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ABSTRACT.—I used simulation models to analyze the effect of different suites of life-history
traits and mating rules on the correlation between ages of paired birds. If pair stability is
high, the correlation between ages of mates may be strong even in the absence of active mate
selection on the basis of age or experience. Even a low frequency of dissolved pairs substan-
tially reduces the correlation between ages.

For 9 species with known life-history traits, I simulated the extent of active mate selection
required to produce the observed patterns of ages of mates. In only 1 species could the pattern
of ages be explained in the absence of any active mate selection on the basis of the experience
of the mate. In 5 species the results suggested there was strong active selection of experienced
breeders. With the exception of the Adélie Penguin (Pygoscelis adeliae) and the Blue-eyed
Shag (Phalacrocorax atriceps), observed patterns of ages of mates could be reproduced by
simulation models assuming only that birds can distinguish experienced from inexperienced

breeders. Received 20 April 1987, accepted 23 November 1987.

THE members of pairs of breeding birds are
frequently of similar age (Mills 1973, Coulson
and Horobin 1976, Mills and Shaw 1980, Pu-
gesek and Diem 1981, Ainley et al. 1983, Nisbet
et al. 1984, Perrins and McCleery 1985, Shaw
1985). A common explanation for this similarity
in age is nonrandom mate selection with respect
to age or experience (Mills 1973, Nisbet et al.
1984, Shaw 1985). Because experienced breeders
tend to have higher reproductive success (ref-
erences given by Nisbet et al. 1984, Perrins and
McCleery 1985, Shaw 1985), selection should
exist for assortative mating.

While a correlation between ages can be pro-
duced by the choice of particular mates, several
other factors also could produce this pattern in
the absence of active selection on the basis of
age or experience. For example, suppose that
birds enter the breeding population at the same
age and tend to choose mates at the same time
or location. If mortality rates are low and the
birds rarely change mates, then the initial sim-
ilarity in ages of mates would be preserved and
the correlation between ages would be strong
(Mills and Shaw 1980, Nisbet et al. 1984, Shaw
1985).

Experimental tests of mate choice (e.g. Burley
and Moran 1977) are the best means to assess
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the extent of assortative mating. When experi-
mental tests are impractical, the statistical anal-
ysis of patterns can be used to infer causation.
Specifically, the correlation between ages of
mated birds may be used as evidence for assor-
tative mating if it significantly exceeds that ex-
pected under the null hypothesis of random
mate choice. For example, Perrins and Mc-
Cleery (1985) compared observed frequencies
of pairings of new and and experienced Great
Tits (Parus major) with frequencies expected un-
der conditions of random mating and found no
evidence of assortative mating despite an ap-
parent excess of pairs of experienced breeders.

In contrast, in studies of the Common Tern
(Sterna hirundo; Nisbet et al. 1984), Blue-eyed
Shag (Phalacrocorax atriceps; Shaw 1985), and
Eurasian Sparrowhawk (Accipter nisus; Newton
et al. 1981), the difference in the ages of mates
differed significantly from patterns expected by
random choice. The models used in these stud-
ies, however, assumed that birds were free to
mate with any other bird; this assumption is
false given the evidence for pair stability in
these species. A different random model is
needed as a null hypothesis against which to
compare observed correlations. More generally,
statistical studies of age correlations between
mates would be strengthened by clarifying the
influence of different life-history traits on the
correlations expected under varying degrees of
assortative mating. To address this issue I sim-
ulated the age correlations that result from dif-
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ferent suites of life-history traits and mating
rules.

Iused simulation models to analyze the effect
of mortality rate, pair stability, and nonrandom
mate choice on the correlation between ages of
paired birds. The purpose was to demonstrate,
for various values of survivorship and pair sta-
bility, the expected correlation between the ages
of mated birds under various levels of assorta-
tive mating. I then determined the extent of
nonrandom choice required to produce corre-
lations observed in nine species for which field
data are available. As a second test of the ac-
curacy of the simulation model, I compared the
distribution of age differences among older pairs
in the simulation model with observed differ-
ences in field populations.

