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REMOVAL INDETERMINACY AND THE PROXIMATE
DETERMINATION OF CLUTCH SIZE IN THE
HOUSE SPARROW!

TeD R. ANDERSON
Division of Science and Mathematics, McKendree College, Lebanon, IL 62254
and University of Michigan Biological Station, Pellston, MI 49769

Abstract. To test whether or not the House Sparrow (Passer domesticus) is a determinate
or indeterminate layer, 16 experimental nest sites were used following a removal protocol
suggested by Haywood (pers. comm.). In six of the 16 experimental nests the females laid
in an indeterminate manner, laying 8-18 eggs at daily intervals, or with breaks of one or
two days. Analysis of the egg contents showed that fresh mass and dry masses of yolk,
albumen and shell tended to increase with position in the laying sequence, with fresh mass,
dry albumen mass and total dry mass of eggs 2—6 being significantly less than those of the
supernumerary eggs, eggs 7 +. Female condition was unaffected by the laying of supernormal-
sized clutches. The implications of these results for the proximate determination of clutch
size in the House Sparrow were discussed, including a proposed mechanism for clutch size

determination in the species.
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INTRODUCTION

Since David Lack (1947) first proposed that the
clutch size of altricial species of birds is selected
to maximize the reproductive output of the in-
dividual female (or pair) and is ultimately de-
termined by the ability of the parent(s) to provide
food to the young, most studies have provided
confirmation of the general hypothesis (see re-
views in Klomp 1970, Murphy and Haukioja
1986, Martin 1987). Clutch size in some popu-
lations has, however, been observed to vary con-
siderably with habitat type, season, density, fe-
male age, and year. Studies of the heritability of
clutch size have generally found a low heritability
of the trait in most species (Boag and van Noord-
wijk 1987), suggesting that most of the observed
variation in clutch size is phenotypic. Perrins and
Moss (1975) proposed that female Great Tits
(Parus major) are able to adjust their clutch sizes
to fit local conditions. Such phenotypic plasticity
may permit individual optimization of repro-
ductive output where there are predictable levels
of local, seasonal or annual variability in envi-
ronmental quality (see Drent and Daan 1980,
Hogstedt 1980, Pettifor et al. 1988), and raises
the question of what mechanisms are involved
in the proximate determination of clutch size.
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The proximate factors involved in the deter-
mination of clutch size in birds are not well un-
derstood. In species such as the Lesser Snow
Goose (Chen caerulescens) that arrive on the
breeding area and produce a clutch before suf-
ficient food is available for egg production, the
role of endogenous energy reserves in determin-
ing clutch size is well documented (Ankney and
Maclnnes 1978). Jones and Ward (1976) pro-
posed that the amount of protein reserves in the
flight muscles serves as a proximate determinant
of clutch size in the altricial Red-Billed Quelea
(Quelea quelea). In the House Sparrow (Passer
domesticus) a correlation was observed between
the fat content of the female on the first day of
ovulation and the prospective clutch size, sug-
gesting a proximate role for fat reserves in de-
termining clutch size (Pinowska 1979). Loss of
protein reserves during egg formation and laying
has also been observed in female House Spar-
rows (Schifferli 1976, Jones 1990). A possible
role for inorganic nutrient reserves, particularly
magnesium, in laying House Sparrows has also
been suggested (Pinowska and Krasnicki 1985).

Cole (1917) classified birds as either deter-
minate or indeterminate based on the response
of laying females to the removal or addition of
eggs during the laying of a clutch. Species were
classified as determinate if experimental removal
or addition of eggs did not affect the number of
eggs laid, or as indeterminate if females contin-
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TABLE 1.

Results of egg removal experiments on the House Sparrow. In the table E stands for an egg that

remained in the nest on the day laid, E* stands for an egg that was removed from the nest on the day laid, E
stands for an egg that was replaced on the day laid, F stands for a female that was captured incubating an egg
or eggs at the site, and M stands for a male captured at the nestsite. Subscripts refer to the number of eggs
remaining in the nest after the nest check on each day. Replacement eggs occasionally disappeared (i.e., R3092).
Nests were normally checked between 07:00 and 11:00 EDT.

