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ABSTRACT.—We compared the behavior and food intake rate of parent, nonparent and
juvenile wintering Common Cranes (Grus grus) to evaluate possible costs and benefits resulting
from parental care. Time devoted to feeding and food intake rates were highest in autumn
after arrival from the breeding areas, and decreased throughout the winter in all birds. This
decrease was in part determined by a decrease in food availability, but also by satiation, as
suggested by the increasing time devoted to resting and other nonforaging activities. Juveniles
spent more time feeding and less time alert and preening than birds of both adult classes
until February, but had achieved the same time budget as nonparent adults in March, when
most juveniles were already independent from their parents. Increased feeding time allowed
juveniles to obtain the same daily food intake as nonparent adults during the winter. Juveniles
did not change their time budget when the family was in a flock, but the net intake rate of
juveniles decreased due to interference from other birds. Parents spent less time feeding and
resting, and more time scanning than nonparents. Parental vigilance effort was higher in
isolated families than in flocks. However, parents seemed not to suffer from parental care,
since their net and absolute intake rates were higher than those of nonparent adults. Received

3 October 1991, accepted 14 June 1992.

SEVERAL STUDIES have shown that juveniles
and immatures of many bird species have a low-
er foraging ability than adults (e.g., Greig-Smith
1985, Burger 1987, Draulans 1987, Goss-Custard
and Durell 1987a, b), or are excluded by non-
parent adults from the better habitats (Gauth-
reaux 1978, Monaghan 1980, Draulans and Van
Vessem 1985, Goss-Custard and Durell 1987a,
Catterall et al. 1989). Thus, to increase the
offspring’s chance of surviving, many verte-
brates have extended parental-care periods
(Trivers 1972, Clutton-Brock 1991). Among birds,
postfledging parental care may extend through
several weeks or months, particularly in certain
long-lived monogamous species, such as sea-
birds, geese or cranes, and in cooperative breed-
ers (review in Clutton-Brock 1991). Eventually,
the rising cost of parental investment due to
increasing offspring demands should lead adults
to terminate parental care (Trivers 1974).

In Alonso et al. (1984b), we reported that fam-
ily breakup in Common Cranes (Grus grus) oc-
curred prior to departure on spring migration.
In this paper we evaluate some predictions of
Trivers’ (1974) parent-offspring conflict theory,
particularly that there should be differences in
time budget between parents and nonparents,
changes in time budget with brood size, and a

78

decrease in parental care with increasing off-
spring age. We test whether parental care re-
sults in some measurable cost to the parents in
terms of reduced food intake by comparing them
with nonparent adults. Since reserves acquired
in winter have an influence on breeding success
in the subsequent season (Ryder 1970, Ankney
and MacInnes 1978, Davies and Cooke 1983,
Black and Owen 1989a, b), parents should try
to maximize their intake rate, a strategy that
could conflict with their parental duties. The
gregarious behavior of Common Cranes during
winter provided another testable prediction, that
members of a family unit would benefit from
flocking with other birds, due to the lower in-
dividual vigilance time needed in flocks.

The study species and area used were partic-
ularly suitable for such a field study. First, Com-
mon Cranes feed almost exclusively on cereal
seeds taken from stubble and sown fields. This
enabled us to measure food intake accurately.
The variable, food intake, is more directly re-
lated to fitness than feeding time, the variable
used in many other studies. In fact, some au-
thors have shown that feeding time and intake
rate are not necessarily linearly related (Hein-
sohn 1987, Swennen et al. 1989). Second, the
unobstructed visibility and accessibility of the
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area facilitated random sampling of behavioral
observations, thereby increasing the statistical
reliability of conclusions.

METHODS

The study was carried out at Laguna de Gallocanta
in northeastern Spain (40°58'N, 1°30'W) during the
winter seasons 1980-1981 to 1985-1986, with the ex-
ception of 1983-1984. Most cranes arriving from their
breeding areas in northern Europe stage at Gallocanta
some days or weeks in November and/or December
on their way to southwestern Spain. A variable num-
ber remain there throughout the winter. During our
study, yearly peak numbers of cranes staging during
migration varied between 5,900 (February 1983) and
21,000 (February 1985), and average wintering num-
bers varied between 3,000 (January 1983) and 10,000
(December 1985-February 1986).