METHODS

Description of the model. —Mate choice was simulated
in a hypothetical population of 2,000 individuals (Fig.
1). I first examined the sensitivity of the age corre-
lation to changes in survivorship, pair stability (the
proportion of pairs with both birds surviving that did
not change mates), and nonrandom choice (mate pref-
erence). After each breeding season a fixed percentage
of the population continued to the next breeding sea-
son. Birds removed from the population were chosen
randomly. Among pairs in which both birds survived,
a percentage (equal to 1 — pair stability) changed
mates. Birds that lost mates, either to mortality or
through a change of mates, chose new mates from
new recruits or from other experienced breeders that
lost their mates.

It may be easier for birds to determine whether a
potential mate is an experienced breeder than to de-
termine the physical age of the potential mate. Con-
sequently, I evaluated the effect of assortative mating
by examining the effect of a preference for mating
with experienced breeders. If a strong preference for
mating with an experienced breeder does not produce
age correlations equal to observed correlations, then
birds must choose mates with a more exact decision
rule (e.g. evaluating physical age). In contrast, if ran-
dom selection of mates with respect to experience
produces the observed correlations, then there is no
need to assume that birds select mates on the basis of
age or experience.

Among experienced birds choosing new mates, the
preference of the birds to mate with experienced
breeders was set by the variable termed “mate pref-
erence.” Mate preference is the probability of choos-
ing an experienced mate given the existing avail-
ability of experienced and inexperienced birds. The
scale of mate preference (range 0-1) indicates an in-
creasing preference for experienced birds, from 0 (only
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Fig. 1. Flow chart of simulation model. The age
correlation is sampled each generation from the
breeding population. The probability of survival is s,
n is the population size, and d is the proportion of
returning pairs that dissolve.

inexperienced birds chosen), to 0.5 (equal preference
for experienced and inexperienced), to 1.0 (only ex-
perienced birds chosen). More precisely, a mate pref-
erence of 0 indicates that birds always choose mates
from new recruits when recruits are available; 1.0
indicates birds always choose experienced breeders.
A mate preference of 0.5 indicates the selection of
mates is in direct proportion to the relative avail-
ability of inexperienced vs. experienced individuals.
The exact meaning of other values of mate preference
depends on the relative availability of experienced
and inexperienced individuals. For example, if the
ratio of experienced to inexperienced birds is 4:1 (as
would occur if pair stability were low), then a mate
preference of 0.5 indicates choice of experienced birds
with probability 0.80, a mate preference of 0.25 in-
dicates choice of experienced birds with probability
0.40 (i.e. [0.25/0.5] x 0.80), and a mate preference of
0.75 indicates choice of experienced breeders with
probability 0.90 (i.e. 0.80 + [{1 — 0.75}/0.50] x [1 —
0.80]). Birds from pairs that dissolved chose mates
from among the recruits and experienced breeders
with the same mate preference as birds that lost mates
through mortality. Because the population did not
change in size, the number of recruits was equal to
the number of birds that died each year. Consequent-
ly, under conditions of strong preference for inex-
perienced breeders (low values of mate preference),
there were not enough inexperienced breeders to meet
the demand. Under these conditions birds were al-
lowed to mate with other old breeders after the al-
lotment of inexperienced breeders was used. Pairs in
which both birds died were replaced by new recruits.
Under conditions of high preference for inexperi-
enced breeders, the supply of recruits was exhausted
before the formation of many new pairs.

For each set of parameters the simulation began
with all birds of age 1 yr and ran for 25 breeding
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seasons to allow the population to reach a stable age
distribution. Correlations between ages of birds with-
in pairs were then averaged over the following 75
breeding seasons. Because of the large sample size in
the model population, the correlation between ages
of mates reached a relatively constant value by gen-
eration 25. The intent of the simulation was to pro-
duce an expected value for the correlation, not to
model variation around that value. Averaging over
75 seasons was sufficient to produce a repeatable value
even with the additional variation introduced by in-
cluding a probability distribution for age of first re-
production and pair stability as measured in natural
populations (see below).

To make the simulation output comparable to the
correlations that would be observed in field studies,
pairs with birds older than age 20 were excluded from
the correlation analysis of the simulation output. Birds
older than age 20 are seldom observed in natural
populations because of death or band loss (Kadlec
1975, Spear 1980). If these birds were included in the
simulation model, the presence of a few very old birds
with young mates would reduce the correlation be-
tween ages, and the resulting correlation could not
be meaningfully compared with field data for which
the age of mates of very old birds is not known. For
all runs of the simulation model with parameters from
field populations, the maximum age used in the cal-
culation of correlations in the simulation output was
the maximum age in the field sample for this same
reason (see below).