Nest Date Day

Number Initiated 1 2 3 4 5 6 7 8 9 10 11 12 13 14
B3751  6/28 E*,

B3371  6/16 E*, EX, M, , E* E%

B3CCl 6/15 E, E*, 0 0 . E* . FE*

A3201 4/29 E*, E*,  E* E&*,

D30J1  6/25 E*, E*% , E* E* FE, E*

D3CF1 6/23 E*o E*o E*o 0 0 0 [ 0 [ 0 0 0 E*o E*o
D3CDl  6/23° EYX, o+ o o E% EY% . o 4
B3202 6/21 E, E*  E* E* E* FE* X X X ., E, E*, E%,
R3092 6/23 E* E* E* , E* E, , , , , , , E, E,
D3251 6/17 FE*, E* E* E* FE, E* E* E* FE*% o s F

D3092 7/2 E* E* E*, E% E , , E* E* E* E* , . .
B3OP2 6/22 E* E* E* , E* E, . E* , E* E* E* E,
D3351 6/20 E* E*  E* E¥% ., E, E* E* E* E* , . F
R3511 6/21 E* E* E* E* FE, E* E* E¥* . . . . E, E%
D3751 6/16 E*, E* o s E%, o E% 0 . E* E* E* E* FE,

* Dead male House Sparrow removed from nest-box.

* Laying sequence and egg coloration suggested that the same female was laying at the adjacent sites of D3CF1 and D3CD1.
< Reduced pigmentation typical of last-laid eggs in the House Sparrow (cf. Lowther 1988).

ued laying beyond the normal clutch size if eggs
were removed, or curtailed laying early if eggs
were added. Kennedy (1991) and Haywood
(1993) have recently reviewed indeterminate and
determinate laying in birds. Kennedy (1991) cat-
egorized the House Sparrow as a removal deter-
minate, but addition indeterminate layer, while
Haywood (1993), basing his conclusions on the
results of early reports with incomplete expla-
nations of the experimental protocol (i.e., Wen-
zel 1908 cited in Haywood 1993; Witschi 1935),
categorized the species as tactile indeterminate.
Haywood (1993) also based this conclusion in
part on the proposed linkage between tactile
stimulation of the brood patch by the presence
of one or more eggs in the nest, and the proximate
determination of clutch size by the onset of in-
cubation behavior and consequent termination
of laying. Haywood (pers. comm.) predicted that
if each egg was removed as it was laid beginning
with the first egg, thereby preventing tactile feed-
back through the brood patch, female House
Sparrows would lay indeterminately.

The objectives of this study were first to test
Haywood’s prediction that removal of each egg
as it is laid would induce indeterminate laying
in the House Sparrow, and second, to explore
the implications of the findings from this exper-

iment for the proximate mechanism controlling
clutch size in the species.

METHODS

The primary study site consisted of three dairy
farms in the vicinity of the University of Mich-
igan Biological Station (UMBS), Cheboygan
County, Michigan, at which House Sparrow
breeding colonies have been studied since 1986
(Anderson 1989, 1994). Many of the experimen-
tal nests were located in nest-boxes, although
some were located in crevices in buildings. One
experimental nest, also in a nest-box, was in a
residential neighborhood in Lebanon, St. Clair
County, Illinois.

Nest sites in Michigan were visited daily be-
tween 07:00 and 11:00 EDT from 15 June to 11
August 1993. Egg-laying in the House Sparrow
normally occurs shortly after dawn; between 05:
45 and 07:00 GMT in Great Britain (Summers-
Smith 1963), and usually before 07:00 EDT at
the study site (Anderson, pers. observ.). Eggs were
numbered with felt-tip pen on the day laid, fresh
mass to the nearest 0.05 g obtained with a 10-g
Pesola balance, and length and maximum breadth
measured to the nearest 0.1 mm with dial cali-
pers.
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TABLE 1. Extended.
Day
15 16 17 18 19 20 21 22 24 25 26 27 28 29 30 31 32
0 '] 0 0 1] 0 0 0
0 0 1] 0 0 E*O E*O E*O
2 E*Z 2 2 2 F
E*3 Er} E*3 3 3 F
E’, E, 5 E% 3 s F
E-, E, 4 4 s+ F
E* E% E* E* E, E, o E% E E* E, Eq, E*, EY% , ; M, F

