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Abstract In general, reproductive output in long-lived
bird species increases in older compared to younger in-
dividuals. Therefore, experienced mates should be ad-
vantageous for first-time breeders. To examine require-
ments and consequences of experienced pair mates we
investigated the first pair bonds of common terns, Sterna
hirundo, recruiting to their natal colony. We found that
male recruits were usually the same age as their mates,
whereas female recruits were usually the younger member
of the pair. In order to acquire experienced mates, it was
necessary for males to arrive early in the year of re-
cruitment. Mates with 2 or more years of breeding ex-
perience were only attainable by male recruits charac-
terised by greater body mass and age. Female recruits
arrived more than 1 week later than their experienced
mates and significantly later in the season than male re-
cruits paired with experienced females. In general, fe-
males first bred at a younger age than males, and neither
the female recruits’ body mass nor their age was related to
the level of experience of their first mate. These sex-
specific differences in obtaining an experienced mate did
not result in different levels of reproductive success be-
tween the sexes. Male and female recruits with mates with
2 or more years’ breeding experience benefited from
having experienced mates: they had greater reproductive
success. First-time breeders paired with mates with only
1 year of breeding experience did not differ from pairs
where both members were breeding for the first time in
terms of reproductive success, but clutches were larger.
Our results illustrate not only different prerequisites for
males and females, but also males’ need for experienced
mates. Delayed male breeding (postponing breeding for
another year), supposed to be a negative trait, and high
body mass, supposed to be a trait of superior individual
quality, can be combined in some individuals, improving

reproductive success and showing that breeding common
terns use a range of tactics to begin reproduction.

Keywords Delayed breeding · Experience · Mate choice ·
Recruitment · Reproductive performance

Introduction

In many bird species, reproductive output increases with
age, especially in the early and middle stages of life
(Saether 1990; Martin 1995; for seabirds, Ryder 1981;
Wooller et al. 1992). However, because of the intrinsic
relationship between them, it is often impossible to dif-
ferentiate between the influence of accumulated breeding
experience, and of increased reproductive effort with age
(P�rt 1995). Many authors have used the terms “age” and
“experience” synonymously, because they have not
known at what age individuals included in their analyses
began reproducing (review in Fowler 1995). Also, it is
known that in long-lived animals, an extended period of
adjustment is needed before pairs ‘function’ efficiently.
Thus, breeding success can depend more on the longevity
of the pair bond than on either the members’ age or ex-
perience alone (e.g. Bradley et al. 1995; Black et al. 1996;
Rees et al. 1996; Bried et al. 2003). For example, in the
Cassin’s auklet, Ptychoramphus aleuticus, Pyle et al.
(2001) showed that experience with the same mate im-
proved reproductive success (cf. Coulson and Thomas
1983; Ollason and Dunnet 1988; Bradley et al. 1990).

However, only experienced birds have the option of re-
pairing with their mates of the previous season. So it is
appropriate to consider mate choice in two ways (as
suggested by Coulson and Thomas 1983 for the kittiwake,
Rissa tridactyla): mate choice in first-time breeders, and
in individuals which have bred before and therefore have
the possibility of retaining their mate from the previous
year. Furthermore, although most studies of pair bonding
in seabirds have shown high proportions of pairs in which
members are of similar age (Reid 1988), it is well known
that great age differences can occur, especially in pairs
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including young birds (Coulson 1980; Bradley et al. 1995;
Nisbet et al. 2002). However, not much attention has been
paid to these different-age pairings, probably due to a lack
of adequate data. Thus, little is known about why and how
such pairs form.

In this paper, we study the requirements and conse-
quences of primary mate choice in the common tern,
Sterna hirundo, an iteroparous, colonial breeding and
mainly monogamous seabird (Gonz�lez-Sol�s et al. 2001;
Becker and Ludwigs 2004). We address the question:
what traits characterise first-time breeders able to obtain
experienced mates under natural conditions in a non-ex-
perimental situation?

Data were collected during a long-term study of this
species, in which a transponder identification technique
has been used to identify and collect information on every
breeding bird recruited into a colony since 1994 (Becker
and Wendeln 1997; Becker et al. 2001). Because of the
information available about attendance of each bird at the
colony before (Dittmann and Becker 2003), during and
after the first breeding attempt (Ludwigs and Becker
2002), we are able to exclude the possible influences of
pair bond longevity, and also to determine the precise
amount of breeding experience of each recruit’s mates.
Hence, our first objective was to show the ages of birds
paired with first-time breeders, and the proportions of
experienced birds paired with males and females breeding
for the first time.

