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ABSTRACT.--We studied breeding biology of the European Bee-eater (Merops apiaster) at a 
colony in southern France from 1983 to 1987. Approximately 50% of the breeding birds were 
juveniles (hatched the previous calendar year), and ca. 34% of the breeding birds in any year 
were known to return to the colony in a subsequent year. The proportion of birds banded 
as chicks and not recorded breeding until 2 years of age suggests that most females attempted 
to breed at 1 year of age, but that a larger proportion of juvenile males failed to attempt to 
breed. Pairs that survived tended to breed together in successive years, and the return to the 
colony in any year of one member of a breeding pair was not independent of the return of 
the other. Bee-eaters mated assortatively with respect to age. There was a nonsignificant 
tendency for breeding adults to be more likely than breeding juveniles to have helpers at 
the nest. At nests without helpers, adult females bred earlier and laid larger clutches than 
juveniles, brood size at fledging was unrelated to the age of either parent, recruitment rate 
of offspring of adults of both sexes was about twice that of offspring of juveniles, and 
provisioning rate was unrelated to parental age. Neither habitat saturation nor low breeding 
success of juveniles provide complete functional explanations of helping at the nest in Eu- 
ropean Bee-eaters. Received 16 May 1988, accepted 19 January 1989. 

WE attempted to document differences in 
breeding performance between age classes of 
European Bee-eaters (Merops apiaster). The ques- 
tion of how breeding success is related to age 
is of particular interest in this species because 
ca. 25% of breeding pairs that hatch chicks have 
one or more helpers at the nest. Helpers feed 
the chicks, but apparently do not help at an 
earlier stage. In at least some cases helpers are 
close relatives of the breeding pair. 

There are two main questions that relate to 
age and breeding biology in species with help- 
ers at the nest. The first is the frequency of 
occurrence of young birds among the breeding 
population, and in particular whether any of 
the young birds attempt to breed at all. The 
second concern is whether young birds are as 
successful as older birds when they attempt to 
breed. These questions are of interest because 
some explanations of helping behavior posit that 
young birds either are excluded from breeding 
because suitable breeding habitat is saturated 
or mates are not available, or are not as com- 

petent as older birds at producing offspring and 
hence are selected to help relatives rather than 
attempt to breed (Emlen 1982, Brown 1987). 
These two phenomena (the exclusion of young 
birds and incompetence of young birds) are not 
necessarily mutually exclusive. 

In many bird species, young birds breed less 
successfully than their older conspecifics (Rich- 
dale 1949, Lack 1966, see Rohwer in press for a 
recent review). The components of breeding 
success most frequently known to be affected 
are clutch size and timing of breeding. In some 
cases these differences result in differences in 

the number of young fledged or recruited into 
the breeding population (e.g. Perrins and 
McCleery 1985). Egg size, hatching success, 
fledging success, frequency of renesting, and 
interclutch intervals may also be influenced by 
the age of the female. In many studies, differ- 
ences in breeding success are sought only be- 
tween first time and older breeders, but even 

in species in which breeding success continues 
to increase with age, the largest differences are 
often between first and second time breeders 

(Rohwer in press). 
In general, there are three explanations of 

correlations between breeding performance and 
age (Lack 1966, Curio 1983, Harvey et al. 1985, 
Hamann and Cooke 1987, Nol and Smith 1987, 

Rohwer in press). First, individuals may im- 
prove with age or breeding experience. If this 
were the case, changes in reproductive perfor- 
mance should be detectable in the breeding his- 
tories of individuals (Aldrich and Raveling 1983, 
Harvey et al. 1985, Hamann and Cooke 1987). 
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Second, individuals may not change within their 
lifetimes, but selective mortality of birds with 
certain phenotypes occur. In this case, repro- 
ductive performance should differ between the 
birds of any age class that subsequently do and 
do not survive to the following year (van Balen 
et al. 1986). Last, individuals may not change 
within their lifetimes, but more successful birds 

defer breeding until a greater age. In order for 
this last explanation to hold, individuals must 
vary at the age at which they start breeding. 

