heat or cold. Average
weight of food consumed Ey the ‘experimental colony and thé groups we
sacrificed were comparable (95% C. L.) in 21l instences but one (Fig.
3a), which we consider as a 1 in 20 sampling mischance. A noticeable
inérease in amount of lipid consumed occurred in Februéry and March 1967,

. although actual weight of fish consumed was.dropping (Fig. 3a), solély

. a8 a function of the doubling of percent iipid in batch 2 slewives.

It can be seen that resultant residue exposure solely. from the food
viewpoint in our experimental éroup (Fig, 3b) was a possible function of
&t least three different variables: (l) variations in amount of food
cpnsﬁmed throughout the year, (2) variations in lipid cbntent of food
gnd,ﬁhus in the potential residue reservoir or carrier, or both, and
_(3)-vaiiations in residue content of that food possibly related to.
‘different seasonal exposures faced by slevives or variable pesticide — - -
kinetics in alewiyeé at different times of the year. Robinson et al.
“(1967) have demonstrated distinct seasonsl variation in two species of

fish from the east-British coast to further support this final

. conclusion. ‘
' : L1k
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Annual weight and fat changes

The affinity of most chlorinated hydrocarbon residues for fatty

tissues leads to inquiry concerning variations in lipid weight (volume)
as possibly related to total body burden. Herman et al. (1969) showed
that TDE concentrations in various tissues of western grebes

(Aechmophorus occidentalis) were related to their fat content, but no

information was available on total body burden. The consideration of
adipose tissue in the compartmental model of pharmascokinetics. as
generally applied to chlorinated hydfocarbons (see Mrak et al. 1969:

271-273 for a review) dictates the importance of understanding seasonal

changes in the lipid deposition of birds.

Sexual dimorphism in size is well knoﬁn in larids buf is not related
to differentisl niche utilization oy food-habits between the sexes
(Ingolfsson 1969). Fully aware that males are largest, #e chose to

‘combine the gexes fof our data analysis here, so that values should be
4'jcon31dered as "average adult" rather than representative of any one sex.
Sex ratios in our ‘sample were not significantly different from 8 50:50

, retio as determined by Chi (P<0.1).

Weight and lipid deposition in both adults and juveniles followed a
.. similar pattern over the year after early weight gains by juveniles
- (Table 4). Libid deposition.in Juveniles, however, was greater in all
jcasgs, even though fat-free carcass weights were consistently lower than

fthose or adults, Adult weights varied _lagguthan”thgsg~nf_éuyenlles« e

(Fig. b; cv, adults = 4%; CV, juveniles = 13%), with a small adult
Welghtwlnczease assoc1ated w1th molt in early August 1966, and a large

1ncrease in early 1967 due to increased fat dep051tion (Table 5).

15
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Slightly sﬁaller fat-free carcass weights in qll Juveniles throughout
the experimental period suggested thaﬁ these birds had completed most,
but not all, growth in their first year, Breastnmuscle weights did not
vary significantly over the year in either age class after initial
increases in caged juveniles, and they were only slightly smaller in
caged Juveniies (Table 4). Comparisons between fat weight and toteal
body weight fell into three categories. (Fig. 4). Postfledgiﬂg Juveniles
stored fat reserves heavily during their first 4 months. During the
remainder of the year, the caged Juveniles continued to store fat more
heavily than adults.

The increased lipid stores in juveniles may have beeﬁ in part a
function of their being captive, or a function of their immaturity.
Adults would be expected to metabolize greater amounts of lipids in the
wild where food would not be so constantly évailable. Gfeater fat
deposition in first—yeaf birds may be a general sdaptation to their
- first year of necessarily independent life (see Tinbergen 1960:25-38),
The two wild-collected jﬁveniles in February 1967, weighed as much as
caged Juveniles (1323 g vs. 1328 g) but stored slightly less fat (222 g
vs., 314 g). In any case, they were more like caged juveniles than
adults, to support the hypothesis of increased fat deposition in young,
wild birds. Increased 1ipid deposition in juveniles, where we had

_data on food intake, was at least in part related to the smount of food

_consumed (Fig, 3; Fig..6), e e e e e e
. Changes: in body weight in both wild adults and caged juveniles
seemed most closely related to the amounts of fat deposited, except in

wild adults in August, the period when they were molting heavily (Fig.

16
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FIG. L. Relationships between weight of deposited lipids and total body

. weight in different-aged herring gulls. Line 1 represents post-fledging
juveniles (all caged except the August sample), r = 0,969, P<0.05. Line
2 repreéents caged juveniles after six months of agé, r = 0,989, P<

0.0l. Line 3 represents wild-shot adults, r = 0.963, P<0.0L., The open

circle represents molting adults and was not used in the calculations.
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k). This molt correlates with the general postnuptial molt described by
f#f.’ Dwight (1925:93-96) for large larids in general. By the time we started
- collecting Jjuveniles, they had already completed major feather growfh.
King et al. (1965) showeq & decrease in fat-free body weights correlated

with postnuptial molt in white-crowned sparrows (Zonotrichie

leucothzs). The fat;free body weights of August herring'gulls
inereased only slightly. We therefore conclude that the total weight
"increase was associated with the parts we removed, probably the wings
~and feathers. Perhaps the increased fat-free carcass weighté in adults
(Teble 5) reflect increased synthesis of feather proteins and increased
water, etc. in the parts we removed.
Nonfat dry weight of adult carcasses was relatively constant

throughout the year, although slight increases aﬁpear to have occurred

during the winter (Fig. 5a). Child (1969) has described the year-round

constancy of water to nonfat dry weight in Sweinson's thrushes

S

(Hylocichia ustulata), and similar relationships were described by Child

. and Marshall (1970). This relationship, however, was even more distorted -
.g.in our caged juveniles (Fig. 5b), aﬁd cannot be explained én the basis
of sampling error or unbalanced sex ratios. Two hypotheses are offered:
(1) increased protein synthesis occurred during the winter months in
Juveniles, and (2) increased glycogen storage or syQﬁhesis occurred..

"‘during the winter. Hanson (1961), studying energy reserves in Canada

geese (Branta cansdensis interior), showed that glycogen reserves were’

utilized first for energy, but he suggestedvthan an interrelationship
existed between carbohydrate, fat and protein metabolism. It may be

that increased glycogen synthesis is needed to maintain the herring gull

in winter on Lake Michigan. Maximum fat end minimum "water storage"

1T
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FIG, 5. Variation in nonfat dry weight and weight of water in

Juvenile (A) and adult (B) herring gulls over a period of one year.
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t occurred in both age classes during the coldest period of the year
El- (Jenuary-February). By April, fat levelé were generally comparable with
those of the previous May.
>Young herring gulls are known to be much more migratory-— rather,
they show a greater tendency for dispersal- than adults (Gross 1940,

\

Smith 1959). The idea of lipid deposits as a "fuel" for migratory

flights-has been proposed in such studies as Odum & Connell (1956)[
Raveling & LeFebvre (1967), and others. Weise (1963) suggested that

_extensive vernal fat deposition in several species of overland-migrating

passerines was primarily en adaptation to unfavorable weather conditions.
Baldwin & Kendeigh (1938), studying gross weights in 24 species of
Abirds, showed a general inverse relationship between weight and
. temperature; and, differences in "weight~temperaﬁure” curves bet&eep
differenﬁispecies were suggesied as being related to migratory statué
'gnd distriﬁuhion. The potential importance of stored energy and

physical condition (both tied in part to lipid.reserves) to winter

survival in such sedentary species as house sparrows (Passer domesticus)

and ring-necked pheasants (Phasianus colchicus) has been demonstrated

(Davis 1955, Kebat et al. 1956). Lipid reserves might function not only
as.potential energy reserves but also as additional insulation to
prbtect against heat loss. Brenner (196?) suggested that the adaptive
"vaiue of reserve energy supplies in red4winged blackbirds (Agelaius

‘oneniceug) wvas not as importanfly tied with nigration per se as it was

'Vith reproduction and inclement-wveather needs.v The general role of
ipternal rhythm in regulating physiological changes in birds, including
: lipid changes, in relation to migration'and breeding is reviewed by

N

. Marshall (1961:307-339). In general, the degree and condition of
, , : 18
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migratory state (viz. the distance, route and climatic circumstances
surrounding movements and distribution) és related to the internal
rhythm, seem to dictate the chronology, degree and adaptive function
of fat deposition.

In herring gulls from Lake Michigan, fat depoéition seeﬁs to have a

major adaptive function in conditioning the birds to environmental

changes associated with winter conditions. Possible roles of large
"amounts of fat at that time may relate to both insulation and labile

~energy stores. In juvenile herring gulls, even greater amounts of

stored fat (other than those we observed as possibly related to-
capbivity) might serve the additional function of having adapted the
birds to an independent life in competition with more experienced adults

and to:ra more nomadic habit then adulis.

Relaﬁionships of sampled “tissues"

| We feel that the most reliable index to seasonal chénges in body
burden is mg/kg (ppm) in whole carcass homogenétes because these values
comparatively represent the body burdéps of different-sized birds. It
also seems most suitable in calculating the total micrograms present (an
absolute meésurement of body burden). Dindal (1970) has shown that fat

samples (ppm wet-weight) vary considerably from site to site on the

_carcasses of mallards (Anas platyrhynchos) and lesser scaup (Aythya

‘Eaffinis). He warned against the use of such in extrapolating to body"

burden.--We—found-that micrograms—in—carcass as based on the—small fat —
biopsies from individual, wild adults failed to represent total carcass
',@icrograms as caleulated from mg/kg values; but, in juveniles where fat

. Was more easily obtained and where samples were'pooled and large, the

19
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relationship wés more satisfactory (Table 5). Breastwmuscle extractions
(whole breasts) more closely representedAtotalvcarcass homogenates in
both relative lipid content and ppm lipid-basis, thus amount of |
chlorinated hydrocarbons present (Tsble 5). The carcass (X) and breast
(Y) lipids were rclated as expressed by thg regression equation, Y =
2.86 + 0.13 X, with both juveniles end adults combined. Neither the
slopes nor the intercepts of adult and Juvenile regressions were

significantly different from one another (non-overlap of 95% Confidence

Limits as described in Simpson et al. 1960:224-229). The intercepts

vere significantly different from zero and suggested that lipid levels
below 2.9 minus 1,3 percent in breast (lower C.L.) were not associated
with seasonal fat storage but-raﬁher oﬁher physiological functions.
Percent lipid in carcasses was likely dominated duantitatively by

seasonal fat changes and most representative of that value. "Fat"

. biopsies from our adult herring gulls varied sessonally in extractables

lipid content as follows (means + 95% C.L.'s in,séQuence of collection):
53ﬁ}0%, 58+13%, 50+18%, 82+4%, 81+11%, 79+5%. Juveniles varied in a .
similar pattern from 51 to 99 percent but were more consistent at the
higher percentages after October 1966, The seasonal differénces in the
above-described lipid contents of "fat" more likely represented

variations associated with differences in lipid storage, resulting in

 variations in the relative amounts of other tissues such as water and

"~ possibly connective tissue.

The data suggest that muscle biopsies might be more satisfactory in
monitoring wild birds where whole carcasses are not available or in
remote field situations where vhole specimens_canndt be saved.

Levels of DDE and apparent PCB in eggs represented adult-body-
' 20
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" TABLE 5. Comparisons between measurements of residues by different

methods and in different tissues

Variables r, adults ry, Juveniles
. Independent Dependent (n=6 periods) (n=11 periods)
% lipids, carcass % lipids, breast 0.9 0,90

MICROGRAMS DDE IN STRIPPED CARCASS BASED ON

mg /g (ppm) in fat biopsy and

carcass wt. extracted fat -0,10" Ov.59¢
MICROGRAMS APPARENT PCB IN STRIPPED CARCASS BASED ON ‘

| .mg/kg (ppm) in fat biopsy and |

carcass ' ' wt. extracted fat ~0.22 - '0.77%;,%
PPM DDE, LIPID-BASIS IN “

stripped carcass  breast muscle o 0;93%% 0;99%% |

PPM APPARENT PCB, LIPID-BASIS IN

stripped carcass  breast muscle . 0883 0,874

* approaching 95% significance.,

# significant at 95% level,

W‘sﬁgnlflcant at 99% level.
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burdens (mg/kg) multiplied by an average factor of 0,75, When
comparisons were made on a lipid-basis, the factor increased to 0,95,
DDT + TDE was present in small smounts (6% of DDE + TDE + DDT in adults
and 2% in eggs) and the factors varied from 0.h to 0.5. We have
generally found very low levels of DDT + TDE (relative to DDE) in
herring gull eggs from Leke Michigan since our 1966 sample. Enderson

& Berger (1970) reported a positive correlation between ppm lipid-busis

dieldrin in eggs and fat of prairie falcons (Falco mexicanus), but the

- factors calculated by us for high (60-100 ppm) and‘low ( 25 ppm) levels
were only 0.18 to 0.32. The correlation between leveis (ppm wet-weight)
in breast muscle and levels in eggs from oviducts of western grebes
reported by Herman et al, (1969), though no conversion factor‘was given,

- further support the relationship between adult female residues and
residues in her_eggs, We regard égg residues as an index to female
condition, thus an indirect, but valid neasure. Rgsidue levels in egg

contents represenﬁing field data have been related to eggshell changes
in several species (Hickey & Anderson 1968, Anderson et al. 1969, Fyfe

et al. 1969, and others).

Seasonal residue changes
The oversll picture of seasonal residue changes in adult and

Juvenile herring gulls is represented in Fig. 6. Breast and carcass

regidues followed similar patterns, as expected; thus, only carcass=

“based vesidues are expressed here, Temporal variation in pesticide
residues has been demonstrated by Robinson et al. (1967) with dieldrin

in shags (Phalacrocorax aristotelis), by Herman et al. (1969) with

DDT/TIDE-derived compounds in western grebes, by W. L. Anderson et al.
- S 21
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FIG. 6. Seasonal variations in the body burdens of chlorinated -
hydrocarbons in adult (A) and juvenile (B) herring gulls from
1966 to 1967.
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(1970) with DDE, dieldrin and heptachlor epoxide (1,4,5,6,7,8,8=
hebtachloro—Q,3~epoxy~3a,h,7,Ta-tetrahydréuh,7~methoniondan) in ring=
necked pheasants, and others, Various explanations have been given for
such chanées. The decrease in relative "body burden" (mg/kg) froﬁ.eggs
to fledglings (Fig. 6B) is similar to that described for shegs by
Robinson et al. (196T7). It is presumably a "dilution" in relative
body burden by growth, Total miqrograms of DDE and apparéent PCB,
respectively, in eggs versus fledglings, increased or decreased depending
on the residue: from 1.5 x th to 2.3 x 10h and from 1.2 x lOu to 5.9
x 103, A1l residues in adults (Fig. 6A) gseemed to follovw a cyclic
pattern, varying somevhat in relation to the fat cycle. DDE ran-
" opposite the fat cyclé in December 1966 and between February-Mey. The
only explanation for the December decrease in DDE that we can offer is’
the possible dilution by human garbage at that time. It did not occur
with the other resiaues,,nor did it occur.in Juveniles being fed
alewives at the same time (Fig. 6B). Apparent PCB in adults seemed
s£able at around 160 mg/kg (thé average of the four middle points and
considered here as "equilibrium'), except in May and Jﬁne, the breeding
season. Our best estimate of a theoretical "equilibrium" for DDE‘was
considered as the mean of months 2 through 4, 175 mg/kg. These means
. are estimated snd theoretical in equilibrium concept, and they,afe
:'proposed here for discussion purposes. They seem to represent one

-phase of two in the adult residue-picture and one in three for caged

Juveniles. DDT + IDE in both adults and Juveniles was closely related
dn direction of change to the lipid cycle (Fig. 6), The three apparent
‘phases in juveniles for DDE and apparent PCB are (1) dilution of

elative amounts from egg to fledging by probable growth, then general
' | 22
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stebilization of weight, (2) post fledging buildups to "equilibrium"

levels until the following early spring and (3) sudden increases in

Body'burden associated with rapid decreases in lipid reserves, followed

1

by & return to “equilibrium." The theoretical "equilibrium" levels in

phase 2 for juveniles were estimated by eye for both DDE and apparent

Y

© PCB(we assumed the curves would follow an asymptotic form such as that

described by Laug et al, 1950),351 they are given in Teble 6. Phase 3
implies that ppm lipid-basis in fat saﬁples had to increaée, since
body burden {mg/kg) increased when lipid resérvés decreased. .We found
tﬂat this suppositidn held in juveniles wﬁere fat biopsies were
generally satisfactory, but it could not be observed in adults., The
values (ppm libia—basis in fat biopsies) for juveniles in sequence were
as follows: DDE = 442, 306, 189, 252, 231, 192, 2k, 298, 968, 1927,
915; Apparent PCB = 146, 67, 82, 94, 203, é29, 223, 219,507, 716, 629.

Phase 3 residues represented the maximum levels attained in both

Juveniles and adults, when the two age classes were closely comparable.

Juvenile levels were 290 ng/ke DDE? 19 mg/kg DDT + TDE. amd 200 mg/kg
appareht PCB. This compared to-ﬁild adults as follows: 300 mg/kg DDE,
L mg/kg DDT‘+ TDE, and 219 mg/kg apparent PCB. |

In general, it seems safe to conclude that cagéd Juveniles fed
Lake Michigan fish assumed a residue pattern similar to adults in their

first year, acquiring phases 2 and 3, and then probably continuing as

such., Residue buildups of DDE in juveniles similar to the residue

';ﬁé?éiggin wild, spring adults occurred in the same time periods on a

fish diet or genérally 3 ppm DDE, 2 ppm DDT + TDE and 2 ppm apparent
BCB (Table 1). The contribution of dietary DDT or TDE, or both (see

Abou-Donia & Menzel 1968, Ecobichon & Saschenbrecker 1968 and Bailey
23
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1
e
g

- et al. 1969a, b) as well as dietary bDE to total body burdens of DDE

; in herring gulls seems clear, and the rspid and extraordinary
accumulation of DDE compared to DDT + TDE was most likely related to
both (Table 6). Carcass residues on a ppm lipid-basis, however, were
much lower in juveniles which had more fat: 1305 ppm compared to 2558

' ppm and 10.5% (whole-bird basis) compared to 5.4% 1lipid in adults. The
smaller relative amounts of fat in adults st this time were presumably
related to additional stresses assoclated with breeding; nonetheless,
resulting DDE body burdens were aboﬂt the seme. It may be, however,
that the 1é¥ger concentrations of residues in adults may be of more
physioclogical importance. |

Based on the assumption that peak tissue storages of the

chlorinaﬁed hydrocarbons discussed here behave as DDT and dieldrin in

ﬁvphase 2 of tﬁe annual cycle, that is, that they are direcﬁly related by

: séme factor to daily dose (reviewed by'Hayes 1959:58-70 and'Mrak et al.

. 1969:263-265), poor adult-juvenile comparisons of theoretical
"equilibriﬁm" levels for apparent PCB and DDT + TDE (Fig. 6) sdggesf
that additional food sources with leés DDT + TDE and more apparent PCB

than found in our alevives partly contributed to the adult residues.

GENERAL DISCUSSION AND DATA  CONSOLIDATION
The concept of "equilibrium" levels (see Laug et al. 1950, L. F.

Stickel .et al. 1966, Robinson 1967, Robinson and Roberts 1968, Mrak et

al. 1969 and others) scems to apply only in part to the annual residue

cycle in herring éulls, the initial_buildups of phase 2, Unfortunately,

as we did not measure liver residues snd weight (volume) changes, ve

g
4
F]
H
]
Y

cannot apply the compartmental model to our juvenile data generally as

2k

T s St
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described by Mrak et al (1969) and Robinson et al. (1969). Our initial

calculations concerning the total, yearly dynamics of chlorinated
hydrocarbon residues were based on monthly changes, since so many
potentially influential variables were in a constant state of flux

[}

(Table 7). oOf course, percent of total intake lost exceeded 100% when

- the gulls were in the "return to equilibrium" portion (phase 3) of the

annual cycle (Table 7, periodsbé and 10, between 8 and 9, and 9 and 10)
vhen stored residues were presumably béing lost as well. .We suspect
that greater turnover rates in the céntral compartment were mést
important in these changes.