In the common tern, body mass is a parameter indi-
cating individual quality because it is constant between
years in individual terns, and positively correlated with
breeding success (Wendeln and Becker 1996). The dates
at which individuals arrive at the natal colony are im-
portant in determining whether they can recruit into the
colony (Ludwigs and Becker 2002), hold their mate and
breeding status (Gonz�les-Sol�s et al. 1999) or produce
replacement clutches (Wendeln et al. 2000). Our second
objective was to determine the influence of arrival date
and body mass on the probability of obtaining a specific
mate.

Thirdly, we suggest that experienced breeders may
improve reproductive performance of first-time breeders
with which they are paired, since age-related reproductive
performance is increased by experience and by improving
behavioural skills (Forslund and P�rt 1995). To separate
the effects of males or females with previous breeding
experience, we compare the influences of previous
breeding experience in pairs consisting of a first-time
breeder paired with an experienced breeder, and pairs
consisting of two first-time breeders.

Methods

Colony site and registration of terns

The data were collected during an ongoing long-term study of the
common tern in the harbour area of Wilhelmshaven (Lower Sax-
ony, German North Sea coast, 53�270N, 08�070E). The colony has
been monitored since 1984, while since 1992, subcutaneously im-

planted transponders (microchips or “smart tags”; ID 100, Trovan)
have been used to mark all fledged chicks (for details see Becker
and Wendeln 1997; Becker et al. 2001).

The colony site consists of six artificial islands of equal size
(10.7x4.6 m), arranged in a line with 0.9 m between the islands.
The islands are surrounded by concrete walls on which 44 resting
boxes (0.3�0.3�0.3 m) are mounted. The walls are surmounted with
wires to prevent terns landing anywhere except on the boxes. Each
box has an antenna linked to a system which remotely and auto-
matically records the presence of all marked terns, breeders as well
as non-breeders (for details see Becker 1996).

The transponders require no battery, have an unlimited life and
are activated by the antennas at a distance of <11 cm at any angle.
When interrogated by the antenna system, each transponder trans-
mits a unique 10-digit code. By this means, each individual’s
presence at a resting box is checked for by the system every 5–10 s
throughout the breeding season. The precise times and dates of each
individual’s attendance at the colony is thus logged. During the
2002 breeding season, about 300 pairs bred at the colony and nearly
500 terns—breeders and non-breeders—were registered by the
transponder system.

We did not observe any negative effects of marking with
transponders (see Gonz�les-Sol�s et al. 1999). The studies were
done under licence from the Nieders�chsisches Landesamt in
Hanover, and the Bezirksregierung Weser-Ems in Oldenburg.

Recruits and experienced breeders

Common terns return at the age of 2 years to their natal colony, and
recruit after 0–3 years prospecting (Dittmann and Becker 2003).
The term “recruit” is defined as a bird breeding for the first time at
the site (native recruit). After marking the first cohort of chicks in
1992, the first native recruit was detected in 1994. Recruits which
had 1 or more prospecting years and were used for the analysis in
this paper were present at the colony for several days in the
prospecting years before recruitment (all prospecting periods
pooled: 51€22 days colony attendance per prospecting season,
range 7–108 days, n=355, >95% have been >14 days at the colony;
for more details see Ludwigs and Becker 2002; Dittmann and
Becker 2003). Thus, it seems unlikely that any of the birds bred
elsewhere before joining the Banter See colony. This finding
clearly demonstrates the effectiveness of the registration system,
and indicates that the data are reliable.

“Experience” is defined as the number of years during which a
bird bred. An “experienced breeder” is defined as one that has
already bred in a previous year (experience �1; a recruit has an
experience =0). Since 1993, the breeders in the colony were iden-
tified by placing a portable antenna at the nest for 1–2 days during
the incubation period. Among all the first clutches checked since
the inception of the study, 1,126 pairs were found consisting of at
least one transponder-marked bird, of which 247 pairs contained at
least one transponder-marked recruit. Hence, we categorised the
recruits in terms of experience specific pair mates. If an experi-
enced breeder disappeared and the previous partner changed to a
recruit we classified the recruits’ mate as “widowed”. If the pre-
vious mate of an experienced partner was registered as breeder or
non-breeder in the colony during the season the recruit started to
breed we classified the experienced mate of the recruit as “di-
vorced”.