We spent one to two days per week in the field and
gathered data continuously from when the cranes left
the roost until they returned. Thus, our samples were
evenly distributed throughout day and season. Flocks
were located opportunistically during regular circuits
of the study area by vehicle. We did not repeat the
same circuit to avoid the influence of possible rela-
tionships of a particular site, habitat, or time of day
with activity of the birds. All flocks were plotted on
mapsscale 1:50,000. We recorded date, time, flock size,
percentage of juveniles, and type of ground cover
(cereal-sown field, cereal-stubble field, sunflower-
stubble field, plowed field, pasture, drinking place,
other). In 1984-1986 we measured food availability
at stubble fields used by focal birds, after we finished
behavioral observations. We took 20 25 x 25 ¢m ran-
dom samples of the number of cereal seeds found on
the ground.

For each flock we recorded the behavior of 1 to 10
adults and 1 to 5 juveniles; the numbers recorded of
each were approximately proportional to the numbers
in the flock. Individuals were selected randomly, but
at more or less regular distance intervals along the
flock’s longest diameter to avoid biases due to indi-
vidual’s position in the flock (Inglis and Lazarus 1981).
Birds were aged as adults or juveniles (first-winter
birds) on the basis of their head and neck color (Cramp
and Simmons 1980). We observed adults and juveniles
in order to control for possible age differences in our
sample due to flock size, food availability, ground
type, or other physical or social factor (see Alonso et
al. 1987a). Whenever possible, we recorded whether
the focal adult was identified as a parent of a family
or not. Crane flocks varied in size and age composi-
tion from one isolated family (a mated pair with their
accompanying one or two juveniles) to large groups
composed mainly of adults without offspring (im-
matures, nonbreeders and/or failed breeders) plus a
variable number of families. Frequently, we could
identify families even in large flocks by the continual
spatial proximity of parents and offspring.
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From 1980 to 1983 we observed 882 focal individ-
uals for 3 min through 60-90 % telescopes. Times spent
in the following activities were recorded to the near-
est second: feeding (head down); vigilance (head up
with stretched neck); preening; and aggression. All
other activities, including flying, also were recorded
in the field, but were pooled in the “other” category
for analysis. During 1984-1986 we reduced observa-
tion time of focal birds to 1 min, and recorded the
rate of food intake, easily identified by the charac-
teristic swallowing movement, and the number of
paces taken by the bird. The mean dry masses of seeds
were significantly different between cereal-stubble
fields (0.027 g, n = 935 seeds from 50 different fields),
cereal-sown fields (0.033 g, n = 3,000 seeds from 10
different fields), and sunflower-stubble fields (0.064
g. n = 836 seeds from 10 different fields). Therefore,
we estimated food intake rate as the product of the
number of seeds ingested per minute and the mean
dry mass of the corresponding seed sample. We de-
fined net intake rate as the dry mass ingested per
minute spent feeding (i.e. engaged in head down),
and absolute intake rate as the dry mass ingested per
minute of observation. We analyzed the seasonal vari-
ation and differences among bird groups (juveniles;
parent and nonparent adults) in: percent time devoted
to each activity; net and absolute intake rates; and
mean duration of activity bouts, taking each obser-
vation period as a data point. Additionally, since
changes in both photoperiod and moonlight intensity
affect the total time spent by the cranes on the for-
aging grounds (see Alonso et al. 1985), we also cal-
culated monthly averages for fotal daily time devoted
to each activity and total daily food consumption.
These were obtained by multiplying time-budget per-
centages and absolute food-intake rate by the month-
ly mean time cranes spent on the feeding areas, de-
fined here as total daily activity period. To calculate
the time, we determined the difference between the
mean roost departure and arrival times on 112 days
evenly distributed throughout the six winter seasons.
Later we subtracted 15 min to account for the flying
time from the roost to the first morning feeding sites,
where we began observations, plus 5 min for the
flying time between the last evening feeding sites
and the roost (estimated from our data on individual
radio tracking; for detailed description of roosting-
flight counts, see Alonso et al. 1985).

