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Abstract.

I collected female Common Crows (Corvus brachyrhynchos) during rapid fol-

licle growth (RFG), egg-laying, incubation, and nestling periods to see whether they used
stored nutrient reserves to supplement dietary intake during these stages. Body fat did not
change systematically during RFG and laying. Body protein increased during RFG and
decreased during laying. Female crows appeared to store fat during incubation and to use
it during the brood-rearing period. Based on gizzard contents, female crows ate mostly wheat

and small rodents throughout breeding.
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INTRODUCTION

Reproduction in birds imposes a nutritional cost
above maintenance requirements in order to pro-
duce eggs and provide heat and food to devel-
oping offspring during incubation and brood
rearing, respectively (Walsberg 1983). Birds can
make more nutrients available for these activi-
ties by increasing dietary intake, reducing allo-
cation to other activities, using stored nutrient
reserves, or any combination of these mecha-
nisms (Murphy and King 1985). Nutrient re-
serves can be built up in expectation of an in-
crease in nutritional demand, or a decrease in
food supply or time to acquire food. To produce
eggs, birds may rely almost exclusively on stored
nutrients (Ankney and Maclnnes 1978), may ob-
tain all nutrients from the diet (Ankney and Scott
1980) or use a combination of these mechanisms
(Hails and Turner 1985). During incubation, pre-
cocial waterfowl utilize stored fat and protein
reserves and sometimes leave the nest at hatch-
ing with very little of either (Ankney and
Maclnnes 1978). In contrast, altricial Red-billed
Queleas (Quelea quelea) store fat during incu-
bation and use it during the nestling period (Jones
and Ward 1976).

I wanted to know if female Common Crows
(Corvus brachyrhynchos; hereafter referred to as
crows) used stored nutrients to compensate for
the increased demands of reproduction. Nutrient
reserves may be important to breeding crows.
Hooded Crow (Corvus corone cornix) females in
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good condition (heavy relative to their size) breed
earlier than those in poor condition (Loman
1984).

STUDY AREA AND METHODS

Twenty breeding female crows were collected
from 10 April to 29 May 1987 in southwestern
Saskatchewan from an area west of Weyburn.
Most of the land in this area was cultivated with
wheat. Crows nested in small and patchily dis-
tributed woodlots separated by wide expanses of
cultivated field. Birds were not collected in the
same area twice to avoid resampling a local pop-
ulation. Females were killed with a shotgun while
on or near the nest or by the roadside. Only birds
in pairs were collected.

Freshly killed birds were weighed with a Pesola
scale to the nearest 5 g. Ovaries were removed
and placed in formalin. Any oviducal eggs or nest
eggs were removed, hard boiled, and frozen.
Esophagi were examined but none contained
food. Carcasses were frozen for later analysis.

In the laboratory, I made four measurements
on thawed carcasses to account for differences in
structural size. Body length and wing chord were
measured to the nearest mm with a ruler, and
tarsus and keel length were taken to the nearest
0.1 mm with calipers. A principal components
analysis of the variance-covariance matrix of
these measures produced a first principal com-
ponent axis that was a general size component
as all loadings were positive ranging from 0.37
10 0.65 (Pimental 1979), explaining 52.5% of the
variation in structural size. The scores from this
axis were used as a dependent variable in all
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regression models to remove variation due to
structural size.

Contents of the gizzard were removed and lat-
er examined for food habits. Gizzard contents
are biased towards finding hard tissue (Swanson
and Bartonek 1970) and therefore can only be
used as an index of food types (Ankney and Scott
1980). The oviduct was removed, dried to con-
stant weight (90°C), and then discarded. The car-
cass was ground twice through a Hobart meat
grinder. I took a ca. 130-g subsample and dried
it to constant weight. This dried subsample was
homogenized once more in the meat grinder. Two
3- to 5-g aliquots were then placed in separate
cellulose extraction thimbles, and lipids were ex-
tracted for 6 hr using petroleum ether as a solvent
in a modified Soxhlet apparatus. These lean dry
samples were then ashed in a muffle furnace at
550°C for 6 hr, leaving the amount of ash in the
sample. The percentage of fat, ash, and ash-free
lean dry weight (hereafter referred to as body
protein) in the sample was obtained by subtrac-
tion, and values for the separate thimble samples
were averaged. Dry body weight was estimated
by multiplying the ratio of dry tissue in the 130-g
subsample by the weight of the ground carcass.
The total grams of body fat, ash, and protein was
obtained by multiplying the ratio of each com-
ponent in the thimble sample by dry body weight.

I estimated the total number of days females
had committed to reproduction (nest days) by
assuming that they developed one ovarian fol-
licle a day (Ricklefs 1974) and laid one egg per
day. Days spent incubating were estimated by
examining embryo development and applying
waterfowl development rates (Caldwell and Snart
1974) to the 18-day incubation period of crows
(Emlen 1942). Days spent rearing nestlings were
estimated by relating the weight of the largest
young to the growth curve of nestling Carrion
Crows (Corvus corone; Yom-Tov 1974). Both
species have similar adult body weights and nest-
ling periods (Bent 1946).

