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ONSET OF INCUBATION IN YELLOW WARBLERS: A TEST OF
THE HORMONAL HYPOTHESIS

PERCY N. HEBERT' AND SPENCER G. SEALY
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ABSTRACT.—Mead and Morton (1985) suggested that asynchronous hatching for birds in
which only the female incubates is caused by a hormonal surge associated with the ovulation
of the last ovum. This hormonal surge is believed to inhibit further ovulation and simulta-
neously stimulate females to initiate full incubation. Thus, the advantages, if any, accrued
from asynchronous hatching are merely epiphenomena. The hormonal hypothesis predicts
that regardless of clutch size, full incubation is initiated with the laying of the penultimate
egg. We also predict from the hypothesis that incubation attentiveness during egg laying
will be similar in females tending either four- or five-egg clutches, especially on the day the
penultimate and last eggs are laid, hatch spreads will be similar in four- and five-egg clutches,
and the addition of eggs during egg laying will not induce increased incubation attentiveness.
In a three-year study (1988-1990) on Yellow Warblers (Dendroica petechia) nesting at Delta
Marsh, Manitoba, we found that incubation attentiveness during egg laying was similar
between females that produced four- and five-egg clutches, but full incubation was not
initiated prior to the last egg being laid. Despite apparently similar incubation attentiveness
during egg laying, hatch spreads differed significantly between four- and five-egg clutches.
Incubation attentiveness was increased experimentally by adding eggs during early egg
laying. We suggest that initiation of full incubation is not rigidly controlled by hormonal
changes associated with the laying of the penultimate egg. Therefore, asynchronous hatching
of the penultimate and, especially, the last egg does not require full incubation. Received 16

January 1991, accepted 8 November 1991.

IN MosT bird species, successful incubation
requires the development of one or more brood
patches on the abdominal surface of the incu-
bating bird. Brood patches often are free of
feathers, are oedematous, and have highly vas-
cularized skin that enhances heat transfer (Pet-
tingill 1985). Brood-patch development in-
volves both defeatherization and vascularization
(Drent 1975), which are regulated by prolactin
in concert with estrogen (e.g. Bailey 1952, Hinde
etal. 1963, Selander and Kuich 1963, Lloyd 1965,
Jones et al. 1970). Vascularization is generally
completed prior to egg laying (Bailey 1952,
Brackbill 1958, see also references in Drent 1975)
and defeatherization occurs at least by early in-
cubation (Haftorn 1981, see review in Drent
1975). Therefore, incubation behavior, which is
stimulated and/or maintained by stimuli aris-
ing when the brood patch is in contact with the
eggs (White and Kinney 1974, Hall and Gold-
smith 1983), can be and is effective even during
laying (Haftorn 1978, Zerba and Morton 1983).

! Present address: Départment de sciences biolo-
giques, Université de Montréal, C.P.6128, succursale
A, Montréal, Québec H3C 3]J7, Canada.

Although prolactin may not initiate incuba-
tion behavior, there is evidence that incubation
is maintained by it (Drent 1975). The secretion
of prolactin is apparently stimulated by the act
of incubation or associated stimuli (Slater 1967,
Eisner 1969, Hall and Goldsmith 1983). Prolac-
tin levels then increase through laying and peak
in the early to mid-incubation period (Breiten-
bach et al. 1965, Silverin and Goldsmith 1983).

Mead and Morton (1985) proposed that
hatching asynchrony is the result of selection
on an unrelated trait(s), namely the termination
of ovulation and the onset of incubation, with
prolactin possibly playing a role in each; in con-
cert with the ovulation of the last ovum, there
is a surge in the level of prolactin in the blood.
This terminates ovulation and stimulates the
initiation of full incubation, which subsequent-
ly gives rise to hatching asynchrony (Mead and
Morton 1985). Consequently, the advantages
derived from hatching asynchrony (e.g. Lack
1954, Hussell 1972, Clark and Wilson 1981, Hahn
1981, Slagsvold and Lifjeld 1989), if any, are
merely “epiphenomena.”