Because of immigration into the colony (from 1992–2002 the
colony grew from 90 to 300 breeding pairs), the majority (55.1%)
of recruit pair bonds (n=247) consisted of one native recruit and one
unmarked bird of unknown origin. Within the recruit/unknown-
pairs we found no difference in age of recruits between the sexes (2
to 5-year-old recruits; c2=2.82, df=3; P=0.42). In the adult popu-
lation, the proportion of native males and females shifted: more
females fledged, but native males joined the colony in a slight
majority (P.H. Becker, unpublished data). Thus, more males were
mated with an unknown partner (79 vs 57). The proportions of
different pair mate types (experienced breeder, recruit or unknown
tern) did not differ between male and female recruits (c2=1.77,
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df=2, P=0.41). Hence the composition of the unmarked (and
therefore unknown) mates of recruits seems to be similar to that of
the known pairs, and are therefore a representative sample for the
analysis in this paper.

We sexed adult birds by observing copulations of marked terns,
and since 1998, all fledglings by using routine PCR methods
(Becker and Wink 2002).

Reproductive parameters

To record clutch initiation, clutch and chick fate until fledging, we
visited the colony every 2–3 days throughout the breeding season
until the last chicks fledged. The mean fledging age of common
terns was 26 days. Because of interannual variation in reproductive
parameters and output (e.g. 1994–2002 means of clutch size 2.2–
2.9; reproductive success 0.2–2.4 fledglings/pair; for further details
see Becker 1998; Becker and Wink 2003) we calculated repro-
ductive parameters for each recruit relative to those of the colony
mean. In the common tern reproductive success is valid for both
members of the pair, because extrapair copulations and extrapair
paternity is very rare in this species (Gonz�lez-Sol�s et al. 2001).

Arrival and laying date, arrival mass

For each breeder in each season, the date of first registration at the
colony is defined as arrival date. The date on which the first egg
was laid is defined as the laying date. This term is used for female
as well as male recruits. Because arrival and laying dates differed
between years (for details see Ludwigs and Becker 2002), we
calculated individual relative dates related to the annual colony
mean. The asynchrony in arrival at the colony between two
members of a pair is the number of days between their respective
arrivals in a given breeding season. The time before laying was
measured as the difference in days between an individual’s arrival
and the laying dates in the same breeding season. A few birds were
not recorded until they were found incubating their clutch. There-
fore, we calculated these parameters only if a tern’s arrival date was
registered at least 10 days before its laying date (cf. Gonz�les-Sol�s
et al. 1999). This is the main period of courtship feeding in the
common tern (Wendeln and Becker 1996), hence the period of
establishment and possible maintenance of pair bonds.

Up to 16 resting platforms were equipped with electronic bal-
ances (SARTORIUS PT and BL series, accuracy €1 g) for auto-
matic recording of the body mass of the terns using them (for
details see Wendeln and Becker 1996, Dittmann and Becker 2003).
For birds with three or more independent mass records per day,
mean daily body mass values were calculated (for details see
Wendeln and Becker 1996), and the mean of daily body mass
values of the 3-day period immediately after a tern’s arrival was
used as individual arrival mass in this paper.

Statistics

Student t-tests and Mann-Whitney U-tests are used for independent
samples, Wilcoxon test for related samples. Frequencies are tested
with c2-tests. The amount of previous breeding experience is
treated as factor in analyses of variance to compare the possible
influence on reproductive performance, including sequential Bon-
ferroni adjustment (Holm 1979; Rice 1989). To analyse temporal
aspects, the same procedure was used. Pairwise comparisons were
performed by Scheff� post-hoc in order to test for significant dif-
ferences between groups of pairs with members with different de-
grees of breeding experience. All statistics were calculated using
SPSS 10.0. Results are presented as arithmetic means € standard
deviation, and all tests are two-tailed with the significance level set
at alpha=0.05.

Results

Pair bond types in recruiting common terns

The majority of experienced breeders which switched
mates were divorced and not widowed (Table 1). Of 111
pairs where both partners were known, 59.5% consisted
of two recruits and the remaining 40.5% contained a re-
cruit and an experienced bird. Experienced breeders were
mostly birds which had bred only once before they paired
with a recruit, although some individuals had more than
4 years of breeding experience (Table 2).

Pair bond in relation to age

Most male recruits paired with same-aged females (Fig. 1;
rS=0.416, P<0.01, n=89), but nearly 50% of female re-
cruits were paired with older males (Fig. 2, rS=0.191,
P<0.08, n=87), resulting in a significant difference in
relative mate age (older, same aged or younger) between
the sexes (data from Fig. 2; c2=16.73, df=2, P<0.001).
However, in pairs where both members were recruits,
58% were the same age.