During phase 2 (periods 1 to 7, months 1 to 8) we applied drug

absorption formulae (Nelson 1961) as previously applied to heptachlor.

in WQodcocks (Philohela minor) by W. H. Stickel et al. (1965a). The

' baéic assumption of this general model is that each daily dose yields

& given concentration, but that the loss from the animal is proportioneal
to the amount present (also Robinson 1967). Based on these calculétions
(Table 8), nearly all of the DDT-complex resiéues were taken into the
body. Residues of p,p'~DDE most likely represented, a8 al?eady
suggested (Tablei6), partial conversion from other DDT-related residues
and partial buildup of dietary ﬁDE. The large g&iﬂxfates calculated for
apparent PCB (Table 8) seem explainable on one of two bases: (1) the

basic assumption that loss rate is constantly proportional to amount

present does not hold and these residues tend to be more accumulative
than would be predictable by normally used models, or (2) our estimates

of apparent PCB's'wére either too low for fish or too high for birds.

The suggested increase of a higher number PCB in adults (Fig. 2e) points

1o both possibilities, as higher number (higher‘chlorine content) PCB's

25
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TABLE 8. Residue dynamics for the gain period in juvenile herring gqus

fed Lake Michigan alewives for a period of 219 days

Loss ~ Percent of

rate Daily dose Mean daily daily dose

Residue (%/day)#  absorbed (Ag) in{;ake (#g) absorbed
 p,p'-DDE 0.67 916 686 134%
P,p!-DDT + p',p‘-TDEl 1.64 30 g1 67%
DDT-complex residues 0.7k 1155 . 1167 ‘ 99%

Apparent, PCB ' 1.09 eue 389 216%

% Calculated as described by W. H. Stickel et al. (1965a).
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are known to be more accumulative than the lower ones in fgod-chains
(Jensen et ai. 1969), and thus overall PCB loss rates would be e#pected
to decrease proportionatély as PCB levels increased in the body,
resulting in disproportionately high estimated percentages §f daily dose
sbsorbed. Further research is needed concerning the physiological
behavior of PCB's in avian tissues. The overall percentaées (means of
monthly rates) of total doses rétained {(overall means from Table T)
were: DDE = 50%, DDT + TDE = 16%, DDT;complex = L46%, and apparent PCB
= 6U%, The difference between DDT-complex and apparent PCB 1s
presumebly related to differences in apcumulativé behaviors of these
residues.

W. H. Stickel et al. (1965& reported 16-20% absorption (daily
dose) of heptachlor in woodcocké fed cdhtaminated earthwvorms and
caleulated an instantaneous loss rate of 2.8% per day. W. H. Stickel
et al. (1965b) reported a loss rate of 4.5% per day in woodcocks' fed

capsuies.of heptachlor. L. F. Stickel et al. (1966) reported loss rates
| of 0.2 to 0.4% for DDT in bald eagles, these values being most,similar
to those we observed for herring gulls. | | |
| The residue levels in alewives séém low_in-rel&tion'to thevhigh
amounts eventuqlly accumulated in juvenilé herring gull fissueé But
they are likely explainable on the basis ofvthe high absorption apd
retention values observed for DDT~complex and appafent PCB‘residues

(Tables T and 8). Perhaps alewives represented food which was nearly

ideal for maximum sbsorption of lower food-web residues by herring
gulls, vIt has been shown (Dindal 1970) that in lesser scaup'and
mallards, rates of residue absorption were uniform when the ducks were

feeding on animal material; rates were sporadic when the ducks were
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N
feeding on plant materigl. Dindsl eiplains sgch delayed absorption or
nonabsorption on the possible basis qf adsorption of DDT molecules to
nondigestable wax and cellulose materials of pl&nts and possible
phytosterol inhibition of normal intestinal absorption of cholesterol
(citing Peterson 1951). These observations may partially explain one
mechanism of many in the phenomenon of trophic concentration of |
chlorinated hydrocarbon residues in nature, Evidently, herring gulls

have a high digestive efficiency, with few interferances such.as might

be expected in herbivorous species.

Perhaps a key observation in explaining the increased body burden

associated with a decreased volume of part of the peripheral compartment
in both adults and juveniles during phase 2 of the residue cycle is that
of Dale et al. (1961)7 They observed that during starvation, increased
concentrations of DDT-derived materials occurred in the fatty tissues
. of laboratory rats. Although augmented excretion of DDI-derived
"~ materials occurred at this time, residues were probably not lost at the‘
same rate as fat, suggesting a change in residue metabolism at’thé time
of lipid mobilization. Booth & Gillette (1962) demonstrated that
increases in microsémal enzyme activity of rats administered certain
- androgens were more closely related to the anabolic activity than to the
endrogenic activity of the steroids studied. In mammals, several
halogensted hydrocarbons are known to enhance metabolism of steroids and

drugs by hepatic microsomal hydroxylase induction,—although separate

hydroxylase enzyme systems are probably involved for various reactions

(Conney et al. 1967). Both DDE and DDT are known to cause large

increases in livexr weights of pigeons (Columba livia), to connect those

27
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residues with hepatic function (Bailey et al. 1969a, 1969b), and
Risecbrough et al. (1968) have shown that PCB's are stronger enzyme
inducers than even DDT. The liver is assumed to be the majoivsite of
lipid metabolism in birds (Couch & Saloma 1968), but the connection
between lipid-metabolizing enzyme systems and those associsted with
halogenated hydrocarbons is purely specula£ive. The general
relatiopship between steroid metabolism and chlorinsted hydrocarbon
metabolism has been established (see Conney 1967 and Kupfer 1967). 'It
seems that several po;éible mechanisms are involved in the large body
'burden incregses in spring herring gulls, probably relating chlorinated
hydrocarbon metabolism to either liﬁid métabolism or steroid metabolism,
or both., Steroid hormone levels are cértainly highest during this
period in adults as suggested by gonad sizes. Décreassed activities of
several foreign compounds. are knoVn to occur as & result of cqmpetiéive
metaboiism between cerﬁain steroids and drugs by oxidative, liver
microsomal enzymes (Tephly & Mannering 1964), with~pregnan£ mammels and
Qhen certain steroid hormones are at high levels (Crawford & Rﬁdolfsky.
1966, Juchau & Fouts 1966). It is congeivable that during the period
of increased gonadal activity in birés, the central compartment (of
wvhich liVer-is assumed a iaJor component [Robinson et al. 1969]) becomes
less efficignt at chlorinatea hydrocarbon metabolisﬁ and exéhange, or in
& sense "overloaded." The occurrence of increased body burdens in

Juveniles, however, which showed only very small gonadal increases,

—¥~%hese~having“pfvgresse& stowly tothat 31ze,isuggestq that other factors
‘vere also involved. Changes in 1lipid metabolism in both age classes
vhich was closely related inchrinology to changes in residue dynamics

suggest an intimate relationship bvetween the twd, as well. Any
. : . : 28
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L7
" changes in enzyme induction and liver function would likely change rate
constants in the central compartment fog various compounds as suggested
by Robinson et al. (1969). This then would change the kinetic
relationships between the compartments, in the case of herring gulls,
resulting in an increase in retention of slready highly ah;orbed daily
(doges of residues. |
Crawford g Rudolfsky (1966) also suggested that human subjects
vould be more susceptible to drugs during such periods of greater
retention and decreased metabolism.’ It follows, then, that herring
gulls might be more sensitive to the toxic effects of the various
.cﬁlorinated hydrocarbons at this time, as greater gquantities of toxic
A materials would be expected to reach the cenitral nervous system.
Extensi;e data on brain residues are badly needed from dead birds founa
on the breeding colonies in spring. Hickey ef al. (1966) concluded
that 2 of 3 dead adults fiéked ub on the breeding colonies, and tested
in 1964, had died of pesticide poisoning. The role of chlorinated
hydrocarbéns in possibly increasing normal sdult mortaiity on Lake
Miqhigan herring gulls néeds to be elucidsted.
In summary, it can be seen that, under natural ecological
conditions, the residue load in Lake Micﬁigan herriné.gu;ls can
concelvably be a funption of various potential factors, these factors being

" related to both the ecology and physiology of the gulls. "he variables

ve have‘discussed above might be generally summarized as follows:—

. (1) seasonal changes in food-habits or residue levels in a given
food source, or both}

(2) possible seasonal changes in the amounts of food censumed, or

29
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veriations in daily intakes

(3) changes in the amount and function of stored body lipids, or
changes in compartmental volumes, thus potential reservoir space
»for\organdchlorine residues;

(4) changes in the absorption, metabolism and excretion of
chlorinated hydrocarbons as a result of changing 1ibid and
steroid~hormone metabolism requirementé placed on the liver (part

of the central compartment);

(5) different physiological behaviors of the various chlorinated

hydrocarbons'present (as well as possibly additiYQ or synergistic
effects at varying concentrations not discussed) and
(6) possivle changes in intestinal absorption of CH residues
. (although‘a ﬁétential factor, we found no suggestion of this).
jAdditional ecolégical factors which might be related to one or more
of the variables above migﬁt be seasonal varistion in chlorinated
hydrocarbon usage or fallout, or even potential increases in inpuﬁ
;'of past-used chlorinatedbhydrocarbons due to spring runoff each yeer.
Such ecological variables vere éuggested as one of several'potential
factors influencing residue levels in fiﬁg~necked pheasants (W. L.
Anderéon et al. 1970). The variety of potenfial variables and their
seemingly constant state of flux seem +to point up the need for a
systems~analy$is approach as an gid in understanding the kinetics of

pesticides,

w———Ome—pointseems Tlear. The hérring gull population in Green Bay
is severely burdened with various chlorinated hydrocarbon residues.
:Beveral sublethal effects of such residues are discussed by Keith

{1966), Ludwig & Tomoff (1966) and Anderson et sl. (1970). If one
" . | / 30
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considers the &vérage adult weight of Green Bay herring gulls as around
1100 g and the maximum body burden as 300 ppm (wet-weight) ﬁDE and 200
ppm apparent PCB, the ﬁiérograms per bird come to around 3.3 X lO5 aﬁd
2.2 X lO5 of DDE and apparent PCB, respectively. If the totél breeding

and non breeding population in Green Bay is 20,000 birds, then 6.6 X 109

9

~and 4.4 X 107 are the M g's of DDE and apparent PCB present in the

entire biomass of resident, Greén Bay herring gulls. This amounts to
6.6 kg of DDE and 4.k kg of apparent PCB, seeimingly enough to have

ecological consequences.,
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SUMMARY

The dynamics-of certain chlorinated hydrocarbons were studied over

e—period-of Tone BRAUEL c¢ycle in caged Juvenile and wild adult herring
) gulls from Lake Miéhigan. Fish, mostly alewives, comprised.the major
Year-round food items in the wild. Alewives were fed to the caged

Juveniles, and their residues averaged around 3 ppm (wet-weight) DDE,
3%
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2 ppm DDT + TDE and 2 ppm apparent PCB. In 'late fall and early winter,

human refuse (including fish) became an additional food source.

Lipid deposition, chlorinated hydrocarbon residues and body weight
varied seasonally, as well as food conéumption in Juveniles. where data
vere available., Fat deposition in caged Jjuveniles followed a pattern

- similar to that of adults except that amounts were greate;. Lipid
deposition was generally relatea to amount of food consumed in
Juveniles but residues were not.

Juvenile residues showed a continual~buildup and eventuéi,
temporary stabilization.. Total bodywbprdens in both age classes vere
similar after these buildups by juveniles in their 9th month of life.
The seasonal variations oflresidﬁes of DDE and appareﬁt PCB were
characterized by two phases in adults and three invjuveniles. Juveniles
apparently aésumed the adult pattern., The maximum body-burdens in both
Juveniles and adults were attained when lipids were being lost in spring
and vwhen adult gonadal activity was presumably at its maximum. This

'wés followed by a return to "equilibrium." The maximum body burdens
attained b& caged Juvéniles on g diet of Leke Michigan aleﬁives were
290 mg/kg DDE, 19 mg/kg DDT + TDE and éoo mg/kg apparent PCB. Residues
En wild adults at the same.time were 300, 4, and 200, respectively.
Apparent PCB'é,séemed,to show a‘gfeater propensity for accunmulation thean
lDDE, although both were highly accumulative. DDE levels apparently 4

‘resulted from dietary DDE as well as probable conversion from DDT. The

extraordinary spring increases in body burden were attributed to bhanges
in the ability of the central compartment (of which liver is & part) to
maintain "normal", "equilibrium'-type excretion rates of residues

already in the body.
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CHLORINATED IYDROCARBONS AND EGGSHELL VARIATION IN HERRING GULLS
DANIEL W, ANDERSON, JOSEPH J, HICKEY, AND J, A, KEITH

Our objectives here are to describe normal geographic variation
in several eggshell measurements of North American Herring Gulls (Larus
argentaggg), to report recent eggshell changes in various parts of
their bréeding range, and to relate these changes to residues of chlorinated
hydrocarbons resulting from envirommental pollution. It was In 1946

that eggshell changes began in Peregrine Falcons (Falco peresrinus)

and Eurasian Sparrow Hawks (Accipiter nisus) in Great Britain (Ratcliffe,

1970). We Found that these changes occurrad in lorth America as early

ag 1947 (Hickey and Andersen, 1968)% we lacked the adequate sample of
1946 eggs with which Ratcliffe worked. Ratcliffe (1970) has convincingly
’ aiscﬁésad the causal link between organochlorine residues in general

"and recent eggshell thinning for a substantial list -of British birds;

aﬁd experimental verificatlion of the link has been supplied by Heaih

:»ét al., (1969) and Porter and Wiemecyer (1969).

: k"The ptoblém of normal variation in large Lﬁiﬁi gulls isfby‘nb

‘means simple, as éll reviewers of this group have already brought out,
ggolfsson (1969) has discussed sexual dimorphism in Herring and ofher

i 11s; and because of this, all measurements discussed below are those
of females, Dwight (1925: 182) described intersubépecific~varidtion
in Hefring Gulls as follows (wing, tarsus, and culmen measurements,

pectively, for each subspeciles in mm): argentatus = 384, 58, and

Id
s

! smithsonianus = 411, 62, and 50; vegae = 422, 66, and 51; "thaveri' =

5, 60, and 48, Thayer's Gull is considered as a subspecies of Larus

1
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arpentatus by the A,0,U, Check-list (1957: 222), but some authors (Rand,
1942; Salomonson, 1950: 319;321; Macpherson, 19613 and Smith, 1966: 5-7)
treat it as other than L. argentatus., Snyder (1957: 214) and Moynihan
(19595 suggested that thayeri might be a distinct speciles, 1In the
present paper, we have included the few specimens we examined and have
followed the terminology used by Hacpherson (1961) and Smith (1966),
Dwight (1925:194) consideréd vegae as the largest of the lerring Gulls.:
Perﬂaps a significant observation was that of ényder (1957: 213), who
reported that thayeri averaged slightly smaller than afgentatus ia the
arctic, Smith (1966: 12, 17, 22) gives the above measurements for arctic
specimens éf Herring Gull from three locations as 419, 63, and 51~52 nm,
suggesting that North American Herring Gﬁlls ﬁay be slightly larger in
the north (compared to Dwight's specimens cited above, which judging
from his range description came from ;outh of Hudson Bay), Voeous (1959)

established that Herring Gulls from Great Britain were smaller in wing-

‘iength~(sexeé combined) than North American specimens (10) of smithsonianus,

fﬂﬁf his specimens from Fennoscandia were as large; or larger, Harris
€1964) reported egg volumes of Herring Gulis from Wales to éverage
f#rouﬁa.76 cec, but volumes calculated from the data of Paludan,(l951)
,é&éragéd.aroudd 86 cc. Paludan studied Herring Gulls‘near Bornholmn,
1 the Baltic Sea., These data support Voous (1959), Vho denronstrated
hat geographical variationkin the Européan Herring‘Gull was clinal
n natdre. 'The‘breeding ranges of the North American gulls described
ove are given in Figure 1 to show the geographical relétionshipsr
%‘our various test groups. fhis map was derived from the A.0.U.

eck-list (1957: 221-222), Macpherson (1961), mostly Smith (19663
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7, 91) and only generally from Voous (1960s 147), who considers all
North Ameriéan forms (save possibly vegae, if it breeds in North America)
ag’ argentatus, Bent (1921: 124) doubts the validity of Alaskaﬁ records
of ve;ae, although such records do not seem unlikely, We have accepted
two sets of eggs from St. Lawrence Island because of their proximity

to the range of vegae as described by Dement'ev and Gladkov (1951:

531). Someﬂrange descriptions of vegae (Dwight, 1925: 181; and A.OU.

Check~list 1957: 222) wmention only Siberia,

MATERIALS AHD METHODS

DATA SOURCES

The measurements descfibed herein for Herring Gulls‘comprise those
of scientifically collected eggshells from about 65 ﬁajo; nuseuns and
private égg collections representing a large proportion of North American
y hollections. The methods we used to measure eggshelis énd most of
j:our‘data sourées have already been outlined by Anderson and Hickey
(1970). Additional détailsrconcerning our methods are in Anderson
et al, (1970). Data concerning other species of lariés were all obtained
from the oological collection in the Field Museum of Natural History,
Chicago, Illinois; thgse répreseﬁt-samples from}small geégrapﬁical
éréas. Other larid eggshells examined included those of Sabine's
Gull (Xema sabini), Franklin's Gull (L. pipixcan), iew 'G;ull- A(};. canus),

ﬁeérmann's Gull (L. heermanni), Ring-billed Gull (L. delawarensis),

lifornia Gull (L. californicus), Western Gull (L. occidentalis),

@ Glaucous Gull (L. hyperboreus), Eggshells from two species of

ruvian larids (Peruvian Gull, L., belcheri and Dominican Gull, L.
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Figure 1. Breeding range of North American Herring Gulls as determined
from various authors., The general geogréphical areas used to test for
geographic variation in eggshells are numbered in accordance with Table
1. Closed circles represent those areas where samples were obtained

for chemical analysis,
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dominicanus) were collected by Anderson in 1969, These were plotted
but not included in any statistical analyses except for Figure 3,

Our recent Herring Gull egg specimens, besides being found in
museuﬁs énd private collections, representéd materials collected by
us in the course of our studies on Lake Michigan or by cooperators
in other arcas (Figure 1), Our specimens from 1967 from which we
obtgined eégshell and resddue data are representative of gulleries
from Knife River, Minnesota (Lake Supefior) and Sister Bay, Wisconsin
(Lake Michigan) (collected by us), Roger's City, Michigan (Lake Huron)

(collected by J. T. Emlen, Jr, and D, H. Thompson), Block Island,

Rhode Island (collected by M. E, Slate), and Penobscot Bay, Maine
(collected by W. H, Drury), T. C. Grubb collected our 1969 Herring

Gull eggs from Kent Island, New Brunswick, Residues of p,p'-DDE and
their relationships to sﬁell thickneés, on a colony-toacolony comparison,
. have already been reported by Hickey and Anderson (l9§8) but will be |
further and in more detaill related to overali coqﬁamination profilés

below,

DATA “TREATMENT

Statistical methods generally followed those outlined by Steel
;éhd'Torrie (1960); Our general procedure was to revie§ the literature
%%h geographic variatigu in Herring Gulls and then to test trends in
;eggshell volume, empty shell weight, égggﬁell thickness (including-
‘mémbranes), egg shape, and length/breadth ratios generally against

ready described trends, i1f available, in body size or some measurement

elating to it. Most of our measurements in other specles have been
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shown to be a satisfactory general index to body size (discussed by
Anderson and Hickey, 1970, in relation to Brown Pelicans, Pelecanus

occidentalis; and Anderson et al,, 1970, in relation to Common Loons,

EﬂXﬁé.iEﬂEﬁ)' In Great Lakes and Atlantic Coast data series we first
tested various groups for thinning as they fell into décades (1900~

09, 1910~19, etc.). This test showed only highly significant differences
in the decades after 1940, However, this did not indicate precisely
when changes occurred, Post-1946 data were then broken down intq

as small groups as possible depending solely on sample distributions,
They were not selected except that smaller groups were set up wherever
feasible. Consistent nonsignificant differences in pre-~1946, decade

- samples were considered as justification for their eventual combination

and agsumed biological consistency.

