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How females pair with respect to the plumage and provisioning characteristics of
males, and its fitness comsequences, was studied in the American Kestrel Falco
sparverius in east central Peansylvania. USA. Within a 100 km* area where pairing was
studied, on the day females formed a pair bond they had approximately 3.4 unmated
males to choose from. No male trait was clearly related to the time males had to wait
before obtaining femaies. Indeed, the scarcity of unmated males together with
extremely fast pairing (the pairs were usually formed within a day of males’ arrival)
suggest limited mating options for females. Male plumage brightness was related to
age, adult males being brighter than yearlings. Early laying by females was associated
with bright plumage of males, and high hatching success and food provisioning rate
to nesilings were negatively correlated with the width of the subterminal band of
yearling males. Males with bright plumage and a narrow subterminal tail band
produced the most fledglings. This study indicates that plumage characteristics may
reveal males’ parental quality; plumage brightness predicts age and thus experience,
and a narrow subterminal tail band predicts foraging ability especially of young,
inexperienced males. Consequently, femaies mated to males with bright plumage color
or with narrow subterminal tail band gain reproductive success. The results support
the direct process of sexual sefection, even though indirect processes may also exist.
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A female may gain either direct benefits, which increase
her own fitness in some way, or indirect benefits, which
increase the fitness of her offspring, from the male (e.g.
Kirkpatrick 1987, Kirkpatrick and Ryan 1991). Males
may provide direct benefits to the female through terri-
tory and nest-site quality (Alatalo et al. 1986), or
parental care (Searcy 1979, Yasukawa 1981). Males
providing resourcgs for their offspring or mate will
benefit females by increasing female survival (Trivers
1972, Nur 1984) or reproductive output (Mock and
Fujioka 1990). Several studies indicate that parenting
abilities of males may be correlated with plumage color,
females with brightly colored males thus gaining direct
benefits (Grant and Grant 1987, Hill 1990, 1991, Norris
1990a, b, Palokangas et al. 1994, Sundberg and Larsson
1994, Satre et al. 1995).

Indirect benefits are realized through the inheritance
of “aesthetic”” male traits (Weatherhead and Robertson
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1979, 1981, Pomiankowski 1988), or good genes (An-
dersson 1982a, Kodrick-Brown and Brown 1984, Pomi-
ankowski 1988, Grafen 1990a, b). Several studies have
shown that females prefer extravagant male ornaments
such as a long tail (e.g. Andersson 1982b, Moller 1988)
or bright plumage (Hill 1991, Palokangas et al. 1994;
for fishes see e.g. Endler 1983). Two hypotheses for the
evolution of such a preference are the handicap (or
good genes) model (Zahavi 1975, Hamilton and Zuk
1982, Isawa et al. 1991) and the runaway process (e.g.
Pomiankowski et al. 1991). Recently, some evidence for
indirect benefits through offspring has been found'
(Norris 1993, Petrie 1994).

The aim of this study is to investigate whether
plumage characteristics of males could advertise
parental quality in the American Kestrel Falco
sparverius, a species in which the sexes differ dramati-
cally in color. Further. the mating options of females,
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how they pair with respect to male plumage and feed-
ing characteristics and its fitness consequences are
studied. In the American Kestrel. as in other raptors.
it is mainly the provisioning effort of the male that
contributes to the reproductive success of the pair
(Balgooyen 1976. Bowman and Bird 1987). There-
fore. females should try to acquire good quality males.
and would clearly benefit if male quality could be
evaluated quickly and accurately by plumage character-
istics.

Methods
Study species

The American Kestrel is a monogamous. open-country,
cavity-nesting raptor that readily uses nest-boxes. The
male feeds the female after pair-formation. so that
females hunt only infrequently before egg laying. The
male provides for the whole family until the young are
half grown (Balgooyen 1976). As in most diurnal rap-
tors (Falconiformes) and owls (Strigiformes) (e.g. An-
dersson and Norberg 1981. Hakkarainen and
Korpimiiki 1991) the male is smaller than the female
(reversed sexual size dimorphism). Intersexual differ-
ences in plumage coloration are also pronounced. The
back of the male is rufous with black spots and the tail
is rufous, with a black subterminal band. The upper
wing coverts and some of the secondaries of the male
are slate-blue. usually with black spots. Females are
mostly reddish brown. with dark brown bars on the
back and tail (Palmer 1988). Males vary considerably in
their plumage pattern and coloration. The differences
are most distinct in the brightness of the tail, wing and
dorsal feathers. and in the width of the subterminal tail
band.