When breeding success increases with age, 
selection may favor those birds who choose their 
mates on the basis of age, which results in as- 
sortative mating (Ridley 1983, Perrins and 
McCleery 1985). However, assortative mating is 
not unequivocal evidence for such mate choice; 
it may also arise in populations in which pairing 
is random, but some pairs remain together in 
successive breeding seasons, or in which pair- 
ing is random at any time, but juveniles and 
adults seek mates at different times of year. 

We investigated the effect of age on the 
breeding biology of European Bee-eaters. We 
concentrated on the frequency of young birds 
among breeders and the occurrence of non- 
breeding in this segment of the population, the 
persistence of the pair-bond and occurrence of 
assortative mating, and the relationship be- 
tween breeding performance and age. 

METHODS 

We studied European Bee-eaters at a colony of ca. 
I00 pairs in an earth bank at Mas des Sarcelles, ca. 8 
km south of Aries in the Camargue region of southern 
France. Observations were made from May to August 
in 1983-1987. Fully grown birds were caught in mist 
nets in the colony or with small nets over nest bur- 
rows. These birds were marked individually with 
metal bands and acrylic paint on their tails. Tail paint- 
ing allows individual identification in the field, but 
birds must be caught and repainted each year. Birds 
were classified on the basis of plumage as juveniles 
(hatched the previous calendar year) or adults (hatched 
at least two calendar years before marking). Juveniles 
have primary coverts which are more worn and 
browner than feathers in the surrounding feather 
tracts. This technique was validated on 84 known 
juveniles and 124 known adults. Birds were sexed in 
the hand using the extent on the orange patch on the 
median and greater coverts and secondaries. This 
technique is not completely reliable, but sexes were 
confirmed in breeding pairs, and if necessary deter- 
mined from behavioral observations (courtship feed- 

ing and copulation) or winglength (Lessells and 
Ovenden 1989). 

We identified breeding adults at their nests as early 
as possible, and monitored the outcome of each breed- 
ing attempt. Juveniles were more easily mist-netted 
(pers. obs.), however, and tended to be identified ear- 
lier in their breeding attempts than adults, which 
gave a bias towards juveniles among breeding at- 
tempts that failed early. The age distribution of breed- 
ing adults was therefore estimated from those birds 
that hatched at least one chick. Similarly, in order to 
exclude from the estimate of return rates birds that 

died during their breeding attempt, we included in 
the analysis only birds that fledged chicks. Under 
these limitations, data for estimating the proportion 
of juveniles among breeders were available only from 
1984 to 1987, and data for estimating return rates, 
from 1984 to 1986. 

Breeding success.--Breeding success was analyzed 
separately with respect to the age of the male and 
female, and birds were included in the analysis ir- 
respective of whether the age of their mate was known. 
Helping behavior may increase breeding success 
(Avery, Lessells, and Krebs unpubl.), so pairs with 
helpers were excluded from this analysis. Variables 
were also excluded from the analysis when one mem- 
ber of the pair died sufficiently early in the breeding 
attempt to influence that variable. On the basis of 
identified breeding birds, males disappeared from 2.5% 
of breeding attempts (n = 279), and females from 3.6% 
(n = 282). Five variables related to breeding success 
were analyzed. (1) Hatching date was determined in 
1984-1987 by observing nests for 1 h daily from late 
incubation onwards. The hatching date was the date 
on which food was first observed being delivered to 
the nest. Infrequently birds took single items of food 
into the nest, and no further items for at least two 

days. Inspection of some of these nests with an in- 
dustrial endoscope showed that no chicks had hatched, 
and such feeds were excluded from the determination 