The age of male recruits paired with experienced fe-
males ranged from 3 to 6 years (Fig. 1), whereas nearly all
female recruits pairing with an experienced male were
3 years old (Fig. 2). These patterns resulted in significant
age differences between the members of four possible pair
bond types (F3,160=9.74, P<0.001). Male recruits pairing
with experienced females were the younger on average by
1.0€1.7 years (n=24); female recruits paired with expe-
rienced males were on average 2.2€2.6 years (n=21) the

Table 1 Status of mates of recruiting common terns, Sterna
hirundo

Sex of recruit

Status of partner Male Female Total

Widowed 3.3% (3) 1.2% (1) 2.8% (4)
Divorced 10.0% (9) 8.0% (7) 9.0% (16)
Widowed or divorceda 13.3% (12) 14.9% (13) 14.1% (25)
Recruitb 73.3% (66) 75.9% (66) 74.6% (132)
Total sample 90 87 177
a Former mates unknown (not marked), so we neither attach these
birds to widowed nor divorced partners
b The 66 male and female recruits are paired to each other

Table 2 Previous breeding experience of pair mates of recruiting
common terns

Previous
breeding

Sex of recruit

Experience Male Female Total

1 year 58.3% (14) 61.9% (13) 60.0% (27)
2 years 16.7% (4) 9.5% (2) 13.3% (6)
3 years 8.3% (2) 14.3% (3) 11.1% (5)
�4 years 16.7% (4) 14.3% (3) 15.6% (7)
Total sample 24 21 45
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Fig. 1 Relationship between
age of male recruits and their
female mates in the common
tern, Sterna hirundo, including
the status of pair mates (black
recruit mate; grey experienced
mate; the diagonal line con-
nects all same aged birds)

Fig. 2 Relationship between
age of female recruits and their
male mates in the common tern,
including the status of pair
mates (black recruit mate; grey
experienced mate; the diagonal
line connects all same aged
birds)
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younger; the members of recruit/recruit-pairs and pairs of
two experienced terns were of similar age with, on av-
erage, only slightly older males (0.3€0.9 years, n=64, and
0.3€2.7 years, respectively; the latter value, n=52, is
calculated from the age of known pairs of two experi-
enced breeders in 2002). Post-hoc testing clearly showed
an age difference of female recruit/experienced male pairs
and all other pair types (P<0.005).

The mean age of female recruits did not differ between
birds paired with experienced mates (data from Fig. 2:
3.1€0.4 years) or another recruit (3.0€0.6 years, n=87,
Mann-Whitney U-test: Z=	0.91, P=0.363). However,
male recruits paired with experienced females tended to
be older (data from Fig. 1: 4.0€0.8 years) than those
paired with female recruits (3.3€0.6 years, n=89, Mann-
Whitney U-test: Z=	4.23, P<0.001). Male recruits paired
with the most experienced females were also the oldest
individuals (Table 3).

Prerequisites of pairing with experienced mates

Recruits who were paired with experienced breeders ar-
rived significantly earlier than recruits paired with an-
other first-time breeder (relative arrival date: 8€11 days
vs 16€10 days in pairs of recruits; t166=4.56, P<0.001),
but this difference is mainly due to the early arrival of
male recruits (Tables 4, 5).

Arrival mass correlated negatively with arrival date at
the colony site in male recruits (rP=–0.202, P<0.03,
n=125), but not in females (rP=0.008, P=0.93, n=111).
Corresponding to this relationship, male recruits paired
with �2-year-old experienced females had significantly
greater arrival mass than other male recruits (Table 4).
There was no such relationship in female recruits (Ta-
ble 5).