Study area

American Kestrels were studied in east central Pennsyl-
vania. USA. in the vicinity of Hawk Mountain Sanctu-
ary (40°N. 75°W), in 1993. The total study area covered
c. 800 km? and consisted of rolling farmland. hayfields
and pastures broken up by small woodlands. The main
crops in the area are corn Zea mays. soya-bean Glycine
max and alfalfa Medicago sativa. Throughout the study
area. kestrels breed in nest-boxes (210) fastened to
isolated trees.

Arrival times and mating

A part (c. 100 km?) of the total study area was surveyed
every other day between 20 March and 18 April to
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determine when males arrived on their territories. and
the time they formed pairs. Because the topography of
the study area is rolling, this portion was chosen so that
all parts could be observed equally well. As the area
also contains kestrels which are winter residents (C. J.
Robertson. unpubl. ringing data). only territories with
arriving males were included in analyses of arrival and
pairing (this let me leave one of 20 territories out).
Arriving kestrels that were not color-ringed were iden-
tified by individual plumage characteristics to confirm
that birds which arrived on territories stayed there.
Furthermore. the time that it took males (19 in the 100
km? area) to mate after their arrival on the territories
(mating lag) was determined. A male was considered as
having mated once he was seen together with a female
on his territory.

Behavioral observations

Behavioral data were collected by continuously record-
ing (see Martin and Bateson 1986) the occurrence of
different behavioral acts. 1 observed behavior using
10 x binoculars and a wide angle. 20x telescope. To
avoid disturbing the birds. recordings were made at a
distance of 150-300 m from the nest. All observations
were made on rainless days.

Usually within one week after the pairs were formed.
and always before egg-laying, the behavior of 20 pairs
was observed. The total time of observation was 6
hours per pair, divided into periods of 3 hours each
in the morning and afternoon on different days. Like-
wise, during the mid-nestling period (when the young
were 11-13 days old) 20 pairs were observed. for
one 2.5 hour period each in the moming ‘and after-
noon on two different days. Based on these observa-
tions. the rate at which the male provisioned the
female (in the courtship period) or female and young
(in the nestling phase) was calculated for each male.
In the nestling phase, a hunting efficiency index for
males was calculated by dividing the feeding rate by
the hunting effort (proportion of time spent actively
hunting, i.. directional flight between the nest and
hunting area. flight bouts during hunting, and wind-
hovering). The hunting effort of females during this
phase also was recorded. Hunting from a perch, where
falcons were observed to continually bob their heads
and scan the surroundings, was included in the hunting
effort of females, but not in that of males. In males.
the intent was to examine the hunting yield per amount
of time invested in an active hunting method requiring
high energy expenditure (see Masman and Klaassen
(1987) for emergy requirements of different hunting
methods), whereas for females, the intent was to deter-
mine only whether they devoted time to brooding or
any kind of hunting. i
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Parental characteristics and reproductive success

The start of egg-laying was determined by regular visits
to nest-boxes. During incubation. the boxes were
checked to count the number of eggs. Nestlings were
marked with U.S. Fish and Wildlile Service metal rings
at the age of 2-3 weeks and nestlings which had
survived were counted when they were 3-4 weeks old.
Alter the young fledged. nest-boxes were checked for
the remains of dead nestlings. Between 25 May and 20
July, males (N = 57) and females (N = 58) were trapped
with a swing-door trap attached to the nest-box or with
a bal-chatri when the nestlings were about one week
old. Parent birds were marked with U.S. Fish and
Wildlife Service metal ring and. in addition. with an
individual combination of three plastic color-rings. for
individual recognition. They were aged | (yearling) or
>1 year old (adult) using the established criteria of
Smallwood (1989). and their body mass determined
with an accuracy of 1.0 g. Wing and tail lengths were
measured to the nearest 1.0 mm. and tarsus length to
the nearest 0.1 mm.

