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and Sutton (1979) in that the incubating terns failed to
recognize the turnstone as a predator in most cases, no
matter how closely they were approached by the turn-
stones. Mobbing behavior was elicited only when Canada
Geese (Branta canadensis) and Ring-billed Gulls were
passing. Turnstones in the area at this time would also be
mobbed.

Contrary to Parkes et al. (1971), our observations were
not confined to a single turnstone, rather they concur with
Bent (1929) in that many were involved. The impact of
turnstones was higher at the Headland than at the Com-
mon Tern colony on Great Gull Island (Parkes etal. 1971),
yet it did not result in total destruction of the colony, as
was reported for Royal Terns near Florida in 1978 (Loftin
and Sutton 1979).

There have been no further reports of egg-eating by
turnstones in well-studied Common Tern colonies since
that of Parkes et al. (1971). Neither have there been any
previous observations recorded at our study site since re-
search began here in 1976. Similarly, at the Royal Tern
colony studied by Loftin and Sutton (1979), the investi-
gators did not notice egg predation by turnstones until the
fourth year of their study. However, it is difficult to say
whether this form of egg predation is a new, expanding,
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or just a hitherto unnoticed behavior. Further efforts should
be made in other tern colonies being studied to document
the frequency of occurrence and the impact of egg pre-
dation by Ruddy Turnstones.

We thank the Toronto Harbour Commissioners and the
Metropolitan Toronto and Region Conservation Author-
ity for allowing us to work at the Eastern Headland. G.
D. Tessier helped in the field. C. T. Collins, S. G. Curtis,
J. R. Walters, and D. A. Welsh commented on the manu-
script.
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WESLEY M. HOCHACHKA?
Department of Zoology, University of Alberta,
Edmonton, Alberta, Canada T6G 2E9

Key words:  Black-billed Magpie, Pica pica; egg com-
position.

In recent years, descriptive data on egg composition of a
number of altricial species have been published, e.g., Great
Tit, Parus major and Pied Flycatcher, Ficedula hypoleuca
(Ojanen 1983), European Starling, Sturnus vulgaris (Rick-
lefs 1984), and Boat-tailed Grackle, Quiscalus major (Ban-
croft 1985). One possible application of these data is to
relate egg composition to life history characteristics of a
species. For example, one could examine Howe’s (1978)
suggestion that variation in egg composition could influ-
ence brood reduction. As brood reduction is proximately
the result of events within a single nest and appears to be
related to intraclutch variation in egg size (e.g., Howe 1976),
one needs to know how egg composition varies with egg
size within nests. However, most detailed descriptions of
variation in egg composition with egg size are comparisons
among clutches (e.g., Bancroft 1985), or combine inter-
clutch and intraclutch variation (e.g., Ricklefs 1984). Only
Ankney and Johnson (1985) presented separate analyses
of variation within and among clutches, although only one
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set of eggs was analyzed for intraclutch variation in Brown-
headed Cowbirds (Molothrus ater). Thus, it is unclear
whether size-dependent variation in egg composition fol-
lows the same pattern within a clutch as among clutches.
The purpose of this note is to examine whether size-de-
pendent variation in egg composition within a clutch can
be predicted on the basis of patterns observed among
clutches.

METHODS

As part of a study of Black-billed Magpie (Pica pica) re-
productive ecology, eight complete clutches of eggs were
collected in the city of Edmonton, Alberta, Canada, in
1984. Clutches were collected on the day on which the last
egg was laid, or on the following day. Within 2 hr of
collection, eggs were brought into the laboratory, weighed,
and measured (length and breadth at largest diameter to
0.1 mm with dial calipers). Eggs were then separated into
albumen, yolk, and shell plus membrane, and wet masses
of all components determined. All components were dried
to constant weight at 60°C in a drying oven, and dry masses
were measured; water content was calculated as the dif-
ference between total wet and dry mass of eggs. Yolks were
ground up and placed in Soxhlet apparatus, and neutral
lipids were extracted for a 2-hr period with petroleum ether
solvent. Mass of extracted lipids was found after evapo-
rating the solvent over a steam bath; lean yolk mass was
calculated as the difference between total dry yolk and yolk
lipid masses. The above procedure did not apply to one
clutch in which incubation had apparently begun before
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FIGURE1. Variationindryalbumen mass with egg size.
All points represent individual eggs, and all eggs denoted
by the same symbol came from the same clutch. The line
through the points is from a regression through clutch
mean values (72 = 0.69), and describes interclutch varia-
tion.

eggs were collected, and it proved impossible to separate
yolk from albumen in these eggs; only lipid and shell masses
were found for eggs in this clutch. All masses were deter-
mined to 1 mg on a Mettler balance. The numbers of eggs
in clutches were: 5 (one clutch), 6 (two to three clutches,
depending on the egg component), 7 (three clutches), and
8 (one clutch).

RESULTS AND DISCUSSION

Conventionally, allometric regressions (dependent and in-
dependent variables log transformed) have been used to
describe variation in egg composition with size. I used the
same procedure in analyzing my data. The variable used
as egg size was an index of volume (length x breadth? at
largest diameter; Hoyt 1979). For each egg component, a
separate regression was done on the data from each clutch
(describing the relationship between component mass and
egg size within clutches); mean values of component mass
and egg volume were found for each clutch, and these mean
values were used as the data set in other regressions (de-
scribing egg size-component mass relationships among
clutches). Thus, exactly the same data were used to de-
scribe interclutch and intraclutch patterns.

