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ABSTRACT.—Measures of repeatability have long
been used to assess patterns of variation in egg size
within and among females. We compared different
analytical approaches for estimating repeatability of
egg size of Black Brant. Separate estimates of re-
peatability for eggs of each clutch size and laying se-
quence number varied from 0.49 to 0.64. We suggest
that using the averaging egg size within clutches re-
sults in underestimation of variation within females
and thereby overestimates repeatability. We recom-
mend a nested design that partitions egg-size vari-
ation within clutches, among clutches within fe-
males, and among females. We demonstrate little
variation in estimates of repeatability resulting from
a nested model controlling for egg laying sequence
and a nested model in which we assumed laying se-
quence was unknown.

Egg size represents the unit of investment in a re-
productive attempt for birds. Accordingly, research-
ers have long been interested in variation in egg size
and its adaptive significance. Repeatability is a mea-
sure of the proportion of variation in a trait that is
due to differences among individuals. Therefore, es-
timates of repeatability of egg size split the total phe-
notypic variation in egg size into within-individual
and among-individual components. Falconer (1989)
describes that partitioning of the phenotypic vari-
ance in terms of the origin of the different variance
components. Variation in egg size among individuals
is caused by a combination of genetic and environ-
mental differences. Variation in egg size within an
individual among years is caused by temporary en-
vironmental differences between reproductive at-
tempts. Falconer (1989) goes on to demonstrate that
estimates of repeatability are useful in the context of
quantitative genetics because they set upper limits to
levels of heritable variation.

Falconer (1989) states that estimates of repeatability
can be based on measures of a characteristic that are
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repeated in either time or space. Following Falconer’s
(1989) descriptions, egg size is repeated in both time
and space—where time refers to different nesting at-
tempts and space refers to eggs within a specific nest-
ing attempt (i.e. clutch). In many cases researchers es-
timating repeatability of egg size use the average egg
size within clutches (e.g. Lessells et al. 1989, Flint and
Sedinger 1992, Flint and Grand 1996). However, that
approach ignores some of the phenotypic variation in
egg size within individuals (e.g. within clutches) and
may have been used because researchers were uncer-
tain how to deal with multiple measurements within
clutches statistically. Other researchers have used a
nested design to partition variance among females,
within females among years, and within females with-
in years (i.e. clutches) (LeBlanc 1987, Erikstad et al.
1998, Flint and Grand 1999).

In this paper, we compare those two approaches
in terms of estimates of repeatability. We decompose
each estimate into its variance components and dis-
cuss each estimate in the context of quantitative ge-
netics. We also discuss those estimates relative to the
assumptions of repeatability analyses. Finally, we
recommend approaches for estimating repeatability
of egg size given specific data sets.

Methods. This study was conducted at the Tutakoke
River Black Brant (Branta bernicla nigricans) colony
along the outer coastal fringe of the Yukon-Kuskokwim
Delta from 1987–1997. Breeding Black Brant have been
banded at that site since 1986, providing a large sample
of identifiable females on which to measure repeatabil-
ity. Methods of nest searching, measuring of eggs, and
estimation of egg volume have been described by Flint
and Sedinger (1992). Estimation of repeatability re-
quires multiple measurements of individuals among
years, and that large data set allowed partitioning to
many different levels (i.e. specific clutch size and egg
sequence numbers). In each analyses, we deleted indi-
viduals for which we did not have multiple measure-
ments; therefore, sample sizes vary for each analyses.
Further, we restricted our analyses to clutches of 3, 4,
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TABLE 1. Estimated repeatability of egg size by clutch size and egg sequence number for Black Brant nesting
on the Yukon-Kuskokwim Delta, Alaska.

Clutch
size

Egg-sequence number

1 2 3 4 5

3

4

5

0.6394
(96:209)a

0.5482
(354:814)

0.5532
(280:674)

0.5544
(95:204)
0.5371

(346:804)
0.5021

(280:675)

0.6069
(91:197)
0.5505

(353:815)
0.5698

(271:655)

0.5287
(349:805)

0.5308
(277:671)

0.4929
(267:642)

a Sample sizes for each estimate are given in parentheses as: (number of females:number of eggs).

or 5 eggs because those are the most common clutch
sizes. Clutches ,3 and .5, are likely the result of par-
tial nest predation and intraspecific nest parasitism, re-
spectively. By excluding those clutches, we attempted
to reduce the possibility that either partial predation or
intraspecific nest parasitism influence our determina-
tion of clutch size, egg sequence number, or both.

Analyses. We used SAS (PROC NESTED) to esti-
mate the true variance components for each data set
(SAS Institute 1990). Therefore, consistent with Les-
sells and Boag (1987), our estimates of repeatability
were based on variance components extracted from
mean squares of the various models. We performed
four main analyses. First, to control for egg-size var-
iation among clutch sizes and due to egg-sequence
number, and to avoid statistical problems associated
with multiple measures within females, we parti-
tioned the data set by clutch size and egg sequence
number. We then estimated the repeatability for each
egg-sequence number within clutch sizes using a se-
ries of one-way ANOVA models. Second, we repli-
cated previous studies and calculated the average
egg size for each clutch and estimated the repeat-
ability of average egg size from multiple samples
across years using a one-way ANOVA. Third, we
used the complete data set and partitioned the var-
iance among females, within females among years,
and within clutches using a nested ANOVA design.
Finally, we controlled for the combination of clutch
size and egg-sequence number, then partitioned the
remaining variance within and among females using
a nested ANOVA.

To interpret the differences among those ap-
proaches to estimating repeatability estimates, we
must examine the contribution of the different vari-
ance components. From Falconer (1989), we use the
following: Vp 5 phenotypic variation at the popula-
tion level, Vg 5 variation in egg size due to genetic
differences among individuals, Veg 5 general envi-
ronmental variation among individuals arising from
permanent or nonlocalized circumstances, and VEs 5
special environmental variation within individuals
arising from annual variation in circumstances. As
we noted above, egg size within individuals is re-
peated on several scales (i.e. among years and within

clutches). Thus, we add the following: Vc 5 variation
within clutches. Based on those definitions, when us-
ing the approach of averaging egg size within clutch-
es or when restricting analyses to a specific egg-se-
quence number from a specific clutch size:

V 5 V 1 V 1 Vp g eg Es (1)

Alternatively, when using a nested design:

V 5 V 1 V 1 V 1 Vp g eg Es c (2)

Given these definitions, repeatability as defined by
Falconer (1989) is:

r 5 (V 1 V )/ Vg eg p (3)

Results and discussion. Estimates of repeatability of
egg size vary considerably depending on how they are
calculated (Tables 1 and 2). Using Equations 1 and 2, it
is clear that estimates of repeatability based on the nest-
ed design will always be less than or equal to those
based on average egg size within clutches because of
the additional term (Vc) in the denominator of Equation
3. In cases where there is no variation in egg size within
clutches (i.e. Vc 5 0), estimates of repeatability based on
average egg size and the nested design will be equal.
Thus, ignoring within-clutch variation in egg size, if it
exists, inflates estimates of repeatability. In addition,
using the average of multiple measurements will inflate
the estimated repeatability because the mean of two or
more measures has a higher heritability than does a sin-
gle measurement (Falconer 1989). Therefore, the use of
average egg size to estimate repeatability will result in
estimates that are biased high. Finally, estimates of re-
peatability rely on the assumption that different mea-
surements reflect what is genetically the same character
(Falconer 1989). All eggs in a clutch originate from the
same female, and in that sense there is no genetic var-
iation in egg size within clutches. However, in Black
Brant, egg size varies with the combination of clutch
size and egg-laying sequence (Flint and Sedinger 1992)
and a similar pattern of egg-size variation within
clutches has been shown for other species of geese
(Cooper 1978, Leblanc 1987, Owen and West 1988, Rob-
ertson and Cooke 1993, Williams et al. 1993, Cooke et
al. 1995). Additionally, intraclutch patterns of egg size
have been shown for many species of birds with altrical
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TABLE 2. Partitioning phenotypic variance in egg size of Black Brant nesting on the Yukon-Kuskokwim Del-
ta, Alaska within and among females using ANOVA.

Method of analysisa

Proportion of phenotypic variance

Among
femalesb

Within
females

among years
Within

clutches

One-way ANOVA based on average egg size per clutch
Nested ANOVA—assuming egg sequence numbers unknown
Nested ANOVA—controlling for clutch size and egg sequence number

0.7099
0.5118
0.5584

0.2901
0.1180 0.3702

a Sample size equals 12,506 eggs from 1,246 females.
b Repeatability.

young (Lack 1968, Slagsvold et al. 1984). Those pat-
terns, repeated across many species, raise the possibil-
ity that intraclutch egg-size variation may be adaptive
(Lack 1968, Slagsvold et al. 1984, Williams et al. 1993,
Flint et al. 1994, Williams 1994, Erikstad et al. 1998). If
so, the level and pattern of variation in egg size within
clutches may be genetically determined. Thus, estimat-
ing the repeatability by averaging egg size within
clutches and using a one-way ANOVA would result in
averaging across characters that may not be the same
genetic character. Under those conditions, Falconer
(1989:141) states that ‘‘repeatability becomes a some-
what vague concept, without precise meaning in rela-
tion to the components of variance.’’ The genetic basis
and genetic influence on intraclutch egg-size variation
deserves further study. Therefore, we caution research-
ers to temper inferences drawn from estimates of re-
peatability that are based on mean egg size within
clutches because those estimates are likely biased.

When we partitioned our data and estimated repeat-
ability of egg size by sequence number, there was little
difference in the estimated repeatability among clutch
sizes or egg sequence numbers. Most of the variation
among those partitioned estimates of repeatability was
likely caused by sampling error. Clearly those estimates
are free from bias associated with averaging multiple
measurements. Further, those estimates would not be
biased if all eggs within a clutch are not genetically the
same character. Therefore, we conclude that the true
value of egg size repeatability for Black Brant lies be-
tween 0.49 and 0.64. However, for comparative pur-
poses, it is difficult to have a separate estimate of re-
peatability for each egg sequence number in each clutch
size. Also, that approach can only be used if egg-laying
sequence is known. For many species of birds, deter-
mination of laying sequence in field studies is not prac-
tical. The estimated repeatabilities from the two nested
ANOVA (Table 2) fall within the range predicted from
the individual estimates by clutch size and egg-se-
quence number (Table 1). We believe either approach
correctly models the multiple measurements within
clutches and results in a good approximation of re-
peatability. We suggest future studies should examine
patterns of egg-size variation with egg sequence when
possible. If consistent patterns of egg-size variation ex-

ist, then estimates of egg size repeatability could con-
trol for egg sequence and partition the remaining var-
iance within and among females. If the pattern of
variation with egg-sequence number varies among
clutch sizes (e.g. as it does for Black Brant), then esti-
mates of repeatability should control for the combina-
tion of clutch size and egg sequence. In the absence of
data on egg size by laying sequence, we suggest the
nested design partitioning variance among females,
within females among years, and within clutches is
most appropriate for estimating repeatability. It is use-
ful to note that the proportion of variance attributed to
differences among females (i.e. repeatability) is similar
in both models. Thus, the nested design without egg-
sequence numbers could be used in all cases and gives
the clearest picture regarding the distribution of the
variance within females.