of hatching date. Inspection of nests also revealed 
that prey items were generally first recorded being 
taken into the nest on the day on which the chicks 
hatched, but occasionally up to two days afterwards. 
No correction was made for this. The date of first egg 
lay is commonly used as a measure of the timing of 
breeding in avian studies. We collected comprehen- 
sive and systematic data on laying dates only in 1987. 
In that year, laying date and hatching date were 
strongly correlated (r = .974, n = 41, P < .001). (2) 
Clutch size was determined in 1985-1987 by endo- 
scopic inspection of nest burrows. In 1985 we inspect- 
ed nests at various stages during incubation, and in 
1986 and 1987 generally at clutch completion. Clutch- 
es were augmented by intraspecific nest parasitism 
(pers. obs., Emlen and Wrege 1986), but no attempt 
was made to correct for this. (3) Brood size at fiedging: 
Some nests were excavated by enlarging the nest tun- 
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nel on day 23 (where the hatching date = day 1) in 
order to band the chicks. Fledging begins a few days 
later, and usually extends over several days. Brood 
size at fledging is the brood size on day 23. Chicks 
cannot be reliably counted at this age with the en- 
doscope, so brood size at fledging is known only for 
the restricted sample of nests in which chicks were 
banded in 1984-1987. (4) Recruitment rate of offspring: 
Between 15 and 20% of chicks banded at fledging 
return to the colony in subsequent years. More males 
than females return (Lessells and Ovenden 1989) and 
the return of chicks from a brood tended to be non- 

independent (i.e. there tended to be an excess of broods 
where zero or at least two chicks returned, and a 

deficit of broods where a single chick returned). Be- 
cause of this, we analyzed the proportion of chicks 
returning from a brood. Broods were included in the 
analysis only if they were banded on day 23, so the 
analysis includes broods from only 1984-1986. (5) Pro- 
visioning rate is not directly a component of breeding 
success, but may influence it, especially in view of 
the tendency for the lightest chicks in broods to die 
of starvation (Lessells and Avery 1989). We ob- 
served nests daily for 1 h from day 1 to day 23, and 
recorded all prey items taken to the nest by the male 
or female. Provisioning rate is the total number of 
prey items brought by the male or the female during 
these 23 h of observation. 

Data from this study are held in a data-base on the 
University of Sheffield's IBM 3083 computer. Data 
manipulation and most statistical analyses were car- 
ried out using SAS (SAS Institute Inc. 1985), and 2- 
and 3-way analyses of variance using SPSS-X (SPSS 
Inc. 1986). 

RESULTS 

The age of breeding birds.--Approximately 50% 
of the breeding birds (including those with and 
without helpers) that hatched chicks each year 
were juveniles, and there was no difference in 
the proportion of juveniles among breeding 
males (51%, n = 174) and females (54%, n = 180; 
X 2 = 0.14, df = 1, P > 0.70). The proportion of 
juveniles that bred did not vary greatly from 
year to year (range 43-65% for 4 yr in males 
and females separately; for difference between 
years--males: X 2 = 2.8, df = 3, P > 0.30; females: 
X 2 = 7.4, df = 3, P > 0.05). 

The return rate of breeding birds (with or 
without helpers) was somewhat lower than ex- 
pected on the basis of the proportion of adults 
among breeders. Of birds that fledged chicks, 
we recorded 33% (n = 104) of males and 35% (n 
= 111) of females in the colony in a subsequent 
year. There was no difference in the return rates 

of males and females, or of juveniles and adults 
(3-dimensional G test [Sokal and Rohlf 1981]-- 
sex: G = 0.14, df = 1, P > 0.70; age: G = 0.92, 
df = 1, P > 0.30). 