The colors of back. tail and wing feathers of trapped
males were ranked into six categories. varying from |
(dull) to 6 (bright). For ranking-criteria the Tikkurila
Monicolor Nova paint color cards (Tikkurila Oy, Box
53. FIN-01301 Vantaa. Finland) and the color cards of
Smithe (1975) were used. A male’s tail and back are
usually rufous. but vary from dull yellowish-brown to
dark rufous. The color of the back and tail was ranked
as | when yellowish-brown with rank numbers (2-6)
increasing as the intensity of reddish color of the feath-
ers increased. The ranking was based on the following
Tikkurila paint color numbers (color card number(s) of
Smithe (1975) in parentheses). | (yellowish-brown -
dull): Y 162 B (39); 2: Y 135 C (37.139): 3: Y095 C
(340, 38. 240); 4: Y 129 C (40. 136); 5: Y 089 C (32);
6 (dark rufous - bright): Y 130 C. The color of the
wing (upper coverts and part of the secondary feathers)
is usually slate-blue. and males were given a higher
brightness rank with increasing intensity of blue. The
ranking of wing feathers was based on the following
color card numbers (Smithe (1975) in parentheses);
1: 1168 A: 2: K 168 C (84, 87); 3: N 168 C (83); 4: N
162 C: 5: L 162 C; 6: M 168 C. The ranking was
repeated by an independent observer (C. J. Robertson).
Back. tail and wing brightness of 57 males was intercor-
related (back-tail colors, Spearman rank correlation.
r,=047. p<0.001: back-wing, r,=0.35. p=0.009:
tail-wing, r,=0.39, p=0.003). Therefore. an overall
brightness score was determined by taking the mean of
back. tail and wing brightness. and used in subsequent
analyses. The width of the subterminal band on the
third rectrix at the rachis was measured to the nearest
0.1 mm. using sliding calipers. Males were ranked and
measured before their hunung and breeding success was
known.
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Statistics

Data were analyzed using SPSS for Windows (Norusis
1992) and SAS (SAS Institute Inc. 1990) statistical
packages. The number of correlations calculated was 40
which means that ¢. two significant correlation coefi-
cients should emerge just by chance. To correct signifi-
cance levels lor the correlations. | used the sequential
Bonferroni procedure (Rice 1989) on a variable by
table-wide level (e.g. in Table I arrival time. mating lag
and laying date were handled as if they would have
been in different tables). 1f a significance level is pre-
sented with Bonferroni correction. the term “corrected
p~ will be used. All statistical tests are two-tailed.

Results
Arrival times and pairing

Males arrived on breeding territories. on average. only
one day before females. and the arrival times of the
sexes did not differ significantly (males: median =28
March. N = 19; females: median =29 March. N=19,
Mana-Whitney U-test, U = 163.0, p =0.61). There was
a considerable overlap in arrival times of the sexes (Fig.
1). Pairs were usually formed within about one day
(mean+SD = 1.1 +2.0. N=19) after a male had ar-
rived on his territory, and 14 (out of 19) pairs were
already formed when first observed. Each day a female
arrived on a territory, there were about three (mean +
SD =34+ 2.2, N = 19) unmated males to choose from
within the 100 km® study area.

Among the 58 trapped breeding females. 20 (35%)
were yearlings (1 year old). whereas 24 of 57 (42%) of
trapped breeding males were yearlings. Pair-formation
was not assortative by age. i.e. neither yearling nor
adult males paired with. females of the same age more
often than expected (Chi-square-test. * =0.16. df = 1.
p =0.69).
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Fig. 1. Female arrival date in relation to male arrival date
{1 =March 1). If more than one pair arrived on the same day.
the number of pairs is given below the datapoint.
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Table 1. Spearman rank correlations (r,) between the plumage
characteristics of American Kestrel males and their arnvat
ume on terntories. mating lag, and laying date of their part-
ners. Significance fevels are corrected by the sequential Bonfer-
roni procedurc (Rice 1989). °: corrected p < 0.1, *: corrected
p < 0.05. **: corrected p <0.01.