At 16 experimental nest sites (11 nest-box sites
including the one in Hlinois), eggs were removed
from the nest on the day they appeared, begin-
ning with the first egg of a clutch. After being
marked, weighed and measured, they were re-
frigerated for subsequent comparison and anal-
ysis. To minimize the risk of desertion each fifth
egg of a laying sequence was replaced by an egg
removed from another House Sparrow nest. Fol-
lowing termination of laying at an experimental
site, all eggs laid at the site were examined to-
gether for possible differences in pigmentation
pattern that might indicate that more than one
female contributed to the clutch (intraspecific
brood parasitism) (i.e., Kendra et al. 1988), and
the entire clutch was photographed. No evidence
of intraspecific brood parasitism was obtained,
and none has been observed in the Michigan
population during eight years of study (Ander-
son, pers. observ.).

Females were captured at both unmanipulated
and experimental nest-box nests during either
the incubation or nestling period. Females were
weighed to the nearest 0.1 g on a 50-g Pesola
balance, and tarsus length was measured to the
nearest 0.1 mm with dial calipers. A condition
index for each female was calculated by dividing
the mass (g) by the tarsus length (cm). This index
reduced some of the variation in mass due to

differences in structural size (Anderson, unpubl.
data; see also Rising and Somers 1989).

The contents of eggs from six experimental
nests in which females continued to lay beyond
the normal clutch size (see below) were analyzed.
Eggs were boiled for ten min, and then separated
into yolk, albumen (white) and shell. These com-
ponents were then oven-dried to constant weight
(48 hr at 60°C), and the dry mass of each obtained
to the nearest 0.1 mg on an electronic balance.

RESULTS

The laying histories of the 16 experimental nests
are presented in Table 1. As in an earlier exper-
imental study (Anderson 1989), the outcomes
differed among nests, and the results in Table 1
are grouped according to these outcomes. In three
cases (B3751, B3CC1 and B3371) nests were de-
serted after the laying of one to four eggs, with
interruptions of one to three days in the laying
sequences of two of the nests. In two nests (A3201
and D30]J1) “clutches™ of four and six eggs, re-
spectively, were completed, after which the fe-
male deserted the site (with no eggs remaining
in the nest in A3201, and with one egg in D30J1).
In A3201 the conclusion that the four eggs rep-
resented a complete “clutch” was inferred from
the fact that the fourth egg had the reduced pig-
mentation typical of last-laid eggs in the House
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TABLE 2. Means (standard deviations) of fresh egg mass and dry masses of egg components for six House

Sparrow nests in which indeterminate laying occurred.

Nest number
D3251 D3092 B30P2 D3351 R3511 D3751
Number of eggs 9 9 (8) 10 (9 9 8 18
Fresh mass (g) 2.75(0.12)  3.05(0.23)  2.66 (0.08) 3.28 (0.14)  2.80(0.09)  3.19 (0.17)
Dry yolk (mg) 213 (17) 260 (34) 213 (12) 264 (12) 248 (13) 239 (15)
Dry albumen (mg) 214 (10) 244 (21) 209 (7) 265 (13) 200 (13) 272 (17)
Dry shell (mg) 165 (8) 195 (14) 161 (6) 179 (7) 188 (4) 214 (10)

= Sample size of § for dry albumen and dry shell due to breakage during processing.

* Sample size of 9 for all dry masses due to breakage.

Sparrow (Lowther 1988). The laying sequence
and pigmentation patterns on the eggs suggested
that the same female was laying alternately in
two adjacent sites (D3CD1 and D3CF1). If this
conclusion is correct (as presented in Table 1),
this female laid 11 eggs over a span of 22 days
with four interruptions of 1-5 days. At two sites
(B3202 and R3092) the females laid six and five
eggs, respectively, followed by the laying of an

additional four and five eggs after intervals of
four and six days, respectively. These results were
similar to patters reported in other studies of the
House Sparrow (Brackbill 1960, Kendra et al.
1988, Anderson 1989).