Estimation of repeatability from large data sets can
be computationally tedious (Lessells and Boag 1987),
particularly if the design is unbalanced. Previous re-
searchers have used program SAS (PROC NESTED;
SAS Institute 1990) to partition the phenotypic varia-
tion in egg size (Erikstad et al. 1998, Flint and Grand
1999). That procedure is useful because it calculates the
actual variance components in addition to the mean
square errors (Lessells and Boag 1987). However, it is
important to realize that nested ANOVA is a hierarchi-
cal analysis and results will vary depending on the or-
der in which variables are listed in the model (Sokal
and Rohlf 1981). Erikstad et al. (1998) examined vari-
ation in egg size with a nested model in the following
order: year, females, clutch size, egg sequence, error. It
is clear that variation within clutches (i.e. egg-sequence
number) must be considered as nested within clutch
sizes; however, clutch sizes should not be nested within
females. Therefore, it is essential to consider the hier-
archical structure of the variance when using a nested
ANOVA. We recommend the following hierarchical or-
ders (1) when egg sequence is known: clutch size, egg
sequence number, female; (2) when egg sequence is un-
known: female, nest attempt.
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ABSTRACT.—Eurasian Oystercatchers (Haematopus
ostralegus) breeding on the salt marsh of Schiermon-
nikoog (Dutch Wadden Sea) lose many eggs to pred-
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ators, mainly Herring (Larus argentatus) and Mew
gulls (L. canus). We estimated that the probability for
an egg to survive from laying until hatching was 69%.
Daily egg mortality was higher during the laying pe-
riod than during the incubation period. When re-
searchers were present in the study area, oystercatch-
ers spent more time at greater distances from the nest.
We investigated whether human disturbance resulted
in more eggs being lost to predators. Two experimen-
tal areas were in turn visited at high and at low fre-
quency. From a preliminary analysis, we estimated
higher daily egg mortality rates when nests were
checked three times per day instead of once every oth-
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er day. However, high-frequency nest checks provided
more information on newly laid and lost eggs, espe-
cially during the laying period. After correcting for
that extra information (by simply deleting it), the egg
mortality rates were no longer different. We conclude
that human disturbance did not increase egg loss,
rather egg mortality rates were underestimated when
nests were checked only once per two days.

Because many life-history characters evolve under
the influence of high predation pressure, it is impor-
tant to know the level of nest predation in natural pop-
ulations. Unfortunately, it is not always easy to obtain
reliable estimates of predation rates. Predation events
are seldom witnessed, and visiting nests to check the
contents necessarily results in disturbance of the in-
dividuals being studied. Moreover, investigator dis-
turbance may increase the probability of nest preda-
tion (Lenington 1979). Predators may be attracted by
packed vegetation around the nest (Esler and Grand
1993), human scent (Whelan et al. 1994), or nest mark-
ers (Picozzi 1975, Yahner and Wright 1985). Human
disturbance may also reduce nest attendance or en-
hance conspicuous behavior of the parents. Some
studies have shown that predators learn to follow bi-
ologists in the field (e.g. MacInnes and Misra 1972,
Götmark and Åhlund 1984). Other studies found no
effect of human disturbance on nest predation (e.g. Se-
dinger 1990, Hannon et al. 1993). Obviously, it is of
primary importance to find out if research activities
influence nesting success of birds under study and if
predation rates are affected by visiting nests.

We studied egg predation in a population of Eur-
asian Oystercatchers (Haematopus ostralegus). Oyster-
catchers typically experience high nest-predation
rates (Harris 1967). That might be because they for-
age on intertidal areas, away from the breeding ter-
ritory. Ens (1991) suggested that high predation rates
during egg laying could be due to the first eggs being
left unattended when the male escorts the female on
feeding trips to prevent rival males from fertilizing
subsequent eggs in the clutch. Thus, high egg-pre-
dation rates could be due to a trade-off between two
conflicting activities: nest attendance and, for ex-
ample, foraging or mate guarding.

The aim of this study was to find out if high levels
of egg loss were due to limited nest attendance dur-
ing the laying period or research activities in the
study area, or both. We estimated the probability
that oystercatcher eggs disappeared from the nest
during different stages of the nesting cycle. In ad-
dition, we estimated egg-predation rates in artificial
nests unattended by parents. If nest attendance re-
duces the probability of egg loss, we expect to find
higher egg mortality rates in those nests as com-
pared to natural nests, where parents are present.
We further studied nest attendance in situations in
which researchers were either present or absent in
the direct vicinity of the nest. To find out if human

disturbance increased egg predation rates, we com-
pared the rate at which eggs disappeared from two
experimental areas that were in turn subjected to dif-
ferent levels of disturbance.

Study Area and Methods.—We studied Eurasian
Oystercatchers breeding on the saltmarsh of Schier-
monnikoog, an island in the Dutch Wadden Sea.
Since 1985, we marked birds with color rings and
measured their reproductive success as part of a
long-term population study (Ens et al. 1992, Heg
1999). Occasional observations had indicated that
oystercatchers in our study area lose many eggs to
Mew (Larus canus) and Herring (L. argentatus) gulls.
In 1990, we randomly selected 20 pairs to study nest
attendance. Those pairs were observed from a blind
every other day from laying until the first egg
hatched, or until 6 July 1990 when all eggs and chicks
were washed away by a catastrophic flood accom-
panied by bad weather. The observations lasted for
one 1 h and started ;10 min after entering the blind
when disturbed birds had settled down. With the aid
of an electronic event recorder, we continuously
monitored distance of the male and female from the
nest. We analysed amount of time both parents spent
within four distance classes: 0–1, 1–10, 10–50, .50
m. In addition, we recorded how long both parents
spent incubating the eggs. The main cause of distur-
bance in the study area was the presence of col-
leagues checking nests or walking to or from a blind.
We coded our observations as ‘‘disturbed’’ as long as
people were present within a distance of 150 m from
the nest and compared nest attendance during dis-
turbed and undisturbed time intervals.

To estimate egg-predation rates, we searched the
main study area (area A, Heg 1999) every other day
to find new nests and to check the contents of nests
already known to us. Some nests were found after
the start of incubation. For those nests, the laying
date was calculated using the date of hatching and
assuming an incubation period of 27 days (Keighley
and Buxton 1948). If the nest was found after laying
and failed before hatching, or if the outcome was un-
known, we assumed that we had discovered it one
day after the last egg had been laid.

To estimate predation rates of eggs unattended by
parents, we used oystercatcher eggs that became
available after an egg removal experiment (Ens
1992). Those eggs were laid out on the salt marsh in
locations that seemed suitable nest sites to human
observers. We created four nests with three eggs each
on five subsequent days (19 to 23 May) and recorded
egg losses after 2 h of exposure.

The effect of human disturbance on egg predation
was tested in two areas adjacent to the main study
area (areas C and D, Heg 1999). In those areas, the
birds were not ringed and no other research activi-
ties took place. Nests were checked by one observer
who walked through the area in linear transects that
were 5 to 10 m apart. The duration of one visit was
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FIG. 1. The percentage of time the closest parent spent at different distances from the nest plotted for
different stages of the nesting cycle. The stage of the nesting cycle is expressed as 5 day periods since egg
laying (0 5 egg laying). (A) undisturbed observations and (B) disturbed situations in which researchers were
present within a distance of 150 m of the nest.

45 to 60 min. Each week, one area was subject to a
high disturbance treatment whereas the other was
subject to a low disturbance treatment. The pattern
was reversed every other week until week eight
when the experiment ended. The high disturbance
treatment consisted of four days of intense nest in-
spection in which the nests were checked three times
daily (morning, afternoon, and evening). After four
days, one further nest check was made before the
next week started. In the low-disturbance treatment,
the nests were checked once every other day. Egg
mortality rates were calculated over the interval of
four days of thrice-daily nest checks and compared
to egg mortality rates during periods of low visita-
tion frequency.

Laying date and clutch size in the different areas
were compared using generalised linear models
with normal errors and ‘‘identity’’ link function
(Crawley 1993), and P-values were calculated with F-
tests. We analysed frequencies with the G-test for
goodness-of-fit for single classification, and applied
Williams’ correction to reduce type I error (Sokal and
Rohlf 1981). Daily egg mortality rates (m) were cal-
culated by dividing number of eggs lost by total
number of days eggs were exposed to predation
(Mayfield 1961, 1975). Standard errors and signifi-
cance levels were calculated according to Johnson
(1979). We divided the incubation period into 5 day
periods to analyse nest attendance and egg mortality
in relation to the stage of the nesting cycle. Data were
analysed using SAS (SAS Institute 1990), all tests are
two-tailed, and means are reported 61 SE.

Results.—Nest attendance was high throughout the
laying and incubation period. More than 95% of the
time at least one parent was present within a dis-

tance of 50 m from the nest (Fig. 1A). The observa-
tions on incubation behavior showed that during egg
laying the parents spent 78% of the time actually sit-
ting on the eggs. The time spent close to the nest de-
creased dramatically when researchers were present
in the study area (Fig. 1B).

In the main study area, a total of 38 clutches were
laid between 4 April and 29 June 1990. The mean
clutch size was 2.6 6 0.2 eggs. In total, 21 eggs dis-
appeared in 17 predation events. That means that usu-
ally one egg was taken at a time. We compared the dai-
ly egg mortality rates in nests with and without
previous predation to find out if predators repeatedly
visited the same nest. Those values were not signifi-
cantly different (m previous predation 5 0.031, m no previous predation

5 0.021, t 5 0.4, df 5 15, P 5 0.7) and the probability
of committing type II error was low (b 5 0.10). We
conclude that nests preyed upon in the past were not
more likely to be preyed upon in the future. Although
that cannot firmly prove that eggs disappeared inde-
pendently from each other, we use egg-predation rates
rather than nest-predation rates. Both measures gave
the same result unless otherwise stated.

The probability of an egg disappearing from the
clutch decreased with the stage of the nesting cycle
(Fig. 2). Daily egg mortality was significantly higher
in the laying period than in the incubation period
(m laying 5 0.035 6 0.012, m incubation 5 0.007 6 0.002, t 5
2.4, df 5 19, P 5 0.03). The same was found for nest-
predation rates, although the difference was not sig-
nificant (P 5 0.14). However, a decline in egg loss
from laying to hatching could be confounded with
calendar date, because younger nests tended to be
found earlier in the breeding season. We split the
data set into clutches laid before and after 1 May
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FIG. 2. Daily egg-mortality rates (6SE) in the non-
experimental area plotted against the stage of the nest-
ing cycle. The stage of the nestling cycle is expressed as
5 day periods since egg laying (0 5 egg laying).

TABLE 1. Daily egg-mortality rates (6 SE) on occasions when clutches were checked three times per day
(high-level disturbance) and when clutches were checked once every two days (low-level disturbance). In
the right-hand column, daily egg mortality rates are corrected for increased searching effort due to dis-
turbance by ignoring the information on newly laid and lost eggs obtained during extra nest checks. P-
values indicate significance levels for the comparison of high-level disturbance with low-level disturbance.

