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Incubation pattern and foraging effort in the 
female Water Pipit Anthus spinoletta 
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Incubation and foraging patterns of female Water Pipits Anthus spinoletta were studied in 
two breeding seasons in an Alpine valley of Switzerland. Decreased temperature reduced 
the length of periods spent off the nest (inattentive period), while decreased food avail- 
ability led to a reduction in time spent incubating (attentiveness), shorter periods spent on 
the nest (attentive period), more frequent inattentive periods and higher foraging effort, 
measured as the product of frequency of inattentive periods and twice the flight distance 
to foraging sites. The negative relation between food availability and foraging effort resulted 
from more frequent foraging bouts and longer flight distances under poor food conditions. 
Feeding of the incubating female by the male did not affect foraging effort and attentive- 
ness but did change the temporal pattern of inattentive periods from a few long to several 
short inattentive periods. 

An incubation pattern must be scheduled to meet both the 
thermal requirements of the eggs and the energetic de- 
mands of the attending parent. In species where only one 
sex incubates, and thus must leave the nest from time to 
time to forage, birds have to balance these demands, es- 
pecially under unfavourable temperature and food condi- 
tions. Energetic constraints caused by low food availability 
prolong foraging bouts and reduce the time spent in incu- 
bation (Drent et al. 1985, Moreno 1989, Smith et al. 1989), 
which results in suboptimal thermal conditions for the eggs 
(Johnson & Cowan 1974, Zann & Rossetto 1991, Williams 
1993). At high air temperature there is a risk that unat- 
tended eggs will reach a lethal temperature (Zerba & Morton 
1983a,b, Morton & Pereyra 1985). At low air temperature, 
unattended eggs cool more rapidly (Drent 1970, Caldwell & 
Cornwell 1975). The consequences of low egg temperature 
are slower development, sublethal teratogenic effects and 
even the immediate death of the embryo (Webb 1987). 
Thus, shorter and less frequent periods spent off the nest 
are advantageous for the developing embryos at both high 
and low temperatures. But higher attentiveness (time spent 
incubating the eggs) results in reduced foraging time and 
can increase the difficulty of the incubating parent to meet 
its own energy demand. As a consequence, the energy re- 
serves of the attending parent will be reduced, with poten- 
tially negative effects on nestling care (Lifield & Slagsvold 
1986). Moreover. there is increasing evidence, mainly from 
brood size manipulations. that high effort during reproduc- 
tion can have negative consequences for future reproductive 
attempts and survival (Partridge 1989, Bryant 1991, Clut- 
ton-Brock 1991). 

Single-sex incubating birds can minimize the conflict in 
balancing attentiveness and foraging, and thus reduce the 

proximate energy and ultimate fitness costs, by selecting a 
territory with high food availability or rich foraging sites 
nearby. In addition, energy budgets of incubating females 
can be ameliorated if nonincubating males feed their mates 
(nutritional hypothesis: Royama 1966). Lifield and Slagsvold 
(1989) and Smith et al. (1989) have shown that Pied Fly- 
catcher Ficedulu hypoleucu males increase their feeding rate 
when the nutritional state of the incubating female deteri- 
orates. 