In six nests females showed true removal in-
determinacy (cf., Kennedy 1991) by laying from
eight to 18 eggs on successive days, or with breaks
of only one or two days. In one instance (D3751)

Z SCORE (FRESH EGG MASS)

I S .
2 4 6 8

10 12 14 16 18 20

EGG SEQUENCE

FIGURE 1.

Standard scores (z-scores) of fresh egg mass plotted by position in laying sequence for eggs from

six House Sparrow nests in which indeterminate laying occurred. Symbols for the six nests are: D3351 (O),
R3511 (@), D3751 (O), D3092 (W), B3OP2 (4) and D3251 (&).
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FIGURE 2. Z-scores of dry yolk mass plotted by position in the laying sequence for eggs from six indeterminate

nests. Symbols as in Figure 1.

the laying of 18 eggs in 19 days followed a period
in which four eggs had been laid and experi-
mentally removed at 1-3 day intervals over eight
days. Visual inspection of pigmentation patterns
and mensural data (see below) both support the
conclusion that the eggs at each site were laid by
a single female. Clutch size of the House Sparrow
at the study site during 1986-1991 varied from
two to eight eggs, with only two of 340 completed
clutches having eight eggs (Anderson 1994). The
clutch size of 20 unmanipulated clutches during
the period of this experiment varied from four
to six (mean = 5.35, SD = 0.59), which was
similar to the clutch size during this part of the
breeding season in 1986-1991 (Anderson 1994).

Table 2 summarizes data on the composition
of the eggs in the six nests in which indeterminate
laying occurred. Accidental egg breakage resulted
in incomplete data on two eggs, the second of
nine eggs in D3351 and the eighth of ten eggs in
B30P2. Standard scores (z-scores) of fresh mass,
dry yolk mass, dry albumen mass and dry shell

mass were calculated for each egg within a clutch,
and these z-scores were then plotted by position
in the laying sequence for each egg in the six
indeterminate nests (Figs. 1—4). In five of the six
nests, fresh egg mass of the first egg was more
than one standard deviation below the mean, and
mass tended to increase with the laying sequence
(Fig. 1). In the sixth nest (B30P2), fresh egg mass
of the first egg was more than one standard de-
viation above the mean and tended to decrease
with laying sequence. The pattern for dry yolk
mass was very similar to that for fresh mass, with
only B30P2 having a dry yolk mass of the first
egg exceeding the average for the clutch (Fig. 2).

Dry albumen mass of first eggs, however, was
less than the mean in all six indeterminate nests
(Fig. 3), with the eighth egg in five of the six
nests, and the ninth egg in B30P2 (in which the
eighth egg was broken accidentally), all having
dry albumen masses greater than the mean. No
pattern was observed in the relationship between
dry shell mass and laying sequence (Fig. 4).
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FIGURE 3. Z-scores of dry albumen mass plotted by position in the laying sequence for eggs from six inde-

terminate nests. Symbols as in Figure 1.

Nested analyses of variance were performed
comparing the fresh, dry yolk, dry albumen, dry
shell, and total dry masses of the first six eggs in
a clutch with those of the seventh and subsequent
eggs. In each case the among nest variation in
mass was significant: F;, = 6.51, P = 0.021; F,
=6.32, P = 0.022; F;, = 13.75, P < 0.005; F;
=30.89, P < 0.001; and F;, = 11.34, P = 0.005;
respectively. In the comparisons between the first
six eggs and seventh and subsequent eggs, fresh
mass (Fs, = 5.31, P < 0.001), dry yolk mass
(Fo50 = 2.53, P < 0.05), dry albumen mass (Fj 4
= 3.44, P < 0.01) and total dry mass (F, =
3.05, P = 0.013) all showed significant differ-
ences. In all cases mean masses of the first six
eggs were lower than those of the seventh and
subsequent eggs. Dry shell mass did not differ
significantly between the early and late eggs (F 5o
= 1.82, P> 0.10).