From their hypothesis, Mead and Morton
(1985) predicted that: (1) full incubation atten-
tiveness will begin when the penultimate egg
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TABLE 1.
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Comparison of mean (¥ = SE) incubation attentiveness (seconds per 0.5 h) for female Yellow

Warblers tending four- and five-egg clutches. Sample sizes in parentheses. Data combined for 1988-1990.
Abbreviations: APEN, day ante-penultimate egg laid; PEN, day penultimate egg laid; and LAST, day last

egg laid.
Clutch size
Egg Four-egg Five-egg t P
APEN 296.43 + 106.32 (16) 518.70 £ 191.10 (10) 1.10 0.32
PEN 971.25 + 161.25 (20) 813.00 + 187.65 (9) 0.58 0.56
LAST 1,249.10 + 128.33 (20) 1,227.36 + 185.24 (11) 0.09 0.92

tiveness will begin when the penultimate egg
is laid (if the hormonal hypothesis is true, we
also predict that for Yellow Warblers, Dendroica
petechia); (2) incubation attentiveness during egg
laying, especially on the day the penultimate
and last eggs are laid, will be similar in four-
and five-egg clutches; (3) hatch spreads will be
similar whether clutches contain four or five
eggs; and (4) incubation attentiveness will not
be affected by experimentally adding eggs dur-
ing laying. The purpose of our study then was
to establish the onset of incubation behavior
during laying in the Yellow Warbler and test
the above predictions derived from the mech-
anistic aspect of the “hormonal” hypothesis
(Mead and Morton 1985).

The Yellow Warbler is an ideal species for
this study because it exhibits hatching asyn-
chrony, generally lays four- or five-egg clutches
(Goossen and Sealy 1982) and is a determinate
layer (Sealy 1992). This last characteristic is im-
portant to Mead and Morton’s (1985) hypoth-
esis. These authors argued that hormonal influ-
ences should be reflected more accurately in
determinate layers that show a characteristic
sharp surge in the level of prolactin in the blood
and in the onset of incubation behavior, where-
as indeterminate layers are characterized by a
gradual onset in incubation behavior and more
variable clutch sizes (Mead and Morton 1985
and references therein).

METHODS

The study was conducted during the summers of
1988-1990 on a population of Yellow Warblers breed-
ing in the forested dune ridge at Delta Marsh, Man-
itoba, Canada (50°11'N, 98°19'W; for a description of
the study area, see MacKenzie 1982). We searched
daily for nests, which we numbered and flagged, and
checked daily through clutch completion. Each egg
was marked on the blunt end to indicate its position
in the laying sequence.

Beginning with the day the second egg was laid, a
sample of control and experimental nests (described
below) was observed for 0.5 h each day until clutch
completion. Observations were made either between
0500 to 0800 or 1745 to 2015 CST. During these ob-
servation periods, the number of eggs in the nest was
recorded as well as the amount of time females in-
cubated (to the nearest second).

To test experimentally the hormonal hypothesis,
we added two eggs to one group of nests on the
evening before the second egg was to be laid, or on
the morning it was laid. One of the additional eggs
was removed on the evening before or the morning
on which the fourth egg was laid, and the second
was removed the following day. In this manner, ex-
perimental nests contained six eggs for only short
periods of time, if at all. No observations were made
on nests containing six eggs.

The data on incubation attentiveness were grouped
for observations made on the days eggs were laid: the
ante-penultimate egg (APEN; i.e. second egg in a four-
egg clutch, third egg in a five-egg clutch); the pen-
ultimate egg (PEN); and the last egg (LAST). Incu-
bation attentiveness between eggs and experimental
groups was analyzed using the general linear models
(ANOVA with unequal sample sizes) program in SAS
(SAS Institute 1985), as well as the Student-Newman-
Keuls test for multiple comparisons (Zar 1974). The
null hypothesis was rejected when P < 0.05.

Finally, to determine whether observed incubation
patterns were reflected in subsequent hatching pat-
terns, we recorded hatching spreads in control four-
and five-egg clutches between the first- and last-
hatched nestlings (FLAST), the ante-penultimate, and
last-hatched nestlings (APLAST), and the penulti-
mate and last-hatched nestlings (PLAST). Hatching
spreads were determined by visiting each nestat 0500,
1000, 1500, and 1900 during the hatching period.