Nonbreeding by juveniles.--Given the high pro- 
portion of juveniles among breeders, it seems 
likely that most juveniles attempt to breed. Be- 
cause we did not identify all breeding birds in 
the colony each year, we cannot be certain that 
any particular bird did not attempt to breed. 
However, the relative proportions of juveniles 
and adults known to be alive (but not recorded 
to breed) can be used to estimate the relative 
frequency with which juveniles and adults failed 
to attempt to breed. Among the birds banded 
as nestlings in the colony, and subsequently 
recorded to breed at two years of age or older 
(with or without helpers), 55% (n = 11) of males 
and 40% (n = 5) of females were not recorded 
to breed as juveniles. These percentages rep- 
resent the maximum frequency of nonbreeding 
by juveniles. The actual proportion will be low- 
er because we failed to identify some birds who 
attempted to breed. In comparison, among 
breeding birds whose first and last recorded 
breeding attempts were at least 2 yr apart, no 
breeding attempt was recorded in 23% (n = 16) 
of the males in intervening years, and 50% (n 
= 18) of the females in intervening years. If we 
assume that all adults attempt to breed, we can 
estimate the number of breeding attempts over- 
looked for each recorded breeding attempt (3/ 
13 for males and 9/9 for females). Additionally, 
if we assume that breeding attempts by juve- 
niles and adults are equally likely to be over- 
looked, and that the pattern of breeding dis- 
persal (sensu Greenwood 1980) within and 
between colonies is the same for juveniles and 
adults, these ratios apply also to juveniles, and 
we can estimate the number of juveniles who 
attempted to breed, but were not recorded by 
us (5 x 3/13 males and 3 x 9/9 females). Hence 
we estimate the true proportion of nonbreeding 
juveniles to be 44% of males [(6 - [5 x 3/13])/ 
11; i.e. the number of juvenile males who ap- 
pear not to have bred, minus the number we 
estimate to have bred and been missed by us, 
all divided by the total number known to be 
alive] and -20% of females. The estimate is neg- 
ative for females because the proportion of ju- 
venile females recorded to breed was higher 
than the proportion of adult females recorded 
to breed. These estimates suggest that males are 
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TABLE 1. Assortative mating with respect to age in 
European Bee-eaters. If pairs were recorded to breed 
in more than one year, data are included only for 
the first recorded breeding attempt (X 2 = 68.6, df = 
1, P < 0.001). 

Juvenile rnale Adult rnale 

Juvenile female 1 ! 1 21 
Adult female !9 56 

less likely to breed as juveniles than females, 
but because the proportion of birds known to 
be alive that breed does not differ between adults 

and juveniles either for males (Fisher exact test, 
P = .064) or females (P = .54), these results 
should be treated with caution. 

Pair fidelity.--Pairs (with or without helpers) 
of which both members survived to the next 

breeding season generally remained together. 
Only 12% (n = 26 pair-years, involving 23 pairs) 
of surviving pairs acquired new mates. Of the 
3 pairs that separated, both members of 2 pairs 
bred with new mates; in the remaining pair, the 
male bred with a new mate and the female was 

not recorded breeding. This method of esti- 
mation will tend to underestimate the frequen- 
cy of separation because pairs that remained 
together were more likely to both be recorded 
as alive. However, we believe that separation 
is a relatively rare event. 

The known return of one member of a breed- 

ing pair was not independent of the known 
return of the other member of the pair. Of 98 
pairs fledging chicks (with or without helpers), 
both birds were recorded in subsequent years 
from 19% of pairs, the male only from 14% of 
pairs, the female only from 19% of pairs, and 
neither from the remaining 47% of pairs (3- 
dimensional G test, controlling for year [Sokal 
& Rohlf 1981]--male return x female return 
independence: G = 7.34, df = 1, P < .01). Part 
of this nonindependence may be due to our 
failure to identify all breeding pairs in combi- 
nation with pair fidelity by the birds. 

Assortative mating.--Over 80% of breeding 
pairs consists of two juveniles or two adults 
(Table 1). We have insufficient data to test for 
assortative mating in known newly formed pairs 
(cf. Lessells 1982), and the nonindependence of 
return of pair members confounds a null model 
of the type used by Perrins and McCleery (1985). 
It was therefore not possible to determine the 

extent to which the observed assortative mating 
arose from active mate choice rather than pas- 
sively through pair fidelity. 