-VCTHE‘.vIICAL ANALYSES

The Wiscégsin Alumni Research Foundatioq (WARF Institute, Inc.,
:ﬁédison, Wisconsin) conductea our chemicai analyse;, using electron-—
‘capture gas chromatography (GC), The chfomatograbbi; interpretations - g
:céncerning polychlorinated biphenyls (PCES) are ours, but are-generally
;sed on meéhodé described by Risebrough et al, (1969) and Reynolds . R

1970). WARF chemists employed the methods outlined by the U.S, Food

e

hd’brug Administxatiog (1965-68) for analysis of chloriﬁaged~hydrbcaxbon
Eatigides;_ Further modifications used for us by WARF to conﬁirﬁ

V~DDT and p,p'~TDX are d;9cribed by Anderson et al. (1969), and
'dnterpretations regarding PCBs are described by Anderson and

key (in preparation), The compounds in our analyses included

PR
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O ’ psp'~DDE, apparent PCB, p,p'-TDE, p,p'-DDT, hgptaéhlor epoxide (HE),
and dieldrin, All but PCBs are known to be insecticides or insecticide-
derived materials, Further data on PCB souvces and uses as well as
analytical téchniques are reviewed by Reynolds (1970).
At ledst one PCB peak is known to potentially interfere with Bsﬁf"
DDE on the DC~200 column of the GC in Lake ifichigan Herring Ggll
sanples, but interference is reduced to a minimum‘by the methods WARF
used for quantification (dilution) and by the very high proportions of
DDE preéent. Interference 1s potentially more critical, however, in

samples such as those we analyzed from Maine and Rhode Islénd, wvhere

DDE was present in much less amounts in relation to apparent PCB,

coﬁpared to our Great Lakes samples...We found that standard, peak-
height quantifications of p,p'-DDE had to be multiplied bf’a factor
of 0.80 for Rhode Island speclmens and by 0,86 for Maine specimens,
assuming that the ”hidden" peak was constant in relation to the PCB
~peak that we could see just preceding DDE in retention time. Because
- of the potential variability on a ppm wet-welght basils due to possible
desication in a@dled eggs and water losses in Incubated eggs, we express
‘here all residues on a ppm 1lipid basis uniess otherwise specified.
We consider such values as repfesentative of concentrations in, and
‘possibly affecting, the female at the time of eggshell deposition

~Enderson and Berger, 1970; Vermeer and Reynolds, 1970; and others).

RESULTS AND DISCUSSION
EOGRAPHIC VARIATION

The intersubspecific variations in several eggshell measurements
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(Table 1 and Figure 2) seemed generally to follow other varia;ioﬁs in
Herring Gulls, as described above, These variatibns are most lilkely
clinal in nature, as discussed by Voous (1959) and Ma&r (1965: 361-364),
The geographical subdivisions suggest a cline, but also evident in all

.areas 1s the high degree of variance which tends to mask differences
over the entire range (Figure 2), Where we had larger sample;, however,
differences became more apparent. Because of the apparently high

variance in Herring Gull eggshells, especially in relation to those

in other species we have studied, it seems that larger samples might

.be needed to describe differences for this species more precisely.

It may be that variations within individual females (Harris, 1964;

Coulson et al,, 1969§ Vermeer, 1969)Vtend to mask or feduce significance
of differences between local populations, An analysis of variance

4té test whether differences did or did not occur in the North American
hpopulations” (or geographical test units) gave highly significant
E}yglues: Ewt = 12.21, Evdl = 7,51, and I, = 7,37, when EfgpfOOS) =
'2.90. A Duncan's new multiple-range test for differences in egpshell
volumes of the Horth American test units of Herring Gulls showed élinal
jéverlap bgt sugga#ted the distinctness of northéxn, Atlantic~Interior,
nd Great Lakes populations; the data were not uniform endugh nor

ample sizes larée enough for any further distinctions (means not
;gnificantly different from one another arevuﬁderséored, reéding from
“eﬁt to right): | )

Arctic  Interior  St. Lawrence Atlantic Great Lakes
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Figure 2. Frequency dlstributions of eggshell weights of North American
Herring Gulls from various geographical regions. A = grctic-taiga, B =
interior, C = Great Lakes, D = Bt. Lavrence River system, E = Atlantic

’

Coast.
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', Because of the likelihood of clines, we included intermediate areas
in our presentation of the data (Table 1), although they were not
slgnificantly different from adjacent areas, Banding data, reported
by Gross (1940), suggest that Kent Island Herring Gulls tended to
"eling" to the Atlantic Coast, whereas Great Lakes birds tended to
follow lake shores and water courses, These data support the idea of
at least limited population isolation, Smith (1959) further reported
that Great Lakes birds followed somewﬁat distinct dispersal patterns

and that, after their second year, most birds tended to remain on the

"Great Lakes year-round within 300 miles of their breeding colony,

Olsson (1958: 151~155) reported similar findings for Herring Gulls
from Fennoscandia, Data are very much needed on interior and arctic

Herring Gulls from North America,

INTER~ AND INTRASPECIFIC EGG RELATIONSHIPS

Laék (1966: 293) believes that relative egg size is a specific
{chéracteristic and mainly a matter of herédity on an interspecific
:basis. Eggshell volume in the twelve species of larids that we ex;mined
relatés cloéély to our index of body size (tarsgs X culmen, in mm)
on inter~ and very likely on intraépecific bases'(Figure 3). Amadon
(1953) pointed out tha£‘egg size was generazly a nqnlipéa; fﬁnction
of body size in small birds, as expressed by the equaéién;VE_*AE§%§
whgre 2 1s a constant expressing the ratlo of egg size versus bod} size
Increase in a series, He found g’éﬁ be constant at the "intermeéiate"‘
@axggomic category (subfamily) in small birds, If one assumes a gimllar
Constancy of‘g.ih the larids we examined, the straight;¥ine relationsﬁip
) ¥

L a nonlog scale in Figure 3 seems reasonable. Since the 95% confidence

8
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Figure 3. Eggéhell volume as a general function of index to body size
(in mm) in 12 species of larids and 3,subspecties of Herring Gulls (VEG =

vegae, SMI = smithsonianus, and ARG = argentatus). The correlation

- coefficient (r) was significant at P<0.001. Additional abbreviations
are as follows: SAD = Sabine's Cull, FRA = Fraoklin's Gull, MEW =
Mew Gull, HEE = Heermann's Gull, R-B = Ring-billed Gull, CAL =
. ‘California Gull, PER = Peruvian Guli, HER = Herring Gull, THA'=
Thayer's Gull, DOM = Dominican Gull, WES = Western Gull, GLA =

; Glaucous Gull,
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limite (C L) of the intercept overlapped zero éonsiderably, it was
not significantly different from zero (Figure 3), and the simple
equgtion, Y = bX, seews applicable, b being the general constant
relating éggshell volume to body size in larids, Additional factbrs,
such as clutch~gize variation deviating from the familial mean
trend, might be expected to slightly change the value of gjfor

a given species, In this instance, our small sample of Thayer's

Gull fell farthest from the fitted line. The general relationship

and the closeness of fit for the remainder of the species (Figure 3)
further support the view that eggshell volume (and thus likely egg

weight) is fairly constantly related to body size in closely related

fforms'(Amadon, 1943), Eggshell thicknesses and weights were closely
related to their eggshell volumes in all the species we examined
(x, comparing volume and thickness = 0,968, _I_’_<0.001, ?, = 0.0025X +
0.183; r, comparing &olume and eggshell weight = 0,995, Eﬁf0.00l,

A
Y = 0,079K + 0.387).

RECENT EGGSHELL CHANGES
Ratcliffe (1970) has documented that eggshell changes have
occurred since 1945-46 in certailn speciles of British birds. He

validly divided test periods into "late" and “early" (Mountford,

1970), presenting pre- -and post-1946 eggshells to demonstrate this
}phenomenon. We obtained data on 295 post-1946 eggshélls.

, ngéﬁstrable eggshell changes occurred in most of our more recent
sémples, although many represented what we considered to be minor
changes, tﬁat is, decreases of not. over 10-15% (Tablé é). Our best

histories came from Lake Michigan and Lake Huronm, On the latter, 1947-48

eggs showed no changes, but by 1951~38 changes were detectable, They

9
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seem to have remained at generally less than a 10¥% changé.. Tﬁe changes
on Lake Michigan prove even more interesting (Table 2), They seem to
ﬁave'paralleled Lake lluron into the early 19GQs although we have no
: daéa for 1961 or 1963, In 1964 and 1965, eggshell changes wére 15%

or greater, It 1s perhaps significant that this period was one of
- frequent and readily observed egg~breakage on Lake Michigah study areas
(Keith [1966] for 1964 and Ludwig and Tomoff [1966] for 1965, each on
opposite shores of Lake Michigan), Egéshell fragments froﬁ thtee

broken eggs incidentally picked up by Keith in 1965 measured 0;16,-

0,28, and 0.34 mm, averaging 0,26 mm, 31% thinner than pre-1946 eggshells,
Nine broken or cracked eggs collected by Anderson in 1968 averaged 0,34
mm, not different from our randpmAsample of the colony that year (Table 2).
Data are critically.needed on frequenciés of egg breakage at differént
eggshell thicknesses, No precise quantitative data of this type were
obtained in our studies, but in 1969, when egg breakaée was the ieast

seen by us in 4 years of visits to the colonies, about 5-107% of the nests
’containad obviously broken eggs (other than eggshells possibly broken

open by predation), and about 20% of the nests had loose, anrushed eggs
nearby. Keith (1966) estimated readil? obseryable egg breakage at about
11-24% in 1964, In general, it seems thatkeggshell thinning on the order
of and greater than 15~20% is associated with readily observable breakage.

Eggshells of California Brown Pelicans (including the relatively

constant membranes) averaged 53% thinner than "normal" in 1969, and

such changes wefe associated with obvious, virtually total fatlure in
reproduction (RiseBrough et al,, 1970 and J. 0., Keith et al., 1970).
Ratcliffe (1970) reported that eggshell changes roughly on the order of
10-20% were associated with declines in populations of some British raptors,
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but sucﬁ egashells represented those that h;d "survived" to be taken by
egg collectors. Hickey and Anderson (1968) showed changes of roughly
18~25% circumstantially associated with declining specles of Americaﬁ
raptors, Both studies associatgd eggshell thinning with reported

frequent egg breakage, lowered reproductive success, and high residues

of pesticides. '

The 1964 levels of E)Ef«DDE reported by Keith (1966) for Lake Michigan
Herring Gull eggs are the highest reported in 7 years cf,monitoring.the
same population. Levels were still high, however, in reiation to other
'North American lerring Gulls in 1967 (Hickey and Anderson, 1968). Eggshell
breakage still continues on Green Bay, but reprodugtive success is
apparently high enough to produce reduced but bandabie numbers of young
in recent years (i, C, Wilson, personal communication). Whether or not
this population is presentlyvréproducing enough to maintain stapiongry
. numbers 1s a matter open to question; it was not in 1964 (Heith, 1966)
Keith reported a mean clutcﬁ size of 2,11 as compared to our hest estimate
of 2,72 4in 1968 and 2.81 from southern, Atlantic, and interdor egg data,
Although theré is a tendenc& for Herring Gull§ to return to their natal
colony (Ludwié, 1963), thére is no reason to doubt, if one segment of
the population is declining, colonization by gulls from other, more
successful, areas of the Great Lakes: Herring Gullvcontrol in
Massachﬁsetts colonies was generally unsuccessful from 1942 to 1952,
presumably because of sqph inmigrations from moré.succeséful colonies
outside the state (Drury, 1963). Great Lakes Herring Gulls have

generally undergoné a recent population increase, probably due to a

recently déveloped superabundant food sourcé, the alevife (Alosa

'Eggudohaneugus)(Ludwig, 1966), which would tend to lessen the normal

1
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. regulating effects of limited food supply (Lack, 195h: 1k1-153),

Our Atlantic samples suggested only locai~eggshell changes on the

East Coast (Table 2). Since these pobulations have been under control

measures since the early 1940s--they are also the'b;neficiaries of a
superasbundant food resource, humen or human-associated refuse--and have

" increased in recent yesrs (Gross, 1951; Drury, 1963; Kadiec and Drury,

1968), the interpretations of shell—thinning become nearly impossible.

Eggshell data suggest, nonetheless, the presence of only low amounts of

thin-eggshell-inducing compounds such as p,p'-DDE (see.Heath et al.,

1969) in most of the samples. Decreased eggshell weights or thicknesses
from Kent Island (Table 2) may even reflect a higher frequency of second

clutches in these birds, due to the control measures. Residue analyses

are‘needed from Kent Island before any conclusions can be made regarding

eggéhell changes in that area.

CHLORINATED HYDROCARBON RESIbUES, 1967

Highly significant (g;:o.oos) @ifferences‘(analysis of variance to
test whether or nolt geographical residue»differences were presént) vere
féund for DDE, DDT + TDE, apparent PCB, HE, and dieldrin as well as
‘éggshéll wéights and thicknesses, DDE/PCB ratios showed thé same ﬁighly
significant differences,vwhich suggest varying ccntamination patterns,
especially whenAone compares Atlantic and Great Lakes populations (Table
3, Figure 4). Apparent PCB increased in relstion to DDE in the East,
although levels ;)f both decreased considerably outside the Great Lakes
(Table 3). The calculated mean egg volune (i_S.E.) for the three
colonies from the Great Lakes was 85.4 + 1.3 em>. Thet for three

Atlantic colonies (1969 Kent Id. semple added) was 87.5 + 1.3 cm3,

12
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Figure 4. Variations in chromatographic patterns of extracts from
Hérring Gull eggs representing different colonies. These chromatograms
represent injections of different dilutions and are meant only to show

qualitative differences between DDE ahd the numbered apparent PCB pesaks

in general linear range of response of the electron-capture detector.

‘A = Rhode Island, B snd C = Maine (B suggésts the possible presence of

“aldrin), D = Lake Huron, E = Lake Michigan, and F = Lake Superior.

p,p-DDE DDE

ALDRIN?

DDE

DDE

DDE

% S e e
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These are not unlike the pre~1946 eggshell volumes (Table 1) and suggest
(1) that eggshell changes did not importantly involve changes in volume
and (2) that geographical va;iation in volume can therefore probably
still be detected with adequate sample sizes, When correlation matrices
vere run with data on individual eggs, we found significant negative
“relationships between DDE, DDT + TDE, and apparent PCRB and eggshell
thickness and other measurementé relating to thickness (Tablé 4)., This,
of course, casts doubt as to which residue might be most importantly
involved, or if all are not involved to some aegree. As DDT % TDE wAs
related to DDE (r = 0.537), their relationship to eggshell thickness
may reflect a cause-effect relationship or a general association with
"DDI~family" residues. Heath et él. (1969) have experimentally produced

eggshell thinning in the Mallard (Anas-ﬁlatyrhyuchos) with a low dietary

intake of DDE, and Porter and Wiemeyer (1969) have obtained similar

effects in the American Sparrow Hawk (Falco sﬁarvarius) with ngquDT

combined with dieldrin, Bitman (1970) and Bitman et al. (1969) have also
shown a similar effect with both gﬁgfnbbT and E)Ef“DDT in Japanese

Quail (Coturnix coturnix), and Lehner and Egbert (1969) have demonstrated

mninor and levelling eggshell changes in Hallayds with dieldiin alone.l
On the other hand, Dahlgren and Linder (1970) were unable to induce

eggshell thinning in Ring-necked Pheasants (Phasianus colchicus) with

dieldrin, nor did injections of dileldrin succeed with Ringdoves

(Streptopelia risoria) (Peakall, 1970a)., Peakall did, however, induce

significant eggshell thinning in Ringdoves injected with Ejgf-DDE«
In attempting to formulate a hypothesis from our field data, and
to eliminate individual variability, we arbitrarily set up six class

intervals of shell thickness and calculated weighted means for each;

13
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TABLE 4
CORRELATIONS BETWEEN VARIOUS EGGESHELL VARIABLES

AND RESIDUES OF DDT-COMPLEX AND APPARENT PCB

Residue (ppm lipid basis )}

Variable p,p'~DDE psp'-DDT + p,p'-TDE Apparent PCB
Eggshell wt. (g)  —0.Lh8Lx#x  _0.300%¥ ~0,555 %k
Thickness (mm) -0, 6ho%¥x -0, hoprex -0, TOQ*¥%*
Thickness index-  ~0.505#%% -0, 309## -0, 53 #xs

Significance levels are marked as follows: ¥*¥ = P<0,01, ¥#¥ = P<

0.001.

2 Devised by Ratcliffe (1967, 1970): (weight in grams X 10)/(length X

breath ih cm).
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likewise, weighted means of residues were calculated. In thié way, ve
felt that we were basically looking at the variatiohs rela£ing to
thickhess as a result of the residues, although our degrees of freedom
were considerably reduced. Simple correlations (r) of the means vere

as follows: DDE = -0,97, P<0.0l; apparent PCB = -0.91, P<0,02, F-

.. tests with the regressions gave values of 56.7 for DDE and 20.3 for

apparent PCB, significance levels gf:0.005 and P<0.01, respectively.
Multiple-regression analysis (Steel anavTorrie, 1960: 277-304) with DDE
and apparent PCB gave an F-value of 22.9, P<0.025; R° = 0,94, P<0.05.
Simple exponential (curvilinear) functions in both types of regressions
feiled to improve any of the relationsﬁips, although the higher |
significance levels in the Eftesfs suggested that the relatiénships were
not perfecfly Jinear in the ranges vwe tested. Because the significance
levels were decreased with apparent PCBs alone and with the two
residués considered together, it seems that more vﬁriation in eggshell
thickness can be accounted for by DDE than apparent PCB, but that both
' seem potentially important. Although DDE/PCB ratios were significéntly'
different between the CGreat Lekes and Atlantic Coast Herriﬁg Gulls
(Table L), the actual levels were different enough between the coloﬁies
soithat such ratios shed little light conéerning eggshell changes.
Vérmeér and Reynolds (1970) found a significant négativg relationship
between DDE and eggshell thickness in Great Blue Herons (Ardea
herodias), but not PCB. DDE + TDE alone were related in field data to

eggshell thinning in White Pelicans (Pelecanus erythrorhynchos), but

both DDE end appafent PCB showed significant negative correlations in

Double-crested Cormorants (Phalacrocorax auritus), both species coming
from identical breeding grounds (Anderson et al., 1969). Egg residues

14
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were probably a result of dissimilar nonbreeding-area exposures

(potentially geographical~aréa differenceé as well as food~habits
~differences), however. It may be that DDE and PCB interact either

positively or negatively, when both are present, For two insect species,

Lichtenstein et al, (1969) have predicted biologicai interactions of

PCBs and other synthetic chemicals in nature on the basis of interactions

in tests with PCBs, dieldrin, and DDT, About all that we can conclude

from our data here and the experimental evidence already cited is

that DDE residues dre important in eggshell thinning and that appérent

PCBs are suspect,

A

COMPARISONS WITH OTHER HERRING GULLS

‘It seems that Great Lakes Herring Gulls contain the highest

chlorinated hydrocarbon residue levels in eggs reported for that
species. Atlantic Coast samples are certainly lower (Table 3).