Because mean (¥ + SE) hatching spreads (h) differed
significantly among years (see results), we minimized
interyear differences between hatching spreads by
standardizing them using the method described by
Perrins and McCleery (1985). The yearly mean was
subtracted from each observation, and the result was
divided by the yearly standard deviation. The re-
sulting standardized hatching spreads were com-
pared using two-tailed ¢-tests.



April 1992]

Incubation in Yellow Warblers 251

TaBLE 2. Comparison of mean (¥ + SE) incubation attentiveness (seconds per 0.5 h) of females tending
control or experimental clutches (eggs added during laying). Sample sizes in parentheses. Data combined
for 1988-1990. Abbreviations: APEN, day ante-penultimate egg laid; PEN, day penultimate egg laid; and

LAST, day last egg laid.

Clutch type
Egg Control? Experimental t P
APEN 381.92 + 98.48 (26) 832.30 + 133.66 (23) 2.75 0.008
PEN 922.13 + 124.43 (29) 1,226.62 + 111.99 (24) 1.78 0.08
LAST 1,241.38 + 103.88 (31) 1,555.00 + 64.38 (27) 247 0.01

*The three control means are significantly different from each other.

REsULTS

Incubation attentiveness did not differ be-
tween years for females with four- (GLM, F =
0.86, P = 0.49) or five-egg (GLM, F = 0.16, P =
0.95) clutches. Also, when the data were com-
bined over the three years, females tending four-
and five-egg clutches exhibited similar patterns
of incubation attentiveness during laying (GLM,
F =0.65, P = 0.52; Table 1). Therefore, we com-
bined the data on incubation attentiveness for
both clutch sizes.

Mean (¥ + SE) incubation attentiveness (s)
was significantly affected by the position of the
egg in the laying sequence (GLM, F = 15.14, P
= 0.0001; Table 2). Incubation attentiveness in-
creased significantly through laying (Table 2).
Females were more attentive on the day they
laid the PEN egg compared with the APEN egg
(SNK, g = 4.74, P < 0.005), and more attentive
on the day they laid the LAST egg compared

to the day they laid the APEN egg (SNK, g =
7.70, P < 0.001) and the PEN egg (SNK, g =
2.94, P < 0.05; Table 2).

Between groups, control females were sig-
nificantly less attentive on the day the APEN
and LAST eggs were laid compared with ex-
perimental females (Table 2). Control females
also incubated less on the day the PEN egg was
laid than did experimental females, a difference
that approached significance (Table 2).

In control nests the mean FLAST and APLAST
hatching spreads in four- and five-egg nests dif-
fered significantly in two of the three years of
the study (Table 3). The shorter hatch spreads
in both clutch sizes in 1989 were probably due
to below-average temperatures that persisted
during the laying period (Hébert, unpubl. data).
For the three years combined, the standardized
FLAST and APLAST hatch spreads were shorter
in four- compared with five-egg clutches (Table
3). Likewise, the PLAST hatch spread tended to

TaBLE 3. Comparison of mean (¥ = SE) hatch spreads (h) for control four- and five-egg clutches. Sample

sizes in parentheses.

Clutch size

Year Hatch spread® Four-egg Five-egg t P
1988 FLAST 35.7 + 3.1 (18) 56.0 = 2.0 (5) 5.49 0.0001
APLAST 323 £3.0(17) 397 £ 1.8(7) 2.06 0.05
PLAST 20.7 + 1.8 (18) 26.1 = 1.5(7) 174 0.09
1989 FLAST 28.7 + 2.4 (13) 33.7 £ 2.6 (7) 1.33 0.19
APLAST 24.8 £ 2.2 (10) 28.2 = 2.7 (6) 1.06 0.30
PLAST 18.1 + 1.3 (13) 18.5 = 1.5 (8) 0.16 0.86
1990 FLAST 35.5 + 2.0 (18) 50.4 + 2.0 (18) 5.22 0.0001
APLAST 32.0 £ 2.0 (18) 39.1 £ 1.2 (15) 3.02 0.005
PLAST 21.5 £ 0.7 (18) 22.6 + 0.7 (18) 1.06 0.29
Combined standardized® FLAST —0.41 + 0.1 (49) 0.67 = 0.1 (30) 5.57 0.0001
APLAST —0.28 + 0.1 (45) 0.45 = 0.1 (28) 3.31 0.001
PLAST ~0.14 + 0.1 (49) 0.22 + 0.1 (33) 1.69 0.09