Analysis of field data.—1 calculated the correlation
between ages of members of pairs for field data from
9 species. When the sex of the birds is known, the
assignment of ages of birds in the pair to the X and
Y variate in the correlation analysis is unambiguous.
To include data in which sex was not known, I cal-
culated age correlations for all field samples disre-
garding the sex of the bird. Without knowledge of
sex, the correlation calculated for a given set of data
will vary, particularly when sample size is small, de-
pending on which member of each pair is assigned
to the X and Y variate. Consequently, I determined
the average and standard deviation correlation be-
tween ages of members of pairs in the field data by
averaging the correlations of 200 data sets generated
by assigning the birds in each pair randomly to the
X and Y variate.

I first tested this observed correlation against the
correlation produced by the simulation model assum-
ing random mate choice (mate preference = 0.5). The
simulation model was run using measured or esti-
mated values of survivorship, pair stability, and sex
and age-specific recruitment (Table 1). Only age classes
less than or equal to the oldest observed in the natural
population were included in the calculation of cor-
relations in the simulation model. For two species
(Artic Tern, Sterna paradisaea; White-fronted Tern, S.
striata) I present results under conditions of 95% and
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80% pair stability because field measurements of pair
stability are not available. If the correlation produced
by the simulation model under these conditions of
random choice was not significantly different from
the observed correlation and if the frequency distri-
bution of age differences in the simulated and field
population did not differ (see below), then there was
no need to assume assortative mating was a cause of
the observed age correlation.

If the correlation produced by the simulation model
under conditions of random mate choice did not match
the observed correlation, I then used the simulation
model to determine the value of (best-fit) mate pref-
erence required to produce age correlations equal to
the observed correlation. Using measured or esti-
mated values of survivorship, pair stability, and sex
and age-specific recruitment (Table 1), the value of
mate preference required to produce the observed
correlation was calculated by iteration of the simu-
lation model.

The correlation coefficient alone may not accurately
reflect the relationship between the ages of birds in
pairs because the correlation coefficient is weighted
toward younger age classes by the greater abundance
of young birds and by the length of time required to
obtain samples of older birds. For example, if mate
choice is random with respect to experience and if
pair stability and survival are high, then young birds
will show a strong correlation between ages (they
begin breeding at the same age and remain mated)
whereas older birds will show a weak correlation
(when one bird dies it is replaced by a bird of any
age). Consequently, as a second test of the fit of the
simulation model to the field data, I tested the fre-
quency distribution of age differences of mated birds
among the oldest 50% of birds in the field sample
against differences expected (1) under random mating
and (2) using the best-fit mate preference. If the dis-
tribution of age differences among older birds in the
simulation did not match the observed distribution,
then the simulation was not a reasonable approxi-
mation of the dynamics of mate choice in the popu-
lation. Frequency distributions for field and simula-
tion data sets were constructed by totaling the number
of pairs with a given difference in age in categories
determined by the age of the oldest bird in the pair.
Age classes in the simulation output were weighted
to match the age classes present in the field sample.
The distributions were compared with a Kolmogorov-
Smirnov test of goodness-of-fit.

RESULTS

Under conditions of perfect pair stability, high
correlations between ages of birds within pairs
are expected under conditions of random choice
(Fig. 2). Typical correlations found among field
populations (r = 0.4-0.6; Table 2) can be achieved



281

Age Correlations Between Mated Birds

April 1988]

"potad snyi Bunmp Jusunmisar >givads-a8e uesuod paumsse | ‘g pue ¢ a8e u23m13q Surpaaiq Jo jasuo Supestpul (7 919wl (08ET) MBYS PUE ST JO BIEp O paseq '

(9461 UIQOIOH pu® UOS[NOD) WID], OHOIY Y} JO dIYSIOATAINS Y3 UO pasey ,
*(946T) UIqoIoH pue wosmo)

£q pareurnsa sem JUSUNIMINAL G 38y "SIIOY0d F9ET PUE £9GT Y3 10 SIEAL HAISSAIONS ur sparq Surpasiq Jo JqUINU pasedIdur 33 Uo Paseq (¢ 1qe) 9/61) UIGOIOK pue UOSTNOD WOl pajenored § afe pue ¢ ady
WIS, PAIUOII-D)IYM PUE UIBL SUDIY SY) JOJ SIIBUINSI SJBINDIE JO SIUIS]E AU UI (%66 “%08) A[Iqess ared Jo sanjea omj je pawaogsad sem sisfreue oy -parred paurewsax