We also studied seasonal trends in net intake rate
separately for stubble and sown fields. This allowed
us to explore the relative importance of encounter
rate and handling time as limiting factors. We as-
sumed that in sown grounds net intake rate was lim-
ited mainly by the encounter rate, rather than by
handling time, since digging up each cereal seed takes
much more time than handling it. The opposite was
assumed for stubble fields, where the abundance of
superficial grain determined a high encounter rate;
and handling each individual seed probably was the
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Seasonal variation in (A) percent time and (B) total daily time spent on different activities by

nonparent adults (white bars and dots), parents (black bars and dots), and juveniles (hatched bars and black
triangles). The 95% confidence intervals of percent times shown. Note the different scale in aggression. Sample
sizes from November to March: 353, 586, 416, 497, and 302 for nonparents; 107, 130, 106, 79, and 63 for parents;

and 189, 269, 216, 234, and 219 for juveniles.

limiting factor (for similar approach, see Sutherland
et al. 1986).

Sample sizes, respectively, for 1980-1981 through
1985-1986, were 427, 407, 48, 1,659 and 1,297 focal
birds. We tested interannual differences in behavior
by comparing monthly samples from each year, and
found significant differences (Mann-Whitney U-test)
only between: December 1984 and 1985 in percent
time feeding in nonparent adults; and between Jan-
uary 1985 and 1986 in percent time feeding in juve-
niles. We also tested possible differences between the
1980-1983 and the 1984-1986 samples. Daily and sea-
sonal trends and age differences were identical in
both data groups. Thus, we combined the data from
the six winter seasons for analysis resulting in 3,132
min for nonparent adults (2,154 birds), 705 min for
parents (485 birds), and 1,765 min for juveniles (1,199
birds).

Since all activities defined were not always per-
formed by focal birds within the observation period,
many distributions were skewed or had a relatively

large number of zero scores. No suitable transfor-
mation was available for distributions like these (see
also Goss-Custard and Durell 1987a). Therefore, we
analyzed data by nonparametric methods (Mann-
Whitney U-test or Kruskal-Wallis test; Siegel 1956).
To further assess reliability of our results, subsets of
these variables excluding zero scores (which were
analyzed separately)also were subjected to equivalent
parametric tests (t-testand ANOVA) after logarithmic
transformation (bouts and intake rates) or arcsin
transformation (percent times). Since feeding time
increased with flock size (unpubl. data), we also per-
formed analyses of covariance (Sokal and Rohlf 1969)
on all variables including the logarithm of flock size
as a covariate. Two-tailed probability values are given
for all analyses.

RESULTS

Seasonal trends in time budget.—Percent time
feeding decreased throughout the winter in all
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birds (Fig. 1A; Kruskal-Wallis test, all P < 0.001).
Percent time spent on vigilance increased with
season in parents and juveniles (Kruskal-Wallis
test, P = 0.026, and H = 30.76, P < 0.001, re-
spectively H = 11.07), but did not change in
nonparent adults (H = 7.46, P = 0.113). Total
daily feeding time also decreased with season,
except for small increases in February for par-
ents and juveniles, and in March for nonparent
adults (Fig. 1B). Total daily vigilance time still
showed an increasing seasonal trend. The time
spent preening increased between November
and February, and decreased in March in all
birds based on percent times (Fig. 1A; H =62.79,
P < 0.001 in nonparent adults; H = 9.96, P =
0.041 in parents; and H = 7.26, P = 0.123 in
juveniles) and total times (Fig. 1B). The time
spent on aggression showed a peak in midwin-
ter in nonparent adults (Fig. 1A, H = 22.72, P
< 0.001; see also Fig. 1B), did not change in
parents (H = 2.97, P = 0.562), and increased with
season in juveniles (H = 9.86, P = 0.043). The
time devoted to other activities increased in all
birds (H = 33.66, 21.89, and 53.15, respectively,
for nonparents, parents and juveniles; all P <
0.001).

Cranes interrupted feeding with short vigi-
lance bouts (only a few seconds, see below) or
long resting-preening bouts (several minutes to
over 1 h). Therefore, our observation periods
included many samples with zero feeding,
which corresponded mostly to resting time. This
resting time increased with season in all birds
(Fig. 2A). After eliminating resting time by ex-
cluding observation periods with zero feeding,
the seasonal decreasing trend in percent feed-
ing time and increasing trend in percent vigi-
lance time remained in parents and juveniles
(Fig. 2B; F, 350 = 2.53, P = 0.040 for feeding time
in parent adults; F, 05 = 4.98, P < 0.001 for
feeding time in juveniles; F, 55, = 3.05, P = 0.017
for vigilance time in parent adults; F, ;,s = 4.59,
P = 0.001 for vigilance time in juveniles). Sea-
sonal trends remained unchanged in nonparent
adults. This suggests that the “true” vigilance
time (i.e. during feeding) did increase with sea-
son in parents and juveniles, but not in non-
parent adults.