* FLAST, hatch spread between first- and last-hatched nestling; APLAST, hatch spread between ante-penultimate and last-hatched nestling;

PLAST, hatch spread between penultimate and last-hatched nestling.
* See methods for explanation.
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TaBLE 4. Comparison of mean (¥ + SE) standardized hatch spreads between control clutches and those to
which eggs were added during laying. Sample sizes in parentheses. Data for 1988 and 1989 combined.

Clutch type

Clutch
size Hatch spread® Control Experimental ¢ P
4 FLAST —0.02 + 0.2 (31) 0.13 = 0.3 (5) 0.32 0.37
APLAST 0.005 + 0.2 (27) —0.04 + 0.5 (3) 0.07 0.47
PLAST —0.03 = 0.2 (31) 0.28 = 0.5 (4) 0.59 0.28
5 FLAST —0.87 + 1.3 (12) 1.75 + 1.4 (6) 1.25 0.11
APLAST —0.12 + 0.2 (13) 0.33 = 0.6 (5) 0.87 0.20
PLAST ~0.10 = 0.3 (15) 0.26 = 0.3 (6) 0.75 0.27

= For definition of terms, see Table 3.

be shorter in four-egg as opposed to five-egg
clutches, and this difference approached sig-
nificance (Table 3).

Since females tending control clutches were
significantly less attentive during egg laying
than females tending nests to which eggs were
added experimentally, the a priori prediction was
made that hatching spreads would also be short-
er in control nests. In general, hatch spreads
were shorter in control nests (Table 4). How-
ever, only the difference in the FLAST hatch
spread in control and experimental five-egg
clutches approached significance (Table 4).

DiscuUssiON

The prediction of the hormonal hypothesis
(Mead and Morton 1985) that full incubation
behavior begins with the laying of the penul-
timate egg is not supported by our results. In-
cubation attentiveness of female Yellow War-
blers increased steadily through laying.
Contrary to the hormonal hypothesis, full in-
cubation did not begin with the laying of the
penultimate egg in either four- or five-egg
clutches, but rather was delayed until the last
egg was laid, and possibly later. Females with
four- and five-egg clutches spent only 54% and
45% of their time, respectively, incubating the
penultimate egg. This increased to 67% and 68%,
respectively, for the last egg. Furthermore, full
incubation may have been delayed until after
clutch completion. In a small sample (n = 8) of
observations one to three days after clutch com-
pletion, we observed that female Yellow War-
blers spent about 78% of their time incubating.
Similarly, Sutherland (1987) observed that in-
cubation attentiveness by female Yellow War-
blers, two days after clutch completion, aver-
aged about 80%. This agrees with the evidence
that the blood level of the hormone that influ-
ences incubation behavior increases steadily

during the egg-laying/incubation period (Sil-
verin and Goldsmith 1983, see also review in
Drent 1975). Full daytime incubation also is de-
layed until the laying of the last egg by Com-
mon Grackle (Quiscalis quiscula) females pro-
ducing three- or four-egg clutches, but females
producing five- or six-egg clutches initiate in-
cubation prior to clutch completion (Howe
1978). Similar delays in the onset of full daytime
incubation have been observed in the Mountain
White-crowned Sparrow (Zonotrichia leucophrys
oriantha; Zerba and Morton 1983) and the Great
Tit (Parus major; Haftorn 1981).