‘ Ludwig and. Tomoff (1966) reported DDE levels in eggs (ppm wet~§eight)A %
from several colonies nértheastern on LakevMichigan as averagingffrom f
103 to 138 ppm (n = 32, 4 poolé); no estimations were given for PCBs, but F
"DDT" levels {assuming the same DDE/PCB ratio as found in the Lake Michigan i
samples repoited here, Table 4) suggest residues of apparent PCB at around
100 "ppm", These convert to around 1,500 ppm on a-lipié-basis if
one agsumes a general lipid level of 8% (Table 4, and Vermeer and Reynolds,
1970). Keigh's (1966) wet-weight mean of 202 * 34 ppm éDﬁnfor 1964 in- ;
Green Bay eggs converts éo 2,525 ppm lipid basis, Chlo:inated hydroca;bons i

in British Herring Gulls reported by More and Tatton (1965) ranged from 0.3

Sl GBS L

to 0.9 ppm, or about 4 to 11 ppm lipid basls, Vermeer and Reynolds (1970)
reported that levels of DDE in Herring Gulls from'interior,Canada varied

- 15
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from 2,7 (m = 1 colony) to 14,6 ppm wet-weight (mean of 6 colonies),
or roughly 34 to 183 ppm lipid basis, These levels are generally

' intermediate between Atlantic and Great Lakes birds,

ABILITY OF HERRING GULLS TO "TOLERATE'" RESIDUES
Why do Lake Michigan Herring Gulls, déspite their high egg residues
of chemical pollutants, show levels of eggshell thinning generally less
than théée of many other species which have similar or lower residues
in their eggs (see Risebrough et al,, 1970; Keith et al,, 1970; Fyfe
et al,, 1969; lLnderson and Berger, 1970, Berger et al,, 1970; and
Vérmeer and Réynolds, 1970)? Partial explanation when data are
comparable at one end of the curve which compares éhlorinated hydrocarbons
and thickness may come from the nonlinearity of effect of DDE on
eggshell thickness toward the highgr 1eyels, as proposed by Risebrough
et al, (1970),'Peakall (197QE), and as suggested by Verﬁeer and Réynolds'
(1970). .Otherwise, pbor general comparisons betwecen species may suggest
intersﬁecific differences in-susceptibilit&. Tﬁe results of D, K,
Wetherbee (mentiphed in Drury, 1963) suggest that Herfing Cﬁlls have
an exception#l ability‘to detoxify many chemosterilants, |
if dietéry intake of chlorinated hydrocarbons is more closely
related to eggshell effects than to body or egg-burden at timé of
" laying as suggested by Bitman (1970) in short-term tests comparing 3l2'~DDT
andmgjgffDD?, it is conceivable that physiologicai pecuiiarities iﬁbthe
annual cycles of birds might result in nonproportional (but diet-related)
depositidn df high or low residuss in the eggs in relation ﬁo eggshell thinning,
The popﬁlation effects of egg breakage in wild‘populations may also
possibly and secondarily involve compensatory adjﬁstments in the
sufvival rates of both juveniles and adults; and they almost surely will'

" 16
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be found to vary in an interspecific fashion. The critical level of
thinning seems logically associated with fhe behavioral traits of
_ nest and incubation behévior characteristic of various groups of
birds, HWormal Ehickness—volume ratios for eggshells which are
characteristic of taxonomic groups of birds may be important in
interspecific differencgs of susceptibility to eggshell thiéning. For

example, this ratio in Great Lakes Herring Gulls (Table 1) was 225,9;

that for grassland Prairie Falcons (Falco mexicanus)(D. W. Anderson and
J. J. Hickey, uupublished) was 119.9, These ratios seem relativély
constant between various groups of birds and may be related both td egy
placement and nesting substrate, Murphy (1936: 1068, citing Bennett,
1920) comments on the general fragility of the eggshells of Dominican
Gulls {see Figure 3 for dits relatiomnship to other.spacies of gulls we
studied) and its aﬁility to hatch young, even from cracked and dented

- eggshells, J, A. Keith in 1964-65 and D, W. Anderson in subsequent
years havé observed that Lake Michigan Herring Gulls seem to have ai
remarkable ability for at least some embryonic development in their
egga, despite fl;king awvay on large portions of many of the shells

‘ (Figure 5d).. Many eggs are also found with longitudinal cracks,'their
fresh contents drained away onto the ground. Such gggshells éften
appear perfectly intact until handled (Figure 5b). Eggshélls,in
domestic poultry are known to be weakest immediately éfter 1aying«gnd' .
when Qetted"(Tyler and Geake,>1964j, and it may be that such eggshells‘
are broken at this critical stage., Many various "&idro—circﬁmsfanﬁésv
undoubtedly characterize variations in eggshell breakage on the Green Bay

gulleries, normal breakage probably being compounded by the presence

of .environmental pollutants,

17 -
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Figure 5. Examplés o.f Lake Michigan Herring Gull nests. A, Wéli built
nest with 2 young; May 1970. B. Well built .nest, with 3 appérently
intact eggs; howevér, all three were cracked and partllyi drained froﬁ

. underneath; May 1970, C. Poorly built, late-~season nest ﬁith an
unincubated egg, broke\;l as femai‘e flushed from nest; AMay 197(.)'. D,
Flaked egg with partly developed, dead émbryo within; nearly half the

eggshell had been chipped away; May 1969,
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SUMMARY

Measurements of eggshells of Herring Gulls collected prior to
the mid-1940s were found to vary geographically, this varilation probably
being best described as clinal in nature, These variations were most
cl&sely related to indices of body size, as described by other authors,
Nearly distinct geographical groupings of eggsbell volume and other
measurements involved arctic and northern,.interior-Atlantic, and Great
Lakes po?élations of Herring Culls in North America., Eggshell volume
was also shown to relate generally to body size in ien other species of
larids, Eggshell weight and thickness were generally related to

eggshell volume,
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Recent egpshell changes (dated back to the early 1950s in our

samples from lakes Huron and Michigan), mainly in eggshell thickness

and empty welght, were demonstrated up through 1969 in some populations,
The 1967 éggshell thinning was evident in. Great Lakes specimens, bﬁt
not i;w;;gy egps collected on the Atlantic Coast. Levels of chlorinated
‘hydrocarbons were significantly less in the Atlantic Herring Gull eggs.
DDE/apparent polychlorinated biphenyl (PCB) ratios varied as well, with
apparent PCB increasing in relation to DDE as one proceeds out from Lake
Michigan., Actual levéls, however, of both DDE and apparent PCB

decreased considerably outside the Great Lakes, The eggshell changes

showed a highly significant negative relationship with residues of

pyp'=DDE, a metabolite of p,p'-DDT, as well as appareut PCBs., The

role of PCBs in eggshell thinning and embryonic mortality remaing to

be determined, The most extremé eggshell thiﬁning recorded in Green Bay
Herring Gulls occurfed in 1964 and 1965 when onious reproductive
failures occurred, shell thinning in intact eggs approached 20%, and
residues of DDE in the eggs were highest (%rouud 2,500 ppm lipid basis),
There is limited evidence thaﬁ Herring Gulls may not be as susceptiﬁle

to eggéhell—thinniﬁg as reportedbfor other species,
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INTRODUCTION

In this paper we will attempt to add to the current knowledge of
chemical pollution by testing the hypothesis first described by Ratcliffe
(1967, 1970) that eggshell changes discovered in niné‘specieé~o£ British
birds have also occurred in North America. We plan to do this by (1) -
reviewing studies already puﬁlished or in press and (2) by'reporting our
own study of the eggshells of 25 species in virtually all the major
- museunm and private egg collections in Cénada and the United States.

The 25 species selected by us and our coliegues4are a biased sample.
Some were selected because of their known or suspected high residue levels

of chlorinated hydrocarbons, others because of their known or suspected
. X .
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population decreases and still others because their popu}ations were
known or suspected to be stationary or possibly increasing. It became
necessary to work with large-sized species because of the fragility of
small eggshells, and we in no way wish to present data heré to be

considered as a representative cross-section of North American birdlife.

METHODS AND MATERIALS

Our own studies have involved 35,017 eggshells. We propose here to
summarize dur data on 3,00l of thege-~collected after 19li6-~and to compare
them to 20,65h collected prior to 1947. Our laboratory methods 5ave
generally followed those of Ratcliffe (1967) except that we also used a
micrometer to measure eggshell thickness (whiéh included the firmly
attached membranes) in a fraction of the eggs which had holes as large
or larger than 2 mm (Anderson & Hickey, 1970). We compared Ratcliffe's
(1967) thicknesé»index meagurements to acfual thickness in nine species

representing ten geographical regions (Table 1). These tests were run on

100 eggshells from each group and were randomly selected from a larger

pool of data. Correlation coefficients were all highly sigﬁfieaﬁt 5?

(§<:0.001), and therefore we consider thickness'index as a reliable‘and

inéependent estimate éf thickness. Ratciiffe defines thickness index

as weight of shell in mg divided by the product of length and bréadth in mom. ;;
As expected ffém a continent~wide study, many of the species we )

examined showed clinal variation in thelr eggshell measureﬁénts (see

Anderéon & Hickey, 1970; Anderson et al., 1970a, 1970b). We have grouped -

‘state and provincialAsamples together only when they failed to have

statistically significant differences at the 95% level. Wé did, however,

initially divide Texas, California, British Coiumbia, Quebec, Northwest

Territories and Alaska into smaller geographical units before carrying

2
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out such tests. In addition, specific collection sites were sometimes

used to divide geographical units further on an ecological basis. It

is possible that the groupings by region shown in our tables should be
further broken down when larger samples become available for stétistical
analysis. It is also probable that certain geographical gfoupings
ﬁight be further combined. ‘

Potential biases exist iﬁ egg collections, as Storer (1930) has
pointed out. We regard improperly cleaned eggshells as unlikely or easily
detected (see Anderson & Hickey, 1976) in the well-curated collections we
examined; their occurrence, if ﬁndetected, would of course affect any
decreases in shell weight or thickness that we encountered. Meajor
eggshell changes 1eadihg‘to‘an early or almost immediate breakage by the
parent birds appear tgﬁzgaleast occasionally taken place in at least the i ;
last decade. Risebrough et al. (i970),erithfé£ al. (1970) and Jehl A |

(1969) report eggéhells of Brown Pelican (Pelecanus occidentalis) so.

thin in 1969 that meny were broken nearly immediateiy after laying, so
that pesticide'residue analyses had to be done on lipids extracted from
crushed reminants of some of these fresh eggs. Such eggs would tend to
be destroyed before the arrival of égg ébllectors; their absence in.

collections would potentially bias reported decreases as too low. This

biag is possibly present in our data through 1966; it is presen£ to a
lesser extent after about 1966 when eggs were cqllected.more often by
ecoldg%sts than oologists. Since raptorial birds tend ﬁo eat theif own
~ broken eggs (reviewed by Ratcliffe, 1970), the bias still tends to be a

real one in such species.

RESULTS AND DISCUSSION

Pre-19Li6 Eggshell Changes

A critically important hypothesis at the start centers on the

possibility that significant decreases in eggshell ﬁeight and thickness ¢
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have in some way been occurring before 1946 or 1947 on a large scale.
That this has not taken place in Eurasian Sparrow Hawks (Accipiter

nisus) and Peregrine Falcons (Falco peregrinus) in-Great Britain for the

period 1900 to 1945 was shown by Ratcliffe (1967, 1970) and. for Peregrine
Falcons in southern California from 1890 to 1945 by Hickey & Anderson
(1968) (see Figure 1), Pre-1947 changes were also not evident in Florida

Bald Bagles (Hsliaeetus leucocephalus), where a 1947 change is suggested

from eggshell-weight data (Figure 2), We further tested this hypothesis
by exeamining the shéll~thickness indices on a decade by decade basis for
11 species from 1l geographical areas (Table 2). In order to make all
observations in these tests independent of one another, we randomly
selected single eggs from all clutches. Where recent aata were used,
these represented both clutches collected by egg collectors and single
eggs taken by us or our cooperators in a random fashion from individual
nests. We usediRatcliffe's thickness index in this test bédéﬁse of its
suitability as a measure of thickness (Table 1). These decade compar-
isons gave only 1 significant, pre~19h0~difference‘ih'§1*3603d6~00mpar"‘

isons (Table 2); Golden Eagle (Aquila chrysatos) eggs in 1890-99

(n = 32) were not significantly different from post~1950 eggs of this
species. Due to the “rarity® of pre~1939 eggshell changes (the one we
report here might even theoretically be dus to a sampling'erfor), we
believe'that our total, pre~19L7 sampleS*»ali‘decadés combined~~are our
best fépresentatives.fér descriptive purposes as well as for comparisons -
within a given geographical unit. Thus, we feel justified in the com-—

parisons presented below.

Recent; Bggshell Changes

- Where we made 166 post-19L6 eggshell comparisons (TablesAB to 7,

further scientifi¢ names will be given there), we found statistically

"
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significant decreases in 103 (62%), nonsignificant changes or no

changes in 61 (37%) and significant increases in 2 (1%).

Fish-eating birds.--We found variable, but generally what we
conside%ed significant changes in most of the fish-eating species of
nonraptorial birds we examined (Table 3). White Pelicans and Common
Loons seem to show only more recent changes (1960s) when compared to
Brown Pelicans (early 1950s) and Double»cres£ed Cormorants -(late 1940s
and early 1950s in most cases), Geographical as well as temporal
variability associated with post-1947 eggshells is evident from the data
on Great Blue Herons and possibly Black~-crowned Night Herons. Brown
Pelicans, Double-crested Cormorants and Black-crowned Night Herons seem
to have suffered the greatest effects of the eggshell fhinning syndrone .

The northern population segment of the Brown Pélican along our West
Coast is now believed to be “on the brink of disaster" (A0U, 1969). The
Gulf Coast populaﬁion wasg also congidered as “endangered® by the AQU
(1968), Risebrough et al. (1970) and Keith et al. (1970) have demonstrated
that high levels of p,p'~DDE are present in California Brown Pelicans and
‘ that extreme eggshell thinning (~34 to ~53%) is aséociated with such
" residues. PCBs}(polychlorinated biﬁhenyls) are also pfesant. 'Eggshell
thinning in eastern colonies was not as‘extensive in 1969 (-7.5% in i
Florida and -16.9% in South Carolina) (Blus, 1970). White Pelicshs from
interior North America showed DDI-related eggshell thinning of a seemingly
minor nature (~4.5%) (Anderson et él., 1969), and this species does not {
"presentiy'appear to be seriously declining in reoént decades except for o

possibly slow, long-term declines associated with habitat encroachment ;

and disturbances (Lies & Behle, 1966). The high level of recent thinning

in British Columbia White Pelicans.(Table 3) andbthﬁpresence'of‘highly

et o e SN e P | ther

significant decreases in this species (Table 2), sugge§§~ potentially
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serious problems with this species in some areas, and we conclude that

the White Pelican population deserves a close future watch.
Double-crested Cormorants from interior Wisconsin showed eggshell
thinning on the order of -20% and the highest egg levels of DDE compared
to other colonies of this species from interior North America in 1965
(Anderson et al., 1969); this population has decreased considerably in
recent years (Anderson & Hamerstrom, 1967). Eggshell changes in thié
specles were observed on Lake Miohigén as early as 1955 (Table 3).
Cormorants are now nearly gone from Lake Superior (Ontario and upper

Michigan) (S. Postupalsky, personal communication), where substantial

eggshell thinning was observed as early as 1959 (Table 3). These birds

likely winter én the Gulf Coast (Lewis, 1929: 20-22) where Brown Pélicans
once bred in large numbers. The subsiantial decreases in eggshell ? §
neasurements of Black-crowned Night Herons in New Jersey in 1952 (Table |
3) have been accompanied by reports of a 90% decline in nearby ezstern %i; ,%

Long Island, New York, as of 1965 (Peterson, 1969).

Accipiters and Buteos.~-Accipitrine hawks tend to have had eggshell
changes about twice as great as the buteos we examined (Table- L), un- : b

weighted means of the two groups being gbout.ll and ly percent, respect-

ively. These phenomena tend to parallel the reported population declines
of Cooper's Hawks and Sharp-shinned Hawks in eastern North America

(Spofford, 1969), the better numbers of Cooper's Hawks in the West

b cee e For o ¥ D A e ST T L s

(Peterson, 1969) and the generally stationary numbers of buteos at least
in the East (Spofford, 1969 )~-to which the. Red~-shouldered Hawk was a L
puzzling exceptién. The changes for Goshawks in California (-12%), | i
Red~tailed Hawks in Montana (-14%) and Red-shouldered Hawks in south §

Texas (~15 to <18%) come as some surprise, and their population

significance is unknown at this time, The general conclusions of

6
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Peterson (1969) that bird-ecaters are more affected than mammale or
reptile-eaters are sustained by these data, although the eggshell change in
Red~shoulder Hawks remainsto be explained.

Eagles, Osprey and Marsh Hawk.--Golden Eagles (primarily mammal-

eaters), in contrast to Bald Eagles (fish-eaters), showed few changes
exceeding 10% throughout the spectrum of our data, excepting‘a small
sample from Alaska in the early 1960s (Table'S). As already noted
(Table 2), one pre-1939 decade sample of this species showed a thickness
index similiar to and not significantly different from our post-1939
samples. The recent Alaskan sample represented eggshells from two
females, and we have reservations on that eggshell change. Our pre-1947
sample from Alaska was small and not significantly different from its
temporalveguivalent, Golden Eagles from further to the south; nonethe-
less, we kept 1l separate on the basis of geographical separation and
feel that no ecolbgical conclusions should be drawn until more data -
are available from Alaska.

Small samples of Marsh Hawk eggshells showed changes in most areas

where samples were available, and Ospreys from eastern U.S. (decline

summarized by Peterson, 1969) showed the same phenomenon (Table 5).

Small samples of Florida Osprey from 1949 and 1960 showed néthar

substantial eggshell changes, as well. This is in contrast, perhaps,

T TN

.from a population viewpoint, to the Osprey situation»ih;flgyida Bay,
Florida, where the Ospreywss reported as stationary in 1968u69
- (Henny & Ogden, 1970).

Falcons.~-The eggshell changes we observed for Gyrfalcons were

considered statistically significant but were below 10%. We do not

know that 10% is a critical level,and it was arbitrarily chosen by us

here for discussion purposes. Our Prairie Falcon data exhibited
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variable eggshell changes, many of which seem to be of a critical

magnitude (Table 6). Changes occurred in southern California where
population declines are known (Glading in Hickey, 1969), although we
could nét statistically demonstrate that these changes were real

(Table 2). Changes were evident in New Mexico Prairie Falcons (Table 6),
adjacent to Utah where that species has also declined due to‘various
reasons, including some disturbances by falcéners (White, 1969).
Peregrines showed nearly universal declines in eggshell weight and
thickness. The exceptions were one early clutch (1948) from Baja

and 1947~53 specimens from Britiéh Columbia (Table 6). One normal

clutch was also observed from southern California as late as 1952

(Figure 1). The two eggshells taken in 1966 in British'Columbia were

not tested, but all measurements were below the pre«i9h7 lover 95%
confidence limifs. The statistical significance of the eggshelléhange-in
Peregrines (Table é) leaves little doubt as to its recent gz;urrence. if
American Sparrow Hawks showed small eggshell changes in our data, the |
éxceptions being two clutches from 195263 in easternjﬂﬁﬁg@ﬂigble 6);

This species possibly shows some "“recovery" when very recent specimens

e 1 N S0 2 e, i

are compared to those from the late 1940s and early 1950s (Tsble 6,

.1data from California and British Columbia).

Areas of low productivity for Prairie'Falcons were found in central
Canada by F&fe et al. (1969) to harbor falcons with egg regidues of DDE
'higherﬂthan in falcon eggs from areas of more satisfactory pr@ductivity. §
Also associated with the high DDE residues and lowiproductivity were ﬁhe ,
thinnest eggshells in 1966-68 and a 3% reduction in occupied territories
over the ten years prior to their study. The overall mean level of |
 eggshell thinning reported by Fyfe et al. (1969) was -11%. The various
V‘local breeding populations they studied tended to have similiar, Iocal
8 : :
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DDE levels but dissimiliar interregional levels, resulting in a
generally consistent intraregional pattern of contamination but an
interregionally patchy situation. Enderson & Berger (1970) have also
established a relationship between chlorinated hydrocarbons, thin
eggshells and lowered hatching success in Prairie Falcons from Colorado.
The Peregrine story has already been summarized (Hickey, 1969), and
the general syndrome is similiar and better documented with respect to
 population decreases. Arctic Peregrines now show a progressive eggshell
thinning (Table 6) along with high levels of chlorinated hydrocarbons
in northern Alaska (Cade et al., 1968), northwest Canada (Enderson &
Berger, 1968) and in eastern Arctic Canada. (Berger et al., 1970).
Apparently, the Peregrine situation is now characterized by eggshell
thinnihg on a continental scale., x

Whooping Crane, Herring Gulls, Great Horned Owls and Crows..-

Whooping Orane eggshells did not show significant changeé'in-l96?v59
samples from hatched eggs (Anderson & Kreitzer, 19705 Table,Y), Herring
Gulls on Lake Michigan experiencéd local,heavy eggshgl} ?fgakage and
reproductive failures’in 196l (Keith, 1966), and sdbsequ;hﬁ data from
that area substantiated that 1964 was a period of extremely high levels
of DDE and a period of maximum eggshell thinning,'gﬁproaching ~31% in
broken eggs (Anderson et &l., 1970b; Herriﬁg Gull data_sumﬁarized.in :
Table 7). Changes were not detected until the early 1950s. .Herring

, Gullszfrqm other areas exhibited;lesser magnitudes of eggshell change

- (Table 7) end Lower residues (Hickéy & Anderson,-l968).