In this paper we report the results of a study measuring 
the influence of air temperature, food availability and food 
provisioning by maies on incubation pattern and foraging 
patterns of female Water Pipits Anthus spinoletta. In the 
Alps, Water Pipits breed above the tree line and start incu- 
bation in spring when mean daily air temperatures are be- 
low 10°C (C. Bohm, 1988. unpublished PhD thesis, Univer- 
sity of Wien. C. Rauter, 1996, unpublished PhD thesis, Uni- 
versity of Zurich). At that time of year, cold snaps and snow 
falls are not unlikely. Thus, the risk of chilling the unat- 
tended eggs is great, energy demand of the incubating fe- 
male is high because of the high thermoregulatory costs at 
low temperature and arthropod food supply can change 
markedly. Based on the above outline, we tested the follow- 
ing predictions: (1) Attentiveness increases with decreasing 
air temperature. (2) Foraging effort of the female is nega- 
tively correlated with air temperature. (3) Females in terri- 
tories with high food availability or with rich foraging sites 
nearby show higher attentiveness and a reduced foraging 
effort compared with females in territories with low food 
availability. (4) When the male feeds the incubating female 
more often, female attentiveness to the clutch increases and 
foraging effort decreases. Moreover, (5) feeding rate of the 
males should be negatively correlated with air temperature 
as well as food availability. 
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sessed by 10 sweeps per sample (Brodmann 
et al. 1996), for each of the three vegetation 
types in which incubating female Water Pip- 
its foraged mainly. The vegetation types cor- 
responded to those of a vegetation map of 
the study area (Zumbiihl & Burnand 1986). 
Data are given for the nestling period of the 
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season. Vegetation types: Juniper. Rhododen- 
dron and meadows. Means and standard de- 
viations are presented. Sample sizes are giv- 
en in parentheses. Pairwise t-tests: * P < 
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sample sizes, no pairwise tests were done for 
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METHODS 
Study area and birds 
The study was carried out in the breeding seasons of 1991 
and 1992 on a colour-ringed group of Water Pipits in the 
central Alps of eastern Switzerland near Davos in the 
“Dischma” valley, which runs from south southeast to north 
northwest. The 200-ha study area covered a cross section 
through the valley above the tree line between 1820 m and 
2400 m. On the west-southwestern slope of the valley, the 
vegetation was mainly composed of Heather Calluna vuZgaris 
and Juniper Juniperus communis. The east-northeastern slope 
was covered by Rhododendron Rhododendron ferrugineum 
bushes in the lower and middle parts and by lichen and 
trailing Azaleas Loiseleura in the upper part. The valley floor 
was characterized by meadows which were used to graze 
cattle and to make hay. 

Water Pipits are small, insectivorous, ground-nesting pas- 
serines and are common in the Alps above tree line (Glutz 
von Blotzheim & Bauer 1985). At our study site, the birds 
arrived in April and nested in densities of up to eight pairs 
per 10 ha (K. Bollmann & A.R. Schlapfer, unpubl. data). 
Nests were built in late May or early June by the females 
underneath tussocks, inside clumps of vegetation or under 
the edge of a rock (C. Rauter, 1996, unpublished PhD thesis, 
University of Zurich). Incubation of the usual clutches of 
four or five eggs took about 15  days (K. Bollmann & A.R. 
Schlapfer, unpubl. data). Incubation was performed exclu- 
sively by the female, during which she was fed by the male 
(Patzold 1984, C. Bohm, 1988, unpublished PhD thesis, 
University of Wien). 

Ecological factors 
The thermal environment of the eggs was assessed by mean 
daily air temperature rather than by direct temperature 

measurement in the nest cavity because the incubating fe- 
males can react to disturbance by desertion. Mean daily air 
temperature is an adequate measure of the thermal envi- 
ronment of the nest. During the nestling period, a close 
correlation was found between mean daily air temperature 
measured in the nest (T,) and that measured in the middle 
of the study area (T,) by a weather station (Delta-T Devices 
Ltd, Cambridge, UK: T, = 3.6 + 0.9 T,, F,,,, = 228, P < 
0.001, r2 = 0.76). 

As a measure of food availability, we used the vegetation 
type at each female’s main foraging site. The vegetation type 
was determined from a detailed vegetation map of the valley 
(Zumbiihl & Burnand 1986). Females foraged mainly in Ju- 
niper (Junipero-Arctostaphyletum), Rhododendron (Rhodo- 
dendro-Vaccinietum) and meadows (Poion alpinae). Measure- 
ments during the nestling period showed that arthropod 
availability differed significantly between these three vege- 
tation types and increased from meadows through Rhodo- 
dendron to Juniper (P.A. Brodmann & D. Bauer, unpubl. 
data: Fig. 1). To assess arthropod availability, the study area 
was subdivided into 50-m by 50-m squares, with each 
square corresponding to one vegetation type. In each 
square, ten sweeps with a net were taken, once in the first 
part (1 7-24 June) and once in the second part (14-2 1 July) 
of the breeding season. The collected arthropods were iden- 
tified, dried and weighed (Brodmann et al. 1996). 