Low High
High

(after correction)

Laying
Incubation

0.0618 6 0.0128
0.0160 6 0.0026

0.2103 6 0.0483 (P 5 0.004)
0.0275 6 0.0058 (P 5 0.08)

0.0708 6 0.0258 (P 5 0.8)
0.0225 6 0.0052 (P 5 0.3)

1990. We found no differences in daily egg mortality
between the early and the late groups either during
laying (m early 5 0.034, m late 5 0.033, t 5 0.04, df 5 7,
P 5 0.1) or during incubation (m early 5 0.005, m late 5
0.008, t 5 0.7, df 5 10, P 5 0.5). The overall proba-
bility for an egg to survive a 5 day laying period to-
gether with the 27 day incubation period was (1–
0.035)5 3 (1–0.007)27 5 69%.

Eggs in artificial nests were more likely to disap-
pear than eggs from natural nests. Altogether 18 un-
attended eggs disappeared, which equals to a mor-
tality rate of 0.15 6 0.033 eggs per hour. Eggs in
artificial clutches were thus approximately 60 times
more likely to disappear than eggs in active nests,
suggesting that nest attendance lowered the proba-
bility of egg predation.

The two experimental areas that were periodically
subject to high visitation frequency had 48 and 50
clutches, which did not differ in mean laying date (F
5 0.02, df 5 1, P 5 0.89) or clutch size (F 5 0.87, df
5 1, P 5 0.35). Also, egg-predation rates in the two
experimental areas were not significantly different
from each other (m 5 0.032 vs. m 5 0.022, t 5 1.76,

df 5 94, P 5 0.08). Clutch sizes of one tended to be
more frequent in the two periodically disturbed ar-
eas as compared to the main study area (16% in the
main study area vs. 31% in the experimental areas,
Gadj 5 3.3, df 5 1, P 5 0.07).

We found that daily egg mortality rates were high-
er when nests were checked three times daily com-
pared to once every two days. That difference was
significant for the laying period, but not for the in-
cubation period (Table 1). That suggests that human
disturbance increased the probability that eggs were
taken by predators early in the nesting cycle. How-
ever, not only did visiting the study area cause dis-
turbance, it also increased our knowledge about
newly laid and lost eggs. During a disturbed block
of four days, the area was checked as many as 12
times. We recalculated the daily egg mortality rates
by taking into account only two of those visits to
make the search effort, but not the actual distur-
bance, equal to that in control blocks, and the differ-
ence disappeared (Table 1). From freshly laid sec-
ond, third, and fourth eggs during the high-
frequency nest checks, we estimated that oyster-
catchers produced eggs at 30.5 6 1.6 h intervals.
Thus, inspecting the nests every other day was not
enough to find all eggs that were laid. We conclude
that human disturbance did not increase predation
rates, rather we found more eggs before they were
lost to predators when we visited the study area
more frequently.

Discussion.—Our results show that many oyster-
catcher eggs at our study site were lost before hatch-
ing. That is in agreement with other studies in which
egg predation by gulls was a major cause of low
breeding success in this species (e.g. Heppleston
1972, Briggs 1984, Beinetma and Müskens 1987).
Harris and Wanless (1997) followed an oystercatcher
population after the start of a large-scale gull control
program. Although the breeding success remained
low, number of breeding pairs increased markedly,
suggesting that the absence of gulls made the nesting
area more attractive for oystercatchers.

Predation rates were highest during the laying pe-
riod, and eggs were lost despite the presence of at
least one parent within 50 m of the nest most of the
time. Nevertheless, nest attendance seemed to reduce
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probability of an egg being lost because, assuming
that clutches created by us mimicked real nests, we
found higher predation rates in artificial nests than
in nests where parents were present. Moreover, dur-
ing laying, oystercatchers spent less time actually sit-
ting on the eggs as opposed to being present in the
territory. However, the fact that oystercatcher eggs
were being incubated for no less than 78% of the time
already before the clutch was complete could in itself
be an adaptation to overcome high predation rates as
suggested for pheasants (Phasianus colchicus) by Pers-
son and Göransson (1999).

When people were present in the study area, par-
ents spent more time at larger distances from the
nest. However, when comparing egg predation for
high and low levels of disturbance within the exper-
imental areas, we found that the apparent difference
in egg-mortality rates was due to extra information
rather than to disturbance resulting from the extra
nest checks. For the incubation period, that differ-
ence was less pronounced (P 5 0.08, Table 1). That is
not surprising, because at that time the clutches were
complete and no additional information was gath-
ered by checking the nests more frequently.

Several studies tested for an effect of human activ-
ity on nest predation by assigning nests to different
visitation schedules, and the results are ambiguous.
High visitation frequencies increased predation in
some studies (e.g. Salathé 1987, Major 1990), but not
in others (e.g. Willis 1973, Nichols et al. 1984,
O’Grady et al. 1996). In some studies, artificial nests
were used so that parental behavior was not taken
into account (e.g. Esler and Grand 1993, Bayne and
Hobson 1997). Other studies give the percentage of
eggs or nests lost instead of Mayfield estimates (e.g.
Robert and Ralph 1975). The latter will underesti-
mate predation, unless the searching effort is high
(Mayfield 1975) which, in this case, is equal to human
disturbance.

After losing the first egg, oystercatchers often
move to a new nest scrape to lay the remaining eggs
of the clutch (Harris 1967). Also, if the complete
clutch is lost early in the breeding season, they may
switch to a new nest scrape and lay a replacement
clutch (Ens et al. 1996). If those clutches are mistaken
as first clutches, laying date and clutch size will be
estimated incorrectly. Unfortunately, we can not be
absolutely sure about birds moving to new nests in
the experimental areas because here the birds were
not ringed. However, single-egg clutches tended to
be more frequent in the two periodically disturbed
areas than in the main study area. Thus, searching
effort may not only affect the estimation of egg-pre-
dation rates, but it may also have consequences for
the determination of laying date and clutch size.

This study showed that searching effort influenced
estimates of daily egg mortality. Because nest pre-
dation is a major determinant of avian reproductive
success, we suggest that extra care should be taken

when interpreting the results of nesting studies with
high egg-predation rates, especially during the lay-
ing period.
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ABSTRACT.—Postbreeding season activities of
Wood Storks (Mycteria americana) were examined
during 24 h long observation periods at inland im-
poundments and a coastal roost site. Storks were
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present at inland impoundments and foraged more
at night there than at other times of the day. Wood
Stork attendance at the coastal roost site was signif-
icantly reduced during nocturnal low tides than dur-
ing daytime low tides or at either period of higher
tide levels. Presumably, storks were leaving the roost
to forage on fish concentrated in tidal creeks by
dropping tides. Nocturnal foraging in freshwater
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TABLE 1. Average number of Wood Storks present and foraging at the Kathwood impoundments in relation
to time-of-daya.

Date

Diurnal

Total present
X̄ 6 SD

No. foraging
storks

X̄ 6 SD

Crepuscular

Total present
X̄ 6 SD

No. foraging
storks

X̄ 6 SD

Nocturnal

Total present
X̄ 6 SD

No. foraging
storks

X̄ 6 SD

7–8 Jul 94
14–15 Jul 94
18–19 Jul 94
28–29 Jul 94
1–2 Aug 94
3–4 Aug 94

56 6 9
22 6 13
63 6 5
59 6 48

7 6 6
0 6 0

17 6 19
11 6 14
18 6 24

8 6 19
0 6 1
0 6 0

73 6 10
29 6 3

112 6 3
101 6 16

43 6 13
22 6 19

35 6 29
14 6 13
52 6 35
10 6 10

1 6 2
2 6 3

76 6 2
30 6 3

107 6 9
108 6 4

55 6 9
33 6 16

51 6 25
16 6 12
36 6 32
48 6 34
26 6 12

1 6 4
13–14 Aug 95
27–28 Jul 95

10–11 Aug 95
19–20 Jul 96

Total

20 6 19
46 6 13
22 6 42

8 6 10
28 6 36

2 6 3
23 6 22
12 6 27

2 6 3
9 6 28

40 6 21
58 6 1

122 6 50
37 6 26
63 6 41

8 6 6
27 6 16
30 6 48
12 6 12
19 6 27

55 6 2
58 6 0

156 6 2
66 6 4
75 6 38

3 6 8
20 6 20
98 6 44
14 6 3
31 6 37

a Time Periods (EST): Diurnal 0800 to 1800 h; Crepuscular 0500 to 0800 h, 1800 to 2100h; Nocturnal 2100 to 0500 h.

and estuarine systems may be an advantageous
strategy for the tactile-feeding storks by reducing the
likelihood of their being observed by their prey and
possibly by reducing competition with other wading
birds. Also, some prey species in both freshwater
and saltwater environments are more active noctur-
nally than diurnally, this increasing their likelihood
of capture by nocturnal-foraging Wood Storks. In the
coastal setting, low tide events (two per ;24 h) typ-
ically provide at least one ‘‘pulse’’ of stork prey in
draining tidal creeks during the nocturnal period.

Typically, wading birds (Ciconiiformes) forage most
actively near dawn and dusk and rest at midday, al-
though night foraging has been documented for several
species (Kushlan 1978). Nocturnal activities have not
been examined quantitatively for most species (McNeil
et al. 1993). Nocturnality, including foraging, has been
reported anecdotally for Wood Storks (Mycteria ameri-
cana) (Bent 1926, Coulter et al. 1987, Kahl 1964). Noc-
turnal foraging is a likely strategy for Wood Storks due
to their tactile feeding that does not require them to see
their prey (Kahl 1964, Kushlan 1978). The Yellow-billed
Stork (M. ibis), which also feeds tactilely, is considered
‘‘mostly nocturnal’’ in its foraging habits (Fasola and
Canova 1993).

McNeil et al. (1993) suggested three hypotheses
for why colonial waterbirds would forage noctur-
nally. First, nocturnal feeding provides supplemen-
tal food when daytime foraging is insufficient to
meet energetic demands; second it provides the most
preferential (or profitable) foraging opportunities;
and third it reduces predation risk.

Here we quantify the prevalence of nocturnal activ-
ities of Wood Storks in two settings: inland (freshwater)
impoundments and a coastal roost site. Storks used
both locations in the late summer and early fall months,
after the breeding season was completed. Activity pat-

terns of Wood Storks are assessed in relation to hy-
potheses proposed by McNeil et al. (1993).

Methods. The Kathwood impoundments are locat-
ed in Aiken County, South Carolina (Coulter et al.
1987). Three impoundments (11.3 ha) are stocked with
bluegill sunfish (Lepomis macrochirus) and brown bull-
head (Ameirus natalis) and partially drained to an ap-
propriate depth for stork foraging (15 to 30 cm) during
the late summer months. Impoundment fish densities
range from 10 to 30 fish/m2 when water levels are low-
ered. The Priest Landing roost site is a 1.6 ha brackish
water impoundment partially surrounded by trees on
the northern tip of Skidaway Island, Chatham County,
Georgia.

Stork presence at the Kathwood Ponds was deter-
mined by observations made every 15 min from 1200 h
to 1200 h EST during 10 observation periods (Table 1).
Total counts of Wood Storks and other wading birds
present and numbers of each species actively foraging
were recorded at each observation interval. At the Priest
Landing roost, storks and other wading birds in the
roost were counted every hour from 1200 h to 1200 h
in 1994 (09 to 10 August, 29 to 30 August, 19 to 20 Sep-
tember) and 1997 (10 to 11 September, 16 to 17 Septem-
ber, 29 to 30 September, 14 to 15 October).