- Two species believed to‘be currently stationary, the Great Horned

Owl and Common Crow, showed generally small changes or no changes at

all (Table 7). One local change, in Great Horned Owls from Florida
. -
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as early as the late 1940s and early 1950s, exceeded 10%, however.

This change is indeed worthy of follow-up research.

Some Geéneral. Characteristics of Recent Eggshell Changes'

The limited post-1947 data in Tablés 3 to 7 seem to provide enough
material for several generaiizations regarding the eggshell~thinning
syndrome. First, no increases in eggshell thickness or thickness index
that we regarded as significant occurred in any of the eggshells we

examined except for Common Crows. We are tempted to cite the work of ;

Jefferies (1969) concerning another passerine, Lonchura striata, where
eggshells became thicker-shelled (but smaller) upon DDT treatment. ;

" There were no volume differences observed between these two sets of

crow data and their pre-19,7 measurements, however, and the occurrence b1

of slightly thin eggshells in some specimens of Common Crow (Table 7) %

suggests to us a sampling error instead. ~§A
g

The éhanges we encountered seemed to.follow four general caﬁegories:
(1) Y“ups and downs" within a given geographical area, implying the potential
for “recovery", such as that observed with California Sparrow Hawks (Table
6); such occurrences might be similiar to that reported by‘Lodkie et al.
(1969) for Scottish Golden Eagles, (2) steady declines of eggshell weights
and thicknesses such as those observed with Ontario cormorants (Table
3), (3) early eggshell changes such»as‘those_observed.wiﬁh Peregrines

in eastern U.S. (Table 6); these were followed by complete extirpation

(Berger et al., 1969) so that recent data are not available, and (k)
only very recent eggshell changes such as those observed with White
Pelicans (Table 3). |

The eggshell thinning syndrame seems to be a general phénomenon
améng ﬁény of the gpeciles we studied; however, temporal variation
("spottiness®) in eggshell thinning is evident after 1947. Some species

10
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did not experience decreases until the 1960s; others began as early as

1947. This seems to be an important characteristic of the phenomenon,

In species where eggshell changes have occurred, not all changes correspond
to the general environmmental introduction of DDT in the mid-1940s, but on
the other hand, there is no evidence that DDT was a global pollutant as
early as then. In all the species we examined, general eggshell changes |
weré not. observed until the post-1940 decades. Eggshell thinning on a
widespread basis is a recent phenomenon.

Another seemingly important géneralization froﬁ the data in Tables
3 to 7 might be the apparent geographical “spottiness® observed. Certain
areas and populations show'eggshell.changes, others do not. Where data

were available, a general but loose relationship seems to exist between

population status and degree of eggshell change in many cases.- Such
~data are tempting indeed, bubt we must stress that these associations

aré purely circumstantial in most cases. Changes in eggshells at least

seem generally and partially'related to changes in population statug--
not that all population changes are associated #ith thin eggshe11s——but
wheh excessive eggshell changes are observed, say above 15% to 20% for
a period}of years, thé populaﬁion in qugstién‘seems tb:bé generally in
trouble. In species with significant population reserves of nonbreeding
subadults, a sustained reproductive failure will not affect»tﬁe known
nesting populaﬁibn foylsevefal years. This occurred in the'Peregrine
Falcon in the late 1940s and may now be taking place in the California
Brown_PeliCans. o

Ratcliffe (1969) has argued that increased adult nortality--as well

as reproductive failure--played an important role in the post~1955 = ;

population crash of the Peregrine Falcon in Britain. The excellent census

11
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) data on this species provided by Rice (1969) and Herbert & Herbert
(1969) for eastern Pennsylvania, New Jérsey and southern New York
clearly show a population decline far in excess of what one would'
"estimate to be the normal adult mortality rate. The population decliﬁe~_,
of Ospreys in Connecticut (Ames & Mersereau, 196l; Peterson, 1969) .
displays the same phenomenon. In other parts of North America, however,
known- rates of Osprey population decline agree rather well with cal-
culated decreases in net productivity (Henny & Ogden, 1970). It seems
highly likely that North American birds are experiencing a speétrum of
population-effects due to varying degrees of exposure to chemical
pollutants. Adult mortality will always be difficult to trace on a
population basis. Its occurrence in individual Herring Gulls has been
tfaced to DDT~type compounds by Hickey’ét al. (1966) and to dieldrin

1 f;‘ - : in Bald Eazgles by Reichel et al., (1969).

Identification of Pollutants

Up to the present time, the effect-of mercury on North American

bird populations remains unknown, anq the‘oécurrence:ofﬁtﬁis poXlutant
~in the Worth American environment can only be noted héfe‘aé generating
. a treméndéﬁs amount of new and potentially interesting,fesearch.

The discovery of high levels of PCBs in the natural environment
(Jensen, 1966; Widmark, 1967; and others) and their frequent association
with DDE in the 1lipid reservoir of the avian body (Reynolds, 1970) has
opened up the possibiiity that these chemical pollutants may in some
way contribute to the egéshell thinning now being found on two‘continénts.
Estimated residues of PCBs were found by Anderson et al. (1969) to be
inversely correlated with eggshell thickness in Double~crested Cormorants
but not in White Pelicahs; whereas, DDE levels were correlated with

shell thinning in both species. 'The PCB levels in the pelicans were,

12

e

HARTOLDMONO0029753



112

however, relatively low. The field evaluation of PCB effects
certainly invites a broader survey. JIn Qur own studies of eggshell
changes in Herring Gulls, we have concluded that more variation.in
eggshell thickness could be accounted for by DDE than apparent PCB, but
that both seem potentially important at this time (Anderspn et al.,
1970b),

. The 1list of factors producing éggshell changes in poultiry is a
long one (Romanoff & Romanoff, 19L49; Sturkie, 1965; Simkiss, 1967).

The eggshell changes reported in wild birds by Ratcliffe (1967, 1970)
for Britain and by various North American authors have been followed
by controlled experiments testing the new hypothesis that these
remarkable physiological changes can be produced by various chlorinated
hydrocarbons. Porter & Wiemeyer (1969) demonstrated eggshell thinning
in American Sparrow Hawks and the assoclated symptoms of egg disappear~
ance, egg breakage and‘lowered productivity. These birds were fed a

of dieldrin and p,p'-DDT. 'Heath et al. (1969) demonstrated similiar

phenomena with Mallards (Anas platyrhynchos) fed very low levels of

p,p'-DDE. Such eggshell thinning was verified by Risebrough et al.

(1970) with mellards fed similiar levels of p,p'-DDE. Peakall (1970)

induced thin shells in Ringdoves (Streptopelia risoria) injected with

p,p'-DDT and p,p'-DDE. Bitman et al. (1969) and Bitman (1970) demon~

gtrated that eggshell thinning was possible in Coiurnixvcoturnix fed
high iévels of p,p'-DﬁT and o,p'~DDT. Lehner & Egbert (1969) reporfed
minor eggshell changes in Mallards fed dieldrin; whereas, Daﬁlgren &
‘Linder (1970) could not produce the same effects in Ring-necked

Pheasants (Phasianus colchicus) fed dieldrin. ‘Wor -could Peakall (1970)

produce eggshell thinning with dieldrin injections in Ringdoves.

.le
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: The recent shell changes found in wild birds in North America

have been assoclated jn 11 cases with DDE of‘DDT—family residues in the

eggs. These residues have ranged from 3l to 2525 ppm on a lipid basis

(Table 8)} residues of 7 and 30 ppm apparently produced no detectable

eggshell changes in two species. Some interspecific differences in

response to these environmental contaminants appear to be suégested by

the data now available (Table 8).

Pesticides and other compounds in nature are mixtures, each component
of a given residue spectrum may'hdve unique phyalologlcal effects, and
combinations of pollutants may have additional effects not manifested by
each singly. The observation of gross phy81ologaca1 end~results in the
field are probably in reality a combination of causeq and each ecological

situation may be unique.

_ smmﬂ&m"

Analysis of eggshell thickness-index changes on a7décade‘bésis,
carried out with'2,088 eggs representing that many individuél females
of 11 species and 1L geographical areas, disclosed an appareﬁ£ decrease
in Golden Eagles in the 1890s in western North Americay thié represented

1 significant decade~change (2 decrease) oﬁt of 91 decades compared.

Comparisons in the other 13 analyses disclosed no significant chénges.
Wﬁen tﬁis'comparisoh was enlarged to include a totai éf 2,80L eggs
- through 1969, significant deéédé differences were apparent in 12 of the
1l cases, 9 of these at the 0,005 level of probability. .Iﬁ this arbite
rariiy selected group of species, we conclude that eggshell changes were
rare befére 1939 and common sometime thereafter. _
Expansion of this sample to 20,654 eggsheils taken prior to 1946

and to 3,00 taken since then reveals that ¢ out of 25 spec;es"haVQ

_ sugtained shell~thickness and shell-weight decreases of 20 or more

1y
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percent, at least for brief periods: the Peregrine Falcon in at least

three regions, the Marsh Hawk and Brown Peliban in two regions and the
Prairie Falcon, Cooper's Hawk, Double~crested Cormorant, Black-crowned
Night Heron, Bala Eagle and Osprey in at least one region each, In
eight of these, regional‘declines are known; and in somé cases, these

declines continue.
s

in Ontario Common Loons, 14~16% iﬁ some ‘White Pelicans, 7-9% in some

These eggshell changes appear to be absent in Whooping Cranes,

road-winged Hawks and Rough-legged Hawks. They have reached 15-19%

Great Blue Herons, 8-12% in California Goshawks, 9-13% in some Sharp-
shinned Hawks and 10% in Great Lakes Herring Gulls. Chénges generally
under 10% (with some local exceptions) were observed in Red-tailed
Hawks, Red-shouldered Hawks, Golden Eagles, Gyrfalcons, American Sparrow
Hawks, Great Horned Owls and Common (rows. The species we revigwed

are not regarded as a representétive cross-section of North Amefid%ﬁ
bifdlife, and the population significances of the data are restricted
by small samgles'and time spans, often representing only a fGW'years

in a given region.

h . The shell~change data séem to characferize regional differences

in chemical fallout, contamination that varies with diet and phylo-

genetic differences in sensitivity to pollutaﬂts, DDE is the pollutant
most often associated with these physiological changes and population |
vdecreéses. The importance of additional chlorinated hydrocarbons,

including PCBs, as well as mercury remains to be worked out. The threat ;-"

to North American species is geographically widespread and not‘limited

to the site of pesticide application. It probably involves a small

15
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fraction of the continent's species and often only some gebgraphio
fraction of a specles population; bul it seems to be mounting and its
occurrence in the tropical parts of North and South America remains to

be worked out.
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Figure 1. Raw eggshell-weight data plotted against time' for

California Peregrines. These data suggest an eggshell change

in 1947.
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Figure 2. Eggshell weight versus time in Florida Bald Eagles, | ';

again suggesting a general change beginning in 1947. The 1969

data (A. Sprunt IV, personal communication) suggest some

“recovery™ or represent a series of females less affected than

previously. .
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- Table 1. Relationship between Ratcliffe's (1967) thickness index and

measured eggshell thickness in nine speciese.

Regression
Correlation equation Std, err. E-
Species ooefficientg‘«/ (§ = o + _’c_gX) of slope Valueg/ ‘

Pelecanus er,y't;hrorhynohos 0.8,2 0.277 + L.481X  0.2%0 238.7

Phalacrocorax suritus 0.850 0.26L + L.342X  0.272 255.5

Nycticorax nycticorax 0.855 -0.025 + 5,025 0,308 266.7

Aquila chrysactos 0.878 VO.BéO + 3,782X 0.208 330.4
Pandion haliaebus 0.918  -0.018 + §.096X 0.223  521.7 ' ;
' Falco mexicanus T 0.675 1.547 + 1.003X  0.111 81.8 %

Falco sparverius 0.866 0.00L + 5.035X o.é9u 29l.1

Larus argentatus (Midwest) 0.881 0.052 +'L.h70X  0.243  339.1

Larus .argentatus (Eastern) 0.904 ~0.43L + 5.851X 0,280 437.3

Corvus brachyrhynchos 0.711 0.248 + 3.478% 0.347  100.5

RE—

}_/ These represent 100 randomly selected eggshells from each species,

‘ the correlation coefficient (r) at P ool ™ 0.32}.

i

2/ F-test from Steel & Torrie (1960: 287-289), F-value at 2-605 = 8.29.

e R
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GEOGRAPHICAL VARIATION IN THE EGGBHELLS OF COMMON LOONS

DANIEL W. ANDERSONl, HARRY G. LUMSDEN2 ARD JOSEPH J. HICKEYl

Univ. of Wisconsin, Dept. of Wildlife Ecology, Madison, Wisconsin 53706

Onterio Dept. of Lands and Forests, Research Branch, Maple, Ontario.

INTRODUCTION
Our major objective here is to report geographical variations in
the eggshells of Common Loons (Cavia immer). The data, besides being
of interest from an academic viewpoint, have a potential practical

. spplication. Numerous authors have recently reported eggshell changes,

namely in shell thickness and weight, in certain bird species, These

findings dictated, but not necessarily so, that our cutofr date in

analysis of "normal' geographic variation be no later than 1946 (see

Rateliffe 1967, and Hickey -and Anderson 1968).

INDICES TO GEOGRAPHICAL VARIATION
Rand (1947) has used two criteria to report geographical variation
in the Common Loon, bill length and wing length, the latter being more,

but not entirely satisfactory. The wing-chord measurements of Rand

(1947), although somewhat variable, were sdequate to suggest geographic

variation in size on an intraspecific basis in North American Common

Loéns. ‘Despite potential weakness in the use of wing chord as an index
to body éize (see Welty 196L4:457-58 and Scholander‘1955), it seems
generally satisfactory (Mdyr 1956 end Amadon 1943a), especialiy on an .
intraspecific.basis. Since many readily tsken eggshell measurements

{such éa volume,.thickness, and weight) often seem to relate to body

HARTOLDMON0029812
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size on an intra- and even sometimes on an inferspecific basis (Romanoff
and Romanoff'l9h9:150, Amadon 19L43p, Lack 1968:235, Anderson and Hickey
1970), most of our measurements here probably reflect body size. .The
general ;elationship between wing chord and body size reported by Rand
(1947), then, provided us with a basic hypothesis to tesg statistically,

applying our eggshell data to an already hypothesized trend.

MATERIALS AND METHODS
» Eggshells were measured from various museums throughout North
America as already described by Anderson and Hickey (1970). The basic
variables we examined were as follows: empty-eggshell weight including
. menbranes, egg length (L), egg breadth (B) at its widest. portion, L/B
| ratio, estimated outside volume, and eggshell thickness including
membrenes and cuticle. Tyler (1969) has described in detail the shell
structure of Gaviifor@es and it is obvious that our measurements of
thickness encompassed many various structures.  Amadon (19&3&) descrihed
various methods used to obtain measurements relating to egg volume. We
estimated volume on the basis of the shape’categorie;»describedAby
Preston (1953) and Palmer (1962:13) and the constant L as discussed
by Amadon (1943b). Examples (10 to 11 each) of the two shape categories-
we found in 1oons, subelliptical and oval, were immersed in;water for a
volunetric determinétion of outside volume. Cylinder volunes with
equivalent L and‘B measurements of each egg werércalculated and a
correcti;n factor (CF) for egch shape determined. wé originaily‘planned
ﬁo calculate a CFnregres§ion formula for differing L/B ratios within
??Ch shape category, but found them to be remarkably agreeable within

the ranges vwe tested, and therefore combined them. The resultant CF's

HARTOLDMONO0029813
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7[ ' were as follows: subelliptical = 0.6h, oval = 0.62. We multiplied
these by the volume of a cylinder of equal L and B for each egg to
obfain our estimate of volume. This procedure is essentially similiar
to that described by Stonehouse (1963), The hypothesis which we |
tested is restated as follows: (1) geographic variation'in eggsheils
occurs in North Americsn Common Loons, and @) it occurs according to

| the trends (wing chord as an index to body size) described by Rand
(1947), Statistical tesfs were (1) analysis of variance, and (2)
Duncan's new multiple-range test (Steel and Torrie 1960:112~15, lOfu
09). The hypothesized trends are summarized in Fig. 1 as we vision

them from Rand's descriptions.

RESULTS AND DISCUSSION

‘Eggshell Meagurements

All six varisbles tested showed highly signif}cant differences

(EBC0.0l) between our various subjective groupings uséd to test for

clinal variation (Table 1). The Effest.generally confirms Rand's

(1947) description of variation in Cbmmon Loons. The Duncan's-test,
> alfhough not entirely satisfactory beéause of its one-dimehsiopal
character, yielded additional infofmatibn regarding a descripﬁion of
the variation (Table 2). Volume compariéons (TableA2),'for example,
gavé 12 significant differeﬁces-in 2l tests, whereés only 1-2 would be
expected at the 95% level due to sampling error.. Eggshell-ﬁeigh#;
volume, qﬁd thickness generally followed similiar tfénds whicﬁ were
mﬁch'alike and in éécordance with previousiy described trénds. Since

eggshell veight, volume and thickness are generally interrelated

perameters on an intraspecific basis (Asmundson and Baker 1940, and

HARTOLDMONO0029814
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FIGURE 1. Mapvshowing trends in the wing-chord measurements of Common
Loons as described by Rand (1947)--dotted line. The breeding range of 
Gavia immer is adapted from Palmer (1962:27) and Godfrey (1966:10)

with modification from the AOU Check-list (1957) céncerning Celifornia.
Circles indicate, subjectively, relative differences in wing chord,

and arrows point to increases in the trend. Solid lines enclosing
geographical regions represent subjective groupings as we would see

them for statistical testing and as best fitting our sample distributions.
Eggshells from area 5 represented inlahd nests, and Ontaric eggs from

the Great Lakes were included in area 4. Areas of especially noticeable

overlap in measurements, according to Rand (1947), are between 5 and 6 ;

and}Bétween 1l and 3.

H
H
L
b
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TABLE l,--Analyses of variance, comparing six,eggshell'variables in

Common Loons over seven geographical areas

Variable Degrees of Freedom:

Nanme Among Within , grvaluel
Eggshell wt, (g) 6 295 20,44
Length (cm) 6 295 7.77
Breadth (cm) 6 295 22,86
Length/Breadth 6 295 5,33
Volunme (cm3) _ ' 6 ) 295 23.31
Thickness (mm) 6 239 .' . 7.15

levaiues at various significance levels are as follows (Steel and Torrie

—

1960:440): P.05 = 2,10, P,01l = 2,80,

HARTOLDMONO0029816
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Asmundson et al. 1943), similiar trends are to be expected. The
general uniqueness of middle groups (gepgraphical areas 2, 3, and &4,
Fig; 1) vith significant differences moving out in both directions
from those areas, suggests & linear, but'branching variation either
converging or diverging from that area, possibly related to latitude
and Bergmann's Rule, Even though, in sll cases, the values on each
end of the spectrum were not significant statistically from one another
on é ranked basis, we believe them to be bioclogically significant due
to their geographical separation, .Perhaps two statistical tests would
have illustrated the data better, using these interior areas as a

i

"starting poin for each. The patterns observed with weight, volume,

and thickness éeemed nearly opposite to those observed with L/B ratios,
but by no means were the differences large or of sufficient megnitude
to yield noticeable differences except from the interior areas (5 and
6) out toward each extr;me. The large F-value for breadth as compared
to length (Table 1) sﬁggests that B is the most variable. Somewhat
aifferent L/B ratios, in any case, suggested possibie:aifferences in
thé shape disﬁributions from area to area. We tested this hypothesis
with Chi2 and found that significant differences occutrred in a éattern
génerally similiar to that observed for differencgs in the L/B ratios.

Areas 5 and 6 (Fig. 1) tended to have significantly different

distributions of the two shape categories (area 5 was significantly

differe££, P£0.05, from areas 2, 3, 4, and T; area 6 was significantly

aifferent frém 3). i/é ratios (Table 2) from area $ wvere not significant
only from'adjééeﬁt géoéraphical aress, 3 and 6. When areas 5 and 6 , &
UWere combined and tested against the remainder in a 2 x 2-table, it vas o

found that their tendency.toward a larger proportion of subelliptical
. . l‘

.

i
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eggs vas significantly different (2540.015 Chi2 = 21.3). The mean

ratio of subelliptical/oval in sreas 5 and 6 was 0.56 as compared to

1.7 in the remainder of the areas.
the higher L/B (Table 2; admittedly, there is a great deal of overlap,

and differences are only slight), our tentative conclusion is that

different tendencies in L/B ratios must at least in part be related to

different shape tendencies. The loon eggs with the grestest L/B ratios

were the eggs which tended more toward subelliptical and’those with

the smallest L/B ratios tended more toward oval.