Because the first egg in most of the nests had
the lowest mass (see above), and might therefore
account for the significant differences noted be-

tween eggs 1-6 and eggs 7+, the nested ANOVA
was repeated comparing the masses of eggs 2-6
with those of the seventh and subsequent eggs.
Among nest differences in masses were again
highly significant: fresh mass (F;s = 11.99, P <
0.01), dry yolk mass (F;, = 14.28, P < 0.01),
dry albumen mass (F;¢ = 17.66, P < 0.01), dry
shell mass (F;, = 43.07, P < 0.001), and total
dry mass (F,, = 23.01, P = 0.001). Significant
within nest differences were observed only in fresh
mass (F; s = 4.66, P = 0.001), dry albumen mass
(F¢43=3.13, P=0.012) and total dry mass (Fj ,;
= 2.67, P < 0.05). In each case the mean masses
of eggs 2—6 were less than those of the seventh
and subsequent eggs. Dry yolk mass and dry shell
mass did not differ significantly (F,,, = 1.73, P
> 0.10 and F,,, = 1.61, P > 0.15, respectively).

Five of the six females laying in an indeter-
minate manner were captured during incubation
following the termination of laying. In two of the
cases, R3511 and D3092, females were captured
after laying additional eggs after 3—4 day inter-
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FIGURE4. Z-scores of dry shell mass plotted by position in the laying sequence for eggs from six indeterminate

nests. Symbols as in Figure 1.

ruptions following the laying of the supernormal-
sized clutches (see Table 1). Figure 5 compares
the condition of these five females to that of 140
females captured on second broods at the same
study site during the years 1986-1991 (Ander-
son, unpubl. data).

DISCUSSION

The results of these experiments confirm Hay-
wood’s (pers. comm.) prediction, and demon-
strate conclusively that the House Sparrow is a
removal indeterminate layer. The results also
support the conclusion of Krementz and Ankney
(1986) that egg production in the House Sparrow
is primarily dependent on exogenous energy and
nutrient resources, and that the female’s endog-
enous reserves do not directly limit clutch size
in the species. The correspondence of the results
with Haywood’s prediction further suggests that
the onset of incubation plays a role in the ter-
mination of egg-laying, and therefore in the prox-
imate determination of clutch size.

Several recent experiments have suggested that
the House Sparrow is a determinate layér (cf.,
Anderson 1989). Brackbill (1960) removed the
second and subsequent eggs as they were laid
from one nest, and the female laid an initial
“clutch” of five eggs, and then a second “clutch”
of four eggs following a four-day hiatus. He also
added four eggs to a nest on the day the first egg
was laid, and the female continued to lay, com-
pleting a four-egg “clutch.” Schifferli (1976) re-
moved the first three eggs as they were laid in
ten nests, and observed no apparent increase in
clutch size. He also added four eggs to seven nests
on the day the first egg was laid, and observed
no apparent decrease in clutch size. Kendra et
al. (1988) used two removal protocols, removing
the second and subsequent eggs as laid in three
nests, and removing the third and subsequent
eggs in three other nests. In two of the former
nests the females continued to lay following in-
tervals of 4-5 days. Anderson (1989) removed
the first egg on the day laid and the third and
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FIGURES. Condition of five females captured during incubation at sites at which indeterminate laying occurred
compared to a regression of female condition against day in the nesting cycle for 140 females captured on second
broods during 1986-1991 at the same study site (Anderson, unpubl. data). Days in the nesting cycle were
standardized to the modal clutch size and incubation period (see Anderson 1994), and days 1-5 represent the
laying period, days 6—14 the incubation period, and days 15-30 the nestling period.

subsequent eggs as laid, and observed continued
laying in two nests following breaks of five and
six days. Four other females incubated the one
remaining egg to hatching following the same
removal protocol. Anderson (1989) concluded
that the House Sparrow is a determinate layer,
and that the continued laying in several of the
experiments following a 4-6 day hiatus repre-
sented the laying of replacement clutches rather
than indeterminate laying (see Davis 1955).
The laying of 8-18 eggs in the six experimental
nests described above represents conclusive ev-
idence that the House Sparrow is a removal in-
determinate layer, in contradiction to my earlier
conclusion (Anderson 1989), but consistent with
Haywood’s (pers. comm.) prediction. This in-
determinate laying, and particularly the patterns
of change in fresh egg mass and dry masses of
the three egg fractions (Figs. 1-4), also demon-
strate that endogenous reserves of the laying fe-