Observers monitored stork presence or activity
from a blind on the edge of each study site. We used
10 3 40 binoculars and a 20–603 spotting scope dur-
ing the day and a Star-Tron (MK-505) night-vision
system at night.

Activity patterns of Wood Storks at the Kathwood
impoundments were categorized for three light-re-
lated periods: diurnal 0800 to 1800 h EST, crepus-
cular 0500 to 0800 h and 1800 to 2100 h EST, and noc-
turnal 2100 to 0500 h EST. Stork presence and
activity could not be compared statistically with re-
gard to those periods because the number of storks
present was not independent across those periods.
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TABLE 2. Results of quadratic regression analyses of the relationships between centered number of storks
at roosting and foraging sites, time-of-day, and tide levels.

Source Coefficient SE T P R2

Kathwood Foraging Site/Number of Storks Present
Constant
Time
Time 3 Time

247.66385
0.11962

20.00005

2.55681
0.00486
0.00001

19.25
25.31
26.29

,0.0001
,0.0001
,0.0001

0.42

Kathwood Foraging Site/Number of Storks Foraging
Constant
Time
Time 3 Time

221.37560
0.05061

20.00002

2.45211
0.00472

,0.00001

28.72
10.86

210.82

,0.0001
,0.0001
,0.0001

0.12

Priest Landing Roost Site/Number of Storks Present
Constant
Time
Time 3 Time
Tide
Tide 3 Time

259.62513
0.09797

20.00004
20.53564

0.00336

6.11273
0.00936

,0.00001
1.24537
0.00090

29.75
10.47

210.47
20.43

3.75

,0.0001
,0.0001
,0.0001

0.668
,0.0001

0.55

We used quadratic models to investigate relation-
ships between time-of-day and Wood Stork abun-
dance at both observation sites. Because the mean
number of storks at foraging and roost sites varied
greatly among observation periods, we centered ob-
servations by subtracting the mean number of Wood
Storks for an observation period from each observa-
tion in that period. For the Kathwood foraging site,
we used a simple quadratic equation, with time as
the independent variable and centered number of
storks present and number of storks foraging as de-
pendent variables. For analytical purposes, time was
coded so that 0:00 h was 12:00 noon on the day an
observation began and 24:00 h was 12:00 noon on the
day the observation was completed. With that coding
system, 12:00 midnight fell at the center of the ob-
servation period, and if Wood Stork foraging were
greater at night, then a unimodal pattern would be
expected across the coded time scale.

To assess the potential role of tide at the Priest
Landing roost site, we added tide and its interaction
with time to the quadratic model as follows:

2y 5 a 1 b (x ) 1 b (x ) 1 b (x ) 1 b (x x ).1 1 2 1 3 2 4 1 2

In the expanded model, y is the number of storks at
the roost, x1 is time, and x2 is tide level. The param-
eters b3 and b4 related to effects of tide; significance
of b3 indicates change in the y-intercept of the curve
as a function of tide, and significance of b4 indicates
a change in shape of the curve as a function of tide.
Hourly tide level data were obtained from the NOAA
Romerly Creek Station ;1 km from the roost site. For
analytical purposes, time was coded so that obser-
vation periods ran from 12:00 midnight (0:00 h) to
12:00 midnight (24:00 h) by placing observations
from the second 12 h portion of the observation pe-
riod in front of observations from the first 12 h por-
tion of the observation period. That coding placed
the time period of expected highest roost attendance

(and assumed lowest foraging activity) in the middle
of the observation period. For both models, we used
least-squares methods to estimated parameters val-
ues (a and b) and t-tests to test the null hypothesis
of parameter estimates equal to zero for all param-
eters in the models.

Results. Although Wood Storks were present and
foraged during all observation periods at Kathwood,
twice as many storks were present during crepuscular
and nocturnal periods than during the diurnal periods
(Tables 1 and 2, Fig. 1A). Nocturnal foraging also was
observed during all 10 periods, but was very limited
(averaged ,5 storks) during two periods. Analyses of
numbers of foraging storks relative to time of day also
demonstrated a significant unimodal pattern with
more storks foraging at night than other times, al-
though that was a considerably weaker relationship
than that for stork presence (Table 2, Fig. 1B).

Wood Storks consistently used the Priest Landing
roost in both years of study, with the average number
of storks present per hour for the 24 h periods rang-
ing from approximately 30 to 60. Stork attendance
was significantly linked to time of day and its inter-
action with tide, but not specifically to tide (Table 2,
Fig. 2). More storks were present in the roost during
daylight hours than nocturnal hours (Fig. 3A). Dur-
ing low tide levels (,1.0 m), storks were away from
the roost more during the nocturnal hours than day-
light hours (R2 5 0.42, P , 0.00001; Fig. 3B). During
very high tide levels (.2.0 m), storks remained in the
roost more at night (R2 5 0.41, P , 0.0001; Fig. 3C),
although data for the early morning hours (midnight
to sunrise) were scarce.

Discussion. Wood Storks using the Kathwood im-
poundments were present in larger numbers and for-
aged as much at night as during other times of day,
although the relationship between the number of
storks foraging and time-of-day was very weak.
Wood Storks appeared to be foraging in 1 to 4 h
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FIG. 1. Fit of a quadratic equation to describe
Wood Stork use of the Kathwood impoundments (in-
land freshwater) relative to time of day: A. Total
storks present. B. Number of foraging storks. Be-
cause the mean number of storks varied greatly
among observation periods, we centered observa-
tions by subtracting the mean number of Wood
Storks for an observation period from each observa-
tion in that period.

FIG. 2. Wood Stork attendance at the Priest Land-
ing roost site in relation to tide level and time of day
on 8 August 1994.

bouts interspersed with periods of little or no for-
aging activity (Fig. 4). Reasons for that periodicity in
foraging are not known, although the pulse of for-
aging activity near sunrise could be linked to the ar-
rival of other wading birds possibly stimulating the
storks into activity. Stork attendance at the coastal
Priest Landing roost was linked to time of day more
so than to tide level, with higher attendance occur-
ring during the day. Storks presumably departed
that site to forage in tidal wetlands and tended to
leave more when lower tides occurred during the
nocturnal period than the diurnal period.

Of the three hypotheses proposed by McNeil et al.
(1993) to explain nocturnal foraging in wading birds,
predator avoidance is the least likely to contribute to
stork nocturnality as free-ranging wading birds the
size of storks have few documented predators (Kush-
lan 1978). Although storks undergo interregional
movements (Kushlan 1981), the need for supplemental

feeding is not thought to be the case here due to their
relatively leisurely rate (several days including for-
aging stops) of travel to overwintering areas (Comer
et al. 1987) and the fact that storks soar in thermals
while doing so (Bryan et al. 1995). Moreover, the noc-
turnality observed in this study (August–October)
occurred in a season when storks were not preparing
for imminent long-distance travel.

Potential reasons for greater foraging success
(preferential foraging) during the nocturnal periods
are many. Wood Storks feed tactilely more so than
visually (Kushlan 1979) and should be as successful
foraging during the nocturnal period as during day-
light hours. Prey within the water column may have
more difficulty seeing predatory storks in reduced
light conditions. Also, freshwater prey species such
as bullheads and catfish are more active nocturnally
than diurnally (Darnell and Meierotto 1965) and
thus should be more available as prey. Bluegill sun-
fish move into shallower waters after sunset in re-
sponse to availability of their prey (Bauman and
Kitchell 1974) and changes in dissolved oxygen con-
centrations, and may be more available as prey dur-
ing these time periods.

Along the Georgia coast, tidal amplitude can be as
great as 3.0 m. All surface water and potential prey in
many marsh systems literally drain through one to
multiple tidal creeks as water levels drop. Although
Wood Storks typically do not forage in flowing fresh-
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FIG. 3. Fit of a quadratic equation to describe
Wood Stork attendance at the Priest Landing Roost
relative to time of day: A. All observations (n 5 176).
B. Low tide observations (,1.0 m; n 5 68). C. High
tide observations (.2.0 m; n 5 39). Because the mean
number of storks varied greatly among observation
periods, we centered observations by subtracting the
mean number of Wood Storks for an observation pe-
riod from each observation in that period.

FIG. 4. Number of Wood Storks at the Kathwood
impoundments on 17 to 18 July 1994. Foraging bouts
(1 to 4 h long) were observed in all ten 24 h obser-
vation periods.

water systems (Coulter and Bryan 1993), tidal creeks
containing greatly concentrated prey should provide
narrow bands of excellent foraging habitat for tactile
predators approximately twice every 24 h. Also, prey
species in estuarine systems, such as shrimp, are more
active nocturnally (Shenker and Dean 1979).

Nocturnal foraging also may be important to storks
due to reduced competition with diurnal wading bird

species. Great Egrets (Ardea albus) are the second most
common wading bird using the Kathwood impound-
ments (after Wood Storks) and fed exclusively between
sunrise and sunset on the impoundments. However,
the interactions and competition between those two
species require additional study. In the coastal roost,
night herons (Nycticorax spp.) and Great Blue Herons
(Ardea herodias) departure times typically approximated
those of storks whereas Great Egrets and White Ibises
(Eudocimous albus) tended to depart and return to the
roost in the daylight hours.

Both sites were monitored for Wood Stork activity
during the nonbreeding season and many of the
study birds were prebreeding age (,3 years of age).
Therefore those birds were fulfilling only their own
energetic needs and were not constrained by atten-
dance or energetic requirements associated with
rearing young. The decision to forage actively was
linked to the period when foraging conditions were
probably optimal in regards to prey abundance,
‘‘catchability,’’ and reduced competition. Maximiz-
ing foraging efficiency increases survival and the
ability to reproduce successfully (Krebs 1978). In-
creased foraging efficiency through nocturnal for-
aging enhances the ability of adult storks to recover
from the rigors of the breeding season and aides
younger birds in their attempts to develop foraging
skills for survival and eventually reach breeding age.

An appreciation of the high degree of nocturnality of
those storks during the postbreeding season can help
to insure efforts to define and protect critical foraging
habitats used by storks. A reassessment of the degree
to which certain proposed nighttime human distur-
bances or activities (e.g. dredging, fishing, and shrimp-
ing) might negatively affect the foraging of Wood
Storks in the area is needed, as well as the methods by
which wetland systems are monitored for stork use.
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Timing of Breeding Range Occupancy Among High-latitude Passerine Migrants
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ABSTRACT.—The brief subarctic summer limits the
time available for birds to complete their reproduc-
tive activities, yet the temporal requirements of high-
latitude passerine migrants are not well understood.
Our analyses examined the timing of spring and au-

3 E-mail: ambenson@alaskabird.org

tumn migration among 18 passerine species to ob-
tain indirect estimates of the time they occupy their
breeding ranges in northwestern North America.
From 1992 to 1998, the Alaska Bird Observatory
(648509N, 1478509W) banded 31,698 individuals dur-
ing the most intensive standardized mist-netting
study ever conducted in subarctic North America.
Among the migrants examined, the estimated num-
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TABLE 1. Net-hours of operation and total days of
netting in spring and autumn at Creamer’s Field
Migration Station in Fairbanks, Alaska (1992–
1998).