Male Arrival  Maung Laying (N)
characteristics of male lag date-
rl rl r!
Brightness score' —-047  —=0.11 —0.68* (15)
—0.56** (56)
Subterminal band 0.18 0.54° —-0.05 (14)
width —0.05 (55)

! Brightness score was calculated as the mean score of back.
tail and wing colors.

2 Correlations between laying dates and male characteristics
are given for both the males whose arrival times were deter-
mined (upper row) and for the whole study population
(lower row).

Plumage characteristics of males were not closely
associated with their arrival times (Table 1), nor was
any measured body dimension (for example. tail length.
Spearman rank correlation. r,=0.11, N=15, p=0.7).
Females that paired early in the season had significantly
longer tarsi than those that paired later in the season
(r,=0.76, N =15, corrected p <0.01). The brightness
score of males was correlated with the tarsus length of
their females (r, = 0.34, N = 52, corrected p < 0.05), but
not with other measurements of females (p > 0.1).

In females. there were no age-related differences in
arrival times on territories (mean arrival times, year-
lings vs aduits: 30 March vs 1 April, U=13.5. p=
0.94). In males, there was a tendency for adults to
arrive earlier than yearlings, although the difference
was not significant (mean arrival times, yearlings vs
adults: 5 April vs 29 March, U=11.0, p=0.15).

Females mated to brightly colored males began to lay
eggs earlier than females with duller males (Table 1).
The association between early laying and bright males
also held after controlling for the effect of male arrival
date in a partial correlation (Kendall partial rank corre-
lation. 1= —0.44, N =15, corrected p <0.05). Adult
(> l-yr old) males had significantly higher brightness
scores than vearling males (Table 2). Separate tests
of the laying dates of females with yearling or adult
males revealed that in both age classes. partners of
brightly colored males started laying early in the season
(Fig. 2).

Mating lag

The arrival date of the male did not correlate with the
mating lag (r,=0.21. N =19, p=0.39). There was a
weak. non-significant. negative correlation between the
width of the subterminal band and the time males
waited before obtaining a female (Table 1). In spite of
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Table 2. Plumage characteristics of Amencan Kestrel males as
a function of age.

Male plumage Male age Mann-Whitney
characteristics U-test
Yearling Adult
Mean + SD  Mean + SD U p
Brightness 3.0 (0.8) 3.3(09) 2750 0.048
score’

Subterminal 25.3 (4.1) 24429 M0 044
band width
N) 24 (33)

! Brightness score as in Table 1.

a large sample size. the width of the subterminal band
was not associated with tail length (r, = —0.11, N =56,
p =0.43), tail color (r,= —0.18. N=156, p=0.18), or
male age (Table 2).

There was a tendency, though not significant. for
adult males to have shorter mating lags than yearling
males (mean + SD, adults: 0.6 + 1.3; yearlings: 2.5+
3.0, U=13.5, p=0.15). For the males whose behavior
1 observed during courtship feeding, there were only
two classes of mating lags (0 and 4 days). Males that
paired the day they arrived on their territories tended to
provide their partners with more prey items than those
that mated four days after arriving (prey items/hour,
mean +SD =0.39+0.2 vs 0.17+0.0. U=23.0. p=
0.075). The arrival date of males did not correlate with
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Fig. 2. Mean + SD laying date of females (1 = April 1) as a
function of brightness score (mean score of back, wing and tail
colours) of their partners (white bars: yearling males.
Kruskall-Wallis test, H=9.61, p=0.02: black bars: adult
males. H= 1001, p=0.007; age classes pooled. H = 22.82.
p < 0.0001). No laying dates within any brightness score cate-
gory differed significantly between vearling and adult males
(p > 0.05). Number of cases (in increasing order of brightness
scores): adult males: 6, 19. 7; yearling males: 12, 6. 5. 1.
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Table 3. Spearman rank correlations (r,) between the plumage
characteristics of American Kestrel males and breeding pertor-
mance of their partners. Significance levels are corrected by the
sequential Bonferroni procedure (Rice 1989); *: corrected p<
0.0s.