That Yellow Warbler females producing four-
and five-egg clutches exhibited similar patterns
of incubation attentiveness, especially on the
day the PEN and LAST eggs were laid, agrees
with the hormonal hypothesis. From Mead and
Morton’s (1985) hypothesis, we predicted that
incubation attentiveness should be similar be-
tween females producing clutches of different
sizes, since the hormonal influences associated
with the ovulation of the last egg should be
similar regardless of clutch size. However, the
power (see Cohen 1988, Forbes 1990) of the
t-tests accepting the null hypothesis (see Table
1) was weak (ca. 10-20%). Thus, it is possible
that incubation attentiveness, especially on the
day the APEN egg was laid (see Table 1), dif-
fered between females producing four- and five-
egg clutches, but our sample size is too small
to detect this difference. Nevertheless, if incu-
bation attentiveness during egg laying is sim-
ilar for females producing clutches of different
sizes, then a corollary prediction would be that
hatching spreads would also be similar. Our
data do not support the prediction, since we
observed significant differences between clutch
sizes in two of three measures of standardized
hatching spreads (FLAST and APLAST). The
significant difference in the FLAST hatch spread
between four- and five-egg clutches could, at
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least partially, be explained by the fact that there
is one more egg in a five-egg clutch, and that
there is some incubation before the penultimate
egg is laid. There should not be, however, any
differences in the APLAST and PLAST hatch
spreads. Nevertheless, the APLAST hatch
spreads recorded in the present study differed
significantly between four- and five-egg clutch-
es. The difference in the PLAST hatch spread
approached significance (P = 0.09). These re-
sults are in contrast to the attentiveness patterns
observed during laying, which suggests that
hatch spreads may be affected by variations in
attentiveness patterns during early egg laying.

Several studies of asynchronous hatching in
passerines also have reported significant differ-
ences in hatch spreads among different clutch
sizes (e.g. Smith 1988, Briskie and Sealy 1989,
Stouffer and Power 1990). Smith (1988) found
that asynchronous hatching was greater in Dark-
eyed Junco (Junco hyemalis) clutches of five eggs
compared to four-egg clutches, and Stoufferand
Power (1990) observed a similar trend in four-
and five-egg European Starling (Sturnus vulgar-
is) clutches. Similar results have been observed
in other species (e.g. Least Flycatchers, Empi-
donax minimus, Briskie and Sealy 1989; House
Martins, Delichon urbica, Bryant 1978; Common
Grackles, Howe 1978). Again, the results of the
present study, and evidence from other studies,
clearly do not support the hormonal hypothesis
because hatch spreads are not similar in differ-
ent clutch sizes.

A key element in Mead and Morton’s (1985)
argument is the fact that Mountain White-
crowned Sparrows delay nighttime incubation
until the penultimate egg has been laid, and
this delay is reflected in the hatching spreads.
However, the proportion of Yellow Warbler fe-
males sitting in nests at night does not change
from the night after the first egg is laid through
clutch completion, regardless of whether the
female eventually produces four or five eggs
(R. M. R. Barclay et al., unpubl. manuscript).
Again, this suggests that incubation behavior
of Yellow Warblers is not regulated by hor-
monal fluxes associated with the laying of the
penultimate egg, since females begin nighttime
roosting well before they lay the penultimate
egg. Barclay et al. (unpubl. manuscript) ob-
served that, although a certain proportion of
female Least Flycatchers roosted overnight in
their nests prior to laying the last egg (varying
from 29 to 40% for the first three eggs laid), the
majority of females delayed nighttime atten-
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tiveness until the last egg was laid (83%, n = 6).
Also, of six female Dusky Flycatchers (E. ober-
holseri) observed by Morton and Pereyra (1985),
three initiated nighttime sitting on the day the
ante-penultimate egg was laid, and three began
on the day the penultimate egg was laid. In fact,
in most species observed, females exhibit some
nighttime and/or daytime attentiveness from
the day the first egg is laid (e.g. Weeden 1966,
Haftorn 1979, 1981, Zerba and Mortin 1983,
Morton and Pereyra 1985, Briskie and Sealy
1989), including Yellow Warblers (Barcaly et al.,
unpubl. manuscript). This, in conjunction with
hatch spreads that vary among clutch sizes, sug-
gests that daytime and nighttime incubation may
be controlled separately (M. Morton, pers.
comm.), and that hatch spreads are not affected
by hormonal surges coincidental with the lay-
ing of the penultimate egg, or by nighttime
attentiveness patterns, but rather result from
subtle changes in daytime incubation atten-
tiveness before the penultimate egg is laid.