Year

Spring

Net-hours Days

Fall

Net-hours Days

1992
1993
1994
1995
1996
1997
1998
Total

6,903
10,552
11,252
12,731
12,411

7,548
6,800

68,196

42
43
41
45
44
42
39

296

5,822
13,472
13,935
13,944
14,985
14,617
11,853
88,627

46
50
52
57
57
66
54

382

ber of days that species were present in interior Alas-
ka ranged from 48 days for adult Alder Flycatchers
(Empidonax alnorum) to 129 days for American Rob-
ins (Turdus migratorius). Adults departed significant-
ly later in autumn than immatures in 10 of 18 species
we examined and significantly earlier than imma-
tures in only one species, Alder Flycatcher. Breeding
range occupancy of Nearctic–Neotropic migrants oc-
curs in this region within the range of average frost-
free temperatures in Fairbanks, Alaska, and is sig-
nificantly shorter in duration than among Nearctic–
Nearctic (‘‘short-distance’’) migrants at this latitude.

The high latitudes of North America support a di-
verse avifauna, because during the summer months
the region is characterized by a nutrient-rich envi-
ronment, an extended photoperiod, and a hospitable
climate. But summer at high latitudes is brief. For ex-
ample, the average frost-free period in Fairbanks,
Alaska was 105 days from 1905 to 1999 (from 20 May
to 2 September; National Weather Service data).
Birds that migrate to Alaska are therefore under
greater temporal pressure to complete breeding-sea-
son activities (such as territory and mate acquisition,
nest building, egg laying, incubation, care of young,
and molt) than birds at lower latitudes. Yet, the total
amount of time passerines spend completing the
breeding effort is not well known. Few studies have
been conducted over the entire breeding season at
high latitudes, and those studies that have examined
breeding chronology at northern locations (e.g. Rim-
mer 1988) may not accurately document departure
from the breeding grounds because of small samples
and postbreeding dispersal.

Studies sampling migrant passage during spring
and autumn provide an indirect measure of time
spent on the breeding grounds. The accuracy of that
measure increases with proximity to a population’s
breeding area. We sampled migrants near the north-
ern and western limits of their migrations during
spring and autumn. Here we examine timing of pas-
sage at the species level in that region to obtain in-
direct estimates of the time birds occupy their breed-
ing ranges in the northwestern extreme of North
America. Additionally, we answer the following
questions: (1) How compressed are breeding-season
activities among high-latitude migrants? (2) Do Ne-
arctic–Neotropic migrants differ from Nearctic–Ne-
arctic (‘‘short-distance’’) migrants in the timing of
breeding-range occupancy?

Study area and methods. The study area is located
in Fairbanks, Alaska (64859N, 147859W), near the con-
fluence of the Chena and Tanana rivers (elevation 130
m). The Tanana Valley is a well documented migra-
tion corridor for many species of birds, including
Sandhill Cranes (Grus canadensis; Kessel 1984), many
species of raptors (McIntyre and Ambrose 1999), wa-
terfowl, shorebirds, and passerines (Cooper and Rit-
chie 1995).

The study site, at Creamer’s Field Migration Station
(CFMS), encompasses ;20 ha of the southwestern
portion Creamer’s Field Migratory Waterfowl Refuge
(731 ha). It is owned by the State of Alaska and op-
erated by the Alaska Department of Fish and Game.
The northern portion of CFMS is dominated by ma-
ture willow (Salix spp.) and paper birch (Betula papyr-
ifera) bordering a seasonally flooded wetland domi-
nated by sedges (Carex spp.) and one grass species
(Calamagrostis canadensis). The central section of the
study area is characterized by late successional white
spruce (Picea glauca) and balsam poplar (Populus bal-
samifera). The southern portion of the study area has
trembling aspen (Populus tremuloides), balsam poplar,
and willow growing near an agricultural field. Except
for the agricultural field, that mosaic of habitat types
is representative of the habitats occurring in the boreal
forest floodplains of interior Alaska.

A standardized mist-netting protocol was con-
ducted at CFMS from 1992–1998 using an array of
22–50 standard mist nets (30 mm mesh, 2.6 3 12 m).
Nets were arranged in a north–south direction, per-
pendicular to the Tanana Valley migration corridor,
and operated daily from 0600 to 1300 (Alaska) dur-
ing spring migration (25 April–15 June). During au-
tumn migration (15 July–30 September), nets were
opened at approximately sunrise and closed 7 h later.
Sampling at the ends of both seasons (10–15 June and
25–30 September) was limited to every other day.
Nets were closed during inclement weather. Fewer
nets were operated in 1992, 1997, and 1998 than in
other years (Table 1), and nets were not operated be-
tween 17 July and 2 August 1992.

Birds were banded with U.S. Fish and Wildlife Ser-
vice bands, and data were collected to determine age
(autumn only, using degree of skull ossification), and
breeding condition (spring only, using incubation
patches in females and enlarged cloacal protuber-
ances in males). During autumn migration, estimates
of the percentage of juvenal plumage were recorded
for first-year individuals.
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To ensure independence of records in those analyses,
we used only initial captures of individuals (all sub-
sequent captures of individuals were eliminated). We
also excluded local breeders on the basis of the follow-
ing criteria: females with incubation patches, individ-
uals captured more than seven days from first capture,
and birds captured in one season and recaptured in an-
other. First captures of individuals were also removed
if they were later recaptured with breeding character-
istics. Finally, we excluded first-year birds with .30%
of their body in juvenal plumage, because we consid-
ered them nonmigratory at that time.

We defined Nearctic–Neotropic migrants as those
species with all or part of their populations breeding
north of the Tropic of Cancer and all or part of the
same populations wintering south of that line (Rap-
pole et al. 1983). We defined Nearctic–Nearctic mi-
grants as those species whose breeding and winter-
ing populations are primarily north of the Tropic of
Cancer. Those species are often categorized as short-
distance migrants.

A maximum estimate of time spent on breeding
grounds was obtained from the difference between
median dates of spring and autumn passage. We did
not standardize numbers of birds captured by unit
of netting effort for two reasons. First, net hours (nh)
were uniformly distributed among days when all
years were combined during spring (Kolmogorov-
Smirnov-test, Dmax 5 0.08, n 5 68,196, P . 0.10) and
autumn (KS-test, Dmax 5 0.07, n 5 87,627, P . 0.10).
Second, standardizing captures by unit of netting ef-
fort can impart bias by artificially inflating or deflat-
ing sample sizes. For example, 18 birds captured
during 80 nh could provide sample sizes of 22.5
birds/100 nh, 225 birds/1,000 nh, or .225/ nh. Thus,
an arbitrary number of net-hours used to standard-
ize captures directly affects sample size, which af-
fects the power in statistical tests. Finally, manipu-
lating sample size in our study was not necessary
given the uniformity of net-hours within seasons.

Differences in timing of passage were present
among years for some species (Benson 2000). Here
we combined all years to increase sample sizes be-
cause that provides the best species-level estimate of
the duration of breeding-range occupancy. Addi-
tionally, variation in the netting effort in earlier years
was minimized when years were pooled because
nets were operated uniformly among days within
each season when all years were combined.

We tested for differential timing of migration be-
tween adults and immatures during autumn using
the Mann-Whitney U test. Differences in timing of
migration between age classes could affect species-
level estimates of the median date of autumn pas-
sage, because most autumn captures at that study
site are first-year birds.

Results. During 1992–1998, staff of the Alaska
Bird Observatory accumulated 68,196 nh during
spring and 88,627 nh during autumn (Table 1). Dur-

ing those seven years, 31,698 birds of 58 species were
banded. We examined the timing of passage of
25,718 individuals among 18 passerine species. Judg-
ing from capture distributions (Benson 2000), the
netting periods spanned the entire spring and au-
tumn migration periods for all species analyzed ex-
cept Alder Flycatcher. Spring netting was truncated
shortly after peak passage of that species. Therefore,
for that species median spring passage dates may be
slightly later than presented here.

There were significant differences in median dates
of autumn passage between adults and immatures in
11 of 18 species (Table 2). The Alder Flycatcher was
the only species in which the departure date of
adults preceded that of immatures; that difference
averaged 13 days (Table 2). In Ruby-crowned King-
lets, Swainson’s Thrushes, American Robins,
Orange-crowned Warblers, Yellow-rumped War-
blers, Yellow Warblers, Blackpoll Warblers, Wilson’s
Warblers, American Tree Sparrows, White-crowned
Sparrows, and Dark-eyed Juncos, immatures preced-
ed adults (Table 2). The largest significant age-relat-
ed differences in passage dates occurred among Wil-
son’s Warblers and Dark-eyed Juncos; in both
species, adults migrated on average 13 days later
than immatures. In 6 of 18 species, there were no sig-
nificant differences between adults and immatures
in median dates of passage. Because there were sig-
nificant age-related differences in departure dates in
several species, and because inference of departure
is conflated by large numbers of immatures (lower-
ing accuracy; Table 2), immatures were eliminated
from all subsequent analyses.

Estimates of the period that adults occupied their
breeding ranges were more condensed for Nearctic–
Neotropic migrants (n 5 12) than for Nearctic–Ne-
arctic migrants (n 5 6; Mann-Whitney U 5 71.0, P ,
0.05; Table 2, Fig. 1). The mean period of breeding-
range occupancy for all Nearctic–Neotropic mi-
grants was 90.6 days (SE 5 4.4 days), or ,25% of the
annual cycle. Nearctic–Nearctic migrants averaged
119.8 days (SE 5 3.4 days), or 33% of the annual
cycle.

The estimated number of days that adults were
present in interior Alaska ranged from 48 days for
Alder Flycatchers to 129 days for American Robins
(Fig. 1). The next-briefest times occurring between
median dates of spring and autumn passage in Yel-
low Warblers, Hammond’s Flycatchers, and North-
ern Waterthrushes, which spent 84, 86, and 86 days,
respectively, on their breeding ranges, or ;23% of
the annual cycle.

Discussion. The later departure dates of adults in
many species may be explained by the timing of molt
in adults, which, unlike immatures, replace flight
feathers in autumn. Differences in timing of passage
between adult and immature Swainson’s Thrushes,
although present here, were not at Long Point, On-
tario, western Pennsylvania, or coastal Alabama in
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FIG. 1. Species-level estimate of the number of days passerine migrants occupy breeding ranges in Alaska
using median dates of spring and autumn passage. Number of frost-free days are calculated from temper-
ature records (n 5 95 years) in Fairbanks, Alaska.

1990 (Woodrey and Chandler 1997). The same was
true for 1991, with the exception of Long Point,
where the median date of passage of adults was sig-
nificantly earlier than immatures (Woodrey and
Chandler 1997).

The Alder Flycatcher was the only species in our
study in which adults preceded immatures in autumn.
We estimated that adult Alder Flycatchers departed 13
days earlier than immatures, which is similar to pre-
vious results from Long Point, Ontario where a 14 day
difference was found (Hussel 1991a). The lack of molt

in adults of that species prior to autumn migration
(Dwight 1900) probably accounts for this difference.

Studies at lower latitudes have suggested that the
duration of the breeding season for some Nearctic–
Neotropic migrants is brief. Winker et al. (1992) stud-
ied passerine migration in Minnesota at ;458N and
concluded that many species spend ,30% of their
annual cycle on their breeding grounds. In this
study, at 64859N and much nearer to the final desti-
nations of high-latitude migrants, we estimated that
populations of Nearctic–Neotropic migrants cap-
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tured at our study site occupy their breeding ranges
for ,25% of their annual cycles, and that Nearctic–
Nearctic migrants average 33% of their annual cycles
on those high-latitude breeding ranges.