Presence of helpers.--Adults tended to be more 
likely than juveniles to have helpers at the nest, 
but this difference was not significant (Males: 
24% (n = 85) of adults and 18% (n = 89) of 
juveniles; X 2 = 0.5, df = 1, P > 0.30. Females: 
26% (n = 83) of adults and 14% (n = 97) of 
juveniles; X 2 = 3.35, df = 1, 0.05 < P < 0.10). 

Breeding success.--We included five compo- 
nents of breeding success with respect to male 
and female age. Because of the strong assorta- 
tive mating for age, it was often not possible to 
determine whether it was male or female age, 
or both, that were causally related to breeding 
success. 

(1) Hatching date was related to the age of 
the female, but not the male (Table 2). The 
clutches of adult females started hatching about 
2.5 days earlier than those of juveniles. We re- 
corded hatching dates for 20 females in two or 
more years. We controlled for annual variation 
in laying date by expressing values as devia- 
tions from the median laying date, and indi- 
vidual females laid an average of 1.29 days ear- 
lier (+1.69 [SE], n = 14) as adults than as 
juveniles, and adults bred 1.00 day earlier (+ 3.96, 
n = 7) at successive known breeding attempts. 
Although neither of these values differ signif- 
icantly from zero, they are commensurate in 
magnitude and direction with the difference in 
the mean of all juveniles and adults. There was 
no difference between the hatching dates of 
females that did or did not return to the colony 
in subsequent years (3-way ANOVA [age, year, 
return]--return: FLs7 = 0.05, P > 0.80). 

(2) Clutch size was also related to the age of 
the female, but not of the male (Table 2). Adult 
females laid clutches that were about half an 

egg larger than those of juveniles. There were 
insufficient data to examine this difference for 

individual females. There was no difference be- 

tween the clutch sizes of females that did or 

did not return to the colony in subsequent years 
(3-way ANOVA [age, year, return]--return: 
F•,56 = 0.2, P > 0.60). 

In common with many other bird species, 
clutch size decreased seasonally (Fig. 1) in ju- 
veniles (clutch size = 9.67 - 0.0629 [hatching 
date], F, 5o = 6.56, P = 0.013) and adults (clutch 
size = 8.97 - 0.0470 [hatching date], F•,43 = 3.92, 
P = 0.054). Clutch size controlled for hatch date 
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TAI•LE 2. Breeding performance of juvenile and adult European Bee-eaters. Sample sizes are in parentheses. 

pa 

Juveniles (• + SD) Adults (œ + SD) Age Yr 

Hatching date b 
Males 61.8 + 6.30 (70) 60.1 + 6.22 (63) NS *** 
Females 62.2 + 6.35 (79) 59.7 + 6.48 (61) * *** 

Clutch size 

Males 5.80 + 1.08 (55) 6.02 + 0.96 (52) NS NS 
Females 5.73 + 1.02 (60) 6.18 + 1.01 (49) * NS 

Brood size at fledging 
Males 4.67 + 1.30 (43) 4.57 + 1.63 (40) NS NS 
Females 4.42 + 1.39 (50) 4.81 + 1.58 (36) NS NS 

Recruitment rate of offspring c 
Males 10.1% (21) 19.6% (27) * NS 
Females 11.0% (28) 21.2% (22) * NS 

Provisioning rate 
Males 156.5 + 69.2 (49) 153.5 + 68.5 (47) NS ** 
Females 128.0 + 55.0 (52) 131.0 + 66.9 (42) NS * 

• Two-way ANOVA, no significant interactions. NS = P > 0.05. * = P < 0.05, ** = P < 0.01, *** = P < 0.00L 
• Hatching date = days after 30 April (i.e. 1 = 1 May). 
• Recruitment rate was not normally distributed; we confirmed the results of the 2-way ANOVA by a Mann-Whitney U test: males, P (2-tailed) 
0.038; females, P • 0.015. 

does not differ between adults and juveniles 
(combined data: clutch size = 9.53 - 0.0588 
[hatching date], F•,95 = 12.23, P < 0.001. Age of 
females: F•, 94 = 1.64, P = 0.20). Thus, juvenile 
females laid smaller clutches later in the year 
than adults, but at any laying date, juveniles 
laid the same size clutches as adults (Fig. 1). In 
regression equations, hatching date is ex- 
pressed as days after 30 April (i.e. 1 = 1 May). 