If initiation of incubation behavior is rigidly
controlled by hormonal fluxes associated with
the ovulation of the last ova, then it would be
predicted that adding eggs to a clutch prior to
the laying of the penultimate egg would not
affect incubation attentiveness. Our results show
that females can be induced to begin incubating
prior to laying the penultimate egg. That is,
females tending control clutches were signifi-
cantly less attentive than females with clutches
to which eggs were added early during laying.
Similar results were obtained by Beukeboom et
al. (1988) in the Eurasian Kestrel (Falco tinnun-
culus).

From the above, it can also be predicted that
hatch spreads will be shorter in control nests
compared to nests in which eggs were added
during egg laying. This prediction, however,
was not supported by the results of our study,
since only the difference in FLAST hatch spreads
between control and experimental five-egg
clutches approached significance (P = 0.11).
Nevertheless, the trends are in the direction
predicted in that hatch spreads generally were
longerin experimental nests. Hence, the overall
increase in female attentiveness and hatch
spreads indicate that rigid control of incubation
behavior, by endogenously regulated hormonal
fluxes alone, does not appear likely.

Finally, if hatching patterns were controlled
rigidly by hormonal activities associated with
the ovulation of the last egg, we would expect
little variation in hatching spreads among
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clutches, clutch sizes, seasons, and years. How-
ever, there is evidence that hatch spreads vary
among clutches of different sizes (e.g. Mead and
Morton 1985, Briskie and Sealy 1989, this study),
seasonally (e.g. Mead and Morton 1985, Slags-
vold 1986), and yearly (this study). This sug-
gests that hormonal influences on incubation
behavior do not preclude variation in hatch
spreads. Some of this variation in hatch spreads
is likely to be genetic and, therefore, influenced
by natural selection (Magrath 1990). Hence,
contrary to the hormonal hypothesis, advan-
tages accrued through hatching asynchrony may
be adaptive (e.g. Lack 1954, Hahn 1981, Slags-
vold and Lifjeld 1989).

However, our experimental results (see also
Slater 1967, Beukeboom et al. 1988) also concur
with previous studies showing that tactile stim-
uli (Hall and Goldsmith 1983) and/or temper-
ature stimuli (White and Kinney 1974) from the
eggs via the brood patch play a role in con-
trolling incubation attentiveness during laying.
Furthermore, the effect of these stimuli can also
be moderated by other stimuli such as hunger,
or stimuli from the environment (White and
Kinney 1974, see also Slater 1967). Thus, any
hypothesis regarding the causal mechanisms
producing hatching asynchrony should include
the effects of other stimuli, as well as hormonal
influences.

In conclusion, the hormonal hypothesis as
originally stated does not adequately explain
hatching asynchrony in species where only fe-
males incubate. Incubation attentiveness pat-
terns of laying Yellow Warblers suggest that
full incubation does not begin when the pen-
ultimate egg is laid, as predicted by the hor-
monal hypothesis. That is, hatching asynchrony
apparently does not require full daytime in-
cubation attentiveness during laying, or an
abrupt onset with the penultimate egg. Hatch
spreads in Yellow Warblers and other species
surveyed, in contrast to that predicted by the
hormonal hypothesis, differed significantly
among clutch sizes, and these differences may
be related to small differences in incubation at-
tentiveness during laying. In addition, eggs
added experimentally during laying increased
incubation attentiveness, which suggests that
incubation behavior, although under hormonal
control, is not rigid and is not associated only
with hormonal fluxes associated with the ovu-
lation of the last ova.