The 48 day difference between median spring and
autumn passage dates of Alder Flycatchers in inte-
rior Alaska suggests that that species spends just
13% of its annual cycle on those northern breeding
grounds. That is the shortest period of breeding
range occupancy yet documented for a population or
species of migratory passerine. In comparison, a low-
er-latitude study estimated 73 days between median
dates of spring and autumn passage of Alder Fly-
catchers (adults only; Hussel 1991a, b).

We estimated that some Alaska populations of Yel-
low Warblers occupied their breeding range for 84
days, which suggests decided compression when
compared with the 104 days estimated to be required
to accomplish breeding-season activities in Manito-
ba, at 50819N (Busby and Sealy 1979). Other studies
of Yellow Warblers also indicate that breeding activ-
ities at high latitudes are indeed compressed. Studies
by Briskie (1995) and Rimmer (1988) provide an es-
timate of 79–115 days required by Yellow Warblers
for breeding range activities at other high-latitude
sites, and that is concordant with our estimate of 84
days for completion of breeding season activities for
this species in interior Alaska.

Breeding-season activities begin later in Alaska
compared with other latitudes. For example, in Pal-
omarin County, California, juvenile Swainson’s
Thrushes have been observed as early as 15 May
(Johnson and Geupel 1996), and juvenile Wilson’s
Warblers have been observed as early as 15 April
(Chase et al. 1997). The median date of spring arrival
of adults of those two species in Fairbanks, Alaska,
does not occur until 15 May. Further, in Orange-
crowned Warblers, nest construction has been ob-
served in early March on Channel Island, California
(Sogge et al. 1994). In contrast, Orange-crowned
Warblers do not arrive in central Alaska until ;75
days later.

The latest date on which freezing temperatures
have occurred in spring in Fairbanks was 13 June
(1922), and the earliest date of freezing temperatures
in autumn was 3 August (1944; based on a 95-year
National Weather Service record). At the extreme,
therefore, that region has the possibility of delivering
only 51 consecutive days of temperatures greater
than 08C. In that region, Alder Flycatchers arrive
near the record last date of frost in spring and leave
before the record first date of frost in autumn (Fig.
1). That is probably not a coincidence. It is well
known that flying insect availability is negatively af-
fected by frosts, and that would seem to provide
strong selection against Alder Flycatchers’ occupa-
tion of their breeding grounds during times of po-
tential frost. Other insectivorous birds probably for-
age on a more diverse prey base when flying insects

are not available and are therefore able to withstand
early and late frosts in extreme years.

Summer at high latitudes is brief. Nearctic–Nearc-
tic migrants averaged 119.8 days between spring and
autumn median dates of passage, and Nearctic–Neo-
tropic migrants averaged 90.6 days. All but one Ne-
arctic–Neotropic species, the Yellow-rumped War-
bler, appeared to time their arrivals and departures
to occur within the long-term average of 105 days of
frost-free temperatures in Fairbanks, Alaska (Fig. 1).
Nearctic–Neotropic migrants rely primarily on in-
sects for food, and are likely to be present as that re-
source waxes, becomes abundant, and then wanes.
Conversely, most of the Nearctic–Nearctic species we
studied rely on a seed- or fruit-dominant diet in win-
ter, accounting for their ability to be present during
periods of frost and indeed frozen conditions. Fur-
ther, Nearctic–Nearctic migrants may be better
adapted to adverse climatic conditions, which they
may also experience on wintering areas. In north-
western North America, the Nearctic–Neotropic mi-
grants we studied time their breeding-range occu-
pancy to occur within the summer frost-free period
and complete their annual reproductive cycle in a
brief temporal window.
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ABSTRACT.—Arabian Babblers (Turdoides squami-
ceps) are territorial, cooperative breeding passerines
that inhabit extreme deserts and live in groups all
year round. All members of the group feed nestlings
in a single nest, and all group members provision at
similar rates. Nestlings are altricial and fledge at
about 12 to 14 days, which is short for a passerine of
its body mass. Because parents and helpers feed
nestlings, we hypothesized that the growth rate of
nestlings is fast and that they fledge at a body mass
similar to other passerine fledglings. Using a logistic
growth curve, the growth rate constant (k) of nest-

4 Address correspondence to this author. E-mail:
degen@bgumail.bgu.ac.il

lings was 0.450, which was 18% higher than that pre-
dicted for a passerine of its body mass. Asymptotic
body mass of fledglings was 46 g, which was only
63% of adult body mass, a low percentage compared
to other passerines. Energy intake retained as energy
accumulated in tissue decreased with age in babbler
nestlings and amounted to 0.29 of the total metabo-
lizable energy intake over the nestling period. How-
ever, energy content per gram of body mass in-
creased with age and averaged 4.48 kJ/g body mass.
We concluded that our hypothesis was partially con-
firmed. Growth rate of babbler nestlings was rela-
tively fast compared to other passerine species, but
fledgling mass was relatively low.

Deserts are characterized by unpredictable rainfall
and unpredictable, often sparse, food availability



520 [Auk, Vol. 118Short Communications

(Evenari et al. 1982), which can lead to a relatively
slow growth rate of nestlings. The Arabian Babbler
(Turdoides squamiceps) inhabits extreme deserts,
which suggests that the growth rate of babbler nes-
tlings would be slow. However, that does not appear
to be the case because nestlings fledge at 12 to 14
days (Zahavi 1990), which is short compared to pas-
serines of similar body mass (Ricklefs 1968). Conse-
quently, nestlings have either a fast growth rate or
they fledge at a low body mass, or both.

Arabian Babblers are cooperative breeders and
parents and helpers participate in the feeding of nes-
tlings. All group members provision at similar rates,
irrespective of sex or dominance rank within the
group (Wright 1997, 1998) and, therefore, we hy-
pothesized that the growth rate of nestlings is fast.
To test that hypothesis, we determined growth rate
of babbler nestlings using a logistic growth curve
and compared results with other passerines. We also
measured energy use in babbler nestlings and esti-
mated body-energy accumulation during growth.

Materials and Methods.—Study species and study
site.—The Arabian Babbler (65 to 85 g) is a passerine
species distributed in Saudi Arabia, Sinai, and in
some of the extreme deserts of Israel, and is the only
bird species in Israel that lives in groups year round.
Those groups are territorial with the number of birds
per group generally between 3 and 5 individuals, but
the range is between 2 and 22 (Zahavi 1990).

Egg laying in each group of babblers takes place in
one nest usually between February and August.
Three clutches are possible. Breeding females lay be-
tween 3 and 5 eggs during each clutch and, where
more than one female lays, the total number of eggs
can reach 13. Maximum number of fledglings from
one nest is about six. All members of the group par-
ticipate in all phases of nesting and rearing young
(Zahavi 1989, 1990).

All birds, including nestlings, were color banded.
To determine growth rate of nestlings, 77 chicks from
24 nests were used; all nests were attended by par-
ents and helpers. Five nests had a brood of two, 10
had a brood of three, 8 had a brood of four, and 1
had a brood of five. All nests were observed daily,
and time of hatching was determined in each. Age of
nestlings was measured in days. Changes in body
mass of nestlings were followed by periodically
weighing them over the nesting period and pooling
the total of 547 measurements that were made (De-
gen et al. 1992).

The study was done at the Nature Reserve at Hatz-
eva (308459N; 358159E) in the Arava, ;30 km south of
the Dead Sea. That site is characterized by long, hot,
dry summers. It has a winter rainfall that averages
35 mm annually, but there are large variations in to-
tal rainfall and in its temporal and spatial distribu-
tion. Average daily air temperature for the hottest
(August) and coldest (January) months are 308C and
158C, respectively (Stern et al. 1986).

Doubly labelled water measurements. Field metabol-
ic rate (FMR) and water flux of babbler nestlings
were measured from February to August, 1996. Nes-
tlings (n 5 65) were injected subcutaneously with 70
ml/g water whose oxygen was 95% 18O and whose
tritium produced 1.85 MBq/mL. Injections were
done between 0900 and 1100 (GMT 1 2 h). One hour
was allowed for equilibration of the isotopes with
body fluids (Degen et al. 1981), after which time a
blood sample was collected from a brachial vein and
the nestling was weighed on an electronic balance
(60.2 g). Further blood samples were taken daily for
the next one to two days at the same hour.

Blood samples were microdistilled under vacuum
until dryness to obtain pure water. Specific activity
of tritium in the water was measured by liquid scin-
tillation spectrometry (Nagy 1983). Level of 18O spe-
cific activity was measured by an autogamma count-
ing system (Packard) after converting 18O to
gamma-emitting 18F by cyclotron-generated proton
activation (Wood et al. 1975). Blood samples from
three noninjected nestlings from different nests were
treated similarly to measure background levels of 18O
and tritium.

Total body water (TBW) of each nestling was cal-
culated from the initial dilution volume of isotopic
water, and water fluxes were calculated from the
subsequent decline in specific activity of tritium over
time (Degen et al. 1981). We were suspect of the exact
injection volume in some nestlings and, therefore,
there were 48 TBW measurements of the 65 injected
nestlings. In nestlings without TBW measurement,
TBW values from the regression analysis of TBW on
body mass was used (see results) to calculate water
flux and FMR (Anava et al. 2001). Total body solids
were calculated as the difference between body mass
and total body water. Rates of CO2 production were
estimated from the declines in specific activities in
tritium and 18O over time (Nagy 1980). Eight samples
could not be measured for 18O and, therefore, there
were 57 FMR measurements.

Treatment of data. A logistic equation was used to
describe the growth curve of nestlings (Ricklefs
1968). We calculated the age of maximum growth
rate (in days) and maximum growth rate (in grams
per day) at the inflection point. To compare the
growth rate of Arabian Babbler nestlings with other
bird species, we determined the time required to
grow from 10 to 90% (t10–90) of asymptotic body mass
(Ricklefs 1968).

Rates of CO2 production of babbler nestlings were
converted to rates of heat production and energy in-
take on the basis of an insect diet: 25.7 J were ex-
pended per milliliter of CO2 produced (Nagy 1983)
and metabolizable energy was 0.75 of gross energy
(Robbins 1983). We assumed water influx equalled
metabolic and preformed water from food. For in-
sects, a volume of 0.660 ml of metabolic water was
generated per milliliter of CO2 produced (Nagy



April 2001] 521Short Communications

FIG. 1. Body mass of Arabian Babbler nestlings in
relation to age. The line represents the logistic
growth curve (see text).

FIG. 2. Total body water volume of Arabian Bab-
bler nestlings in relation to body mass.

1983). Preformed water intake was calculated as the
difference between water influx and metabolic water.

We used FMR, growth rate, and changes in total
body solids to calculate the energy budget of nest-
lings. Metabolizable energy intake (MEI) of the
growing Arabian Babbler nestlings was expressed in
terms of heat production (HP) plus or minus energy
retention (ER) accumulated in new tissue. HP was es-
timated from the DLW measurements and ER from
the changes in body solids of the growing nestlings,
assuming that 21.3 kJ were accumulated as body en-
ergy per gram of body solid gain (Weathers and Sul-
livan 1991). Dry-matter intake was calculated from
the MEI, assuming 20.3 kJ of metabolizable energy
were yielded per gram dry matter (Nagy 1983).
Fresh-matter intake was the sum of dry matter and
preformed water of the diet. Total ER as a fraction of
total MEI was determined on a daily basis and over
the whole nestling period.