(3) Brood size at fledging was unrelated to 
the age of either the male or female (Table 2). 
This was unexpected when we considered the 
difference in clutch size between juveniles and 
adults. Although the difference in brood size at 
fledging was not significant, adult females 
fledged about 0.4 more chicks than juveniles, 
and this difference might prove significant in 
a larger sample. 

(4) The recruitment rate of chicks was related 
to the ages of both the male and female (Table 
2). The fledged chicks of adults were about twice 
as likely as those of juveniles to return to their 
natal colony in a subsequent year. There was 
no difference in brood size at fledging between 
juveniles and adults (see above), nor was there 
a relationship between recruitment rate and 
hatching date (F•, 65 = 0.4, P > 0.50), so the dif- 
ference in recruitment rate between juveniles 

and adults cannot be attributed to differences 

in brood size or hatching date. There were in- 
sufficient data to examine the relationship be- 
tween recruitment rate and age for individual 
males or females. Parents who returned to the 

colony had offspring with a higher recruitment 
rate (Table 3). 

(5) Provisioning rate of the chicks was not 
related to the ages of either the male or female 
(Table 2). 

DISCUSSION 

In common with many other bird species, 
juvenile European Bee-eaters are less successful 
breeders than adults. Juvenile females lay 
smaller clutches later in the year, and offspring 
of juvenile males and females are less likely to 
return to the colony. In view of the high pro- 
portion of females that start to breed at 1 year 
of age, it is unlikely that any of the relationships 
are due to deferred breeding of individuals with 
superior breeding performance. Neither clutch 
size nor hatching date differ between females 
who do or do not return to the colony in sub- 
sequent years, so the relationship of these vari- 
ables to female age cannot be due to selective 
mortality. In addition, although the difference 
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Fig. 1. Seasonal decline in clutch size in juvenile 
(¸) and adult (O) female European Bee-eaters. Vertical 
bars are standard errors. Single values for sample are 
in parentheses. 

was not significant, individual females tend to 
breed earlier as they become older. Thus for 
clutch size and hatching date the observed re- 
lationships with age appear to be due to changes 
within individuals. Such age-related differ- 
ences may be due to age per se or to breeding 
experience. Some authors have attempted to 
separate these effects, but such interpretations 
must be treated with caution because of poten- 
tial differences in quality between birds first 
breeding at different ages (Harvey et al. 1985, 
Rohwer in press). We have not attempted to 
separate the effects of female age and breeding 
experience on clutch size and hatching date. 

Clutch size declines seasonally, and the 
smaller clutches of juvenile females were ex- 
plained by this decrease in combination with 
the later breeding of juvenile females. This con- 
trasts with Lesser Snow Geese (Anser c. caeru- 
lescens; Finney and Cooke 1978) in which young 
females lay smaller clutches even after con- 
trolling for laying date. Despite the differences 
in clutch size, adult females do not fledge sig- 
nificantly more young, although larger sample 
sizes might reveal this effect. 

The most striking relationship between age 
and breeding success is with the recruitment 
rate of offspring. Others have shown that adults 
recruit more offspring (e.g. Perrins and Mc- 

TASLE 3. Recruitment rate of European Bee-eater 
chicks in relation to the return of their parents to 
the colony in subsequent years. Sample sizes are in 
parentheses. 

Recruitment rate (œ) 

No return Return pa pb 

Males 

Juvenile 5.9% (16) 23.7% (5) 0.038 <0.05 
Adult 15.6% (19) 29.0% (8) 0.064 

Females 

Juvenile 6.6% (17) 17.9% (11) 0.093 <0.05 
Adult 16.3% (16) 34.2% (6) 0.027 

• One-tailed Mann-Whitney U test. 
b Two-tailed combined probability for juveniles and adults (Fisher's 

method; Sokal and Rohlf 1981). 