Behavioural observations 

Each nest was observed once during the incubation period. 
Behavioural observations lasted for at least 3 h (between 
06.00 h and 10.30 h or between 16.00 h and 20.00 h) 
and were made from blinds, which were placed in such a 
way that the nest entrance as well as the foraging sites were 
visible. 
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The following variables were recorded. Attentiveness (mid  
h), total time which each female spent in the nest during 
an hour length of attentive periods (min), mean duration of 
continuous spells in the nest; frequency (number/h) and 
length (min) of inattentive periods, the number per hour and 
mean duration of spells off the nest: frequency of foraging 
bouts (numbedh), number of inattentive periods per hour 
during which the female foraged by herself; flight distance to 
foraging site (m), distance from the nest to the place where 
the female landed in the vegetation for foraging (the landing 
positions were marked on a map [scale 1:2500] of the study 
area). IJsually. the female disappeared in the vegetation 
shortly after landing and foraging was assumed. This as- 
sumption seems reasonable, since foraging accounted for 
60% of the time during 39 inattentive periods in which 
females were out of sight less than 10% of the time); for- 
aging effort (m/h), product of number of foraging bouts per 
hour and twice the flight distance to the foraging site and 
incubation fieding (feedingslh), number of inattentive periods 
per hour where a male fed his female (this measure slightly 
underestimated the true number of feedings by males, be- 
cause occasionally a female was fed two or three times dur- 
ing one inattentive period). 

if an individual was observed in 1991 and 1992, one of 
these observations was randomly selected. 

Data analyses 

To control for effects of season and year, deviations from the 
seasonal means in each year, which refer to clutches 
hatched before 25 June compared with those hatched later, 
were used for all continuous variables in the correlation, 
regression and covariance analyses of incubation and for- 
aging patterns and incubation feeding. To normalize data, 
the deviations of length of attentive periods, female foraging 
effort and flight distance were log-transformed. 

Statistical analyses were performed with SAS (SAS Insti- 
tute Inc. 1985) using the procedures CORR, REG and GLM. 
In the analyses of regression and covariance, Type I1 sum 
of squares were used. Stepwise analysis of covariance was 
done using the principles of the forward stepwise regression 
analysis (Dunn & Clark 1987). 

RESULTS 

Incubation and foraging pattern 

Observations at 2 7 nests revealed the following incubation 
pattern. Mean attentiveness was 45.0 ? 5.2 (mean 2 s.d.) 
min per h or 75.0% of the time. This percentage is near the 
high end of the 60-80% range reported for single-sex in- 
cubators (Skutch 1962, Haftorn 1978, Zerba & Morton 
1983b. Weathers & Sullivan 1989). On average, attentive 
periods lasted 22.9 +- 11.9 min. Females left their nests 2.3 
i 0.7 times per h and stayed off the nest 6.6 2 1.8 min 
each time. The length of the attentive periods and the fre- 
quency and length of inattentive periods, which determine 

attentiveness, showed the following correlations. The length 
of attentive periods and frequency of inattentive periods 
were strongly correlated (rZ4 = -0.92, P < 0.001). but 
neither of these two variables was related to length of in- 
attentive periods. In a multiple regression analysis, 55% of 
the variance in attentiveness was explained by length of 
attentive periods, 45% by length of inattentive periods ( F ,  L 3  
= 144, P < 0.001). Frequency of inattentive periods was 
not considered in this regression analysis because of its 
strong correlation with length of attentive periods and be- 
cause it is more likely to be the consequence than the cause 
in this relationship. Frequency of foraging bouts and for- 
aging flight distance, the two factors which determine fe- 
male foraging effort, were positively correlated (rZ4 = 0.46, 
P < 0.05). Frequency of foraging bouts explained 13% of 
the variance in foraging effort and flight distance explained 
41%. Foraging effort was negatively related to attentiveness 
(r24 = -0.58, P < 0.01). This relationship resulted from 
shortened attentive periods with increased foraging effort 
(r2+ = -0.72, P < 0.001) rather than from longer inatten- 
tive periods at high foraging effort (r2* = 0.004, n.s.) and 
indicates that females employing a high foraging effort left 
the nest more frequently. 