Seasonal trends in activity bouts.—The length
of feeding bouts did not change in parents (F, ;s
= 0.68, P = 0.608), decreased in juveniles (F,,;
= 470, P = 0.001), and was not clear in non-
parent adults (Fig. 3A). The length of vigilance
bouts increased with season in all birds (F, s
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Fig. 2. Seasonal variation in number of observa-
tion periods with (A) zero feeding time, and (B) per-
cent time spent feeding and alert, excluding periods
with zero feeding time. White dots and bars for non-
parent adults; black dots and bars for parent adults;
hatched bars and black triangles for juveniles. The
95% confidence intervals of percent times shown.
Sample sizes from November to March: 309, 464, 300,
318, and 211 for nonparents; 97, 114, 78, 60, and 45
for parents; and 180, 245, 181, 192, and 212 for ju-
veniles.

=298, P = 0.018 in nonparents; F,,,, = 7.41, P
< 0.001 in parents, and F,,;, = 7.05, P < 0.001
in juveniles), but this increase was due to the
seasonal increase of the vigilance bout in the
subsample of zero feeding in nonparent adults
and juveniles (F,,; = 3.98, P = 0.003, and F, 5,
= 3.51, P = 0.009, respectively). Excluding zero
feeding observations, the seasonal increasing
trend disappeared in nonparent adults and ju-
veniles (F, 05, = 1.75,P=0.137, and F, ;,, = 1.94,
P = 0.102, respectively). However it remained
in parents (F,;,, = 4.14, P = 0.003; Fig. 3B), in
which the duration of the vigilance bout in the
zero-feeding subsample (i.e. resting and preen-
ing) did not change with season (F,,; = 2.46, P
> 0.05). The length of preening bouts did not
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Fig.3. Seasonal variation in mean duration of (A)
feeding bouts and (B) vigilance bouts. White dots for
nonparent adults; black dots for parent adults; tri-
angles for juveniles. The 95% confidence intervals
shown.

change with season (F,;,; = 1.15, P = 0.334 in
nonparents, F,,, = 1.65, P = 0.168 in parents,
and F,,, = 0.24, P = 0.870 in juveniles).

Age and parent versus nonparent differences.—
Cranes devoted most of their daily activity time
to feeding, vigilance and preening. Although
the percent time devoted to the sum of these
activities was similar in parents, nonparents and
juveniles (ca. 95% in all), their time budgets
clearly differed (Table 1; chi-square test, P <
0.001 in all intergroup comparisons). Juveniles
spent more time feeding than parents and non-
parents in all months, the difference being less
marked in March (Fig. 1A; Mann-Whitney test,
P < 0.001 until February, P = 0.004 in March).
Parents devoted less time to feeding than non-
parents through the whole winter, with month-
ly differences significant in November, Decem-
ber and January (Fig. 1A, Mann-Whitney test;
P=0.003, P < 0.001 and P = 0.039, respectively).
Percent time spent not feeding was highest in
nonparents; intermediate in parents, and lowest
injuveniles, with all birds converging onto sim-
ilar values in March (Fig. 2A). Excluding ob-
servation periods with zero feeding, each month
parents showed the lowest percent time feeding
and the highest percent time scanning (Fig. 2B,
Student’s t-test, P < 0.001 in all comparisons
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with other birds). Juveniles showed the highest
feeding and lowest vigilance times, although
the latter equalled nonparent values in March
(P < 0.01 between November and February; in
March, t = 0.73, P = 0.466 for feeding time, and
t = 0.02, P = 0.980 for vigilance time).

Parents did not differ from nonparents and
juveniles in monthly percent time spent preen-
ing (Fig. 1A; Mann-Whitney test, P > 0.05 in
all monthly comparisons). Juveniles spent less
time preening than nonparents between No-
vember and February (P < 0.01), but equalled
them in March (P = 0.739). There were no
monthly differences in time devoted to other
activities (Fig. 1A, all comparisons P > 0.05).

The mean feeding bout was longest in juve-
niles, intermediate in nonparents, and shortest
in parents (Fig. 3A; P < 0.05 in all monthly
comparisons except parents vs. nonparents in
November and February), but the differences
disappeared in March (P > 0.35 in all March
comparisons). There were no monthly differ-
ences in the mean durations of vigilance bout
and preening bout, except in February and
March, when parents showed longer vigilance
bouts than nonparents and juveniles (Fig. 3B; P
< 0.01).