Clutch-size

Much discusgsion has been presented regarding geographical variation

in clutch-size (see Lack 1954, 1968; Cody 1966; and others). There

seemed to be little difference between the mean clutch-size between

most areas, except in our samples from area 5, where differences seemed

apparentlﬁggzo.05 differences from all but 1 and 2). There appears to

be a rough trend for clutch-size to increase cut from this area (Table
3). VWhen areas 1 and 2; and 3 and k& were analyzed singly; no

‘differences or even trends could be found, thus their combinations in

Table 3. Unfortunately, we had no data from Greenlend, Baffin Island,

or Northwest Territories to test for further changes in the trend., Mean

egg volume showed no relationship to clutch-size due to the variability

in - clutch~size, We do not know, however, if the clutch-size data were

biased by failure to collect one-egg clutches in some sreas., Such
clutches are reportedly fairly common for G, immer (see Olson and
Marshall 1952, and Palmer 1962:31). We doubt that our Iceland sample,'

for example, truly represented the tendency for a lack of one-egg

®

5.
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TABLE 3,--Clutch-sizes of Common Loons from various geographical areas

Geographical Sanple Mean o 95%
1 | Areal Size Clutch-size Confideﬁce Limits
1+2 23 1,87 0.15
34+ 4 © 65 1.92 0.07
5 | 58 1,64 | 0.14
6 20 1,95 6.10
7 17 2,00° 0.00
‘all 183 1.84 0.06

lSeg Table 2, fbotnote 1.
-

All clutches we found in museums were composed of two eggs, therefore .

e

the zero values for 95%Z Confidence Limits. Most of these eggs were

e e,

callected by one collector, and might be biased away from single eggs,

-
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clutch from Iceland. We believe that additional dats to increase
sample~sizes are necessary before conclusions can be made relating
clutch-size to some geographical gradient or to egg volume in loons.
There is good reason to believe that these relationships exist (see

Lack 1968:233-34 and Mayr 1965:325).

GENERAL DISCUSSION
The data presented in this paper confirm geographic variation in

~various éggshell measurements of the Common Loon. ' The eggshell.
measurenents which most likely relaste to body size showed the same
trends as described by Rand (1947) for other measurements relating to
body size. Snyder (1957:26) recognizes a "1imited" correlstion between
size and 1atitude'in Common Loons, but stresses fhat considerable
overlap occurs in intermediaste areas. Todd (1963:75) discounted any
evidence of a cline in this species on the basis of bill and wing
measuremeﬁts, but suggested trends, nonetheless, He did not»believe
that smaller‘forms to‘fhe south should be recpgniied taxonomically due
to & considerable overlap in measurements. This was in agreement withA %
Rand (1947). We do not believe that the regions we tested here on &
statistical basis are biologically discreet,  due to the overlaps in ' , !
significance between neighboring regioné. Two or more genersl
latitudinal continuums probably best describe our dats on a purely
subjective basis, poésibly cne each on each side of Hudson Bay. The

clines do not seem related to latitude on & stfictly‘quantitative baéis,

o

however. The western regions seem to show less variation with the same
amount of latitude that shows greater variation in the east, especially

vhen Baffin Island birds are theoretically considered (we did not have.

6.
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eggshells from this area). The isophenes (see Mayr 1965:362) of, say,
egg volume might be visioned as shown in Fig. 2. We regard the clinal
variation described here for the Common Loon to be "ecotypic" as
descrived by Mayr (1956, 1965:1415) and therefore probably of little
taxonomic relevence (Mayr 1965:363). It is interesting that in the
ares of proposed isolines outside the breeding range of Common Loons
.(dotted»lines in northwestern and north-central North America, Fig;
2), enother species, G. adamsii, breeds (Rand 1948). Palmer (1962:35)
reports that G. adamsii is the largest of our loons, but eggshell
measurements are nearly identical, comparing the two species (Palmer
1962:31, 40). Godfrey (1966:11) does not believe there is sufficient
Justification to consider these two allopatric species as "mere races
of the same spgcies", a3 proposed by some authors, and it appears tﬁat
eggshell mea;urements might help Justify fhis conclusion in demonstrafing

different body-size/egg-size ratios. Studies concerning the eggshells

of G. adamsii are needed.
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FIGURE 2, Hypothesized isophenes for egéshell volume in Common Loons,
assuming that the clines as we interpret them generally croés the
isophenes at right ‘angles (Mayr 1965:362). This figure is only réughly
sketched and .on the same scale a&s Fig. 1. The values givep are mean

volumes from each areca. The value for Baffin Island is strictly

hypothetical but assumes that this deme, having the largest individuals

(Rand 1947), will have the largest eggs.
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OOLOGICAL DATA ON EGG AND BREEDING
CHARACTERISTICS OF BROWN PELICANS

Danier. W. AnpeErsoN AnNp Joseru J. Hickpy

HE Gulf Coast population of the Brown Pelican (Pelecanus occidentalis)
is now considered to be endangered by the AOU Committee on Conser-
vation (1968). The circumstances surrounding its decline are not clear.
Murphy (1936:102, 808-822) suggested that seme breeding populations of
Brown Pelicans “normally” fluctuate in response to fluctuating food supplies
in relation to such factors as Humboldt Current changes, as well as other
factors. Conney (1967), Kupfer (1967), Peakall (1967), Risebrough et al.
(1968}, and Wurster (1969) have explained some potential physiological
effects of chlorinated-hydrocarbon and related environmental pollutants on
mammalian and avian reproduction, which might apply, as well.

This paper presents information, obtained from major oological collections
in North America, regarding some egg and reproductive parameters of the
Brown Pelican. Ratcliffe (1967) and Hickey and Anderson (1968) have
utilized oological sources to document changes in shell thickness and shell
weight among seven species of birds. These changes were related to (1) the
widespread introduction of persisting chlorinated hydrocarbons into the
environment and (2) reproductive failures associated with shell-breakage
and loss.

The lack of field data regarding certain breeding and egg characteristics
from prior to and possibly during the decline of the Brown Pelican necessi-
tated our attempt to glean whatever information possible from museum and
private-egg collections. An understanding of the present situation, in addition,
requires an evalaation of the geographical and temporal variations in the
characters of interest.

METHODS

Measurements—Eggs were weighed to the nearest 0.01 gram (g) on a torsion halance.
Improper cleaning undoubtedly influences shell-weight and possibly alse shell-thickness
measurements. We used four criteria to determine if eggs had been properly blown:
(1) a tendency to setile to one side when rolled on a smooth surface, (2) loese contents,
(8) roughness on the interior of the shell, and (4) visual examination. In the course of
measuring over 34,000 eggs of 25 species, we found about 200-300 broken or cracked eggs
and a larger number with large holes. These lent themselves to close examination, and all
proved to be satisfactorily cleaned. Eggs with holes larger than 7 mm were either not
measured, or their weights were corrected to those with & 3-mm hole. This was ac-
complished by taking a small picce of shell, weighing it, and visually “filling” the hole.
Egg lengths and breadths were measured to the nearest 0.01 centimeter with a standard,
precision vernier caliper. Egg shapes were determined by comparison with the shapes

14
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Tasie 1
Crurcu Sizes anp INcusation Staces oF Eees Taken sY Qorocists Prior To 1943
Est. Stage Incubation Sample Mean 95%
of Incubation Rating Size Clutch Size CL
First egg-3 days! 1 72 2.94 0.32
4-12 days 2 137 2.93 0.31
13-21 days 3 27 3.07 0.50
22-30 days 4 0 — —
All combined o 236 2.95 0.27
1This stage repiesents a period of approximately § days.

described by Palmer (1962:13) and Preston (1968). Shell thickness was measured to

the nearest 0.01 mm with a specially adapted micrometer, the procedure being described

by Hickey and Anderson (1968). Thickness included shell and associated membranes at
the girth of each egg.

Information from Data Slips~Data slips, giving species, date of collection, stage of

incubation, location, collector, and other pertinent information accompanied each set of
eggs we measured. Due to the inadequacy of incubation terminology and the inability
to identify incubation stage accurately (Storer, 1980), mean dates of set-collection
(corrected on the basis of reported incubation to give date of clutch completion) can
only provide an estimate of breeding phenology. The dates together for an area really
only represent a mean over the years, but do suggest general trends and provide an
~index to length and variability of breeding season from region to region. We felt that
oologists’ estimates of incubation could, at best, only be categorized to the nearest one-
fourth of the period from first egg to the end of incubation. The incubation period
of the Brown Pelican is not precisely known (Palmer, 1962:277). We have used Mason’s
(1945) estimate of about 30 days for our calculations here and have estimated the mean
number of days that our samples were incubated on the basis of our four incubation
categories (Table 1, col. 1). In our series of samples, mean stage of incubation in days
subtracted from mean date of set-collection provided an estimate of date of clutch com-
pletion. Unincubated (“fresh”) eggs were included in the analysis of clutch size, after
testing to determine if fresh sets might be biased by the collection of incomplete clutches.
When sets of fresh eggs were separately compared with those of later incubation (#-test),
no significant differences in clutch size were found (P > 0.05, Table 1}. There remains
the possibility that some egg collectors sought larger clutches. .

Caleulations and Indices~—All data were analyzed with an IBM 1620 computer. Sta-
tistical analyses followed Steel and Torrie (1960). A size index for eggs was calculated
by muliiplying length by breadth and was used as a crude index to volume. In a study
of White Pelicans (P, erythrorhynchos) (D. W. Anderson and J. J. Hickey, unpublished),
we have found displaced volume t6 be correlated with this size index (P < 0.001). .

Geographical variations in egg size, shell thickness, shell weight, clutch size, and egg
dates were determined in a stepwise manner as follows: (1) current subspecific range
boundaries were determined from the AQU Check-lst (1957) and Palmer (1962:275),
and the range was then subdivided into small geographic units such as a single state;
(2) the eggshell data for these were then 1ested for significant ditferences and regrouped
until a region was obtained containing a maximum number of subunits that were mot
significantly different from each other; (3) groupings never included more than ene

s
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TABLE 2

GEOGRAPHICAL VARIATION IN EccsueLLs oF NortH AMERICAN BrowN PELICANS,
1879 ro 1943t

Subspecies oce car car car car car cal cal
West Fia,, Baja So.
Arxea Indies S.C. Ga, La. Panama Texas  Calif. Calif.
Number 4] 43 208 42 7 115 174 85
Wt. (g) 8.05 9.46 9.78 9.87 994 1000 1099 1059
+95% C.L. +0.90 %035 =012 =032 %049 =026 =018 024
Size Index (em?) 33.2 37.6 376 38.2 374 385 40.0 39.0
*95% C.L. +0.6 +0.9 +0.3 0.7 +1.0 *+0.6 +0.4 +0.7
No. Subelliptical 3 21 109 20 2 52 4 4
No. Oval 3 22 99 22 5 63 80 41
Thickness Index® 242 2.52 2.60 2.58 2.66 2.59 2.74 2.71
+95% C.L, +0.24 £006 +002 006 =010 %004 =002 004
Number 6 23 172 24 — 43 83 28
Thickness (mm) 0.510  0.557 0.557 0.554 — 0,557  0.569 0.579
+95% C.L. +0.031 +£0.021 +0.004 0014 — +0.012 =+0.008 +0.014

1 The pre-1943 means that were not significantly different at the 95% level in Duncan’s New
Multiple Range Test (Steel and Torrie, 1960:107-109, 114) are underscored.
2 From Ratcliffe (1067): Thickness index = 10 X wt, in g/{length X breadth in em),

described subspecies; and (4) phenological subdivisions were kept at the smaller units
without regrouping.

RESULTS AND DISCUSSION

Geographical Variation in Egg Parameters—Egg-size index, shell weight,
and shell thickness (Table 2) tended to vary with the size of the bird as
discussed by Romanoff and Romanoff (1949:150). Our index to body size
was obtained by using two common standard measurements that tend to
measure skeletal size (tarsus and culmen) (Fig. 1). These skeletal measure-
ments were taken from Wetmore (1945) and represent those of female birds,
Wetmore (1945) ranked the size of the three North American subspecies,
from largest to smallest as follows: P. o. californicus, P. o. carolinensis, and
P. 0. occidentalis.

The general shape categories (Table 2) were, nonetheless, not significantly
different (P > 0.05, Chi-square test) from area to area or between sub-
species. Ordinary shape changes in the eggs of domestic poultry have
already been shown to have little effect on the shell present as a percentage
of total egg weight (Asmundson and Baker, 1940).

Of the subspecies carolinensis, birds from Texas tended to have the largest
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Ti6. 1. Relationship between two egg measurements and index to body size in three
subspecies of Brown Pelicans. The index to body size was calculated in mm? units and
is shown on the abscissa. Eggshell size was taken as the product of length and breadth
in cm?

eggs. Louisiana eggs tended to be intermediate between those from Texas
and those from areas to the east (Table 2). South Carolina birds tended to
have smaller and lighter-shelled eggs than birds from farther south in Florida
and Georgia, although not significantly so (Table 2).- The Baja California
eggs (P. o. californicus) were represented mostly by specimens from Los
Coronados Island but suggested a similar gradient, with egg size decreasing
from southern to northern colonies. Lack (1968:279) mentioned this trend
among certain congenerics in certain tropical Procellariiformes. A con-
tinoum in egg size and shell weight between different populations from
different areas was suggested in our specimens, especially in carolinensis,
although shell thickness in the various subspecies seemed relatively stable.
Whether or not the intrasubspecific tendencies are genetic is unknown.
They are likely genetic, but standard measurements from museum skins are
needed for further comparisons. The intersubspecific variations in egg size
are most likely representative of body size (Fig. 1).

If one assumes that egg size provides an index to body size, the large Texas
birds may represent an intermediate between californicus and carolinensss.
Brown Pelicans along the Pacific Coast (californicus) have the larger and
thicker-shelled eggs (Table 2). Asmundson et al. (1943) showed that larger
egge in several species tended to have the thicker shells, but the essentially

i
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equal thicknesses from all our Gulf and Atlantic Coast eggs suggested that
this relationship was not present on an intrasubspecific basis. The small
sample of eggs from Panama suggested that these eggs were most similar to
the subspecies carolinensis, as Wetmore (1945) has shown with museum skins,
Unfortunately, we were unable to obtain egg measurements from Ecuadorian
or Peruvian Brown Pelicans. Murphy (1936:820) reported that the Peruvian
pelicans are very large and we suspect that their eggs would also be larger
and thicker-shelled.

The ecological significance of egg-size difference within a species is largely
a matter of speculation. Lack (1966:7) suggests that egg-size differences
between different species (and larger groups) are mainly a matter of heredity.
The differences we observed on an intersubspecific basis in Brown Pelicans at
least implied that these eggs are represented by relatively distinct gene-pools. -
Perhaps such gene-pools are even distinct on an intrasubspecific basis. Mason
{1945) showed that Florida Brown Pelican movements, at least, are some-
what restricted under normal circumstances, suggesting potential isolation
between breeding groups. Welty (1962:408 quoting Murphy, 1936) also
suggests that this species is potentially sensitive to isolating barriers.

Possible Factors for Bias.~—It is not our primary objective here to specu-
late on taxonomic relationships on the basis of egps; nonetheless, the varia-
tions in eggs are expected to relate in some ways to taxonomic characters ;
{Tyler, 1964, 1965). Our interest is mainly to examine natural variation in
order to better understand if unnatural change has occurred.

Egg size and shell thickness and composition are known to vary with
heredity, age, adult physiological condition, diet, and chemical influence
(Romanoff and Romanoff, 1949:152-157, 359; Preston, 1058; Sturkie, 1965:
464, 487-488; Simkiss, 1967':157-—197). Shell thickness also varies in dif-
ferent areas of the egg of a given species, the most notable examples probably
being the rock-nesting murres (Uria sp.) and other seabirds, where thickness ;
tends to increase at the most vulnerable parts (Tuck, 1960:25). Some inter-
specific differences in thickness have been shown to be related to the hazards
associated with placement on different nesting substrates (Belopol’skii, 1957: ‘
133-134). Fortunately, egg collectors drilled their specimens at the girths,
the most uniform area for most species (Romanoff and Romanoff, 1949:
157-158). :

Shell calcium (about 5 per cent) is utilized, as well, by developing embryos !
{Simkiss, 1967:198-213); hence, shell weight and also possibly thickness
may be biased low if eggs of late-stage incubation are used in the shell-thick-
ness or weight comparisons. Data combined into carolinensis and cali- !
fornicus categories indicated this trend (Table 3), although not significant
statistically (f-test, P > 0.05) and only amounting to a small percentage
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TasrLe 3

Suery Weicnrs ofF Pre-1943 Eccs oF Two Susseecies or Brown Prricaw
AT DIrFERENT INCUBATION STAGES

Subspecies Menn 95}?,
Incubation Stage No, Wt (g) C.L.
carolinensis
First egg-3 days 98 9.75 0.21
4-12 days 230 9.88 0.14
13-21 days 53 9.76 0.28
californicus
First egg-3 days 92 10.75 0.20
4-12 days 121 10.97 0.25
13-21 days . 30 10.59 0.40
Both
First egg-3 days 190 10.23 0.16
4-12 days 351 10.26 0.14
13-21 days 83 10.06 0.24

in our sample (1-3 per cent). Therefore, we do not believe this bias to be
important in the oological data examined here. Furthermore, the data sug-
gested that most egg collectors tended to collect eggs that were about one-
third or less incubated (Table 1), thus eggs in late-stage incubation repre-
sented a small percentage of our sample. Although effects on the egg
stemming from the age and physiology of the laying female would remain
undetectable in oological samples, they would not be expected to affect an
overall random, or essentially random, sample {see Asmundson et al., 1943).

‘Eggshell Changes and Pesticide Residues.—The small samples of post-1949
specimens suggested thinning in all eggshells measured (Table 4). Florida
specimens showed a —17 per cent change in shell weight, Texas specimens a
-20 per cent change, California specimens (Anacapa Is.) a —-26 per cent
change, and one set of eggs from Panama a ~15 per cent change. All were
‘significant (P.< 0.05) changes. We could detect no change in shape in these
post-1949 eggs (P > 0.05, Chi-square test), The incubation stages were
essentially the same for both pre-1943 and post-1949 eggs (6 = 2 days vs.
9 = 5 days, 95 per cent C.L.). Size indices were not significantly different
(P > 0.05), although the post-1949 eggs from Texas and Florida were
slightly smaller in mean than those of pre-1943, Whether or not these changes
in weight and thickness were associated with either recent declines of the
Brown Pelican or environmental pollution, or both, remains to be determined.

Stickel (1968) has stated that in Gulf Coast Brown Pelicans, pesticide
residues were of approximately the same general magnitude as those of herons

ges in
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TaBLE 4
Pos11949 Ecosnery, MEASUREMENTS oF Brown Prricans?

Subspecies carolinensis carolinensis carolinensis cah’{omx‘cus
Area Florida ‘exas Panama California
Number 9 6 3 9
Wi {g) 8.10 7.96 8.45 7.89
+95% C.L. +0.14 +0.60 +0.99 +0.66
Size Index (cm?) 36.5 37.6 37.6 39.0
+959% C.L. +0.9 +2.4 +2.0 +14
No. Subelliptical 1 2 2 7
No. Oval 8 4 1 2
Thickness Index? 2.22 2.12 2.25 2.02
+959% CL. +0.09 +0.10 -:0.22 +0.12
Number — — 3 9
Thickness (mm) — —_— 0.457 0.424
+95% C.L. o e =+0.012 +0.018
L Post-’44 eges were collected as follows: Florida—1950, 1953; Texas—1951; Panama—195%;
California—-1962, !
2 From Rateliffe (1967): Thickoess index =r 10 X wt. in g/(length X breadth in cm).