Males fed their female mates on average 0.7 5 0.8 times 
per h. Eleven females were never observed to be fed despite 
at least 3 h of observation per female. The remaining 16  
females received food from the males 0.3-2.6 times per h. 
Almost all of the feeding of females by males occurred in 
the vicinity of the nest. After being fed, the females either 
returned to the nest or flew off to foraging sites. 

Factors influencing incubation pattern, 
foraging and incubation feeding 

In the analyses of factors which influence the incubation 
pattern, foraging and incubation feeding, deviations from 
the seasonal mean in each year were used for each contin- 
uous variable to control for the effects of season and year. 
The deviations were then subjected to forward stepwise 
analysis of covariance. Results are summarized in Table 1 
and Figure 2 .  Attentiveness was influenced only by the veg- 
etation type at foraging sites, which explained 27% of the 
variance in attentiveness. Attentiveness was significantly 
higher in Juniper than in Rhododendron, where food avail- 
ability was lower (Fig. 2a). When considering the individual 
components of attentiveness, we found females foraging in 
Juniper to have significantly longer attentive periods and to 
interrupt incubation significantly less often than females for- 
aging in the other two vegetation types (Figs 2b and 2c). 
Inattentive periods were further influenced by incubation 
feeding: one extra feed to the female by the male increased 
the frequency of inattentive periods by 0.4 times per h (Fig. 
2d) but shortened their duration by 1 min (Fig. 20. Decreas- 
ing temperature lengthened inattentive periods by 0.4 min 
per "C (Fig. 2e). 

Foraging effort was influenced by the vegetation type, as 
was attentiveness, but not by temperature and feeding by 
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Table 1. Results of forward stepwise anaZgses of covariance on incubation and foraging patterns of female Water Pipits. Independent variables 
were mean daily air temperature, vegetation type at foraging site and male incubation feeding rate. Effects of season and gear were controlled 
for  by using deviations of seasonal means of each year for  the analyses. Seasonal means refer to clutches hatched before 25 June compared 
with those hatched late,: Deviations in length of attentive periods, foraging effort andflight distance were log-transformed. Independent variables 
are listed if they were significant predictors of the dependent variable at the P < 0.05 level. liar: variance explained, b: slope of continuous 
variables 

Incubation pattern Foraging pattern 

Model d.f. F P b Var (%) Model d.f. F P b Var (%) 

Attentiveness Foraging effort 

Length of attentive periods 
26.9 Vegetation type 2,23 4.7 <0.05 - 28.2 Vegetation type 2.23 4.4 <0.05 - 

Frequency of foraging 
Vegetation type 2,23 7.1 <0.01 - 

Frequency of inattentive 

37.0 bouts 
Vegetation type 2.23 4.1 -4.05 - 25.5 

periods Flight distance 
Vegetation type 2.22 8.0 <o.oi - 28.9 Vegetation type 2.23 4.0 <0.05 - 24.8 
Incubation feeding 1,22 9.5 <0.01 0.4 17.0 
Overall 3,22 10.9 <0.001 58.7 

Length of inattentive 
periods 

Air temperature 1,23 14.6 <0.001 0.4 27.1 
Incubation feeding 1,23 11.8 <0.01 -1.1 21.8 
Overall 2,23 14.9 <0.001 55.4 

the male. Females foraging in Juniper showed a significantly 
lower foraging effort than females foraging in meadows (Fig. 
2g) because of the significantly fewer foraging bouts and 
shorter flight distances (Figs 2h and 2i). Each of the factors 
which showed an effect on female behaviour explained be- 
tween 17% and 37% of the variance in the corresponding 
behaviour (Table 1). 

Incubation feeding activity by the male was not affected 
by any of the ecological factors. Neither air temperature nor 
vegetation type was a significant predictor of incubation 
feeding. 