Male Clutch Number of
characteristics size* fledglings®

A N r, N
Brightness score’ 0.25 57 0.35* 50
Subterminal band
width 0.13 56 —0.29* 49

! Brightness score as in Table 1.
? Range 2-6 (mean + SD =4.8 + 0.6).
? Range 0-6 (mean + SD =39 + 1.4).

their provisioning rate (r, = —0.13, N =15, p =0.65),
possibly suggesting that there were no obvious differ-
ences in food abundance (i.e. territory quality) between
territories occupied early versus late. Males’ plumage
characteristics were not related to their courtship feed-
ing rates (p > 0.1).

Reproductive success

Males with high brightness scores and males with a
narrow subterminal tail band produced relatively large
numbers of fledglings (Table 3); however, no such
relationship was found with respect to clutch size
(Table 3). The influence of males’ provisioning on the
clutch size could not be tested, since the provisioning
data were from only two clutch size classes (4 and 5),
and of the 20 pairs observed. only two had 4-egg
clutches. Since both clutch size and the number of
fledglings were correlated negatively with laying date
(r,=—0.44, N=60, p<0.001 and r, = —0.34. N = 52,
p <0.01, respectively), the productivity was also tested
when the effect of laying date was controlled for. With
laying date as a covariate, the association of male
plumage color with productivity disappeared (t = 0.16,
N = 50, p = 0.11), whereas the negative correlation with
the width of the subterminal tail band remained signifi-
cant (t= —0.20. N =49, p = 0.04). The age of the male
was not associated with his reproductive success, as
productivity did not differ between yearling and adult
males (mean + SD, eggs: 4.8+0.7 vs 48+0.6, U=
386.5. p=0.81; and fledglings: 3.8 + 1.5 vs 4.0 + 1.4,
U =256.5, p=0.36).

In 25% of the clutches some of the eggs did not hatch
(range of unhatched eggs 0-5, mean +SD = 0.5 + 1.2,
N = 56). Plumage characteristics appeared to be associ-
ated with hatching success as the width of the subtermi-
nal band of young males correlated positively with the
percentage of unhatched eggs in the clutch (r, = 0.43,
N =22, p <0.05), but not that of the adults (r, =0.02,
N =30, p=0.98). In addition. the brightness score was
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negatively, although only marginally, related to per-
centage of unhatched eggs in clutches of both yearling
(r;=—0.36. N = 22, p=0.097) and adult (r, = —0.30.
N =31, p=0.10) males.

One explanation for the association between plumage
and reproductive success may be that patterns of col-
oration are also related to provisioning rates of males.
Young males with narrow subterminal bands had
higher prey delivery rates during the nestling pertod
than those with wider subterminal bands (r, = —0.85,
N =8, p<0.01), but in adult males there was no such
relationship (r, = —0.19. N =11. p=0.59). The hunt-
ing efficiency (number prey caught. percentage of time
in flight hunting) of yearling males was also negatively
related to the width of their subterminal band (r,=
—081, N =8, p <0.05), but in adult males there was,
again. no similar tendency (r,= —0.11, N=1I, p=
0.74). The brightness score was not clearly refated to
prey delivery rate in yearling (r, = 0.60. N =8, p=0.12)
or in adult males (r, =0.25. N = 12, p =0.87). Differ-
ences in either the provisioning rate or hunting effi-
ciency during the nestling phase were unrelated to male
age per se (U=45.0, p=0.81. and U =460, p=0.88.
respectively).

After controiling for brood size. partners of males
with wide subterminal tail bands spent more time hunt-
ing than partners of males with narrow subterminal
bands (Fig. 3). No other traits of males were associated
with the time females hunted. When laying date was
controlled for, there was no relationship between the
proportion of time females spent in hunting during the
mid-nestling phase and the number of fledglings pro-
duced by the pair-(t= —0.14, N = 20. p=0.16).
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Fig. 3. Hunting effort of female American Kestrels (propor-