Male recruits arrived at a similar time to their expe-
rienced mates (2€8 days later). Female recruits arrived
more than 1 week later (9€12 days) than their experienced
male mates—a significant difference between male and

Table 3 Mean age of male and female recruits in relation to mates’ experience

Sex of the recruit Mean age if the partner of the recruit was: c2 Kruskal-Wallis P

Recruit (n) 1 year experienced (n) �2 years experienced (n)

Male (y) 3.3€0.6 (66) 3.7€0.6 (14) 4.6€1.2 (10) 22.313 <0.001
Female (y) 3.0€0.6 (66) 3.0€0.4 (13) 3.2€0.4 (8) 1.706 0.426

Table 4 The perspective of the male recruit: differences between male recruits paired with females either themselves recruits, or with one
or more years of breeding experience

Parameter of the male re-
cruit

Partner of male recruit Anovac

Recruit (n) 1 year experienced (n) �2 years experienced (n) F P d

Relative arrival date (days) 14.8€8.7 (61)E1,E2 3.9€9.1 (13)R 5.6€11.4 (9)R 10.373 <0.001
Arrival mass (g) 129.6€6.4 (49)E2 127.0€7.6 (11)E2 138.0€7.0 (6)R,E1 5.564 <0.007
Relative laying date (days) 19.5€10.5 (61)E1,E2 10.2€8.9 (13)R 2.4€9.2 (9)R 13.733 <0.001
Arrival differencea (days) 3.6€7.0 (61)E2 1.0€7.2 (13) 	5.9€9.4 (9)R 6.702 <0.003
Time before layingb (d) 23.6€7.3 (61)E2 24.8€9.6 (13)E2 15.2€4.3 (9)R,E1 5.135 <0.009
a Arrival date of female—arrival date of male recruit
b Laying date of the pair—arrival date of male recruit
c Significant differences of post-hoc test (P<0.05) between recruits paired with recruits (R), 1 year experienced (E1) or �2 years
experienced breeders (E2) are shown as letter-codes
d After sequential Bonferroni adjustment (Holm 1979; Rice 1989) all P-values remains significant

Table 5 The perspective of the female recruit: differences between female recruits paired with males either themselves recruits, or with
one or more years of breeding experience

Parameter of the female recruit Partner of female recruit Anovac

Recruit (n) 1 year experienced (n) �2 years experienced (n) F P d

Relative arrival date (days) 17.8€10.7 (63) 12.9€11.4 (11) 10.0€11.2 (9) 2.645 0.077
Arrival mass (g) 127.2€7.4 (53) 123.8€9.2 (10) 128.6€3.9 (8) 1.134 0.328
Relative laying date (days) 18.9€10.8 (63) 12.3€8.9 (11) 11.3€10.0 (9) 3.460 <0.04
Arrival differencea (days) 	2.9€8.4 (63) 	8.1€6.4 (11) 	7.9€16.5 (9) 2.318 0.105
Time before layingb (days) 20.0€6.6 (63) 17.9€5.3 (11) 18.7€12.2 (9) 0.456 0.634
a Arrival date of male—arrival date of female recruit
b Laying date of the pair—arrival date of female recruit
c No significant differences of post-hoc test between groups
d After sequential Bonferroni adjustment (Holm 1979; Rice 1989) none of the P-values remains significant
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female recruits (n=42, Mann-Whitney U-test: Z=	2.56,
P<0.011). Male recruits arrived 5€11 days later than the
colony mean arrival date, and not significantly different
compared to their experienced females (3€9 days later
than colony mean; n=44, Wilcoxon test: Z=	1.74,
P=0.081). Female recruits paired with experienced males,
arrived 12€11 days later than mean of the colony, and
significantly delayed in comparison to their males
(3€10 days later than the colony mean arrival date; n=40,
Wilcoxon test: Z=	2.88, P<0.005).

Consequences of mates’ breeding experience

The mean clutch sizes of recruits paired with experienced
mates was similar to the mean clutch size for the whole
colony. Recruit/recruit-pairs laid significantly fewer eggs.
The largest clutches were laid by females with �2 years’
experience paired with recruits (Table 6).

We found a significantly higher reproductive success
among recruits paired with a mate with more than 1 year’s
previous breeding experience (Table 6). There was no
relationship between the greater reproductive success of
recruits paired with experienced mates and their clutch
size. The number of fledglings per egg laid (Table 6) as
well as the success rate from three-egg clutches confirm
these general findings (relative number of fledglings from
three-egg clutches: recruit/recruit-pairs 	0.3€0.4; recruit/
breeder with 1 year’s experience pairs 	0.3€0.8; recruit/
breeder with �2 years’ experience pairs 0.4€0.6;
F2,40=5.468, P<0.009).

The only difference in reproductive performance be-
tween the sexes of the recruits’ experienced mates was the
relative number of chicks which disappeared, which were
significant lower if the experienced tern was the female
(–0.1€0.1) compared to recruits paired with experienced
males (0.0€0.2, n=38, Mann-Whitney U-test: Z=	2.01,
P<0.05).