During egg formation, body reserves may be
used to form the fat, protein, and mineral com-
ponents of eggs. In order to help evaluate the
relationship between body components and egg
components, I calculated the amount of fat, pro-
tein, and dry shell in ovary, oviduct, and ovi-
ducal eggs (after Alisauskas and Ankney 1985)
using the same procedure as for body tissue ex-
cept that the entire sample was used. For eggs
laid, the amount of fat, protein, and shell in-

vested was estimated by multiplying the number
of eggs laid (as determined by postovulatory fol-
licles) by the average amount of these compo-
nents calculated for 12 fresh eggs from nests.

I performed univariate linear and curvilinear
regressions of body components on nest days for
RFG and laying periods and the incubation and
nestling periods separately. During the egg-for-
mation stages, I also performed these same
regressions using the corresponding reproductive
tissue as an independent variable (e.g., body fat
on reproductive fat) instead of nest days. Prob-
ability levels were those associated with type 111
sums of squares given for linear models for the
dependent variable and for curvilinear models
for the dependent variable and dependent vari-
able squared. For cases where none of the de-
pendent variable(s) explained a significant pro-
portion of variation, I reported only the lowest
probability, all others were higher. Coefficient of
determination estimates were adjusted for struc-
tural size.

RESULTS

Dry body weight of female crows did not change
significantly with nest days during egg formation,
or incubation and nestling periods (P’s > 0.10;
Fig. 1). There was no systematic change in body
fat in relation to nest days (P = 0.21; Fig. 1) or
reproductive fat (P = 0.83). The drop in body
fat from RFG to laying was difficult to interpret.
The two females with the least amount of body
fat in Figure 1 were also the latest to begin laying.
Both these females initiated RFG about 40 days
after the first female had and 13 days after the
next latest females (average initiation was day
20.5). There was no difference in the results of
regression analyses with or without these fe-
males. Later nesting females may have initiated
RFG with less body fat.

Females stored protein reserves during RFG
when mostly fat was being added to the follicles
and used this protein during egg laying when
albumen (egg protein) was being layed down.
There was a strong curvilinear relationship be-
tween body protein and nest days (Fig. 1; r =
0.82; P=0.01; P=0.007) and an even stronger
relationship with reproductive protein (r = 0.90;
P = 0.002; P = 0.001). Crows did not rely on
stored calcium to form eggshells as there was no
relationship between body ash and nest days or
clutch shell (P’s > 0.20).

Regression models indicated that body fat and



protein did not change during incubation and
brood-rearing periods (P’s > 0.17; Fig. 1). How-
ever the power of these tests was low due to a
small sample size (n = 10). There was a trend of
increasing body fat during incubation and a de-
crease during the nestling period (Fig. 1).

Of the 20 breeding crows collected, 17 had
food in their gizzards, of which 13 contained
either wheat (2), mice (2), or both (9). Contents
of the remaining gizzards were: insects and wheat
(2); egg, mice, and wheat (1); and egg and wheat
(1). Female crows most commonly relied on a
diet of wheat and mice.

DISCUSSION

Protein reserves are used during laying in some
passerine species (Jones and Ward 1976, Fogden
and Fogden 1979) while in others reserves are
not used (Ankney and Scott 1980, Hails and
Turner 1985, Krementz and Ankney 1988). When
protein use has been documented, the pattern is
one of a gradual decline from the beginning of
RFG through laying. Crows are different because
they store protein during RFG when little protein
is being committed to eggs, and then use these
reserves apparently to add albumen to eggs. Ro-
dents are an excellent source of protein for crows
so why do they store protein? Female crows may
need to stay close to the nest once laying begins
in order to guard their eggs, compromising their
foraging range and ability to acquire protein with
the specific amino acids needed to form eggs.
Laying female Mallards (Anas platyrhynchos)
need protein and the essential amino acids they
provide to produce a normal-sized clutch of vi-
able eggs (Fldridge and Krapu 1987).

During egg formation, body fat is not used to
supplement a dietary intake of wheat (76% car-
bohydrate; Krapu 1979) and lipid-rich rodents
(Millar 1987), apparently adequate sources of en-
ergy. Body fat may increase during RFG and
decrease during laying in early nesting females
but the sample size is too small. This type of
cycle in body fat occurs in some passerines (Jones
and Ward 1976, Fogden and Fogden 1979, Kre-
mentz and Ankney 1988) and if it occurs in early
nesting crows, it could supplement dietary intake
in a manner similar to protein reserves.

Female crows may store fat during incubation
and deplete this store during the nestling period.
This pattern occurs in Red-billed Queleas in Af-
rica (Jones and Ward 1976). Male crows may
help females put on body fat by incubating (Bent
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1946) and allowing females to forage, or by feed-
ing females while they are incubating (Skutch
1962). The extent of body fat use is underesti-
mated in this study because my data extend only
to midway through the nestling period. Energy
requirements of foraging adult crows increase
during the nestling period and are greatly ele-
vated during the last half of the period when
nestling food requirements are highest (Yom-Tov
1974).

Rodent bones may provide the calcium needed
to form eggshells. Sandpipers eat lemming bones,
presumably for the same reason (Maclean 1974).
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