Seasonal trends and age differences in intake rate.—
Net intake rate decreased with season in all
birds (Fig. 4A, F, 15, = 64.24 in nonparent adults,
F,.1;; = 8.82 in parents, and F, ;5 = 25.05 in ju-
veniles; all P < 0.001). Net intake rate was much
higher in stubble fields than in sown fields (F, ;,,
= 78.43, P < 0.001). Therefore, we analyzed
separately the seasonal trend in stubble fields
and sown grounds. The decrease was significant
for stubble fields only in adults (F,,,; = 7.10, P
< 0.001); for sown grounds, differences were
significant for both age groups (F,;; = 17.46 in
adults, F, ;3 =7.89 in juveniles; both P < 0.001).
Net intake rate of parents was higher than that
of nonparents (Fig. 4A; Student’s ¢-test, P <
0.001 in December, February and all-winter
sample). Intake rate of nonparents was higher
than that of juveniles between November and
January (P < 0.05), and almost higher in Feb-
ruary (P = 0.066). In March, there were no age
and parent/nonparent differences (P > 0.25).
Absolute intake rate also decreased with season
in all birds (Fig. 4B; Kruskal-Wallis test, H =
205.53, 31.91 and 122.13, respectively, for non-
parents, parents and juveniles, all P < 0.001).
Parents had higher intake values than nonpar-
ents and juveniles in December and in the all-
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TaABLE 1.
Common Cranes.
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Time budget and mean duration of activity bouts (¥ + SE, with n in parentheses) in wintering

Significance of

differences?
Non-
Par- Par-  par-
ents/ ents/ ents/
non- juve- juve-
Parents Nonparents Juveniles parents niles niles
Percent time
Feeding 59.76 = 1.68(485) 6247 = 0.89 2,154 7260 1.08 1,199  *** i rEE
Vigilance 2550 + 1.19(485) 1790 = 054 2,154 15.15 071 1,199 *** A il
Preening 10.38 + 1.10(485) 15.00 = 0.65 2,154 790 061 1,199 ns b bl
Aggression 0.13 + 0.07 (485) 0.33 £ 0.05 2,154 022 0.05 1,199 * ns *
Other activities  4.23 + 0.72 (485) 430 + 038 2,154 422 048 1,199 > ns ns
Mean duration of bout (seconds)
Feeding® 35.13 £ 251 (171) 49.44 + 2.62 309 6290 3.24 241 i bl rae
Vigilance© 9.26 + 0.63 (349) 7.52 + 0.27 1,037 8.17 046 567 ol b ns
Preening 13.58 + 1.77 (91) 11.76 = 1.16 130 11.64 192 92 ns ns ns

*ns, P> 0.05 ", P <005 **, P < 001;*** P < 0.001; Mann-Whitney U-test for differences in percent time; Student’s ¢-test with logarithmic

transformation for differences in duration of bouts.
* Only observation periods of 3 min.
< Observation periods with zero feeding excluded.

winter samples (Mann-Whitney test, P < 0.001,
also P < 0.01 in February with nonparents), but
no differences were found for March (P > 0.50).
Nonparents and juveniles did not differ in ab-
solute intake rate (P > 0.10 in all months, P =
0.857 in all-winter sample).

Age differences in pacing rate, encounter rate and
handling time.—The pacing rate was studied ex-
cluding samples with no feeding given that this
variable was included to provide an estimate of
the feeding costs. Because the pacing rate is
greatly influenced by the type of feeding
ground, we analyzed it separately for stubble
and sown fields. The pacing rate of juveniles
was higher than that of adults only in sown
fields (Mann-Whitney test, P = 0.007), suggest-
ing a lower capability of juveniles in detecting
where to dig up the sown grain.

Net intake rate in sown grounds differed with
age only considering the all-winter sample (t =
3.448, df = 979, P < 0.001), but not month by
month. Assuming that net intake rate is limited
in sown grounds by the encounter rate (see
Methods), the subtle differences found suggest
that the encounter rate was only slightly higher
in adults compared to juveniles. In stubble fields,
where the limiting factor was assumed to be
handling time, age differences were significant
between November and January (-test, all
months P < 0.005), but disappeared in February
(t = 0.625, df = 65, P = 0.534). Thus, the longer

handling times in juveniles could be the major
cause of their lower net intake rates between
November and January.