Of recruits paired with mates with no or only 1 year’s
breeding experience, 71.3% hatched chicks (n=94).
91.1% of recruits with more experienced mates hatched
chicks, and this difference is significant (n=17: c2=3.982,
df=1, P<0.05). This difference between pairs with dif-
fering amounts of experience became stronger with re-
spect to their ability to rear young to fledging: 44.8% of
67 versus 81.3% of 16, c2=6.882, df=1, P<0.01.

Discussion

With whom to pair for the first time?

The proportion of recruit/recruit pairs in which both
members were the same age was nearly 60%, so pairing in
recruiting common terns appears to be age-assortative.
This is often documented in birds (Reid 1988), as also in
Sternidae. In many published studies, however, the sam-
ple sizes of pairs of known ages have been small, and
given without reference to the status and in some cases
the sex of the birds (Harrington 1974; Coulson and Hor-
obin 1976; Mills and Shaw 1980).

Nisbet et al. (1984) showed that 39% of 13 pairs of
common tern were of birds of equal ages. Of these birds,
all but one were 5 years old. These birds could then have
been recruits within the age range when common terns are
known to begin breeding (Ludwigs and Becker 2002;
Figs. 1, 2). Neubauer (1997) found a lower proportion
(27%; n=99) of same-age pairs than in our study in a
much larger sample than that of Nisbet et al. (1984), al-
though Neubauer (1997) had caught terns >5 years old in
a higher proportion. This author also included data on pair
bonds persisting over several years, and about 30% of his
“pairs” were multiply represented. Coulson (1980) im-
plied that much of the correspondence in kittiwake age
between members of breeding pairs is due to the conti-
nuity of pair bonds. By reducing the samples in such a

Table 6 Mean relative reproductive performance between pairs of
two recruits, recruit/1 year experienced breeder-pairs and pairs
consisting of one recruit and more than 1 year experienced breed-

ers. Results are shown for both sexes separately and for recruit-
pairs together

Relative reproductive
parameter

Gender
of recruits

Partner of recruit Anovaa

Recruit
(n)

1 year experienced
(n)

�2 years experienced
(n)

F P b

Clutch size M 	0.4€0.7 (66)E2 	0.2€0.8 (14) 0.4€0.3 (10)R 6.636
<0.004*
F 	0.4€0.7 (66) 	0.1€0.5 (14) -0.2€0.8 (7) 2.235 0.113

All 	0.4€0.7 (66)E1,E2 	0.1€0.7 (28)R 0.1€0.6 (17)R 6.044
<0.004*
Number of fledglings M 	0.4€0.5 (66) 	0.4€0.8 (14) 0.1€0.9 (10) 2.572 0.082

F 	0.4€0.5 (66) 	0.6€0.6 (14) 0.0€0.7 (7) 3.244 <0.045
All 	0.4€0.5 (66)E2 	0.5€0.7 (28)E2 0.1€0.8 (17)R,E1 4.886

<0.010*
Fledglings/egg All 0.2€0.3 (66)E2 0.2€0.3 (28)E2 0.5€0.4 (17)R,E1 4.891
<0.010*
a Significant differences of post-hoc test (P<0.05) between recruits paired with recruits (R), 1 year experienced (E1) or �2 years
experienced breeders (E2) are shown as letter-code
b After sequential Bonferroni adjustment (Holm 1979; Rice 1989) P-values denoted with an asterisk remain significant
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way that each pair bond was included only once in the
analysis, Coulson (1980) and Bradley et al. (1995) did not
find a correlation between the ages of members of pairs in
kittiwakes or short-tailed shearwater, Puffinus tenuiros-
tris, respectively. Thus, the discrepancy between the
available published data and our analysis of recruit/recruit
pairs may arise from higher proportions of already es-
tablished breeders in the data used by Nisbet et al. (1984)
and Neubauer (1997).

In 28 pairs of arctic terns, Sterna paradisaea, Coulson
and Horobin (1976) showed that the older members of a
pair were mostly males, but in pairs with a large differ-
ence in ages, the older members were females paired with
3- or 4-year-old males, probably recruits. In 13 pairs in
which neither member was older than 6 years, the males
were on average 0.6€1.1 years older than their mates
(calculated with the data from Coulson and Horobin
1976). This is comparable to our study with the common
tern, and indicates a similar age pattern within pairs
containing one recruit in the closely related arctic tern.