Results.—Nestling development and growth.—Arabi-
an Babblers at hatching weighed 4.47 6 0.61 g (n 5
37) or 6.2% of adult body mass. Hatchlings were
completely naked and their eyelids were fused. Their
eyes opened between four and six days, during
which time feathers emerged. As fledglings, aged 12
to 14 days, their bodies were covered with plumage,
but development of wings and tail were not complete
and, as a result, they were unable to fly. Tarsus
length on day 10 (36.7 6 1.53 mm, n 5 24) was 96.6%
of adult size (38.8 6 0.91 mm, n 5 110).

From the growth curve (n 5 547) of nestlings (n 5
77) described by the logistic curve (Fig. 1; Appen-
dix), the asymptotic body mass of the babblers was
46.0 g and the constant parameters B and k were 13.3
and 0.450, respectively. The ratio between asymptote

body mass and mean adult mass (72 g) was 0.63.
Maximum growth rate of nestlings, 5.17 g/day, was
attained at 5.74 days and the time required to grow
from 10 to 90% of asymptotic body mass (t10–90) was
9.76 days

Total body water, water flux and field metabolic rate.
Total body water volume (TBW; in milliliters), esti-
mated from 18O space, increased linearly with body
mass (mb; in grams), TBW 5 0.711 mb 1 1.781 (n 5
48; Sb 5 0.36; Sy.x 5 1.75; r2 5 0.89; and P , 0.001, Fig.
2). However, TBW, as a fraction of body mass, de-
creased linearly with body mass (in grams), TBW 5
0.86120.0028 mb (n 5 48; Sb 5 0.001; Sy.x 5 0.06; r2 5
0.11; and P , 0.05).

Both water influx and water efflux increased line-
arly with body mass. The regression equation of wa-
ter influx (milliliters per day) on body mass (in
grams) was Water influx 5 0.352 mb 1 5.221 (n 5 65;
Sb 5 0.06; Sy.x 5 3.56; r2 5 0.36; and P , 0.001), and
water efflux (milliliters per day) on body mass (in
grams) was Water efflux 5 0.490 mb2 2.051 (n 5 65;
Sb 5 0.05; Sy.x 5 2.99; r2 5 0.61; and P , 0.001, Fig. 3).
Water efflux at 22.8 ml/day equalled water influx
and this occurred at ;50 g body mass. Field meta-
bolic rate (FMR) of the nestlings increased linearly
with body mass (Fig. 4). The regression equation of
FMR (kilojoules per day) on body mass (in grams)
was FMR 5 1.52 mb2 4.35 (n 5 57; Sb 5 0.37; Sy.x 5
19.12; r25 0.24; and P , 0.001).

Discussion.—Arabian Babblers attain adult body
mass between 8 and 12 months of age (A. Anava un-
publ. data). The nestling phase (12 to 14 days) is
short compared to other passerines of similar body
mass and to passerines in general (Ricklefs 1968).
Shortening the nestling period can (1) allow adults
to produce more clutches per year; (2) reduce the risk
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FIG. 3. The effect of body mass on water influx
(solid circles) and water efflux (open circles) in Ara-
bian Babbler nestlings.

FIG. 4. The effect of body mass on field metabolic
rate (FMR) in Arabian Babbler nestlings.

FIG. 5. Metabolizable energy intake (MEI); field
metabolic rate (FMR), heat production (HP); metab-
olizable energy for maintenance (MEm); and energy
retention (ER) of Arabian Babbler nestlings. The area
between FMR and MEm represents the heat incre-
ment of feeding for growth. Values were based on lo-
gistic growth curve (see text).

of predation (Lack 1968); and (3) allow adults and
fledglings to move from the nesting site to forage
new patches. During the nestling period of babblers,
skeletal development is fast, which is typical of most
passerines. However, that is not the case with the de-
velopment of feathers and body size and, as a result,
fledglings are unable to fly and to forage indepen-
dently for about two months (A. Anava pers. obs.).
They are dependent on their parents and helpers for
food. Thus, those fledglings are like nestlings, but
are outside the nests.

The growth rate constant (k) was 0.450/day which
was 18% higher than that predicted (0.381/day) for
a passerine of its body mass (Ricklefs 1968). The time
required to grow from 10 to 90% of its body mass
(t10–90) was 9.76 days which was 17% faster than that
predicted (11.4 days) for a passerine of its body mass
(Ricklefs 1968). The ratio between the asymptote and
adult mass, 0.63, is one of the lowest in passerine
species (Bateman and Balda 1973, Degen et al. 1992,
Weathers et al. 1990, Woolfenden 1978).

Water content, as a fraction of body mass, de-
creased with age in babbler nestlings. A reduction
has been reported in other birds (Robbins 1983,
Rowe 1990) and is related to an accumulation of
body lipid in growing nestlings (O’Connor 1977,
Robbins 1983). Water efflux and influx increased
with body mass in growing nestlings. Near fledging
(46 g), mass specific water influx was 46 ml g–1 day–1

which was similar to the 41 ml g–1 day–1 found for
adults (Anava 2000) and similar to Northern Shrike
(Lanius excubitor) nestlings near fledging (Degen et
al. 1992).

Metabolizable energy intake followed a sigmoidal
curve, as has been reported for Northern Shrikes

(Degen et al. 1992). It increased with age (Fig. 5) and
reached its peak (72 kJ/day) at 10 days of age. Total
metabolizable energy intake (MEI) per chick over the
nesting phase of 1 to 14 days was 759.4 kJ. This is
only 68.5% of the predicted MEI (kJ/nestling) cal-
culated from an equation generated from fledgling
body mass and fledging time (Weathers 1992). The
ratio of ER to MEI decreased from 0.62 at 1 day of
age to 0.05 at 14 days of age (Appendix). Growing
nestlings required more energy for maintenance and
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thermoregulation and, therefore, a smaller propor-
tion of MEI was available for growth. Thus, even if
the efficiency of utilization of energy for growth re-
mained constant, that is, the relative proportions of
heat increment of feeding for growth and of ER
stayed constant, the ratio of ER to MEI would de-
crease. However, concomittantly, as nestlings grew,
the ratio of ER per change in body mass increased
from 3.18 kJ per g body mass in nestlings of 1 day to
5.65 kJ per g body mass in nestlings of 14 days. The
nestlings were putting on proportionately more
body solid and more lipid as they grew, and thus the
energy content per change in body mass increased
with age. Average energy content per gram of body
mass over the whole nestling period was 4.48 kJ per
gram.

Calculated total dry matter and fresh matter in-
takes of each young over the 14 day nestling period
was 35.8 and 202.3 g, respectively. Mass-specific dai-
ly dry matter intake generally decreased with age
and ranged between 0.07 and 0.11 per gram of body
mass. Lowest fresh-matter intake per day as a frac-
tion of body mass was 0.52 at 12 to 14 days of age
and highest fresh-matter intake as a fraction of body
mass per day was 1.49 on the day after hatching.
Red-backed Shrikes (Lanius collurio) had an overall
fresh-matter intake per day of 0.56 body mass with
a daily range of 0.40 to 0.78 (Diehl 1971) and North-
ern Shrikes had a daily intake of 0.38 to 0.85 of body
mass.

We concluded that our hypothesis was partially
confirmed. Growth rate of Arabian Babbler nestlings
was relatively fast compared to other passerine spe-
cies, but fledging mass was relatively low. A conse-
quence of early fledging could be that predation is
reduced and foraging area in a harsh environment is
increased.
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APPENDIX. Parameters of the nestling Arabian Babbler’s energy budget.

Age
(d)

mb
a

(g)
Dmb

(g)
ERb

(kJ/day)
FMRc

(kJ/day)
MEId

(kJ/day) ER/MEI

0
1
2
3
4
5

3.22
4.86
7.19

10.36
14.40
19.18

0.00
1.64
2.33
3.17
4.04
4.77

0.00
5.21
7.74

11.13
15.23
19.38

3.14
3.16
6.58

11.40
17.54
24.80

8.37
14.32
22.53
32.77
44.18

0.622
0.540
0.494
0.465
0.439

6
7
8
9

10

24.32
29.32
33.76
37.36
40.09

5.14
5.01
4.43
3.60
2.73

22.49
23.48
22.00
18.67
14.60

32.61
40.22
46.96
52.44
56.59

55.10
63.70
68.96
71.11
71.19

0.408
0.369
0.319
0.263
0.205

11
12
13
14
Total

42.05
43.40
44.31
44.91

1.96
1.35
0.91
0.60

41.7

10.71
7.51
5.10
3.38

219.1

59.56
61.62
63.00
63.91

543.5

70.28
69.12
68.09
67.29

759.4

0.152
0.109
0.075
0.050
0.289

a Mean body mass (mb; gram) 5 46/[(1 1 13.27) 3 e20.453t].
b Daily energy retention (ER) calculated as: ER 5 fraction of body solids 3 Dmb 3 energy yield. ER 5 (1 2 (0.865–0.0029 3 mb)) 3 Dmb 3 21.3.
c Field metabolic rate calculated from the equation: FMR 5 1.52 3 mb

24.35.
d Metabolizable energy intake: MEI 5 FMR 1 ER.
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ABSTRACT.—Arabian Babblers (Turdoides squami-
ceps) are territorial, cooperative breeding passerines
in which groups consist of parents and helpers. All
members of the group feed nestlings in a single nest
and all group members provision at similar rates. We
hypothesized that the field metabolic rate (FMR) of
Arabian Babbler nestlings is related to group feed-
ing; that is, FMR would be greater in nestlings of
larger rather than smaller sized groups. To test that
hypothesis, we measured FMR of 10 day old nes-
tlings from small (2 and 3 individuals), medium (4
and 5 individuals), and large (6 or more individuals)
groups. We also determined number of hatchlings
and fledglings produced per group. There was an in-
crease in body mass and FMR from small to medi-
um-sized groups, but there was a levelling off or de-
crease in those parameters in large groups. That
suggests that there is an optimum group number for
provisioning nestlings, above which there may be a
negative effect. The relationship between group size
and annual number of eggs was not significant, but
there was a positive and linear relationship between
group size and annual fledglings production. Thus,
more eggs reached the fledgling stage with an in-
crease in group size, suggesting that larger groups
are better able to defend the nest against predators.

There are over 200 species of cooperative breeding
birds in which parents and helpers feed nestlings
(Brown 1987). Group size varies within species, and
the significance of the number of individuals has
been researched and discussed extensively (Wright
1998, Shaw and Shewry 2000). It has been suggested
that because helpers provision nestlings, they can in-
crease the productivity of the group. Helpers can re-
duce the onus placed on parents to provision nes-
tlings and reduce the parents’ reproduction costs
(Rabenold 1990, Sydeman 1989), which can allow the
parents to nest more frequently and produce more
offspring.

