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vegetation of the alpine zone is already dormant.
Forage selection and range use patterns are dealt with
in detail in Hoefs (1975).
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and in the eggs of Philohela minor (14.9 ug/g wet
weight) in New Brunswick (Dilworth et al. 1972). Ina
DDT-sprayed area around Churchill, Manitoba, the
invertebrate prey of shorebirds contained DDE
residues of 0.3 and 0.4 ug/g wet weight, and shore-
birds there accummulated DDE residues of up to an
average of 39.4 ug/g wet weight (Brown and Brown
1970).

The DDE residue levels reported in these latter
studies were at least as high as those associated with
serious eggshell thinning in certain raptors and fish-
eating birds (Blus et al. 1974; Peakall 1976; Kiff et al.,
in press), yet there have been no reports of such
changes in the eggshells of these or other shorebirds.
This study was undertaken to determine whether
significant changes in eggshell thickness of American
shorebirds have occurred since the introduction of
DDT in the mid-1940s.

Methods

Empty dry eggshells of charadriine shorebirds in
the collection of the Western Foundation of Verte-
brate Zoology were weighed to the nearest 0.001 g on
a Mettler P120 balance, and their length and breadth
were measured to the nearest 0.01 mm with Helios
dial calipers. A shell thickness index (shell
weight X 100/length X breadth) was calculated for
each eggshell: such an index is correlated with actual
eggshell thickness (Anderson and Hickey 1972). Eggs
that were broken, that had blowholes greater than
3 mm in diameter, or that were collected in an
advanced stage of incubation, were excluded from the
analyses. The nomenclature and species sequence
used here follows Morony et al. (1975).

Results

The mean thickness indices for pre-1947 (before-
DDT) and post-1947 (since-DDT) North American
shorebird eggshells are shown in Table 1. Seven
species had slightly thicker eggshells in the recent
samples, four showed no change, and 16 species had
thinner eggshells in the post-1947 samples. Eggs of
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another species, Charadrius wilsonia, were thicker in
Florida but thinner in Texas than pre-1947 indices.
The maximum amount of difference between the pre-
and post-1947 samples were —4.7% in the “American”
Oystercatcher (Haematopus ostralegus palliatus) in
Texas and along the southern Atlantic coast of the
United States. Recent eggshells of the “black”
Oystercatcher (H. o. bachmani) in California and
Oregon were 3.3% thinner than the mean thickness of
the pre-1947 sample.

Many shorebirds included in this study migrate and
winter in South American countries where DDT is
still intensively used. For comparative purposes, we
also measured eggshells of three resident species of
Chilean shorebirds of three different families
(Table 2). As with the North American species, only
minor changes were noted. The only statistically
significant difference, -4.1%, was found in a plover,
Vanellus chilensis.

Discussion

Eggshell thinning exceeding 209, has generally
resulted in reproductive failure and population
declines in the species involved (Keith and Gruchy
1972: Stickel 1975). but the biological significance of
thinning less than 109 i1s not well understood (Faber
and Hickey 1973). In this study, the maximum
increase (+3.89%) was similar to the maximum decrease
(-4.7%) in thickness index. Although statistically
significant, these minor index changes are probably
due to sampling artifacts (e.g., observer error,
insufficient sample size, geographical variation),
rather than pesticide effects. We know of no biological
phenomena which could readily explain an increasing
shell thickness within the span of time these eggs were
collected.

Disruptions in eggshell ultrastructure and chemical
composition that reduced egg hatchability in a
population of Common Terns (Sterna hirundo) were
attributed to DDE contamination even in the absence
of marked shell thinning (Fox 1976). Thus, the lack of
substantial thinning of American shorebird eggshells

TaBLE 2 — Eggshell thickness of Chilean shorebirds
Early Recent
period period No. of eggs’ Mean index + SE %
Species (E) (R) E R E R Change
Nycticryphes semicollaris 1934 - 1938 28(15) 0.93 £0.011
1962 - 1969 19(11) 0.90 £0.013 - 3.2
Vanellus chilensis 1934 - 1941 24(8) 1.21 £ 0.017
1960 - 1968 33(10) [.16 £ 0.011 4.]*
Gallinago paraguaiae 1933 - 1940 40(20) 0.87 + 0.008
1957 - 1969 22(12) (-8RIEEDNIS SN

‘Number of clutches given in parentheses.
SR =0105:
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in recent years does not prove that these species are
free of pesticide-induced reproductive problems.

It is possible that shorebirds have a lower sensitivity
to DDE-induced eggshell thinning than many higher
trophic-level species. in addition to usually possessing
lower residue burdens. Peakall (1975) categorized the
charadriiforms as being “moderately sensitive™ to
DDE, based on data on Herring Gulls (Larus
argentatus) presented in Hickey and Anderson (1968).

Although DDE residues in these species have
evidently not reached a level at which they cause
eggshell thinning, migrant shorebirds may still repre-
sent the most important source of DDE contamina-
tion for Arctic raptors. including Peregrine Falcons
(Falco peregrinus) and Gyrfalcons (F. rusticolus).
Several studies have indicated that migratory shore-
birds possess the highest organochlorine residues of
any prey item taken by these falcons (Cadeet al. 1968:
Enderson and Berger 1968: White et al. 1973: Walker
1977).
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