Recruiting common terns arrive later than experienced
breeders (Ludwigs and Becker 2002). Therefore the pool
of potential mates for arriving recruits consists mainly of
birds who also arrived later, and were of similar age.
Thus, recruits may only have the choice of mates which
are almost all recruits themselves (for gulls, see Coulson
and Thomas 1983; Klomp and Furness 1991). Probably
for the same reason, we found that most recruits were
paired with another first-time breeders. However, among
recruiting common tern pairs, slightly more than 40% had
a partner which had already bred in a previous season, and
only in pairs containing a male recruit were the ages of
members of a pair positively correlated. Even if females
had some previous experience, some male recruits were
the older member of the pair (Fig. 1). Finally, the di-
verging age of male recruits (mainly of same age as their
mates) and female recruits (mainly younger) obviously
resulted from the pairs consisting of a recruit and an ex-
perienced breeder.

How to get an experienced mate

Ludwigs and Becker (2002) demonstrated that arrival
time at the colony was a decisive factor in determining
whether or not a prospecting common tern will recruit.
The results of this paper show that early arrival also helps
to decide with whom a recruit will mate. It is generally
supposed that the reason for age-related mating in sea-
birds (especially between new pair members or first-time
breeders) is their concurrent arrival at the colony (for
references, see above). However, the precise prerequisites
for pairing with an experienced mate in the common tern
were different for male and female recruits. Male recruits
arrived at almost the same time as their experienced
mates, and significantly earlier than female recruits paired
with experienced males. Hence, the threshold arrival date
for facilitated recruitment postulated by Ludwigs and

Becker (2002) seems to occur earlier in males, particu-
larly if they are to pair with experienced partners.

Dittmann and Becker (2003) found a positive rela-
tionship between body mass and early arrival in
prospecting common terns, and that birds became heavier
between one prospecting season and the next one (see also
Weimerskirch 1992). Our results indicate that high body
mass in male recruiting common terns is related to earlier
arrival, or offers the opportunity of access to experienced
females, respectively. However, all male recruits which
were paired with experienced females, irrespective of the
amount of previous breeding experience in the female,
showed similar arrival dates. Significant mass differences
could only be found in the small group of males paired
with females of 2 or more years of breeding experience.
This finding leads us to conclude that higher body mass
seems to influence the chance of pairing with an experi-
enced female as an effect secondary to arrival time or in a
‘second step’, respectively. Potential recruits (all of whom
have arrived early enough to start breeding with an ex-
perienced female) could be separated into birds of lesser
and greater body mass and competitive abilities, of which
the latter can win more experienced mates.

The shorter time between arrival and laying in pairs
containing early-arriving male recruits with the greatest
body mass on arrival supports this finding. In particular,
because pairs containing a male recruit and a female with
2 or more years of breeding experience produced more
eggs despite the shorter time available for courtship
feeding. Probably, these males with a greater body mass
are able to feed their females adequately, and can replace
disappeared or delayed males, or even displace experi-
enced males in competition: the majority of experienced
females in pairs containing male recruits were divorced,
not widowed.

What are the consequences of pairing
with an experienced mate?

In recruiting common terns, the clear advantage of
breeding with an experienced mate was shown by a sig-
nificantly higher breeding success for the recruit com-
pared with pairs consisting of two first-time breeders. The
general finding that more experienced birds show greater
reproductive success has been shown for various seabird
species (Davis 1976; Ollason and Dunnet 1978; Wooller
et al. 1990; Hamer and Furness 1991; Ratcliffe et al.
1998) and even for songbirds (Harvey et al. 1979; Sasv�ri
and Hegyi 2000). In the common tern, age affects re-
productive performance profoundly until the age of
5 years (Nisbet et al. 1984; Gonz�les-Sol�s et al. 2004), at
which age nearly all common terns had begun breeding
(Ludwigs and Becker 2002).

Our results allow a more detailed view of the influence
of mate experience within individual known pairs and
indicate a clear effect of previous breeding experience on
reproductive performance. The number of eggs per clutch
was significantly greater in pairs in which one member
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had at least 1 year previous breeding experience than in
pairs consisting of two first-time breeders. In terms of
reproductive success, however, significant differences
only became evident if the experienced partner had more
than one previous season’s experience. The number of
fledglings produced increased with the degree of experi-
ence in male and female mates, indicating the positive
influence of experience for reproductive success in both
sexes.