(Ardea cinerea) from Great Britain and Bald Eagles (Halicectus leucocepha-
lus) in the United States (see Stickel et al., 1966; and Moore and Walker,
1964). Risebrough et al. (1967) analyzing two Brown Pelican eggs from
the Gull of California found them to be generally “low™ in pesticide content
(0.7 ppm [wet-weight basis] DDT and metabolites and about one-fifth as
much polychlorinated biphenyls [PCB’s], an industrial pollutant; endrin
and dieldrin. were also identified). They found an average of 0.8 ppm DDT-
family residues (61 per cent DDE} and about two-thirds as much PCB in
six Brown Pelican eggs taken in Panama. We converted the above residues to a
ppm wet-weight basis by assuming 7 per cent fat in the eggs. We measured
two of the eggshells from Risebrough’s study (Baja California specimens)
11 and found one suggestive of a “normal” egg (11.7 g, 0.59 mm in thickness)
11 ; " and the other suggestive of thinning (9.3 g, 0.50 mm). Another study
(Anderson et al., 1969) showed that egg residues as low as 1 ppm of DDE,
and possibly less, could be associated (P < 0.05) with detectable shell changes
in White Pelicans, although egg residues may not always necessarily reflect
, residues in adults that could influence egg-shell deposition. Risebrough et al.
11 i (1967) reported 84.4 ppm of DDT-type residues, 91 per cent of which was
¥ : p.p’-DDE (77 ppm) in the breast muscle of a Brown Pelican collected in
1 California. These levels are only slightly lower than those reported from

: Lake Michigan Herring Gulls (Larus argentatus), which averaged 80 ppm
DDE in the breast of adult birds (Hickey et al, 1966). Reproduction in the
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TABLE 5
Mzean Dates or Cruren CompPLETION IN BrowN PELICANS
FroM VArious GEOGRAPHICAL AREAS

No, Mean Mean
Area Clutches Date = 5.0, Stage Incubation?

Sa. Californis 25 § April & 16 days 14
No. Baja California 61 10 April = 54 days 1.8
Texas 36 9 May = 18 days 15
Louisiana 14 27 April = 31 days 16
Florida 75 29 May =+ 125 days 1.9
South Carolina 14 5 June + 17 days 1.7

i Numerically coded with Table 1, cols. 1-2.

Wisconsin Herring Gull population in Green Bay (characterized by egg-
breakage) is known to be severely affected by DDE and other residues
(Keith, 1966; and Hickey and Anderson, 1968). Egg residues from the
same population averaged 183 ppm DDE in 1963 and 1964 (Keith, 1966).

Breeding Characteristics.—Pacific Coast data suggested that between north-
ern Baja California and California, the breeding dates were somewhat closely
related (Table 5). Gulf and Atlantic Coast birds, on the other hand, showed
much variation, especially in Florida (Appendix 1) as discussed by Bent
(1922:295) and Palmer (1962:277). Palmer’s (1962:275) distribution
map suggests that on the Pacific Coast, the major breeding populations of
californicus are concentrated into a smaller area than those from Gulf and
Atlantic Coast sites (carolinensis). Bent (1922:296), Howell (1932:85-87),
and Lowery (1960:113-114) noted that Brown Pelicans of the subspecies
carolinensis tended to utilize trees as well as coastal beaches and islands as
nesting substrates. Murphy (1936:810-814) mentioned diverse breeding
sites for South American pelicans as well. The Brown Pelicans of northern
Baja California and California seem more generally restricted to ground-
nesting on islands (Bent 1922:301; Williams, 1927). Bond (1942) reported
tree-nesting for the California Brown Pelican as very unusual.

In Florida, where the Brown Pelican still persists (Williams and Martin,
1969), a long breeding season and diversity of nesting substrate seem to char.
acterize breeding. They nest year-round in Peru, although considerable shift-
ing of sites occurs (Murphy, 1936:821-822). The Gulf of California Brown
Pelicans still persist as breeders, although there is no evidence of a longer
breeding season than in colonies farther north (R. W. Risebrough, pers.
coram. ).

Clutch sizes showed no significant variation (P >.0.05) between any of
the geographical areas listed in Table 2. The means, and our best estimates
for cluch-size in the Brown Pelican, are given in Table 1. Bent (1922:297)

pes in

Copyright®1968 by the American Association for the Advancement éf Science

HARTOLDMONO0029835

e s P



V44t

29 THE WILSON BULLETIN Vel 8 No. 1

and Palmer (1962:277) stated that three eggs, and less often two, is the
normal clutch size; nests with four and five eggs have been found.

Breeding Records—The population estimates by egg collectors cited in
Appendix 1 must be viewed cautiously. These estimates were subject to
observer error; however, they can provide an approximation of changes that
might have occurred. Data-slip information, although most likely sketchy,
can also provide documentation of past breeding locations. The records we
found in egg collections did not provide a complete picture of breeding lo-
calities but suggested possible fluctuations in numbers over the years (Appen-
dix 1). On the other hand, none of the major colonies seem to have been
completely without birds since at least the late 1800’s. Numbers probably
increased on Anacapa Island, California, during the late 1920’s. Williams
(1927) reported a colony as far north as Point Lobos, California, during
this time. The late 1920°s may represent a period of population increase.
Bond (1942) reported the estimated numbers on Anacapa Island from 1898
to 1941 to be highly fluctuating (estimates ran from about 200 to at least 2000
pairs). Banks (1966) reported eggs and young on Anacapa and essentially
“normal” wumbers of breeding birds, at least in 1963 and 1964, two years
after the thin-shelled eggs reported here. The Los Coronados birds seem
historically more stable (Appendix 1). It is certain that both Anacapa and
Los Coronados breeders were historically present in large numbers (Banks,
1966). Risebrough (1968} and Schreiber and DeLong (1969) suggested
that the Brown Pelican has decreased considerably in recent years off Cali-
fornia, including no known breeders on Los Coronados in 1968. Perhaps
the —20 to —26 per cent figure in shell change represents or approaches the
lower limit to which eggs may survive to be collected by egg-collectors.
Certainly, some production occurred in the California colony with these shell-
changes, although present numbers suggest a declining population. Lowery
{1960:113~114) mentions large colonies in Louisiana; yet Winckler (1968),
in a popular article, summarized their nearly virtual disappearance from the
Gulf Coast by 1968. In the light of the better-known demise of Gulf Coast
Brown Pelicans, we believe the status of California Brown Pelicans and
populations farther to the south needs immediate study.

SUMMARY

Mean clutch size in 236 sets of North Amcrican Brown Pelican eggs was 2.95 and
did not vary geographically between North American populations. Shell weight varied
from 8.05 g to 10.99 g along a geographic continuum. Shell thickness averaged 0.510 mm
for Pelecanus occidentalis occidentalis, 0.5654-0.557 mm for P. o. carolinensis, and 0.569-
0.579 mm for P. o. californicus. The ranges of breeding dates for the more southern
populations were wider than those of northern ones.

Small numbers of eggs taken in Texas and Florida after 1949 were 20 per cent below
normal weight; 1962 eggs from California were 26 per cent below normal; and three
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and Hickey

taken in Panama, 15 per cent below normal. Shell thickness had likewise decreased -
15-27 per cent.
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) APPENDIX 1
BrowN Prricany Breepine REcorvs TakeEN rFroM NowTH AMERICAN
Qorocrcar, Recorps anp COLLECTIONS.
Bastimated
Numbers; Museum*
Date Location Remarks Ohserver of record
Southern Californic ]
27 May 1893 Anacapa s, — A H. Miller 2 -
5 June 1910 Anacapa ls. 500 pairs G. Willett 35 ges in i
7 Mar. 1916 Anacapa Is. — M. C. Badger 2 =4 -
2 Mar, 1917 Anacapa Is. — M. C. Badger 3
15 May 1919 Anacaps Is. — — 1
g 7 Mar. 1920 Anacapa Is, 5,000} pairs S. B. Peyton 30
: 8 Mar, 1922 Anacapa Is. — S. B. Peyton .5
28 Mar. 1927 Anacapa Is, — — 3
24 Feh. 1929 Anacapa Is, — C. W. Ashworth 2
1 Mar. 1936 Anacapa Is, — E. Harrison 3 :
1 Mar. 1936  Anacapa Is. 2,000+ pairs L. T. Stevens 14 ;
;‘, 12 Mar. 1939 Anscapa Is, ] “large colony” L. T. Stevens 4,7 :
19 May 1919  San Miguel Is. —_ — 1.
b 25 May 1927 Point Lobos 8-10 nests L. Williams (1927) 2
Baja Cdlifornia, Mexico i
18 Apr. 1894 Los Coronados — E. Parker 27
19 Apr. 18% Los Coronados — — 1 :
4 Apr. 189 Los Coronados — A. Hewitt 2,22
19 Apr. 1898 Los Coronados — A. J. Kellog 24 g
27 Apr. 1898 Los Coronados — — 3 i
6 May 1904 Los Coronados — 0. C, Polling 2 !
6 Apr. 1908 Los Coronados 500 nests P. L Osborne 14 : C :
i i
| :
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(APPENDIX 1 CONTINUED)
Estimated
Numbers; Museum*
Date Location Remarks Observer of record
6 Apr. 1908 Los Coronados — A. Van Rossem 25
1 July 1908 Los Coronados - P. 1L Osborne 9
4 Apr. 1910 Los Coronados — P. L Osborne 29
2 Apr. 1912 Los Coronados — C. S. Thompson 23
1 Apr. ‘1913 Los Coronados 500 nests L. M. Huey 3
29 Mar, 1914 Los Coronados — W. C. Bradbury 2,9
31 May 1915 Los Coronados — I. D. Nokes 5
26 Mar, 1917 Los Coronados 500 pairs N.K. Carpenter 6
4 May 1917 Los Coronados — D. 8. DeGroot 2
11 Apr. 1919 Los Coronados — N. K. Carpenter 23
12 May 1921 Los Coronados e W. C. Hanna 4
30 Mar. 1922 Los Coronados — e 1
15 Apr, 1881 Mexican coast e — 1
26 Mar. 1917 So. Coronados, SE slope — — 1
6 Apr. 1920 Todes Santos Is. — G. Bancroft 4
6 Apr. 1920 Todos Santos Is. - J. Burnham 26
17 Apr. 1921 San Pedro Nolasco Is. — — 1
2 May 1921 Granite Is. — — 1
7 Apr. 1932 San Benito Is. — E. Harrison 3
10 Apr. 1932 San Martin Is, — E. Harrison 3
2 June 1932 Asuncién Is. —_ E. Harrison 3
Panama
15 Feb, 1942 Chama Is., Panama Bay, :
Panama — A. Wetmore. 13
15 Mar. 1952 Taboga fs., Panama — A, Wetmore 13
Texas :
10 May 1886 Near Corpus Christi — * F.B, Armsirong 12
20 May 1888 Neuces Co. : — T. 8. Gillin 4
10 Apr. 1889 So. Bird Is., Laguna
Madre . — J. A. Singley 2
16 Apr. 1889 So. Bird Is., Laguna '
Madre — J. A, Singley 4,25
14 June 1894 25 mi, from Corpus v
Christi — F. B, Armstrong 1
14 May 1896 So. Bird Is., Laguna
: Madre — D. B. Burrows 2
28 May 1910 Near Corpus Christi — C. E. Farley 30
30 May 1910 Near Corpus Christi — J. M. Carroll 4
3 May 1912 Laguna Madre — J. M. Priour 4
; 18 May 1913 Neuces Co. —_— F. B. Ammstrong g
: 27 May 1915 Padre Ts, — T, B. Armstrong 2
19 May 1917 Big Bird Is,, Laguna
Madre — R. W. Quillan 19
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(APPENDIX 1 CONTINUED) j
Estimated
Numbers; Museum* I
Date Location Remarks Observer of record I
May 1919 Is. off so. coast — — 3 i
15 May 1919 Laguna Madre — H. Brandt 10 ;
5 May 1922 Neuces Co. — G. Stewart 11 i
24 May 1925 Pelican Is., Aransas Bay — R.D. Camp 31
1951 Refugio Co. — T. C. Meitzen 18
Louisiana
¢ 29 Mar. 1893 Lost Is. — F. A. Mcllhenny 2
28 Mar. 1894 Marsh Is. — F, A. Mcllhenny 2
29 Mar. 1894 Shell Xeys — F. A. Mcllthenny 2,23
3 June 1919 Pass 4 I'Outre — E. R. Kalmbach 13
5 June 1919 Eirol Is. — J.D. Figgins 9
26 May 1938 North 1s, o F. Tobin 10
13 Apr. 1940 La Fourche Par, G. H. Lowery
Timbalier — {1960) 17
Florida
15 Mar. 1879 Near Marco B — 1
1 Apr. 1880 Indian R. —— C. L. Gass 26
15 Apr. 1880 Indian R. — — 1
29 Apr. 1880 Old Tampa Bay — — 1
12 Apr. 1890 Lee Co. o H. R. Jamison 4 )
12 Apr. 1890 Charlotte Harbor — 8. Reiff 21 e
3 May 1890 W. of Pine Is., Lee Co 225 nests N. K. Jamison 4 ges lll
26 Apr. 1891 Pelican Is. — M. Gibbs (1894) 9 :
12 Apr. 1892 Tampa Bay — D. P, Ingraham 27
10 May 1893 Pelican Js. — J. M, Seuthwick 4
5 June 1893 Mullett Key — B. T. Smith 26
30 June 1894  Tampa Bay — — 1
21 Jan. 1896 Pelican Is. 500 pairs B. W. Evermann 23
3 Apr. 1896 Pelican Is. — ~ H. E. Pendry 3
30 Apr. 18% Seminole Is. — H. E. Pendry 5
18 May 1895 Rookery Is., off :
Diston City — W. Meyor 8
15 May 1899 Brevard Co. — F. S. Webster 10
19 Apr. 1908 Beca Grande,
Charlotte Keys 200 birds P. B. Phillipp 12
20 Apr. 15908 Charlotte Harbor,
Devilfish Key — P. B, Phillipp 12
3 May 1911 Pelican Is. — P. B. Phillipp 12
19 May 1911 Hillsborough Co. - 0. E. Baynard 24
27 Apr, 1913 Lee Co. — 0. E. Baynard 3,9 ] .
27 Apr. 1913 Roco Bay, Pinellas large colony 0. E. Baynard 8 ]
Co. in trees
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(apPENDIX 1 CONTINUED)

Estimated
Numbers; Museum*®
Date Location Remarks Observer of record
15 May 1918 Tampa Bay — J. L. Vaughn 4
20 Apr. 1920 Tampa Bay P — 3
17 May 1921 Tampa Bay — J. L. Vaughn 2,20
17 May 1921 Tampa Bay — W.F. Lewis 8
27 May 1921 Tampa Bay — J. L. Vaughn 23
28 Dec. 1921 Pelican Is. —— T:D. Burleigh 10
20 Apr. 1926 Pincllas Co. —_ C. E. Doe 16
1 June 1926 Merritt Is. . K. Squires 2
10 June 1929 Merritt Is, ) 2,500 pairs J. C. Howell, Jr. 12
28 Mar. 1930 Lee Co. — C. E. Doe 16
25 Apr. 1930 Near Bokelia? — C. E. Doe 16
10 Apr. 1931 Mosquito Lagoon,
Brevard Co. 2,000 nests W, H. Nicholson 23
6 June 1931 Pine Is. Res., Bird Key —_ R. W. Williams 13
7 June 1931 Matlacha Pass Res.,
: 6-mi. Is. — R, W. Williams 13
3 May 1932 Bird Key, Hillshorough R. E. Gammell 7
CQ' P
22 Apr. 1934 Rattlesnake Key, Levy Co. — C. E. Doe 16
9 Mar. 1950 Is., n. side of Cocoa—
: Cocoa Beach 375 nests C. E. Carter 15
10 Mar. 1953 Merritt Is. — H. Brandt 10
Georgia ‘
16 June 1898 Chatham Co. on beach T. D. Perry 1,16
South Carolina
10 May 1901 Bird Bank, Bull’s Bay - — M. T. Cleckley 9
20 June 1901 Near Charleston on beach — 3
23 June 1901. Bay Point, near Beaufort “large colony” M. T. Cleckley 3
23 May 1915 Bird Bank, Bull's Bay - A, C. Bent 13
18 June 1915 Bird Bank, Bull’s Bay — A. Sprunt, Jr, 30
7 July 1916 Bull’s Bay — M. T. Cleckley 28
3 June 1925 Bull's Bay p— W. B. Savary 5
14 June 1934 Georgetown Co. — H. L. Harllee 14
20 June 1942 Bull’'s Bay e E. J. DeCamps 14
10 June 1943 St. Helens Sound,
Beaufort (Bird Bank) - E. I. DeCamps 4
10 July 1943 18 mi. e. Beaufort — E. J. DeCamps 14
Cuba ]
8 Sep. 1930 Cacachita Bay — P. Bartsch 13

% Museums and colloctions are numbered as follows: 1. Calif. Acad. Sei, San Francisco;
9. Mus, Vert, Zool,, Univ. Calif, Berkeley; 3. Western Found. Vert. Zool, Los Angeles, Calif;
4. San Bernardino Co. Mus,, San Bernardino, Calif,; 5. S. B, Peyton, private collection, Fillmore,
Calif.; 6, Oakland Publ. Mus.,, Oskland, Calif.; 7. Santa Barbara Mug, Nat. Hist, Santa Barbara,
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Calif;; 8, San Diego Mus. Nat. Hist,, San Diego, Calif.; 9. Denver Mus, Nat, Hist., Denver, Colo.;
10. Carnegie Mus., Pittshurgh, Pa.; 11, Philadelphia Acad, Sei., Philadelphia, Pa.; 12, Amer, Mus,
Nat. Hist,, New York, N.Y,; 13. U.S, Natl. Mus.,, Wash,, D.C.; 14. Zoological Mus,, Clemson Univ.,,
Clemson, 8.C.; 15, C, E. Carter, private collection, Orlando, Fla.; 18, Fla. State Mus.,, Gaines-
ville; 17, L.8.U, Mus, Nat. Sci., Baton Rouge, La.; 18, T, C. Meitzen, private collection, Refugio,
Tex.; 18, R. W. Quillan, private collection, San Antonio, Tex.; 20. Univ. Kans. Mus. Nat. Hist.,
Lawrence; 21. Univ, Nebr. Zool. Dept. Mus., Lincoln; 28, Cleveland Nat. Sci. Mus., Cleveland,
Ohio; 23, Royal Ont. Mus, Toronto; 24. Joseph Moore Mus,, Earlham Coll, Richmond, Ind.;
25, Ohio State Mus,, Ohio State Univ., Columbus; 26, Unlv, Mich. Mus. Zool., Ann Arbor; 27. James
Ford Bell Mus. Nat. Hist., Univ. Minn., Mpls.; 28, M. Pollock, private collection, Edmonton, Alta.;
28, Burke Memorial Mus, Univ. Wash., Seattle; 30. Pugst Sound Mus. Nat. Hist, Univ. Puget
Sound, Tacoma; 31, Zoology Mus,, Ore. State Univ., Corvallis.
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- Chlorinated Hydrocarbons and Eggshell Changes in

Raptorial and Fish-Eating Birds

Abstract. Catastrophic declines of three raptorial species in the United States’

have been accompanied by decreases in eggshell thickness that began in 1947,
have amounted to 19 percent or more, and were identical to phenomena

reported in Britain. In 1967, shell thickness in herring gull eggs from five states

decreased with increuases in chlorinated hydrocarbon residues.

New perspectives on the role of chlo-
rinated hydrocarbon insecticides in our
environment have come into focus in
recent years. Successive discoveries have
demonstrated that these compounds are
systematically concentrated in the upper
trophic layers of animal pyramids (J).
Raptorial bird populations have simul-
taneously suffered severe population
crashes in the United States and Western
Europe (2, 3, 4). These involve repro-
ductive failures which, at least in Brit-
ain, are characterized by changes in
calcium metabolism and by a decrease
in egpshell thickness resulting in the
parent birds' breaking and eating their
own eggs (4, 5, 6). Such a derangement
of calcium metabolism or mobilization
perhaps could result from breakdown of
steroids by hepatic microsomal enzymes

induced by exposure to low dietary

levels of chlorinated’ hydrocarbons (7).

We have examined the possibility that
the eggshell changes reported in Britain
(6) have also occurred in the United
States and that the raptor population
. crashes in Europe and North America
 may have had a common physiological
mechanism, The population changes are
without parallel in the recent history of
bird populations (8). They include the
pending extirpation of the peregrine
falcon (Falco peregrinus) in northwest-
ern Burope, the complete extirpation of
the nesting population of this species in
the eastern half of the United States,
and simultaneous declines among other
bird- and fish-eating raptors on both
sides of the Atlantic.