DISCUSSION 
The data confirmed only one of the five predictions pre- 
sented in the introduction to this paper. With increased food 
availability, attentiveness increased and foraging effort de- 
creased (prediction 3 ) .  Positive relationships between food 
availability and attentiveness have also been reported for the 
single-sex incubating Pied Flycatcher (Smith et al. 1989) 
and Wheatear Oenanthe oenanthe (Moreno 1989), but female 
Wheatears shortened the inattentive periods and kept the 
attentive periods constant as food increased, whereas female 
Water Pipits kept inattentive periods constant and prolonged 
attentive periods. The decreased foraging effort from mead- 
ows through Rhododendron to Juniper resulted from a cor- 
responding decrease in number of foraging bouts and flight 
distance (Figs 2h and 2i). The negative relationship between 

flight distance and food availability may be the consequence 
of a faster food depletion at low food availability compared 
with high food availability. Theoretical considerations (An- 
dersson 1978, 1981, Houston et al. 1985) suggest that birds 
should forage closer to the nest on a territory where food 
availability is high, since food around the nest is not as rap- 
idly depleted or is renewed more quickly compared with a 
territory with low food availability. 

In all other respects, the results deviated from the pre- 
dictions. Decreased air temperature increased neither the 
foraging effort (prediction 2 )  nor the attentiveness (predic- 
tion l), although it shortened the length of the inattentive 
periods. These findings, which are in contrast to those of 
some other studies (Haftorn 1979, Davis et al. 1984, Drent 
et al. 1985, Smith & Montgomerie 1992), are unlikely to 
have been caused by the method used to quantify the vari- 
ables. When absolute values rather than deviations from 
the seasonal means of each year were used in the analyses, 
results did not change. The lack of a temperature influence 
on attentiveness, despite the positive correlation between 
temperature and length of inattentive periods, probably re- 
sulted from the fact that in our study variance in the 
length of inattentive periods was small and explained less 
of the variance in attentiveness than did length of atten- 
tive periods, which was not related to temperature. A pos- 
sible biological reason was the unusually favourable 
weather conditions in both years of the study. Air temper- 
atures in June and July were on average 0.9'C higher than 
the 10-year mean (K. Bollmann, 1996, unpublished PhD 
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thesis, University of Zurich). The resulting mean daily air 
temperatures (range 5.0-15.7"C) may not have been low 
enough to endanger embryo survival under the observed 
frequency of inattentive periods and also may have im- 
proved the food supply, thus masking temperature effects 
on attentiveness and foraging effort that might have been 
observed in less favourable years. 

The absence of an effect of incubation feeding on female 
attentiveness and foraging patterns, which contradicts pre- 
diction 4, may have arisen from the low rate at which males 
fed their mates. Mean frequency of incubation feeding (0.7 
feedingslh) in male Water Pipits was much lower than fre- 
quencies (1.6-4.7 feedingdh) reported in studies of other 
species, which found positive effects of incubation feeding 
on female attentiveness (Lifjeld et al. 1987, Moreno & Carl- 
SOR 1989, Halupka 1994). Incubation feeding changed the 
temporal pattern of inattentiveness from a few long to sev- 
eral short bouts (Figs 2d and 20. When females use several 
short inattentive periods, egg temperature will cool less dur- 

Figure 2. Incubation and foraging pat- 
terns of female Water Pipits (y-axes) in re- 
lation to air temperature, vegetation type at 
foraging site or incubation feeding by their 
males (x-axes). Effects of season and year 
were controlled for by using deviations of 
seasonal means of each year for the analy- 
ses. Seasonal means refer to clutches 
hatched before 2 5 June v those hatched lat- 
er. Deviations in length of attentive periods, 
female foraging effort and night distance 
were log-transformed. The y-values of fre- 
quency and length of inattentive periods are 
given as residuals after removing the effect 
of the variable (see Table 1) which was not 
used as x-variable in the plot. (a) Attentive- 
ness in relation to vegetation type: (b) 
Length of attentive periods in relation to 
vegetation type: (c. d) Frequency of inatten- 
tive periods in relation to vegetation type 
and incubation feeding: (e. f) Length of in- 
attentive periods in relation to air tempera- 
ture and incubation feeding: (g-i) Foraging 
effort, frequency of foraging bouts and flight 
distance in relation to vegetation type. 
Means and standard deviations are present- 
ed for each vegetation type. Sample sizes are 
given by parentheses. Pairwise tests were 
done using the Scheffe method (Sokal & 
Rohlf 1981): * P < 0.05, ** P < 0.01. 

ing each inattentive period than when they use few long 
inattentive periods. Thus, the mean egg temperature will be 
higher and the variance lower. These temperature condi- 
tions enhance egg development and thus shorten the length 
of the incubation period (Webb 1987). 