Effect of brood size.—There were no significant
differences in time budget and intake rate be-
tween parents with one and two offspring
(Mann-Whitney test, df = 483, P = 0.115 for
feeding time and P = 0.100 for vigilance time,
and df = 216, P = 0.251 for net intake rate;
Student’s f-test, df = 216, P = 0.707 for absolute
intake rate).

Effect of flock size on parent| nonparent differ-
ences.—Since the time budget of wintering
cranes changes with flock size (in prep.), we
performed ANCOVAs on percent times feeding
and alert, and on net and absolute food intake
rates, including both the factor parent versus
nonparent and the logarithm of flock size as a
covariate (classes 1-8). The results showed that
the differences between parents and nonpar-
ents still were highly significant after account-
ing for flock size (F, o5, = 32.92 for feeding time,
Fi10s = 25.80 for vigilance time, and F, 4 =
7.22 for net intake, all P < 0.001; F, ,,,, = 4.04,
P < 0.05 for absolute intake rate).

Comparing the time budgets of parents in
isolated families with those in families included
in flocks, the former devoted less time to feed-
ing and more time to vigilance (Fig. 5; t = 3.30,
392 df, P =0.001, and t = 3.62, 392 df, P < 0.001,
respectively). However, since parents in isolat-
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Fig. 4. Seasonal variation in (A) net food intake
rates and (B) absolute food intake rates. White dots
for nonparent adults; black dots for parents; triangles
for juveniles. The 95% confidence intervals shown.

0.0

ed families had a higher net intake rate (Fig. 6;
t=2.29,df =216, P = 0.023), the absolute intake
rate did not differ between both groups of par-
ents (Fig. 6; t = 0.82, df = 216, P = 0.411).
Advantages of parental care to offspring.—Only
a few juveniles were seen clearly isolated from
adult birds at the end of the winter, when their
parents depart on migration (Alonso et al.
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Fig. 5. Comparison between mean percent times
spent feeding and alert by parents in isolated families
(hatched bars) versus families included in flocks (white
bars). Whiskers indicate SE.
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Fig. 6. Comparison between mean absolute and
net intake rates (+1 SE) of parents in isolated families
(black dots) vs. families included in flocks (white dots).

1984b). Most independent or nearly indepen-
dent juveniles remained in flocks of other adults
without offspring or with still dependent off-
spring. This made it difficult to quantify the
degree of independence of juveniles seen in
flocks and, therefore, to separate the effects of
being in a flock from being still dependent on
their parents. Thus, to study the advantages of
parental care to offspring, we used two different
approaches. First, we compared the time bud-
gets of juveniles clearly dependent on their par-
ents, but included in flocks with those in iso-
lated families. The time devoted to feeding was
virtually identical (t = 0.02, df = 347, P = 0.985)
and that devoted to vigilance did not differ (¢t
=0.36,df = 347, P = 0.720) between both groups
of juveniles (Fig. 7). Juveniles in isolated fam-
ilies had slightly higher net intake rates (Fig.
8; t = 2.01, df = 199, P = 0.046), although the
absolute intake rates of both groups did not
differ (Fig. 8; + = 1.55, df = 199, P = 0.122). Also,
juveniles were involved in more aggressive en-
counters with increasing flock size (Spearman’s
r, = 0.952, n = 8 log-transformed classes, P =
0.012).

Second, we excluded isolated families to
eliminate their advantageous effect for juve-
niles, and compared the intake rate of juveniles
clearly identified as still dependent on their
parents (i.e. those that followed adults closely)
with that of juveniles not clearly attached to
adult birds. Both absolute and net intake rates
were higher in the former (F,,;; = 15.08 and
F,;ss = 12.64, both P < 0.001, respectively).
However, ANCOVA accounting for flock size
as a covariate resulted in a nonsignificant effect
of degree of dependence from the parents (F, ,5,
= 264, P = 0.104, and F,,;, = 1.86, P = 0.174,
respectively). Juveniles clearly dependent on
their parents also suffered fewer attacks than
those less attached to parents (X2 = 95.12, P <
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Fig. 7. Comparison between mean percent times
spent feeding and alert by juveniles in isolated fam-
ilies (hatched bars) vs. juveniles in families included
in flocks (white bars). Whiskers indicate SE.