male do not directly limit clutch size in the House
Sparrow. Mean masses of eggs 26 in the laying
sequence were lower than those of the super-
numerary eggs (7+) for all egg components, and
nested ANOVAs showed that these differences
were significant for fresh egg mass, dry albumen
mass and total dry mass. Krementz and Ankney
(1986) determined the daily protein and fat re-
quirements for egg production in laying House
Sparrows, and concluded that the costs of egg
production do not limit clutch size in the species.
The results of this experiment confirm their con-
clusion.

Although egg production was not directly lim-
ited by the energetic or nutrient costs of egg pro-
duction itself, the number of eggs might normally
be limited by the necessity for females to retain
sufficient reserves to successfully complete sub-
sequent, energetically-demanding reproductive
activities such as incubation and the brooding
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and feeding of nestlings (Martin 1987). Although
the results in the present study are not definitive
due to the small sample size, the fact that the
conditions of the five females captured during
incubation, following the production of super-
normal-sized clutches, were comparable to the
conditions of females laying unmanipulated sec-
ond clutches at the site (Fig. 5), strongly suggests
that the females laying 8—18 eggs still maintained
normal body reserves.

The difference in these results and those sum-
marized above is undoubtedly due to each of the
first four eggs being removed as laid in this study.
The presence of even a single egg in the nest is
apparently sufficient to induce onset of incuba-
tion, presumably through tactile stimulation to
the brood patch (see Haywood 1993), resulting
in termination of laying. The results of this and
other experiments also show, however, that the
presence of an egg is not a necessary condition
to terminate laying. In A3201, for instance (see
Table 1), the female completed a four-egg “clutch™
despite the fact that no eggs remained in the nest.
In R3092, the female ceased laying after the fifth
egg, and resumed laying after a hiatus of six days
even though no egg had remained in the nest
prior to the laying of the fifth egg. The presence
of one egg in the nest is therefore apparently a
sufficient, but not a necessary, cause for the ces-
sation of laying,

Mead and Morton (1985) proposed that a di-
rect link exists between onset of incubation and
termination of laying in the White-crowned
Sparrow (Zonotrichia leucophrys). Haywood
(1993) discussed two possible hormonal mech-
anisms that might be involved in terminating egg
production: (a) an increase in prolactin levels
that inhibits rapid follicular development in the
ovary, and (b) suppression of gonadotropin re-
leasing factor secretion from the hypothalamus,
which is necessary for release of follicle stimu-
lating hormone from the pituitary gland. Al-
though the two may work in concert, the effect
of tactile stimulation of eggs on the brood patch
resulting in increased prolactin levels seems to
represent a more parsimonious explanation
(Mead and Morton 1985, Haywood 1993).

Meijer (1990) studied onset of incubation in
captive European Starlings (Sturnus vulgaris) by
continuously monitoring nestcup temperatures
during egg-laying. He found a fixed pattern of
daily periods of incubation beginning with the
laying of the first egg, with progressively longer
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periods of incubation on successive days. He also
found that the entire incubation schedule shifted
appropriately for different clutch sizes both with-
in and among females (i.e., the entire schedule
shifted forward one day in four-egg clutches com-
pared to five-egg clutches). Meijer (1993) re-
cently reported removal indeterminacy in cap-
tive European Starlings. Females for which the
second and subsequent eggs were removed as
laid, or for which the first two eggs were removed
following the laying of the second egg, laid in a
determinate manner; but many females for which
each of the first three eggs were removed as laid,
laid 1-3 additional eggs. Six of nine females laid
1-3 additional eggs when egg removal occurred
at 15:00 hr on the day the egg was laid, while
three of ten females laid one or two additional
eggs when removal occurred at 08:00 hr the
morning following the laying of the egg (see Fig.
1, Meijer 1993). This difference was significant
despite the fact that no incubation normally oc-
curs in the interval between 15:00 hr and 08:00
hr following the laying of the first egg (Meijer
1990). This suggests that some tactile feedback
from the eggs may occur when the female covers
them at night even though she does not incubate
them.