PILINIAL SPIIG Y30q YITYM Ut (%€6) sired € JO INO 89 JeV[} 2ILITPUT (LF6T UNSTY {0puniry puio}S) WIS L, UOWWOD) 943 10§ Bre(] (€961 Ppremioq) %08 st (vqpv si8A0) usa], Axred ayy ur Aypiqess ired 10§ 9jeWINSI WNUITXEJA |
‘stsAreure sty ut pasn jou

aram (14 ¢ pue g a8e) uoyonpoidaz s1y e 38e Jo sanfea remyde ‘edusy Jussaxd sem piiq 32 32y} sUOseas Jurpaaiq Jo IPGUINU 3Y3 03 SIAJAI (T I[E], 398 /0g6T) SPWOY] PUE UOS[NOT) JO Apnys ay3 ur spaiq jo , 38y, o
"(sa1ewsay 105 9 a8 ‘sarewr 105 ¢ afe) yussaid spirq oFe-umouy Jsow Yy YIm 38k ayy je Jussard SpI1q JO Iaquinu ay; jo

a8ejuadrad e se passardxe usyy yusunnIaI Sgeds-a8y ‘d1ysioaraIns 1o pazdaziod pue If a1 10J paurwns ‘am3y woij pajewnss ssep a8e Yoes ur s1apasiq Jo staqunp (T 85 :¢261) SN JO BJEP WOIJ paje[nafe)) »
(9261 131j00M pue

UOS[NOD) {9,6°¢g) Mfemminy paB3a-oeg pue ‘(061 WeypIog ‘%p'g6 ‘snuvaummop ) [ND uednurwod (9261 uOS[nOD pue JAZIqeYD Aq UIAIS $22UIIIJAI {9 6-G8 ‘snivualin snipT) o SUISY 10§ san[EA UO paseq ;
“onsifear
axow st A[qeqoad a1y pasn ajewnsa 3y} ‘splo-14- se paiq pey Liqeqoid spaiq Pl0-14-7 Auew asnedaq 'splo-14-7 905 pue spjo-14-T (g Ajasewixoxdde aq pInom uononpordai ys1yg Jo a8e ayi ‘owm 1517 3y 105 Surpasiq

2I3M SPIIq Iea-pU0daS Se 23S ISIY SPIIq [[E J] “UMOWuUR st uonanpordas is1g Jo afe jo UOHNQIISIP 13X 3y} inq ‘sBurjIead se paaiq 1ou PIp symeymorreds uwerserny Luew jey; payedtpur (1861) ‘Te 19 UOIMAN >

(81 = u) PaUIMIaI 34€Y 0} UMOWY 3IaM SPIIG YIOq Yorym ur sared uo ATuo paseq ‘(zg61) ssinbrey pue UOIM3N JO BJEP WIO] Paje[ndfe)) ,

(€861 T2 39 UOIMIN) [EAIAINS 5[EWI3] 0] SIJLUINISH INOJ PUE (3Nea MO U0 JUIpnpX3) [AIAINS I[eW 20§ $3jeUISS 0M) JO aSeraay ,

"(086T T2 32 5310J ‘sHja30151v x.403049[pY ) Beys UOWWO?) Y} 10 SIN[EA U0 paseq ,

“ISYI0 YB3 YILM PIIRLUSI Jey) PAUINIaI SpAIq Y3oq ydrym ur sired jo wonaodoid ayy .

(viv1a3s vuialg)