The low feeding rates of the males and the absence of 
any influence of ecological factors on these rates, contra- 
dicting prediction 5, indicate that incubating females were 
not severely energy limited in these two, probably benign, 
years. This conclusion is further supported by a high hatch- 
ing success of eggs (87%. n = 398 nests: K. Bollmann & 
A.R. Schlapfer, unpubl. data) and by the lack of a negative 
correlation between female behaviour during incubation 
and female parental care for nestlings (C. Rauter, 1996. un- 
published PhD thesis, University of Zurich), 

This study was supported by grant No. 31-26308.89 from the 
Swiss National Foundation to H.-U.R. We thank the landowners for 
permission to work on their land and for their hospitality and tol- 



4 4 6  C .  R A U T E R  & H . - U .  R E Y E R  I B I S  1 3 9  

erance. Dr J. C. Coulson and one anonymous referee contributed 
with their comments to great improvements in the manuscript. We 
thank B. Anholt for improving the English. The final version of the 
manuscript was completed while H.-U.R. was spending his sabbat- 
ical at the University of British Columbia, Vancouver. He is grateful 
to J. N. M. Smith and other members of the Department of Zoology 
for the hospitality and stimulating atmosphere they provided. 

REFERENCES 

Anderson, M. 1978. Optimal foraging area: Size and allocation 
of search effort. Theor. Popul. Biol. 13: 397-409. 

Anderson. M. 1981. Central place foraging in the Whinchat. Sax- 
icola rubetra. Ecology 62: 538-544. 

Brodmann, P.A.. Reyer, H.4.. Bollmann, K.. Schlapfer, A.R. & Rau- 
ter, C. 1996. The importance of food quantity and quality for 
reproductive performance in alpine Water Pipits (Anthus spinolet- 
ta). Oecologia (in press). 

Bryant, D.M. 1991. Constraints on energy expenditure by birds. 
Proc. Int. Om. Congr. XX: 1989-2001. 

Caldwell. P.J. & Cornwell, G.W. 1975. Incubation behavior and 
temperatures of the Mallard Duck. Auk 92: 702-731. 

Clutton-Brock. T.H. 1991. The Evolution of Parental Care. Prince- 
ton, N.J.: Princeton University Press. 

Davis. S.D., Williams, J.B., Adams, W.J. & Brown, S.L. 1984. The 
effect of egg temperature on attentiveness in the Belding's Sa- 
vannah Sparrow. Auk 101: 556-566. 

Drent. R.H. 1970. Functional aspects of incubation in the Herring 
Gull. Behav. Suppl. 17: 1-132. 

Drent. R.H.. Tinbergen. J.M. & Biebach, H. 1985. Incubation in the 
Starling, St urnus vulgaris: Resolution of the conflict between egg 
care and foraging. Neth. J. Zool. 35: 103-123. 

Dunn. 0.7. & Clark, VA. 1987. Applied Statistics: Analysis of vari- 
ance and regression, 2nd ed. New York: John Wiley & Sons. 

Glutz von Blotzheim, U.N. & Bauer, K.M. 1985. Handbuch der Vo- 
gel Mitteleuropas. Vol. 10/II. Wiesbaden: Ada-Verlag. 

Haftorn. S. 1978. Egg-laying and regulation of egg temperature 
during incubation in the Goldcrest Regulus rcgulus. 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. 

Halupka. K. 1994. Incubation feeding in Meadow Pipit Anthuspra- 
tensis affects female time budget. J. Avian Biol. 25: 251-253. 

Houston, A.I.. McCleery, R.H. & Davies, N.B. 1985. Territory size, 
prey renewal and feeding rates: Interpretation of observations on 
the Pied Wagtail (Motacilla a h )  by simulation. J. Anim. Ecol. 54: 

Johnson, S.R. & Cowan, I.McT. 1974. Thermal adaptation as a 
factor affecting colonizing success of introduced Sturnidae (Aves) 
in North America. Can. J. Zool. 52: 1559-1576. 