Cleery 1985), but they generally fledge more 
young. We found that there is a difference be- 
tween juveniles and adults in the proportion of 
offspring that return to the colony. We believe 
that European Bee-eaters are the first example 
of a possible difference in postfledging survival 
between the young of juvenile and adult par- 
ents. Bee-eaters continue to feed their young 
after fledging and, because the capture of fast- 
flying insects is a skill which may require time 
to acquire, bee-eater chicks presumably contin- 
ue to be dependent on their parents for some 
time after fledging. The welfare of the offspring 
at this stage may depend on both the rate at 
which parents can provision their young, and 
on the ability of the parents to "shepherd" the 
brood, particularly during the several days when 
the brood is partially fledged and the fledged 
chicks may be being fed at some distance from 
the colony. Alternatively, the observed differ- 
ences in recruitment may be due to a difference 
in dispersal rather than survival, although it is 
difficult to provide a functional explanation for 
such a difference. 

The lower breeding success of young birds 
may occur because they make the same repro- 
ductive effort, but are less competent (the con- 
straint hypothesis) or because they make a low- 
er reproductive effort because of quantitative 
differences from adults in a compromise be- 
tween current and future reproductive value 
(the restraint hypothesis) (Pugesek 1981, Curio 
1983). These hypotheses are difficult to distin- 
guish (Curio 1983, Rohwer in press). However, 
the equal provisioning rates of juveniles and 
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adults do not suggest restraint on the part of 
juveniles. 

About 50% of the breeding birds are juve- 
niles, which implies that few juveniles fail to 
attempt to breed. This is confirmed for females 
by a calculation based on the frequency with 
which birds that were known to be alive were 

not observed to breed. If our population is at 
demographic equilibrium, the high proportion 
of juvenile breeders implies an annual mortal- 
ity rate of breeding birds that would be more 
typical of a small temperate passerine than of 
a species with helpers at the nest (Lack 1954, 
Brown 1987). The 34% return rate of breeding 
adults is lower than expected on the basis of 
the age distribution of breeding birds in com- 
bination with the observed lack of a systematic 
decline in colony size or increase in the pro- 
portion of juveniles among breeding birds. The 
observed return rate is deflated to some extent 

by our failure to record the identities of all 
breeding birds in any year. An alternative ex- 
planation is breeding dispersal between colo- 
nies. Such dispersal would be adaptive in the 
face of variation in colony suitability due to 
food availability or predation, but is unexpected 
in a species where helping behavior appears to 
be dependent on the presence of close relatives, 
as a result of philopatry (Avery, Lessells, and 
Krebs unpubl.). 

Juvenile females do not appear to be excluded 
from breeding by habitat saturation or the lack 
of a suitable mate. The evidence is more equiv- 
ocal for juvenile males. Based on the proportion 
of birds that are known to be alive which are 

not recorded breeding, we calculated that al- 
most 50% of juvenile males may fail to attempt 
to breed. However, although this estimate is 
high, the apparent frequency of nonbreeding 
does not differ significantly between juvenile 
and adult males. Moreover, the high proportion 
of juveniles among breeding males suggests that 
few juvenile males fail to attempt to breed. Ju- 
veniles also have a demonstrably lower breed- 
ing success than adults. However, both hy- 
potheses for helping behavior that depend on 
age-related differences in breeding perfor- 
mance imply that juveniles should help rather 
than attempt to breed. In European Bee-eaters 
most juveniles do attempt to breed and many 
helpers appear to be failed breeders rather than 
birds adopting a helping strategy from the start 
of the breeding season. Thus, neither of the age- 

related hypotheses for helping behavior pro- 
vides a complete explanation for this behavior 
in European Bee-eaters. 
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