A number of the regressions were not statistically sig-
nificant. For the regressions describing variation among
clutches, the only nonsignificant regression was that of lean
yolk mass on egg size. However, for the regressions con-
ducted within clutches, the following numbers of regres-
sions were not significant: dry albumen (2 of 7), lean yolk
(5 of 7), yolk lipid (5 of 8), and dry shell (6 of 8). All
regressions involving water content of eggs were statisti-
cally significant. These results suggest that although egg
size may be a good indicator of the average composition
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FIGURE 2. Variation in mass of dry shell and mem-
branes with egg size. All points represent individual eggs,
and all eggs denoted by the same symbol came from the
same clutch. The line through the points is from a regres-
sion through the clutch mean values (r2 = 0.51), and de-
scribes interclutch variation.

of eggs in a clutch (among-clutch regressions were signif-
icant), the same does not usually hold within a clutch
(Figs. 1, 2).

Although nonsignificant, regressions within clutches still
represent the best guess as to the relationship between egg
size and component mass within those clutches. Thus, it
is of interest to see whether the lines predicted by regres-
sions within clutches agree with the line based on clutch-
mean values, for a given egg component. This was tested
with a one-sample Wilcoxon’s signed-ranks test, with dif-
ferences being calculated between all within-clutch regres-
sion slopes, and the among-clutch slope. If the egg size to
component mass relationship is the same within as among
clutches, the slope of the among-clutch regression should
fall within the distribution of the within-clutch slope val-
ues. Within clutches, slopes of dry albumen and dry shell
regressions were significantly lower than the slopes found
among clutches (Table 1, Figs. 1, 2). Hence, the relation-
ship egg size did bear with albumen or shell mass within
a clutch was not that predicted on the basis of regressions
describing the pattern found among clutches. This is par-
ticularly interesting for dry albumen, where most of the
regressions within clutches were statistically significant.
Ankney and Johnson (1985) found something similar when
they compared dry yolk and yolk lipid variation among
and within clutches: slopes within the one clutch tested
were higher than among clutches. However, they suggested
that their result may have been an artifact of an outlier in
the within-clutch regressions, or the fact that the eggs of
the one female did not span the entire size range observed
in the population.

The above statistical analyses show something about
the way in which egg composition varied within clutches.
A clearer picture can be gained by inspecting the raw data.
The data are presented here only for dry albumen (Fig. 1)

TABLE 1. Slopes of allometric regressions of egg component mass on egg volume index. For each egg component,
comparison is made between the siopes found for regressions within clutches, and the slope calculated from clutch
mean values of component mass and egg size (“Among clutches™). # is the number of clutches represented in the
analyses. Probabilities (two-tailed) are for one-sample Wilcoxon’s signed-ranks tests.

Slope
Within clutch
Min. Max. Median Among clutches n Probability
Dry albumen -0.26 1.37 1.06 1.23 7 P=0.05
Lean yolk -0.46 1.92 0.83 0.83 7 P > 0.20
Yolk lipid -0.73 2.49 1.31 1.33 8 P>0.20
Dry shell -0.28 0.93 0.52 0.80 8 P < 0.05
Total water 0.69 1.08 0.87 0.99 7 P> 0.20
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and shell mass (Fig. 2). I will briefly note some of the
patterns found in the data presented in these figures. First,
there is a wide variation in the range of egg sizes found in
the clutches (contrast the half- and fully-shaded circles).
Second, egg size to component mass relationships can vary
from log-linear to apparently random (in Fig. 1, contrast
half-shaded squares with fully-shaded triangles). Third, a
linear egg size to component mass relationship for one
component does not necessitate a similar relationship for
other components (contrast the half-shaded squares in Figs.
1 and 2). In short, there was no consistency in the way egg
composition varied with egg size within a clutch.

These data suggest that it may be incorrect to infer the
pattern of variation in egg composition within clutches
from data describing variation among clutches. Although
allometric relationships between egg size and component
masses may exist when populations are considered as a
whole, this was not consistently found in all separate
clutches. Only water content was consistently predicted
by egg size within clutches and bore a similar relationship
with egg size both within and among clutches (Table 1).
Thus it appears that egg size is generally a poor predictor
of egg composition within a clutch. Unfortunately, clutch
sizes of many species are too small for adequate regression
analysis, as was the case here, and it would be difficult to
test the generality of my findings. The data suggest that if
egg composition has an effect on whether a chick is likely
to die, this effect is not correlated with egg size. Laying
sequence was not known for the eggs in this study. Egg
composition may still function in brood reduction. Po-
tentially, egg composition could vary in some systematic
way through the laying sequence, which would indicate
that laying sequence within a clutch is more important
than egg size in determining which chicks are likely to die.
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Many bird species are reported to sleep with their bills
tucked under their scapular feathers (Goodwin 1976; Am-
laner and Ball 1983). This sleep posture probably offers
thermoregulatory advantages because covering the bill in
feathers is a likely means of preventing heat loss. In this
context, it would be interesting to know whether nonmi-
gratory birds adopt this posture more readily during the
coldest nights of winter than during milder nights, and
conversely whether they still sleep in that posture under
summer temperatures that are within their thermoneutral
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zone. In an attempt to provide such information, I report
here on my observations of Black-billed Magpies (Pica
pica) sleeping under temperatures varying between —30°C
and 23°C. 1 also give a brief description of their sleep
posture and night behavior since these, to my knowledge,
have never been reported for any single species under such
a wide range of temperatures.

MATERIAL AND METHODS

The Black-billed Magpie is a medium-sized corvid whose
distribution range extends from Alaska to central Califor-
nia and western Texas (Linsdale 1937). It is typically non-
migratory and is therefore present during the winter in
central Alberta, where this study was undertaken. Here
(Reebs 1985) as in other places (Mugaas and King 1981),
magpies roost communally from July to April, in dense
thickets of deciduous trees in the fall, and dense thickets
of conifers in winter. In central Alberta, they must face
average minimum night temperatures of —19°Cin January
and 12°C in July.