0861 MBYS PUBSITIIN  (£L9T 49T 491 9T /91 £91) {0°56-008] /98] WI9 ], PojUOIy-a3TYm
(vavsipvavd vuis;g)
9461 UIqOIOH pue Uosno) (0'S 0Ssy  009) {0's6-008] Z98 Wig], 2101y
(n1ApvpLig vssny)
9461 I3[[00OM pU® UOS[NO)) ‘996 UOSTNOD 40'001 0'G6L q€g ayemmry paddar-yperg
{0FT  0€C O€L 0¢CF 0'8) q (sv1puvijoyavaou snivy)
€261 ST 09¢ 091 0SC 0'€0) W o€ f{0°06] 1D PII19-pay
(suassaony;8 SNADT)
ejep ‘[qndun pray e 60¢ €19 6T L'v6 €68 [N padurm-snooners
7861 ssmbiey (snstu 4231d1ay)
pue UoIMaN ‘€861 ‘I861 '[B 30 UOIMAN 05T 0'S2) ?C'CL 24 L9 ymeymorredg uerseiny
Jl0°08 0051 L | (sd201430 Xp4000400]0Y J)
S861 meys dooortl W LT doesl 3eyg pada-anig
0Ty o8 K (sapodyjuv sa3dApuSajyr)
£G6T dTepyd1ry 0TI 0¢e 04y 08 W 898 098 um3uag paks-moqpax
I'é6 €9 €67 €¢€€ T4 q (am11opv $1122508A,7)
€861 Te 19 Loury 6'C 9Ty 9T¢ T81 6¢ W 908 768 um3uay a19pYy
a21mog 8 L 9 S i4 € 4 I x3g (%) (%) sapadg
(%) wononpoidai is1y jo 98y ~Aimaess reg _.Mw_%

"sosatjuared ur are saads dures U3 10§ BIEP WIOIJ PIJRINOE) SIILWNSD ‘S1AYILIq
ut a1e sa10ads I9Y)o wolj eyep uo paseq sajewnsy ‘suonemndod [ernjeu ur SuPW JATRIIOSSE Jo s[apow uonenwIs Ut pasn siajaurered sryderSowaq 1 AV



282

1'°T Survival (%)

o
o
"

AGE CORRELATION BETWEEN MATES
o
1

.
0 0.5 1.0

e t ! ) J

MATE PREFERENCE

Fig. 2. Correlation between ages of birds within
pairs as a function of the mate preference of mate
selection. Separate curves are for different values of
survival. Pair stability for all curves is 100%. The scale
of mate preference indicates an increasing preference
for experienced birds from 0 (only inexperienced birds
chosen) to 1.0 (only experienced birds chosen).

under conditions of random choice (mate pref-
erence = 0.5) if survival rates are greater than
0.80. High age correlations are possible when
survivorship is low (<0.60) as a result of the
extremely short lifespan and the consequent re-
duction in the potential variation in ages of
mates. Inclusion of low frequencies of dissolved
pairs substantially reduced the age correlation
(Fig. 3). For example, a decrease in pair stability
to 90% reduced the correlation by nearly 0.15
under conditions of random choice. Even with
low levels of pair stability, however, strong age
correlations can be achieved if there is a pref-
erence for mating with experienced birds.

Eight of the nine species examined exhibited
age correlations significantly different from the
correlation expected under conditions of ran-
dom mate choice (Table 2: Random mating).
Only the age correlation for the Glaucous-
winged Gull (Larus glaucescens) could be pro-
duced by a simulation model assuming random
choice. The sample size for the Glaucous-winged
Gull was one of the smallest used, however, and
the test of observed to expected correlations was
relatively weak. In the Yellow-eyed Penguin
(Megadyptes antipodes) the observed and ex-
pected correlations differed by only 0.03, but
the sample size was large and the difference
was significant.

In 3 of the 8 species for which nonrandom
choice was indicated (Yellow-eyed Penguin,
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Fig. 3. Correlation between ages of birds within
pairs as a function of the mate preference of mate
selection. Separate curves are for different values of
pair stability. Survival for all curves is 95%. The scale
of mate preference indicates an increasing preference
for experienced birds from 0 (only inexperienced birds
chosen) to 1.0 (only experienced birds chosen).