HEBERT AND SEALY

[Auk, Vol. 109

ACKNOWLEDGMENTS

We thank the officers of the Portage Country Club
for allowing us to conduct some of this work on their
property, and the staff and students at the University
of Manitoba Field Station (Delta Marsh) for their mor-
al and logistic support. Carol Churchward, Brian
Grantham, Marlene Gifford, David Kinear, Wendy
Manchur, Shauna Wiebe, and especially Myrna Peters
provided much-appreciated assistance in the field.
Thanks also to Ron Bazin and Dorothy Hill for going
beyond the call of duty. For helpful comments on the
manuscript, we thank Richard Baydack, Cynthia
Bluhm, Roger Evans, Martin Morton, Harry Power,
Ted Wiens, and an anonymous reviewer. This re-
search was supported by a NSERC operating grant to
5.G.S., as well as by a research grant from the Frank
M. Chapman Memorial Fund and a Percy Taverner
Award to P.N.H. This is contribution number 185 of
the University of Manitoba Field Station (Delta Marsh).

LITERATURE CITED

BAILEY, R. E. 1952. The incubation patch of passerine
birds. Condor 54:121-136.

BEUKEBOOM, L., C. DIJKSTRA, S. DAAN, AND T. MEIJER.
1988. Seasonality of clutch size determination in
the Kestrel Falco tinnunculus: An experimental ap-
proach. Ornis Scand. 19:41-48.

BrAckBILL, H. 1958. Nesting behavior of the Wood
Thrush. Wilson Bull. 70:70-89.

BREITENBACH, R. P., C. L. NAGRA, AND R. K. MEYER.
1965. Studies of incubation and broody behav-
iour in the Pheasant (Phasianus colchicus). Anim.
Behav. 13:143-148.

BRISKIE, J. V., AND S. G. SEALY. 1989. Nest-failure and
the evolution of hatching asynchrony in the Least
Flycatcher. J. Anim. Ecol. 58:653-665.

BrRYaNT, D. M. 1978. Establishment of weight hier-
archies in the broods of House Martins Delichon
urbica. Ibis 120:16-26.

CLARK, A. B, AND D. S. WiLsoN. 1981. Avian breed-
ing adaptations: Hatching asynchrony, brood re-
duction, and nest failure. Q. Rev. Biol. 52:253-
277.

CoHEN, J. 1988. Statistical power analysis for the
behavioral sciences, 2nd ed. Lawrence Erlbaum
Associates, Inc., Hillsdale, New Jersey.

DReNT, R. 1975. Incubation. Pages 333-420 in Avian
biology, vol. 5. (D. S. Farner, J. R. King, and K.
C. Parkes, Eds.). Academic Press, New York.

EisNER, E. 1969. The effect of hormone treatment
upon the duration of incubation in the Bengalese
Finch. Behaviour 33:262-276.

Forses, L. 8. 1990. A note on statistical power. Auk
107:438-439.

GOOssEN, J. P, AND S. G. SEALY. 1982. Production of
young in a dense nesting population of Yellow



April 1992]

Warblers, Dendroica petechia, in Manitoba. Can.
Field-Nat. 96:189-199.

HAFTORN, S. 1978. Egg-laying and regulation of egg
temperature during incubation in the Goldcrest
Regulus regulus. Ornis Scand. 9:2-21.

HAFTORN, S. 1979. Incubation and regulation of egg
temperature in the Willow Tit Parus montanus.
Ornis Scand. 10:220-234.

HAFTORN, S. 1981. Incubation during the egg-laying
period in relation to clutch-size and other aspects
of reproduction in the Great Tit Parus major. Ornis
Scand. 12:169-185.

HauN, D. C. 1981. Asynchronous hatching in the
Laughing Gull: Cutting losses and reducing ri-
valry. Anim. Behav. 29:421-427.

Haur, M. R, AND A. R. GoLpsmiTH. 1983. Factors
affecting prolactin secretion during breeding and
incubation in the domestic duck (Anas platyrhyn-
chus). Gen. Comp. Endocrinol. 49:270-276.

HINDE, R. A., R. Q. BELL, AND E. STEELE. 1963. Changes
in sensitivity of the canary brood patch during
the natural breeding season. Anim. Behav. 11:
553-560.

Howeg, H. F. 1978. Initial investment, clutch-size,
and brood reduction in the Common Grackle
(Quiscalus quiscula L.). Ecology 59:1109-1122.