0.001, n = 359 and 221, respectively). In fact,
juveniles were seen more frequently on the pe-
riphery of flocks than in the center (67% vs. 33%
of all juveniles seen in flocks; chi-square test, P
< 0.001).

DiscussioN

Seasonal variation of food intake rate.—The si-
multaneous analyses of both percent and ab-
solute times spent feeding and resting and of
both net and absolute intake rates help in un-
derstanding to what extent changes in food in-
take rate are motivational or conditioned by
external factors. The proportion of daily activity
time that wintering Common Cranes spent
feeding versus resting, which is a good indi-
cator of their feeding effort, was highest in au-
tumn, just after arrival by the birds on the study
area. At this time, birds probably need to re-
plenish the energy spent on migration from
their breeding grounds and spend the maxi-
mum possible time feeding, with a minimum
time resting. The net intake rate, which rep-
resents the relative success of their feeding ef-
fort, and the absolute daily intake rate, which
indicates their energetic needs, also were high-
est in autumn. All birds in autumn probably
fed at the highest possible rate. The higher in-
take rates of parents may reflecta higher energy
deficit from having reared offspring. The fact
that some of the intake of juveniles is still being
applied to growth at this time could explain the
similarity between their intake rate and that of
the heavier nonparent adults. The abundant ce-
real grain spilled during the previous harvest
enables them to reach such high intake rates.
Sown cereal in particular is a resource for which
effective competitors are scarce, and cranes have
achieved a high degree of specialization on such
food (Alonso et al. 1984a, Sugden et al. 1988).
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Fig. 8. Comparison between mean absolute and
net intake rates (+1 SE) of juveniles in isolated fam-
ilies (black triangles) versus juveniles in families in-
cluded in flocks (white triangles).

The marked decreases in both percent and
total times spent feeding between December
and January, with only a small increase of 9
min in the cranes’ daily activity period, together
with the increase in percent time spent resting
and on other activities, suggest that in midwin-
ter birds were less stressed by food conditions
than in autumn. However, the direct benefit
from their feeding effort, expressed by the net
intake rate, decreased slightly between Novem-
ber-December and January, suggesting that
some depletion of food resources also was tak-
ing place. Finally, in February and March cranes
ingested less food per day with a higher in-
vestment in feeding time. This was in part de-
termined by the preponderance during late
winter of sown fields in which cranes had to
dig up the cereal seeds. Indeed, stubble fields
used by the cranes had higher food availability
(¥ =92.5 kg/ha, range 0-795) than sown grounds
(ca. 5% of the 180 kg sown/ha estimated from
maximum food consumption during a crop
damage study; see Alonso et al. 1987b). How-
ever, an effect of satiation over the winter also
may have played an important role, since time
devoted to resting and other activities also in-
creased during those months, and the large in-
crease in daily activity time (1.0-1.5 h with re-
spect to January) was not used mostly for
feeding. Another fact suggesting that the de-
creasing net intake rate was not completely de-
termined by lower food availability in late win-
ter was that differences in net intake rate were
detected independently in stubble fields and in
sown fields (in the latter, food abundance did
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not change among different fields, and deple-
tion was usually insignificant).

The “free” time was longer in nonparent birds,
which usually gathered during midday hours
at secondary roosts where they rested, preened,
bathed and drank. Parents fed more regularly
throughout the day and spent less time resting.
These results suggest that, after December, the
photoperiod was not a limiting factor for intake
rate. Cereal grain spilled on stubble fields was
particularly abundant during the last two years
of study, contrasting with other years in the
same area, when the limiting effect of food
availability on the number of cranes staging
and their daily time budget had lasted for a
longer time (Alonso et al. 1985).

We conclude that cranes acquire fat reserves
as soon as possible over the winter period and
later just feed to maintain appropriate intake
levels. We think that the relatively long resting
time recorded during this study might be re-
duced in other winter seasons when food con-
ditions could be worse. Our preliminary data
on seasonal changes in body mass (lowest dur-
ing autumn and reaching highest levels already
in January, in prep.) also support the conclusion
of a voluntary rather than imposed decrease in
food intake rate. This submaximal foraging vi-
olates a basic assumption of simple optimal-for-
aging models, and coincides with results from
other recent studies (Sih 1982, Kaufman and
Collier 1983, Goss-Custard et al. 1984, Erwin
1985, Swennen et al. 1989).