.tion of time used in perch-hunting and flight-hunting) during

the mid-nestling phase in relation to the width of the subtermi-
nal band on the tail of their males (Kendall partial rank
correlation. controlling for brood size, t=0.39, N=19,
p<005). If the male with the widest band is excluded.
the correlation still remains significant (r=0.35. N=I8.
p <0.05).
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Discussion
Arrival and mating

Male American Kestrels in my study area obtained
females soon after arriving on territorics. usually within
one day. An earlier study at the same site showed that
new pairs form each year (Apanius 1991). Within the
100 km* area where pairing was studied. female kestrels
appeared to have. on average. 3.4 mating options upon
arrival. Can females be choosy given that the pairing is
so fast and available males so scarce? In the Great Reed
Warbler Acrocephalus arundinaceus {Bensch and Has-
selquist 1992) and the Pied Flycatcher Ficedula hy-
poleuca (Dale et al. 1992) females search for mates
within a radius of only a few hundred meters once they
have located an availuble male. but search patterns
have not been studied in any bird of prey. to my
knowledge. However. it seems likelv that female
kestrels could search an area much larger than do small
passerines. especially as the typical summer habitat of
these falcons is an open landscape which probably
enables females to locate males flying even a few kilo-
meters away. Even so. the number of available males
may be too small for females to be choosy. Time and
energy constraints for females while choosing mates are
well demonstrated (e.g. Parker 1983, Alatalo et al.
1988. Slagsvold et al. 1988, Real 1990, Palokangas et al.
1992. Sullivan 1994). If females visit and assess many
males. the males visited earlier may simply be paired
with newly-arrived females when they return to them
(e.g. Real 1990). Another severe constraint for both
sexes is the fact that in temperate areas prospects for
breeding decline rapidly as the season progresses (e.g.
Village 1985. Palokangas et al. 1992, this study). There-
fore. female American Kestrels may not have high
criteria for mates. and their best option may be to
choose the first male encountered.

Bortolotti and Iko (1992) found that in wild Ameri-
can Kesirels mating was assortative by condition.
whereas a study of captive American Kestrels indicated
the imporiance of frequent nest-site inspections by
males in mate choice situations (Duncan and Bird
1989). In this study, no male trait was clearly related to
the time males remained unpaired after arriving on
their territories (mating lag): this was possibly because
of the scarcity of unpaired males. and the fact that
there was very little variation in the mating lags (most
pairs were formed within a day of the male's arrival:
Fig. 1). Two tendencies. however. emerged: males with
high rates of courtship feeding and with narrow subter-
minal bands seemed to pair slightly faster than those
with low feeding rates and wide bands. Although the

. plumage characteristics I measured were not strongly

related to pairing. the effects of color patterns invisible
to the human eye (e.g. Bennett et al. 1994) cannot be
ruled out as a cue for female mate choice. Experiments

52

in Eurasian Kestrels Fulco tinmunculus have demon-
strated the importance of ultraviolet vision in finding
patches of high vole abundance (Viitala et al. 1995). In
addition. females might be choosing maies based on
some other traw. c.g. nest-site quality. correlated with
male color. Indeed. isolating criteria for mate choice is
extremely difficuit because of many contounding vari-
ables (see Andersson 1994),

Fitness and muale traits

The secondary sexual traits of 4 male were associated
with the number of fledglings he raised: brightly colored
males and males with narrow subterminal bands were
the most productive (Table 3). Females mated to
brightly colored males likely had higher fitness because
they initiated egg-laying early. The association between
early laying and bright male plumage color occurred in
both adult and vearling males (Fig. 2). Color may be an
indicator of the ability of these males to get their
females into laying condition quickly. Alternatively,
high quality females mate with bright males. or females
mated with bright males invest more in breeding than
those mated with dull males. as suggested by the differ-
ential allocation hypothesis (Burley 1988). As the
plumage traits of males were not related to their rate of
courtship feeding, it may be that brightly colored males
were paired with good quality females. able to start
laying early. As most of the pairs were already formed
when first observed. it cannot be ruled out that the
brightly colored males formed pairs before arriving on
territories. Interestingly, females with brightly colored
males had long tarsi. possibly indicating female-female
competition for the bright males.