Eurasian Sparrowhawk, White-fronted Tern),
only small mate preferences were required for
the model to match the observed correlations
(Table 2: Best fit). For these three species ob-
served correlations could be matched by the
simulation model using values of mate prefer-
ence under 0.70. In the Yellow-eyed Penguin
and the White-fronted Tern, a slight preference
for mating with inexperienced breeders (that
is, negative assortative mating) was necessary
for the simulation model to match the observed
correlations. In the Eurasian Sparrowhawk and
the White-fronted Tern, the distribution of age
differences among older birds predicted by the
simulation of random mating did not differ from
the actual pattern (Table 2: Random mating),
although the White-fronted Tern sample size
was small and the test was weak. The age dif-
ferences among older Yellow-eyed Penguins did
differ from the differences predicted by the sim-
ulation model under both the random-mating
and best-fit conditions. The species with mate
preferences near 0.50 (Yellow-eyed Penguin,
Eurasian Sparrowhawk, Glaucous-winged Gull,
White-fronted Tern) are 4 of the 5 species with
the highest levels of pair stability (Table 1).
The remaining 5 species were distinctive for
the strong active selection of experienced
breeders suggested by comparisons of actual age
correlations with simulation results. For ex-
ample, the Adélie Penguin (Pygoscelis adeliae),
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TABLE 2. Correlations between ages of birds within breeding pairs and estimates of the value of mate
preference required to fit the simulation model to observed correlations.* The simulation was performed
under two conditions. First, with mate preference = 0.5 (Random mating) there was no selection on the
basis of experience. The correlation produced under this condition (Expected age correlation) was tested
against the mean correlation of the field sample (and the significance of the test listed under: Observed r
different from expected r?). The frequency distribution of age differences among older pairs in the simulation
model was then tested against the observed frequency distribution. Second, the best-fit age preference (Best
fit) required to make the simulation model match the Observed age correlation was determined, and the
frequency distribution of age differences was again tested.

Simulation model

Random mating

Ex-
Field data Egﬁiﬁd
Observed lation Observed Best it
corre- be- r different Frequency Frequency
Max- lation tween from distribution Mate distribution
No. of imum between ages expected of age prefer- of age
Species pairs age ages(r)® (r) ree differences ence differences
Adélie Penguin 59 10 0.60*** 0.26 Yes*** 0.172(36) 1.00+¢ 0.223 (36)
Yellow-eyed Penguin 193¢ 16 0.15*s 0.18 Yes*** 0.325(98)*** 046 0.342 (98)***
Blue-eyed Shag 127 12 0.49*** 031 Yes* ™ 0.201 (64)** 1.00+¢ 0.191 (64)**
Eurasian Sparrowhawk 67 9 0.44** 033 Yes*** 0.122(35) 0.66 0.132 (35)
Glaucous-winged Gull 21 17 0.44* 043 No 0.263 (11) 0.51 0.302 (11)
Red-billed Guil 212 10 0.54*** 038 Yes*** 0.102 (94) 0.97 0.102 (94)
Black-legged Kittiwake: 1,440 18 0.47*** 0.31 Yes*** 0.083(607)*** 0.88 0.070 (607)**
Arctic Tern 29 18 0.56***
Divorce = 0.05 040 Yes*** 0.358 (14)* 0.77 0.179 (14)
Divorce = 0.20 0.34 Yes*™™™* 0.321(14) 0.97 0.216 (14)
White-fronted Tern 11 17 0.23
Divorce = 0.05 0.33  Yes*** 0.440(7) 0.34 0.493 (7)*
Divorce = 0.20 032 Yes*** 0.446(7) 0.41 0.453 (7)

* References as in Table 1 except Black-legged Kittiwake (Coulson and Thomas 1980). * = P < 0.05, ** = P < 0.01, *** = P < 0.001.

® Two-tailed test of significance of correlation.

© Expected correlation tested against observed correlation; two-tailed ¢-test.

9 Kolmogorov-Smirnov D; sample size in parentheses.

* Mate preference of 1.0 was not sufficient to match observed correlation.

f Data refer to ages of birds at time of initial pair formation. Simulation analysis performed accordingly.

& Maximum estimate; ages of birds in grouped catagories assigned to minimum age of group.

» Unpublished data. Ages of birds (male-female): 7-6, 7-7, 7-7, 7-10, 7-14, 8-7, 9-8, 10-5, 10-12, 10-14, 11-6, 11-13, 11-14, 12-12, 12-14, 13-9, 13-11,

13-17, 14-8, 14-11, 16-15.
i “Age” refers to the number of breeding seasons.

iIncludes birds seen in more than one breeding season. Thus, a known-age pair seen in two seasons is present twice in the correlation (and

sample size).