The positive effect of greater experience in birds
generally is related to improvements in competence in
such skills as foraging and chick feeding, resulting in
greater reproductive success overall (Rowley 1983; Vil-
lage 1986; Pyle et al. 1991; Forslund and Larsson 1992;
Weimerskirch 1992; Bradley et al. 1995; Newton and
Rothery 1998; Pyle et al. 2001; Nielsen and Drachmann
2003). This can also be assumed in common terns during
the beginning of their reproductive career. So, our results
support the constraint hypothesis (Curio 1983; Forslund
and P�rt 1995), at least during the early stages of the
lifespan of the common tern.

The only significant difference made by the gender of
recruits’ experienced mates was the lower number of
disappeared chicks in pairs with experienced females.
This may be the result of the more pronounced effort by
females in brooding the chicks in common terns (Wiggins
and Morris 1987; Wendeln 1997). Intra-specific klep-
toparasitism can cause unguarded chicks to be removed
from the colony together with stolen fish (Ludwigs 1998,
Sudmann 1998). In the colony we studied, chick-removal
incidents were observed every year and were probably the
main cause of chicks’ disappearance, possibly assisted by
insufficient attendance by inexperienced females. Male
common terns attend the brood less, because during the
first week of chicks’ life they can provide up to 90% of
feeds (Wiggins 1989; Burness et al. 1994; Galbraith et al.
1999). Thus, after being fed by their father, chicks may be
left unguarded if the female is absent, leaving them vul-
nerable to attacks from other birds. Our findings suggest
that sex-related roles have, at least in part, to be learned
by recruiting common terns, to deal with the demands of
breeding.

How male and female recruits start reproduction

The majority of common tern recruits paired with other
first-time breeders, but some individuals reached the
colony earlier in the season than others, and benefited by
then being able to pair with experienced mates which
thereafter were not available for the later-arriving recruits.
In the wandering albatross, Diomedea exulans, Jouventin
et al. (1999) found that recruits were paired with mates of
similar ages to themselves, but preferred those with the
most experience. The best option to enlarge the pool of
potential experienced mates for recruiting common terns
seems to be to arrive at the colony as early as possible in
the season. It is remarkable that those male recruits paired
with the most experienced females tended to be the oldest

and heaviest. Ludwigs and Becker (2002) showed that
recruits prospecting the colony over a number of seasons,
and hence with increasing age and sexual maturity, arrive
in the colony in the season prior to recruitment at around
the mean arrival date of birds which did breed, and thus
actually early enough for to breed themselves, but nev-
ertheless did not do so. So, at least some males choose to
delay their first breeding attempt in order to obtain an
experienced mate, with the concomitant effect of greater
breeding success.

Ens et al. (1996) interpret vacancies as opportunities to
switch to a better mate, and changes in arrival time at the
colony as an indication of birds’ quality. Similar pro-
cesses could be assumed for recruiting male common
terns, but our results indicate that this would not seem to
be valid for all males. Conversely, nearly all female first-
time breeders paired with an experienced male were
3 years old. Moreover, female recruits arrived later in the
season and, if they paired with experienced males, they
showed neither earlier arrival dates nor greater masses on
arrival than male recruits. They also arrived much later
compared to their experienced mates. In comparison,
male recruits paired with experienced females arrived on
about the same day. It seems probable that female recruits
may choose the experienced males from the pool of
predominantly inexperienced candidates.

In the long term, behavioural improvements during the
first breeding attempt seem to have no strong effect on
reproductive success. If both members of a long-standing
pair co-ordinate their arrival times and breeding perfor-
mance over the years, they may improve their reproduc-
tive rate by maintaining their output of fledglings even in
years when conditions are poor. Females did not have the
same requirements in order to start reproduction, and
male recruits may adjust their mating opportunities ac-
cording to their status by (1) arriving at the colony earlier
in the year, or (2) delay recruitment until another year in
order to pair with experienced females. Despite the fact
that only minorities of individuals seem to decide to delay
their recruitment, we show some evidence that male
common terns may use this as alternative tactic to recruit
into the breeding population. This study shows some
evidence that experience affects reproductive success also
in males, in particular because extra-pair copulations and
extra-pair paternity are exceptional in common terns
(Gonz�lez-Sol�s et al. 2001, Ludwigs and Becker 2002).
The lifespan of the common tern can be over 20 years
(Nisbet et al. 2002). Consequently, over their lifetime, the
greater reproductive success of older male recruits paired
with the most experienced females may be outweighed by
younger recruits, as they, though less experienced and
with lower reproductive output in their early breeding
attempts, will have more breeding years in their lives, to
reach at least a similar lifetime reproductive success.
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