Unlike the case with plumage color. the laying date
of females was not related to the width of the subtermi-
nal tail band of their males. Still. males with narrow
subterminal bands had large broods at the time of
fledging. A narrow tail band of yearling males was
associated with a high provisioning rate to nestlings.
Furthermore. hatching failures of eggs within clutches
were infrequent for males with narrow subterminal
bands, and females mated to males with narrow subter-
minal bands had little need to hunt during the mid-
nestling phase (Fig. 3). The reasons for hatching
failures are unknown. but perhaps some component of
the viability of eggs is related to the quality of the
parents: females can vary in their fertility and males can
vary in their ability to fertilize the eggs (e.g. Birkhead
and Moller 1992). Plumage characteristics of males
may. for example. be related to the quality or quantity
of their sperm. Whatever proximate mechanism is in-
volved. these results suggest that females and nestlings
of males with narrow tail bands received adequate
provisioning from the male. In American Kestrels. as in
other raptors. it is mainly the effort of the male that
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determines the reproductive success of the pair (Bal-
gooven 1976, Bowman and Bird 1987).

It is generally believed that the expression of sec-
ondary sexual traits varies according to the condition of
the individual (Andersson 1982a). In the House Finch
Curpodacus mexicanus, the amount of red in the
plumage of males is a function of dietary intake of
carotenoids (Brush and Power 1976, Ralph 1969 for
other birds). The brightness of the plumage is then used
as a cue for female mate choice. and is correlated with
male parental quality (Hill 1990, 1991). In American
Kestrels. adult ( > I-yr old) males had brighter plumage
than yearling males (Table 2); therefore. plumage color
may be an honest advertisement of male quality and
experience. This gives the female the opportunity to
discriminate between inexperienced and experienced
males. In many other falcon species, including the
Eurasian Kestrel, age discrimination among males is
facilitated by the female-like plumage of yearlings (e.g.
Village 1990. Hakkarainen et al. 1993).

Plumage brightness varied within, as well as between,
age classes of males. Differences among individuals
may be related to factors at the time of molt. American
Kestrels molt their flight and body feathers annually,
before autumn migration (Palmer 1988). Therefore, the
quality of feathers which the adults produce is poten-
tially affected by the condition during the previous
breeding attempt. and thus only the least stressed males
may be able to produce showy feathers. In juveniles,
feathers are produced during the nestling and fledgling
periods. and feather quality is probably most affected
by the food received from parents. Compared to color,
it is difficult to explain the narrow subterminal band as
either a genetic- or nutrition-based indicator of male
quality, especially since females are usually thought to
prefer exaggerated, not reduced, size or color of traits
(see Enquist and Arak 1993). Either it must be costly to
produce a narrow subterminal band, the tail band is
related to some other trait. or the relationship between
this trait and viability is spurious. One possible cost
could be to produce a wide rufous area on the. tail.
Based on allometry, the width of the subterminal band
should be correlated with tail length, but this was not
true. Therefore, the physiological cost of producing tail
colors could be linked to producing a wide rufous area
of the tail, rather than to producing a narrow subtermi-
nal band. Whatever mechanisms are involved, it ap-
pears that plumage characteristics indicate whether or
not a male will be a good parent. For females this may
be of crucial importance especially when choosing
among yearling males, which are usually thought to be
less skilled than adults (Lack 1966, Curio 1983, S=tre et
al. 1995). Females mating with showy males may obtain
a vigorous mate who is in good condition and is a
skilful hunter. Such direct benefits to females are pre-
dicted by the *‘good parent” process of sexual selection
(Heywood 1989, Hoelzer 1989, Price et al. 1993) and
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have been found in other studies too (e.g. Hill 1990,
1991, Palokangas et al. 1994, Sundberg and Larsson
1994). i

In conclusion. these results suggest that female Amer-
ican Kestrels may be uble to predict male parental
quality from his external traits. Bright plumage and
narrow subterminal taiibands appear to be reliable cues
so that females mated with such males gain reproduc-
tive success. However. the degree to which females can
be choosy depends on the number of mating options
and on the time and cnergy constraints of searching.
Given the low density of males and the short breeding
season the best option for females in this study may
have been to mate with the first available male.
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