Cost of parental care.—In a previous study we
reported that the breakup of most Common
Crane families occurred at the end of the winter
season, when many parents departed on spring
migration leaving their offspring in the winter
quarters (Alonso et al. 1984b). This behavior
would only be adaptive if juveniles have al-
ready learned appropriate skills to ensure their
survival. The results of the present study show
that this is in fact the case. There was no pa-
rental aggression towards their offspring at the
end of the dependence period. We do not know
if juvenile independence is a gradual process
that takes place throughout the winter, or a sud-
den one with no parent-offspring conflict. When
juveniles arrived on our study area in autumn
they were still dependent on their parents and
followed them closely. The lower food-han-
dling ability of juveniles decreases their net in-
take rate, but they compensate for it by feeding
for longer periods. The result is that, as early
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as autumn, the absolute daily intake rate of ju-
veniles does not differ from that of nonparent
adults. This measurable benefit to juveniles is
possible at an apparent cost to their parents,
which devote a substantial effort to vigilance
(longer and more frequent vigilance bouts while
foraging), and spend less time resting than non-
parent adults.

Black and Owen (1989a) observed that parent
Barnacle Geese (Branta leucopsis) that remained
with young for the longest period bred more
successfully the next year, and interpreted this
as being due to a “contributor” effect of goslings
staying in the family. They suggested that off-
spring staying in the family might assist parents
by increasing the offsprings’ own vigilance bur-
den and, thus, decreasing their parents’ (see
also Brown 1982). In our study, however, the
increasing vigilance effort with season by ju-
veniles did not result in a decreasing effort by
their parents, which in fact increased their vig-
ilance time with season. This suggests that par-
ents did not benefit in any substantial way from
their offsprings’ vigilance. The other sugges-
tion for how offspring could help parents is by
winning more aggressive encounters and so
lessening their parents’ burden in conflicts with
neighbors. The seasonal increase in the fre-
quency of aggressive encounters in which ju-
venile cranes were involved and the disap-
pearance of parent aggression in March suggest
that the increasing offspring experience in ag-
gressive conflicts could help reducing parental
investment.

The social context of family groups (presence
or absence of additional birds) did not affect the
feeding and vigilance efforts of juveniles. Fur-
thermore, feeding and vigilance times of ju-
veniles in flocks did not change with increasing
flock size classes. Juveniles, in effect, always
maximize their own feeding time, regardless of
social conditions. However, since larger flocks
are characterized by a higher frequency in both
interference competition (Alonso et al. 1987a,
b), and aggressive conflicts (this study), juve-
niles in flocks had lower net intake rates. Fur-
thermore, when included in flocks, juveniles
that clearly were dependent on their parents
did not have higher intake rate than those less
dependent. This suggests that interferences as-
sociated with increasing flock sizes outweighed
the advantages of being still dependent, so that
possible dependence benefits disappeared.
Flocking, thus, was clearly disadvantageous for
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all juvenile cranes. Coversely, the immediate
effect of flocking on parent birds was an in-
crease in feeding time, because vigilance was
shared among more flock members. The longer
time devoted by parents to vigilance in isolated
families indicates that costs of parental care were
higher than in families included in flocks.

The results of intake-rate analysis showed that
parent cranes did not suffer from the decreased
feeding time imposed by the parental care, de-
spite the apparent costs inferred from parent
versus nonparent, and from isolated versus in-
cluded in flocks, differences in time budgets. In
fact, parent cranes had higher net and absolute
daily intake rates than nonparent adults, and
they also had a higher net intake rate and the
same absolute intake rate when families were
isolated than when they were included in a
flock. Since the contributor effect of their off-
spring seems not to be the main factor deter-
mining this parent benefit, we hypothesize that
parents were more experienced, including pos-
sibly older, individuals than nonparents, and
were capable of compensating for the higher
vigilance investment when the family was iso-
lated. This agrees with some findings on indi-
vidual quality and breeding success in other
bird species (review in Newton 1989). The re-
sults of our study suggest that parental care
involved no cost to parent birds in terms of
reduced intake rate and, thus, provide little ev-
idence of parent-offspring conflict. Neverthe-
less, in evolutionary terms, increased vigilance
time by parent cranes could probably affect par-
ents’ fitness in more critical situations with re-
spect to food availability.
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