Lifield. J.T. & Slagsvold, T. 1986. The function of courtship feeding 
during incubation in the Pied Flycatcher Ficedula hypoleuca. 
Anim. Behav. 34: 1441-1453. 

22 7-2 39. 

Lield, J.T. & Slagsvold, T. 1989. Female nutritional state influences 
the allocation of incubation feeding by polygynous Pied Flycatch- 
er males. Anim. Behav. 38: 903-904. 

Lifield, J.T., Slagsvold. T. & Stenmark. G. 1987. Allocation of in- 
cubation feeding in a polygynous mating system: A study on Pied 
Flycatchers Ficedula hypoleuca. Anim. Behav. 35: 1663-1669. 

Moreno. J. 1989. Energetic constraints on uniparental incubation 
in the Wheatear Oenanthe oenunthe (L.). Ardea 77: 107-115. 

Moreno. J. & Carlson, A. 1989. Clutch size and the costs of in- 
cubation in the Pied Flycatcher Ficedula hypoleuca Ornis Scand. 

Morton, M.L. & Pereyra, M.E. 1985. The regulation of egg tem- 
peratures and attentiveness patterns in the Dusky Flycatcher 
(Empidonax oberholseri). Auk 102: 25-3 7. 

Partridge, L. 1989. Lifetime reproductive success and life-history 
evolution. In Newton, I. (ed.) Life Time Reproduction in Birds: 
42 1-440. London: Academic Press. 

Patzold, R. 1984. Der Wasserpieper. Neue Brehm-Biicherei 565. 
Wittenberg Lutherstadt: A. Ziemsen. 

Royama, T. 1966. A re-interpretation of courtship feeding. Ardea 

SAS Institute fnc. 1985. SAS User's Guide: Statistics, Version 5 ed. 

Skutch, A.F. 1962. The constancy of incubation. Wilson Bull. 74: 

Smith, H.G. & Montgomerie. R. 1992. Male incubation in Barn 
Swallows: The influence of nest temperature and sexual selection. 
Condor 94: 750-759. 

Smith, H.G.. Kallander, H., Hultman, J. & Sanzen, B. 1989. Female 
nutritional state affects the rate of male incubation feeding in the 
Pied Flycatcher Ficedula hypoleuca. Behav. Ecol. Sociobiol. 24: 
417-420. 

Sokal. R.R. & Rohlf, F.J. 1981. Biometry, 2nd ed. New York: W.H. 
Freeman. 

Weathers. W.W. & Sullivan, K.A. 1989. Nest attentiveness and egg 
temperature in the Yellow-eyed Junco. Condor 9 1: 628-633. 

Webb, D.R. 1987. Thermal tolerance of avian embryos: A review. 
Condor 89: 874-898. 

Williams, J.B. 1993. Energetics of incubation in free-living Orange- 
breasted Sunbirds in South Africa. Condor 95: 11 5-126. 

Zann, R. & Rossetto. M. 1991. Zebra Finch incubation: Brood 
patch, egg temperature and thermal properties of the nest. Emu 

Zerba. E. & Morton, M.L. 1983a. Dynamics of incubation in Moun- 
tain White-crowned Sparrows. Condor 85: 1-1 1. 

Zerba, E. & Morton, M.L. 1983b. The rhythm of incubation from 
egg laying to hatching in Mountain White-crowned Sparrows. 
Ornis Scand. 14: 188-197. 

Zumbiihl, G. & Burnand, J. 1986. Vegetationskarte Davos-Parsenn- 
Dischma. 1:25000. In Wildi, 0. & Ehwald. E. (eds) Der Natur- 
raum und dessen Nutzung im alpinen Tourismusgebiet Davos: 
Ergebnisse des MAB-Projektes Davos. Birmensdorf, CH: Eidg. An- 
stalt fur forstliches Versuchswesen. 

20: 123-128. 

13: 116-129. 

Cary. N.C.: SAS Institute Inc. 

115-1 52. 

91: 107-120. 

Submitted 14 January 1996; revision accepted 14 April 1996 