We examined 1729 blown eggs in 39
museum and private collections. Shells
were weighed to the nearest hundredth
of a gram. dn 29 percent of these, we
were able to insert a micrometer
through the hole drilled by the collector
at the girth of the shiell and to take four
measurements of thickness 7 mm from
the edge of the blow hole; these were
then averaged te the nearest 0.01 mm

for each shell, Thickness in each case-

then represented the shell itself plus the
dried egg membranes. Peregrine falcons,
bald eagles (Haliaeetus leucocephalus),
and ospreys (Pandion haliaetus) were se-
lected as having one or more regionally

declining populations; golden eagles
(Aquila chrysaeetos), red-tailed hawks
(Buteo jamaicensis), and great horned
owls (Bubo virginianus) were selected
as representative of reasonably station-
ary populations that may be slowly de-
clining as their habitats are gradually
destroyed by man, but for which wide-
spread reproductive failures are cur-
rently unknown, In addition, 57 eggs of
the herring gull (Larus argentatus)
were collected from five colonies in
1967, The shells of these were dried at
room temperature for 4 months before
being measured, and residues of the en-
tire egg contents were analyzed by the
Wisconsin Alumni Research Foundation
for chlorinated hydrocarbons but not
for polychlorinated biphenyls. Analyti-
cal procedure followed that outlined by
the U.S. Food and Drug Administration

(9). Analyses were conducted on
chromatograph (Barber Coleman. 1
GC 5000, and Jarrell-Ash, mode
700) with electron-capture dete
The glass column (0.6 cm by 1.2 m
packed with § percent DC 200 (12
on Cromport XXX. The column
perature was 210°C, and the nit:
flow rate was 75 cm?®/min. Each

.tion of the ground and dried sa

was extracted for 8 hours or more
Soxhlet apparatus with a mixtu
ether and petrolenm ether (70
Portions of the extracts were fu
purified by putting them throu;
Florisil column.

In California, where the pere

falcon population is in *a serious

dition” (10), a change of 18.8 pe
in shell weight occurred from 19¢
1952. Ratcliffe (6) found a corresy
ing decrease of 18.9 percent in Br
The change in California involved

crease in shell thickness and hac

precedent in the previous 57-yea
corded history of the peregrine in
state (Fig. 1). In the eastern U

States, where the nesting populatic
peregrines has now been wiped ow

fragmentary data indicate that the:
chinge took place (Table 1). Br

Table 1, Weights of raptor eggshells in museum and private collections. Citations (2

refer to the data for the population trend; S.E., standard error of the mean,

Welght _ (g) I:gg:’
. . E {
Region Period No. Mean Change repr.
. ESE. (%) th
Red-tailed hawk
Calif, (23) 1885-1937 386 6.32 2+ 0.032
1943-44 6 6.09 = 0.237 —-— 3.6 Stati
1953-67 8 6.49 -+ 0.214 4+ 2.7 Stati
Golden eagle
Calif. (23) 18891939 278 13,03 =+ 0.083
194046 28 12,70 #: 0.161 — 2.5 Stati
1947-65 33 13.41 £ 0232 4 29 Static
’ Bald eagle (24a)
Brevard Co,, Fla, ~ 1886-1939 56 12,15 4: 0,127
) 1947-62 12 9.96 =+ 0.280 — 18.0 Decl
Osceola Co., Fla. 1901-44 25 12,32 74-0.240
195962 8 9.88 0,140 - 19.8 Decl
Osprey (24b)
Md.-Va, 18901938 152 7.05 == 0.054
1940-46 21 6.91 0,164 - 2.0 Stati
1953 3 6.85 —~ 2.8 Stati
N.J. '1880-1938 117, 7.08 == 0.069
. 1957 : 6 5.30 = 0.446 - —25.1 Decl
Peregrine (25) )
‘B.C, 1915-37 - 4,24 =+ 0,061
194753 15 4180081 @ ~ 14 Stati
Calif. (23) 18951939 235 42040031 :
. 194046 49 4,07 =0.038 — 31 No
- 1947-52 31 3,41 +0.084 -~ 18,8 Decl
NH, to NJ.* 18881932 56 4.38 +:0.034 :
Vi, 1946 3 4.30 - 1.8 Stati
Mass. 1947 3 3.47 — 20,8 Ext_il
N.J. 1950 . 3 3.24 — 26,0 Bxtii
Great horned owl :
Calif, (23) 1886-1936 154 4.50 0,033
1948-50 12 4.62 40,119 + 24 Statl

* Inclliding Vermont and Massachusetts,
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eyrie were observed for the first time in
1947 by J. A, Hagar 60 miles (9.6 km)
from the Massachusetts eyrie cited in
this table (11). They were next inferred
in Quebec in 1948 when egg-eating was
observed at the same site in 1949 (12),
and were observed in Pennsylvania in
1949 and 1950 (13). Chlorinated hydro-
carbon data for this now-extinct region-
al population are completely absent, For
nine surviving adult peregrines in Cana-
da’s Northwest Territories in 1966, the
" data are reported to have averaged 369
parts per million (ppm) (fresh weight)
in fat {/4). For four adults in another
migratory population in northern Alas-
ka, values were even higher (I5).
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Fig. 1. Measurements of 614 California
peregrine eggshells collected since 1891,
The dotted horizontal line is the midpoint
between the 95 percent confidence limits
for 1947-52 and the lowest of any pre-
ceding group. Solid horizontal bars are
means; rectangles, 95 percent confidence
limits; heavy vertical lines, standard devia-

ple. The thickness index, calculated as ten
times the weight divided by the product of
the length and breadth (in mm) of each
egg, was devised by Ratcliffe (6) for the
.study of museum eggs and appears here
to be a meaningful statistic, The sizes of
samples for measurement of weight and of
thickness index for the periods were 71, 49,
38, 85, 155, 30, and 31, respectively; and
the sizes of the samples for measurement
ofdthﬁickness were 24, 31, 29, 23, 37, 7,
and 6, :

eggshells in a North American peregrine

tions; narrow vertical lines, range in sam-.

For the five other raptorial species we
have studied, the data do not permit a
precise delineation of the onset of the
change in calcium metabolism or mobi-
lization, but the decrease (Table 1) in
shell weight (and hence thickness) has
involved only declining populations and
not stationary ones. Change in shell
thickness occurs in poultry as a result
of dietary deficiencies and age (16, 17),
This phenomenon would probably not
occur simultaneously on two continents
1 year after the chlorinated hydro-
carbon insecticides came into general
usage. Other chemicals affect shell
thickness in poultry (I7), but the find-
ing of high concentrations of chlori-
nated hydrecarbons in the eggs of wild
populations of raptors and the time
correlation of shell changes with the
introduction of DDT {1,1,1-trichlo-
10-2,2-bis (p-chlorophenyl) ethane] tend
strongly to suggest that chlorinated
hydrocarbons are the major contributing
cause, although it is not unlikely that
other chemicals could be contributory.

In order to test the hypothesis that
these recent changes of thickness in
raptor eggshells were the result of dif-
ferences in exposure to chlorinated
hydrocarbons we analyzed 10 to 14
eggs taken in 1967 from each of five
colonies of the herring gull (Larus ar-
gentatus). Mean shell weight and thick-
ness in 55 eggs collected in the same five
states prior to 1947 disclosed no geo-
graphic gradients or significant differ-
ences. The 1967 mean thicknesses for

-each colony were therefore compared to

mean levels of residual DDE {1,1-
dichloro-2,2-bis (p-chlorophenyl) ethyl-
ene] on a fresh-weight basis, with the
result shown in Fig. 2, the r value being
significant, with P = 001, The residues
of polychlorinated biphenyls (I8) have
not been studied in these ecosystems,
but DDE has been consistently high in

the Lake Michigan birds, averaging’

{fresh weight) 1925 ppm (S.E. 274) in
the fat of 12 healthy adults collected
in 1963-64 (19).

Reproduction in these gull colonies’

was generally normal in 1967 except
perhaps in Wisconsin, At the Ilatter
colony where an 11 percent mean de-
crease in shell thickness occurred, some
egg breakage and shell flaking was evi-
dent in 1967, although not at the fre-
quency seen in previous years, Excessive
reproductive failure occurred &t this
site in 1964. when about 18 percent of

the eggs lost about one-third of the -

shell due to flaking, when clutch size
decreased and embryonic mortality was
high, and when DDE residues averaged
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Fig. 2. Variation in shell thickness and
DDE concentrations in the eggs of herring
gulls in 1967. The eggs were taken off
Block Island, R.L; Green Island in Penob-
scot Bay, Me.; Rogers City, Mich.,, on
Lake Huron; near Knife River, Minn., on
Lake Superior; and the Sister Islands in
Green Bay, Wis. Some polychlorinated
biphenyls probably occurred in these eggs,
but they have not yet been identified.

202 ppm (S.E. 34) in nine eggs
(20). (If linear extrapolation of the 1967
values is carried out to 202 ppm, the
shell thickness in 1964 could be esti-
mated as having decreased by about 32
percent.) The effectiveness of DDE in
the enzymatic metabolism of aminopy-
rine has been reported by Hart and
Fouts (21), and our data suggest that
this compound, because of its preva-
lence, has played a major role in induc-~
ing the hepatic microsomal metabolism
of steroids that in turn resulted in the
eggshell changes we have encountered
in museum collections. Without doubt
DDE is the commonest insecticide or
insecticide analog now being found in
avian tissues (22). In 1966, it was found
to average 284 ppm (S.E. 62) in the fat
of nine arctic-breeding peregrine fal-
cons (I/4) and about 414 ppm in four
others on a wet-weight basis (15). Con~
centrations of this compound and other
chlorinated hydrocarbons in the pere-
grine populations that crashed farther
south can be assumed to have been ag
high—and they may have been much
higher. :

From the above evidence and that
accumulated by others (2, 4, 6, 8), we
have reached these conclusions: (i)
many of the recent and spectacular
raptor population crashes in both the
United States and Western Europe have
had a common physiological basis;. (i)
eggshell breakage has been widespread
but Iargely overlooked in North Amer-
ica; (iii) significant decreases in shell
thickness and weight are :{;aracteristic
of the unprecedented reproductive fail-
ures of raptor populations in certain
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parts of the United States; (iv) the on-
set of the calcium change 1 year after
the introduction of chlorinated hydro-
carbons into general usage was not a

" random circumstance; and (v) these per-

sisting compounds are having a serious
insidious effect on certain species of
birds at the tops of contaminated
ecosystems.
JoserH J. HICKEY
DaNIEL W, ANDERSON
Department of Wildlife Ecology,
University of Wisconsin, Madison

References and Notes

1. E. (. Hunt and A. 1. Bischoff, Calif. Fish
Game 46, 91 (1960); review in R. L. Rodd,
Pesticides and the Living Landscape (Unly,
of Wisconsin Press, Madison, 1964), pp.
248-264.

2. C, Demandt, Ornithol. Mitt. 7,5 (1955); P.
Linkola, Swomen Luonto 18, 3, 34 (1959);
P. Linkola, ibid. 19, 20 (1960); P, Linkola,
bid. 23, 5 (1964); K. Kleinstauber, Falke 19,
80 (1963); C. Kruyfhooft, in Working Con-
Jerence on Birds of Prey and Owls (Inter-
national Council Bird Protection, London,
1964, p. 70; J.-F. Terrasse, ibid., p. 73.

3. . D. Berger, C. R. Sindelar, Jr, K. E,

Gamble, in Peregrine Falcon Populations:

Their Blology and Decline, J. I, Hickey, Ed,

(Univ, of Wisconsin Press, Madison, 1968),

. 165,

D. A. Ratcliffe, Bird Study 10, 56 (1963).

, Brit. Birds 51, 23 (1958).

, Nature 215, 208 (1967).

D. B. Peakall, ibid, 216, 505 (1967); L. G,

Hart, R, W. Shulties, J. R, Fouts, Toxicol.

Appl. Pharmacol. 5, 371 (1963); A. H. Con-

Rewma

ney, Pharmacel. Rev. 19, 317 (1961); D,

Kupfer, Residue Rev. 19, 11 (1967).
8, J. J. Hickey, Ed., Peregrine Falcon Popula-

tions: Their Biology and Decline (Univ, of
Wisconsin Press, Madison, 1968).,

9. U.S. Food and Drug Administration, Pesti-
clde Analytical Manual, vol. 1 [U.S, Dept. of
Health, Education, and Welfare, FDA Adm.
Publ. (1963, revised 1964 and 1965)].

10. B, Glading, in Hickey (8), p. 96,

11. J. A. Hagar, in Hickey (8), p. 123,

12.-G. H. Hall, Brit. Birds 51, 402 (1958).

13. J. N. Rice, in Hickey (8), p. 155.

14, J. H. Enderson and D. D. Berger, Condor
70, 149 (1968).

15, T. J. Cade, C. M. White, J. R. Haugh, ibid.,
p. 110,

16. A. L. Romanoff and A. J. Romanoff, The
Avian Egg (Wiley, New York, 1949), pp.
154-1517,

17. T. G. Taylor and D. A. Stringer, in Avian
Physiology, P. D, Sturkie, Ed. (Cornell Univ.
Press, Ithaca, N.Y., cd. 2, 1965), p. 486

18. D, C. Holmes, J. H. Simmons, J. 0'G. Tat-
ton, Nature 216, 227 (1967).

19, 1. J. Hickey, J. A. Keith, F. B, Coon, J. Appl.
Ecol. 3 (suppl), 141 (1966).

20. J. A. Keith, J. Appl. Ecol 3 (suppl), 57

(1966).

L, G. Hart and J. R. Fouts, Arch. Exp.

Pathol. Pharmakol, 249, 486 (1965).

22. E. H. Dustman and L. F, Stickel, Amer,
Soc, Agron. Spec. Publ. 8, 109 (1966).

23, J. B. Dixon, B. Glading, W. C. Hanna, E.
N. Harrison, S, B, Peyton, personal com-
munication, i

24a. A. Sprust, 1V, personal communication,

24b. W. A, Stickel, in Hickey (8), p. 337.

25. Except for the California data (23) the data
on population trends are given in (8) by F.
L. Beebe for British Columbia; by W. R.
Spofford for Vermont; by J. A. Hagar for
Massachusetts; and by D. D, Berger ef al
for New Jersey.

26, Research carried out under contract with the
Bureau of Sport Fisheries and Wildlife, Fish
and Wildlife Service, U.S. Dept.. of Interior.
W. H. Drury, J. T. Emien, and M. E. Slate
provided gull eggs for analysis, E. N, Har-
rison, W. C. Hanna, and many other oologists
greatly facilitated our measurements of egg-
shells, We thank D. A. Ratcliffe for advice
throughout the entire study.

21,

HARTOLDMONO0029846

o e




T e s 7 . 701 S e . O D o i e 2o S MRS S S S D A D S O Gl B o O U W SN B P T W S Y O P W D B o S Oun o s o
- o] - > " W S S o W S T W e 4 o 1 Y et R e W N P e A0 e am s Sl T W G e T e N S 8 et B St
-t Ly 04 A" o S o O - T S oo S " Ao " " o AT o D o T e W S o T e A T e B U ol e S WY e W S B WA e S o St B it P S e

Elementary and Secondary Education

- 0 o ¢ 21 Yo S0 T o o S e S A o S D S S o 0 SR T PR T R S 8 e Y R 2 o e

Underwood School, Underwood, North Dskota

St ek T 0 Vo s e o it S Dt 1 o . s T o @ o St e . . e o W O e B A o Ao Y T Sk U W e W W OE Ml R A B B B W Y O TN S o Bk o A

- AT P4 7 o O 20 D T Tt e s W S Ao o O 1t S 0 Sl e o o o O T ol o S P S O A S T SN T SR ) o Y S A i D T o e ot 8 s s S e n S0

3 e 2k D e im0 Tt Y T A W S S A o s B o e ki S0 s oy e e N o B B S L P s om0 B MO B N A T e S S G 0 A e 0 o e S

ot B sk Y o S it o A S oy B T B e A Pt g A 0 T W b S

__1957-61__ North Dakota State University, Farge _________ BeS. .
196467  University of Wisconsin, Madison _ M8,

_..1967~T0___University of Wisconsin, Madison ___ . _________PWD, . '

Membership in Learned or Honorary Societies ._Phi ,Igﬁppﬁ.fllh;ﬁig%.lﬁq.ﬁl&exmE ........

T - Tt . Y 4 et St s i T U it o W ik W ot oy A G TR B WD o s WY e oy e e A St s S A B e e G ot O A k. Tt it W AR Y Y A A M M T 2o e e o

- iy 0 S0 1 et A O TR ot ot St e P Bt T ok . o 8 e T S Wk e s S S o e S o T o o R i g A e o o i 0 o o e e 7 T S S T o e v

Major Department . Wildlife Ecology-Zoology

Minor(s)

Professor in charge of thesis

HARTOLDMONOQ0029847

S P




A
.
i
i
-
=

1964

1966

1966

1967

1967

1967

1968

1968

1968

1969

1970

1970

LIST OF PUBLICATIONS
13 August 70

Anonymous, The story of Fort Bliss, Publication of the
Fort Bliss, Texas (3, 06h3L9.

Anderson, D, W, Spring mortality in ingectivorous birds,
The Loon 37(L):134-135,

............... , and J, W, Ellis, Cormorant nesting in
northwestern Minnesota, The Loon 38(1):5-8,

e e o 4&n exploration of pesticides in cormorant
and pelican populations, Master's Thesis., University of

‘Wisconsin, 39 p.

.............. ~, and Frances Hamerstrom, The recent status
of Wisconsgin cormorants. Passenger Pigeon 29(1):3-~15,
............... s and J, C, Bartonek, Additional observations
on the status of North American White Pelicans., Condor

69(3)+311-313.

Hickey, J. J., and D, W, Anderson. Chlorinated hydrocarbous
and eggshell changes in raptorial and fish-eating birds,
Science 162(3850):271-273.

S —— ~wwww, The peregrine falcon:

- 1life history and pdpulation literature, p. 3-h42, In:

Peregrine Falcon Populations, their Biology and Decline.
J. J. Hickey (Ed.). University of Wisconsin Press, Madison.

.Evrard, J. O., and D, W. Anderson, Notes on a Pigeon Hawk/

Herring Gull encounter, Passenger Pigeon 30(3):113-1ll,

Anderson, D, W,, J. J. Hickey, R. W, Risebrough, D, I, Hughes,

and R, E, Christensen, Jignificance of chlorinated hydrocarbon
regidues to breeding pelicans and cormorants. Canadian Field- '
Naturalist 83(2):91-112,

- , and J, J, Hickey. Oological data on egg and
breeding charagteristics of Brown Pelicans, Wilson Bulletin
82(1) 11428,

SO — -, Pseudo-gleeping in Lesser Scaup and Ring-necked
Ducks, Accepted by Condor, ’

HARTOLDMONO0029848

AR Vo a0



. . 2

L 1970 Nellis, C, H., J. J. Zohrer, and D, W. Anderson., Mallard~-
i Green-winged Teal association in southern Wisconsin. Accepted
by Wilson Bulletin,

1970  Risebrough, R. W,, J, H, Davis, and D. W. Anderson, Effects of
various chlorinated hydrocarbons, Oregon State University
Symposium, in press.

1970  Anderson, D, W,, and J. J, Hickey, Seasonal variation of
chlorinated hydrocarbons in Lake Michigan Herring Gulls,
Submitted to Journal of Applied Beology.

1970 e e ~. Eggshell changes in certain
North American birds. Proceedings of the XV Congressus Inter-
nationalis Ornithologicus, The Hague, Netherlands, 30 August—

5 September 1970

1970  wmmeemmei e , and J, F, Kreitger, Thickness of 1967-69
Whooping Crane eggshells compared to that of pre-1910 specimens,
Submitted to Auk,

1970 e ; H. G, Lumsden, and J, J, Hickey, Geographical
variation in the eggshells of Commom Loons., Accepted by Canadian
Field-Naturalist. '
: 1970 cmemceee———— , J. J. Hickey, and J. A, Keith, Chlorinated .
i : hydrocarbons and eggshell variation in Herring Gulls, Submitted
g to Auk,

1970 Berger, D. D., D.W. Anderson, and J. A, Keith, Shell thinning
in eggs of Ungava Peregrines, Accepted by Canadian Field-
Naturalist,

%
i
e
&
i
1
:
:
.

HARTOLDMONO0029849

. Pt i £, S A e W