Although the onset of incubation in the House
Sparrow has not been as intensively studied as
that in the European Starling, it is known that
female House Sparrows spend more total time
and longer periods of time on the nest on suc-
cessive days of egg laying (Summers-Smith 1963,
North 1980). Assuming that the onset of incu-
bation in the House Sparrow is similar to that
in the European Starling, a possible mechanism
for the proximate determination of clutch size
in the species may involve the following steps:
(1) female condition at some point prior to the
beginning of egg laying determines both a pro-
spective clutch size within a genetically deter-
mined range (Murphy 1978) and a corresponding
schedule for the onset of incubation (Meijer 1990);
(2) during egg laying, tactile feedback from the
presence of at least one egg in the nest causes
continuation of the onset of incubation behavior,
with resultant increases in prolactin secretion;
and (3) rising prolactin levels suppress continued
follicular development stopping egg production
at the predetermined number. Failure to obtain
the tactile feedback due to the experimental re-
moval or natural disappearance of each egg as it
is laid may interrupt the schedule of onset of
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incubation, with a resultant lack of increase in
prolactin levels, leading to indeterminate laying.
A somewhat similar model has been proposed
for the proximate determination of clutch size
in the single-brooded European Kestrel (Falco
tinnunculus), which shows a seasonal decline in
clutch size (Meijer et al. 1990).

If the individual female House Sparrow opti-
mizes its reproductive output under varying en-
vironmental conditions, then the information
upon which she makes the “decision” of how
many eggs to lay must be available during the
period of egg formation and laying. Egg forma-
tion from the beginning of rapid yolk deposition
and follicular enlargement to egg laying requires
five days in the House Sparrow (Schifferli 1980).
Eggs are laid at daily intervals which means that
the female has as many as five eggs developing
simultaneously. Natural abortion of developing
follicles is rare in House Sparrows, with atretic
follicles being observed in less than 2% of large
samples of females collected during egg laying in
Great Britain and Ontario, Canada (Schifferli
1976, Krementz and Ankney 1988). This means
that rapid yolk deposition normally begins in a
number of follicles equal to the number of eggs
to be laid.

Pinowska (1979) found a positive correlation
between lipid reserves of the female on the day
of first ovulation (the day before the laying of the
first egg) and the number of eggs which the female
was preparing to lay, and proposed that clutch
size in Polish House Sparrows is determined by
fat reserves in the female at the time of first
ovulation. The fact that fat reserves in the female
do not set an ultimate limit on the number of
eggs that can be laid (as evidenced by the inde-
terminate laying observed in this study) does not
preclude the possibility that lipid metabolism in
the female is responsible for the proximate de-
termination of clutch size. Lipid reserves in the
female increase rapidly just prior to (Schifferli
1976) or during (Krementz and Ankney 1988)
yolk deposition in the first developing follicles
of a clutch. A plausible hypothesis therefore links
lipid reserves in the laying female to the proxi-
mate determination of clutch size in the House
Sparrow.

Placing of the timing of this proximate deter-
mination of clutch size at the day of first ovu-
lation would help to explain the difference be-
tween the results of this study and those of
Schifferli (1976), who failed to obtain indeter-

minate laying following the removal of the first
three eggs as they were laid in Oxford, England.
This discrepancy may be explained by the fact
that the modal clutch size of the House Sparrow
in Oxford is four (Seel 1968, Dawson 1972), while
the modal clutch size in Michigan is five, with
six being almost as common as five for second
clutches (Anderson 1994). Assuming that most
of the females in Schifferli’s study were preparing
to lay four-egg clutches, removal of the first egg
after it is laid would occur at a time when ini-
tiation of rapid yolk deposition has already
ceased. In the present study, however, where most
of the females were presumably preparing to lay
five- or six-egg clutches, removal of the first and
subsequent eggs occurred at a time when initi-
ation of yolk deposition in another follicle was
still occurring on a daily basis, creating the op-
portunity for the lack of tactile stimulation from
an egg in the nest to play a role in triggering
cessation of laying, thus resulting in some cases
in indeterminate laying.
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