HusseLL, D. J. T. 1972. Factors affecting clutch size
in Arctic passerines. Ecol. Monogr. 42:317-364.

Jones, R. E., J. W. KREIDER, AND B. B. CRILEY. 1970.
Incubation patch of the chicken: Response to hor-
mones in situ and transplanted to a dorsal site.
Gen. Comp. Endocrinol. 15:398-403.

Lack, D. 1954. The natural regulation of animal
numbers. Clarendon Press, Oxford.

LLoYp, J. A. 1965. Effects of environmental stimuli
on the development of the incubation patch in
the European Starling (Sturnus vulgaris). Physiol.
Zool. 38:121-128.

MAGRATH, R. D. 1990. Hatching asynchrony in al-
tricial birds. Biol. Rev. 65:587-622.

MACKENZIE, D. 1. 1982. The dune-ridge forest, Delta
Marsh, Manitoba: Overstory vegetation and soil
patterns. Can. Field-Nat. 96:61-68.

MEAD, P. S., aND M. L. MORTON. 1985. Hatching
asynchrony in the Mountain White-crowned
Sparrow (Zonotrichia leucophrys oriantha): A se-
lected or incidental trait? Auk 102:781-792,

MORTON, M. L., AND M. E. PEREYRA. 1985. The reg-
ulation of egg temperatures and attentiveness
patterns in the Dusky Flycatcher (Empidonax ober-
holseri). Auk 102:25-37.

Incubation in Yellow Warblers

255

PERRINS, C. M., AND R. H. MCCLEERY. 1985. The effect
of age and pair bond on the breeding success of
Great Tits, Parus major. Ibis 127:306-315.

PETTINGILL, O.S.,JR. 1985. Ornithology inlaboratory
and field, 5th ed. Academic Press, Orlando.

SASINSTITUTE. 1985. SAS user’s guide: Statistics, ver-
sion 5 ed. SAS Institute, Cary, North Carolina.

SEALY, 5. G. 1992. Removal of Yellow Warbler eggs
in association with cowbird parasitism. Condor
94:40-54.

SELANDER, R. K., AND L. L. KuicH. 1963. Hormonal
control and development of the incubation patch
of icterids, with notes on behavior of cowbirds.
Condor 65:73-90.

SILVERIN, B., AND A. GOLDSMITH. 1983. The effects of
modifying incubation on prolactin secretion in
free-living Pied Flycatchers. Gen. Comp. Endo-
crinol. 55:239-244.

SLagsvoLp, T. 1986. Asynchronous versus synchro-
nous hatching in birds: Experiments with the Pied
Flycatcher. J. Anim. Ecol. 55:1115-1134.

Stagsvolp, T., AND J. T. LimeLD. 1989. Hatching
asynchrony in birds: The hypothesis of sexual
conflict over parental investment. Am. Nat. 134:
239-253.

SLATER, P. J. B. 1967. External stimuli and readiness
to incubate in the Bengalese Finch. Anim. Behav.
15:520-526.

SmiTH, K. G. 1988. Clutch-size dependent asynchro-
nous hatching and brood reduction in Junco hye-
malis. Auk 105:200-203.

STOUFFER, P. C., AND H. W. Power. 1990. Density
effects on asynchronous hatching and brood re-
duction in European Starlings. Auk 107:359-366.

SUTHERLAND, D. L. 1987. Age-related reproductive
success in the Yellow Warbler (Dendroica pete-
chia). M.Sc. thesis., Univ. Manitoba, Winnipeg,
Manitoba.

WEEDEN, J. S. 1966. Diurnal rhythm of attentiveness
of incubating female Tree Sparrows (Spizella ar-
borea) at a northern latitude. Auk 83:368-388.

WHITE, F. N., AND J. L. KINNEY. 1974. Avian incu-
bation. Science 186:107-115.

ZAR,]J.H. 1974. Biostatistical analysis. Prentice-Hall,
Englewood Cliffs, New Jersey.

ZerBA, E., AND M. L. MORTON. 1983. The rhythm of
incubation from egg laying to hatching in Moun-
tain White-crowned Sparrows. Ornis Scand. 14:
188-197.