The Old World genus Turdoides includes 29 species.
Of these babbler species, 14 are known to be coop-
erative breeders and 12 are likely to be so (see Shaw

4 Address correspondence to this author E-mail:
degen@bgumail.bgu.ac.il

and Shewry 2000). Territories are usually passed
through the males, whereas the females disperse
more readily (Gaston 1978a, Shaw and Shewry 2000).
The Arabian Babbler (T. squamiceps) inhabits extreme
deserts and is the only bird species in Israel that lives
in groups year round. Those groups are territorial,
with number of birds per group generally between 3
and 5 individuals, but can range between 2 and 22.
Each group usually contains one breeding pair;
young birds do not disperse for one to three years,
during which time they act as helpers (Zahavi 1989,
1990). Zahavi (1974, 1990) found either no relation-
ship between group size and number of fledglings
produced or, when there was a relationship, it was
restricted to smaller groups and to certain years.
Wright (1998), studying babblers at the same site
over a three year period, found that larger groups
produced more fledglings.

Arabian Babbler helpers and parents provision
nestlings at similar rates, irrespective of sex or dom-
inance rank within the group (Wright 1997, 1998).
Consequently, nestlings from large groups should
receive more food than nestlings from small groups.
We hypothesized, therefore, that group size has an
effect on the field metabolic rate (FMR) of nestlings;
that is, field metabolic rate would be greater with an
increase in group size. To test that hypothesis, we de-
termined FMR and body mass of nestlings from dif-
ferent sized Arabian Babbler groups. We also deter-
mined the number of nestlings and fledglings
produced by the groups.

Materials and Methods.—Study species and study
site. We divided the groups of babblers into three
size categories: small included 2 and 3 individuals,
medium included 4 and 5 individuals, and large in-
cluded 6 or more individuals. The study was done
from January 1994 to December 1995 at the Nature
Reserve at Hatzeva (308459N, 358159E) in the Arava,
;30 km south of the Dead Sea. The Arabian Babbler
and the site have been described (Anava et al. 2001).

Doubly labelled water measurements. Measurements
of FMR and water flux on 10 day old Arabian Babbler
nestlings were done as described by Anava et al.
(2001). Only one nestling, chosen at random, was
measured per nest.

Treatment of data. The study was done over two
breeding seasons on 36 groups. We collected data on
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TABLE 1. Water efflux, field metabolic rate and body mass of 10 day old nestling babblers from small (2–3
adults), medium (4–5 adults) and large (6–9 adults) groups. Values are means 6 SD. Values within rows
with different superscripts are different from each other (P , 0.05).

Group size Small Medium Large

Sample size
Body mass (g)
Water efflux (ml/d)
Field metabolic rate (kJ/d)

14
35.9 6 1.54a

13.6 6 1.18a

43.3 6 6.53a

24
39.8 6 1.24b

15.9 6 0.95b

59.6 6 5.6b

20
38.7 6 2.18ab

14.5 6 0.90ab

46.1 6 5.13a

TABLE 2. Annual reproductive characteristics and success in Arabian Babblers of different group sizes. Val-
ues are means 6SD. Values within columns with different superscripts are different from each other (AN-
OVA, P , 0.05).

Group
size n

Number of
nesting

attempts Eggs Hatchlings Nestlings Fledglings Fledglings/eggs

2
3
4
5
6
7
8
9

7
13
22

9
8
4
6
3

1.6 6 0.5
2.2 6 1.1
2.4 6 0.9
2.2 6 1.0
2.3 6 1.0
2.7 6 1.2
2.3 6 0.6
2.7 6 1.2

5.2 6 1.8
8.3 6 3.9
8.6 6 3.3
9.1 6 3.7
7.8 6 2.6
9.7 6 3.8
9.3 6 2.3

10.3 6 4.0

3.6 6 1.5a

5.6 6 2.8ab

5.2 6 1.9ab

6.8 6 2.3bc

7.3 6 2.5bc

8.3 6 4.1c

7.7 6 0.6bc

8.0 6 0.0bc

3.2 6 1.1a

4.8 6 2.2ab

5.0 6 2.0abc

6.0 6 2.3bd

5.8 6 3.9abcd

8.3 6 4.1d

7.3 6 1.2cd

7.7 6 0.6bc

2.4 6 0.5a

3.0 6 2.0ab

4.0 6 2.2ab

5.0 6 2.7abc

5.5 6 4.1abc

6.7 6 4.9c

7.3 6 1.2c

6.3 6 1.5abc

0.50 6 0.18ab

0.36 6 0.20a

0.51 6 0.31ab

0.60 6 0.29ab

0.68 6 0.39ab

0.59 6 0.37ab

0.81 6 0.17b

0.68 6 0.30ab

each group each year and treated the data on groups
as statistically independent (n 5 72). That seemed
justified because the helpers and composition of
some of the groups as well as the group size changed
between years. There were 20 small, 31 medium, and
21 large groups. We used a two-way analysis of co-
variance (ANCOVA) to analyze for difference of
body mass among group sizes, taking brood size as
a covariate factor. In that way, the effect of brood size
on body mass of the nestlings was removed. In ad-
dition, we used a two-way ANCOVA to analyze for
difference of FMR and water flux among group sizes,
taking body mass and brood sizes as covariate fac-
tors. Thus, the effects of body mass and brood size
on water flux and FMR were removed. Least squares
difference (LSD) was used to separate means where
significance was found. Data are presented as means
61 SD, and P , 0.05 was chosen as the lowest ac-
ceptable level of significance.

Results.—Nestling development, growth, water flux and
field metabolic rate. At 10 days of age, nestlings from
medium-sized groups had a greater body mass (P ,
0.04) than nestlings from small groups; large groups
did not differ from either small or medium-sized
groups (Table 1). FMR of 10 day old nestlings from
medium-sized groups was higher (P , 0.05) than
that of small and large groups (Table 1). Water efflux
of 10 day old nestlings from medium-sized groups
tended to be higher (P , 0.07) than that of small and
large groups (Table 1).

Reproductive success. Group size did not have a
significant relationship with annual number of eggs

(Table 2). However, the relationship between the an-
nual number of fledglings (Nf) and group size (GS)
was significant and took the form (Fig. 1):

N 5 0.316 1 0.0.805 GSf

(n 5 72; Sa 5 0.89 Sb 5 0.18; Sy.x 5 2.69; F 5 19.7, df
5 1 and 70; r2 5 0.22 and P , 0.001).

Of 169 total nesting attempts, 34.9% (59 of 169)
failed to produce fledglings. Small groups failed in
43% (20 of 46), medium-sized groups in 37% (30 of
81), and large groups in 21% (9 of 42) of nest
attempts.

Discussion.—Body mass and field metabolic rate. In
some species of cooperative breeding birds, growth
rate of nestlings is higher with more helpers (Bennun
1994), but that was not found for all communal birds
(Brown 1987, Dow and Wilmore 1990). Wright (1998)
found no relationship between group size and body
mass in 10 day old Arabian Babbler nestlings. How-
ever, in this study, body mass of 10 day old nestlings
from medium-sized groups was greater than that of
small groups and, therefore, group size had an effect
on body mass. But body mass did not increase with
group size in large groups. In fact, nestlings from the
medium-sized groups tended to have the greatest
body mass.

FMR in 10 day old nestlings basically followed the
same relationship to group size as did body mass;
that is, FMR was highest in nestlings attended by me-
dium-sized groups. That indicates that the nestlings
from the medium-sized groups received the most
food and energy and explains the difference in body
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FIG. 1. The relationship between group size
and the annual production of Arabian Babbler
fledglings.

mass of nestlings among group sizes. FMR is com-
posed of maintenance heat production and the heat
increment of feeding for growth, but does not in-
clude energy retained in the body (Kam and Degen
1997a, b). Because the nestlings of medium-sized
groups were largest, then those nestlings had a high-
er heat increment of feeding for growth than nes-
tlings from small and large groups, and that could
explain, at least in part, the higher FMR in those
nestlings.

Reproductive success: Group size effect. The effect of
helpers on reproductive success has been discussed
widely, and several theories in relation to nestling
survival and body size have emerged: (1) more help-
ers improve the survival of nestlings by antipredator
behavior (Mumme 1992, Woolfenden 1980); (2) more
helpers bring more food, and therefore chick mor-
tality due to starvation will be reduced, and growth
rate will increase (Bennun 1994); and (3) allofeeding
with more helpers will put less onus on the parents
to provide food allowing the parents to reduce the
interval between broods and produce more offspring
per year.

In general, groups with helpers are more success-
ful in reproduction than just pairs, and there is an
increase in reproductive success with an increase in
number of helpers. For example, Colonial Bee-eaters
(Merops bullockoides) with helpers have more clutches
and lower nestling mortality than just pairs (Dyer
and Fry 1980). In addition, pairs with two to three
helpers are twice as successful as pairs without help-
ers (Emlen et al. 1980). Florida Scrub Jays (Aphelocoma
coerulescens) with one to four helpers have 2.1 off-
spring, whereas pairs without helpers have only 1.2
offspring per year (Woolfenden 1980). Similar results
were found for Campylorhynchus wrens. Groups of
those wrens usually range between two to eight in-

dividuals (pair plus zero to six helpers). Without
helpers, reproductive success is extremely low; how-
ever, with two helpers (four individuals), there is a
dramatic increase in reproductive success. Increases
in number of helpers above that number results in
only moderate increases in reproductive success (Ra-
benold 1990). However, benefits have not always
been reported for cooperative breeders (Brown
1987). No effect on breeding success per nest because
of helpers was found in the Superb Fairy-wren (Mal-
urus cyaneus), in that groups (pair plus helpers) and
pairs did not differ in nestlings hatched per egg laid,
fledglings produced per hatchlings, number of nest-
ing attempts, and number of fledglings produced per
season (Nias and Ford 1992).

Babblers. No relationship between group size and
breeding success was found in the Common Babbler
(Turdoides caudatus; Gaston 1978a), Jungle Babbler
(Turdoides striatus ; Gaston 1978b), Arrow-marked
Babbler (Turdoides jardinei ; Monadjem et al. 1995) and
Bare-cheeked Babbler (Turdoides gymnogenys ; Shaw
and Shewry 2000). Results for the Arabian Babbler
have been equivocal. Zahavi (1974), observing Ara-
bian Babblers at Hazeva, first reported no relation-
ship between group size and the number of fledg-
lings produced; however, in a later study (Zahavi
1990), he found that a relationship between group
size and fledglings occurred, but it was restricted to
small group sizes and only to certain years. Wright
(1998), studying Arabian Babblers at the same site as
Zahavi, found a positive and linear relationship be-
tween group size and the reproductive success of the
parents.

Zahavi (1974) theorized that chick feeding by Ara-
bian Babbler helpers acts as a signal by the helper to
gain social prestige within the group. Competition
for social prestige can cause interference among
helpers and can actually have a negative effect on
productivity of the group (Carlisle and Zahavi 1986).
In this study, there was an increase in body mass and
FMR from small to medium-sized groups, but there
was a levelling off or decrease in these parameters in
large groups. Those results suggest that there is an
optimum group number for provisioning nestlings,
above which there may be a negative effect. That may
be due to interference among the helpers. The rela-
tionship between group size and annual egg pro-
duction was not significant, but there was a positive
and linear relationship between group size and an-
nual fledglings production. Highest percentage of
nests that did not produce nestlings was in the small
groups whereas the lowest percentage was in the
large groups. That would indicate more eggs reached
the fledgling stage with an increase in group size,
suggesting that larger groups are better able to de-
fend the nest against predators.
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