Blue-eyed Shag, Red-billed Gull (Larus novae-
hollandiae), Black-legged Kittiwake (Rissa tridac-
tyla), and Arctic Tern (under the low-pair-sta-
bility condition) required values of mate
preference greater than 0.85 for the model to
match the observed correlation between ages of
mated birds (Table 2: Best fit). In the Adélie
Penguin and Blue-eyed Shag even a 100% pref-
erence for experienced breeders was insuffi-
cient to produce the observed correlation. In
the Adélie Penguin, Blue-eyed Shag, and Red-
billed Gull there was an excess of pairs with
small age differences in the natural populations
when compared with the best-fit model popu-

lation (significant in the Blue-eyed Shag; Table
2: Best fit). This suggests that a choice mecha-
nism more exact than the modeled experienced
vs. inexperienced choice is necessary to explain
the pattern of age correlation. Such a mecha-
nism may involve choice on the basis of actual
age or choice on the basis of a variable highly
correlated with age (i.e. for some species, the
timing or location of mating). Shaw (1985) was
unable to account for the high age correlation
in the Blue-eyed Shag by temporal or spatial
patterns of pair formation and suggested that
the birds may use physical or behavioral cues
to estimate the age of potential mates.
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Di1scUSSION

For all nine species (Table 2) there was evi-
dence that reproductive performance increased
with the age or experience of the adult (refer-
ences given in Table 1), yet only the species
with low levels of pair stability appear to ex-
hibit strong age preferences. It is not clear why
species with high levels of pair stability should
not exhibit equally strong preferences given the
apparent advantage of mating with experienced
birds.

Three factors may help explain the low values
of mate preference in some species. First, the
simulation model may not reveal existing age
preferences. Some patterns of nonrandom mat-
ing with respect to age could decrease the cor-
relation between ages of mates. For example,
the preference of young females for old males
found in the Yellow-eyed Penguin (Richdale
1957) produced a low correlation between ages
and, thus, a low value for mate preference de-
spite obvious age-specific mate choice. In sev-
eral species there is also evidence for a decrease
in reproductive performance among very old
breeders (references given by Mills and Shaw
1980, Newton et al. 1981), suggesting that mate
preference may vary across age classes. Some
age classes, in species with low average values
of mate preference, may exhibit strong age pref-
erences not detected in this simulation. In this
situation a strong correlation between ages
would be observed only among pairs with both
birds less than the age of decline in perfor-
mance.

Second, although there may be selection for
choice of experienced breeders, not all species
may be able to assess the age or experience of
potential mates. The Adélie Penguin, faced with
an extremely short breeding season, exhibits a
pronounced age-specific pattern of arrival times
at the colony, with older birds arriving first
(Ainley et al. 1983). Pairs that dissolve tend to
be composed of birds with the least synchrony
inarrival times (as also found in the Black-legged
Kittiwake; Coulson and Thomas 1980) and, be-
cause of the age-specific pattern of arrival, the
new mates of birds from dissolved pairs tend
to be chosen from a similar age class. Among
species in which pair stability is less dependent
on the synchrony of arrival, colony occupation
times may not be as clearly age specific. In the
Glaucous-winged Gull, for example, the colony
is occupied by the majority of breeders for over
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one month before the initiation of laying (pers.
obs.), and there is no evidence of age-related
patterns of colony occupation. In March 1984
the age distribution of 26 birds observed on the
colony (2 months before laying) did not differ
from the age distribution of 160 breeding birds
in June (Kolmogorov-Smirnov D = 0.087, P >
0.20). In species with high pair stability the ad-
vantage of mating with experienced birds may
be as great as in species with low pair stability,
but the birds may be less capable of determining
the age or experience of potential mates.

Finally, the higher reproductive success of
older birds is only one component of the costs
and benefits of assortative mating. For example,
among species with high pair stability the “cost”
of mating with an inexperienced bird may be
relatively low because of the high probability
of remating with the bird in subsequent years
when it is more experienced. Thus, although
the initial breeding success of a bird mating
with an inexperienced individual may be low,
the lifetime reproductive success may exceed
that of an individual mating with a series of
older birds. Moreover, if birds can evaluate the
quality of potential mates rather than just the
experience or age, then the correlation between
ages of mates would be only as strong as the
correlation between quality and age. A pair
composed of an old and a young bird may be
very successful if the young bird is of high qual-
ity.

In only one of the nine species examined can
random mating with respect to experience ac-
count for observed correlations in ages between
mated birds. With the exception of the Adélie
Penguin and the Blue-eyed Shag, the observed
correlations can be reproduced by simulation
models that assume only that birds can distin-
guish experienced from inexperienced breed-
ers. Among species with high pair stability, only
a small preference for mating with experienced
birds is needed to account for significant age
correlations between mates. Only in the Blue-
eyed Shag did it appear that mate choice was
made directly on the basis of age rather than
on the basis of timing or location of breeding.
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