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Abstract. We studied patterns of mate guarding and paternity in 21 pairs of Northern
Cardinals (Cardinalis cardinalis) nesting in central Kentucky. DNA fingerprinting revealed
that five of 37 nestlings (13.5%) resulted from extra-pair fertilizations (EPFs). Of 19 broods
sampled, three (16%) had at least one extra-pair young. Although our observations of male
cardinals making extra-territorial movements suggest that some males in the population
may actively pursue EPFs, the percentage of extra-pair young in our study was lower than
reported for many other passerines. Three non-exclusive factors may have contributed to
this low percentage. 1. Male cardinals may gain more from parental efforts than from pursuing
extra-pair copulations (EPCs). 2. Females in resident species such as Northern Cardinals
probably have more opportunities to assess the quality of prospective mates prior to pairing
than do females in migratory species and so EPCs may be less likely to be beneficial to
females. 3. Most male cardinals exhibited mate guarding behavior. Males maintained contact
with fertile mates 72.8% of the time during initial nesting attempts and, in addition, males
followed females more often than females followed males in nine of 10 pairs.
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INTRODUCTION

A mixed reproductive strategy is one in which
an individual gains reproduction by behaving in
two different ways during the same period of
time. Trivers (1972) coined this phrase and pre-
dicted males would be expected to try to pair
with one female and then pursue additional pro-
miscuous matings once paired. Trivers’ predic-
tion has been confirmed for many bird species;
already-paired males often purse extra-pair cop-
ulations (EPCs) with the mates of other males
(McKinney et al. 1984, Westneat et al. 1990,
Birkhead and Meller 1992). In at least some spe-
cies, females also appear to follow a mixed re-
productive strategy by pairing with one male and
pursuing EPCs with other males (e.g., Smith 1988,
Kempenaers et al. 1992, Wagner 1992). Genetic
studies have confirmed in many species that EPCs
result in fertilizations, sometimes at surprisingly
high frequencies (30~70%; Birkhead and Meller
1992, Westneat and Webster, in press).
Although EPCs appear to be a major com-
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ponent of the reproductive behavior of males and
females in many avian species, there is consid-
erable variation in how EPCs occur and in their
frequency (e.g., McKinney et al. 1984, Westneat
et al. 1990, Birkhead and Meller 1992). Some
ecological and social factors have been proposed
as explanation for this variation. Opportunities
for EPCs may be influenced by density (Birkhead
1978), the degree of breeding synchrony (Birk-
head and Biggins 1987, Westneat et al. 1990),
and features of the habitat (Sherman and Morton
1988). EPCs might also be more common when
females choose mates indirectly via choice of
nesting site rather than directly (Westneat et al.
1990). Within populations, some individuals
might be involved in EPCs more frequently than
others. Westneat et al. (1990) and Meller (1992)
predicted that late-settling females would be more
likely to pursue EPCs with better quality, but
already paired, males. Similarly, mates of males
that face conflicting demands between mate
guarding and other activities, such as foraging
(Westneat 1994) or taking care of fledglings, might
experience more EPC attempts (e.g., Westneat et
al. 1990).

Currently, there are too few data on a sufficient
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variety of species to allow a comparative analysis
of these predicted relationships. Some analyses
of observed rates of copulations have been at-
tempted (e.g., Birkhead and Maeller 1992), but
these suffer from biases in the ease of observing
behavioral events. At present, data on rates of
extra-pair fertilizations (EPFs) have been gath-
ered for too few species, thus preventing com-
parative analyses using measures less prone to
observational bias. A growing set of studies of
variation within populations has led to some new
insights into the factors affecting EPCs (reviewed
by Westneat and Webster, in press), but it is clear
that differences among species in how these fac-
tors interact abound.

Here we present data from a behavioral and
genetic study of Northern Cardinals (Cardinalis
cardinalis) that was initiated to add to the data
available for comparative analyses and test some
hypotheses that have not often been addressed
in other studies. Cardinals are a socially monog-
amous species (Bent 1968; Ritchison, unpubl.
data) and are year-round residents in eastern
North America. Cardinals breed in scrubby sec-
ondary growth common to “edge” habitat and
residential areas. Pairs often can raise two broods
in a season, yet predation of nest contents is high,
so breeding is often asynchronous. Males provide
substantial parental care to nestlings, and fe-
males often will renest while the male is provid-
ing for fledglings.

We predicted that cardinals would engage in
EPCs. Because of the visually-occluded habitat,
asynchronous breeding, and nature of male pa-
rental care, we suspected that males might have
difficuity closely guarding their mates, particu-
larly during second breeding attempts. Because
cardinals are resident year-round, females might
have information on male quality through social
interactions in winter flocks (Ritchison and Omer
1990). Thus, we also predicted that at least some
female cardinals might behave as do female
Black-capped Chickadees (Parus atricapillus;
Smith 1988) and Blue Tits (P. caeruleus, Kem-
penaers et al. 1992) and pursue EPCs with par-
ticular males.

METHODS
FIELD METHODS

Cardinals were studied at the Central Kentucky
Wildlife Management Area, located 17 km
southeast of Richmond, Madison County, Ken-

G. RITCHISON, P. H. KLATT anp D. F. WESTNEAT

tucky. During February through August 1992,
cardinals were captured in mist nets and banded
with unique combinations of three colored plas-
tic bands and a FWS numbered aluminum band.
Each cardinal was also marked with a uniquely
numbered strip of white or yellow plastic tape
attached to the tail (Ritchison 1984). No at-
tempts were made to capture either member of
a pair when the female was thought to be fertile.
Nestlings were banded at 5 to 8 days post-hatch-
ng.

Blood samples were collected from each cap-
tured cardinal with 250-microliter capillary tubes
after puncturing the brachial vein. Between 0.1
and 0.4 ml of blood was taken and placed in two
or three vials containing 0.1 ml of TNE (10 mM
Tris-10 mM NaCl-2 mM EDTA, pH 8.0) buffer
(Quinn and White 1987). We took blood from
nestlings at 5-8 days post-hatching.

Northern Cardinals are multi-brooded and
pairs typically produce (or attempt to produce)
two to four broods during the breeding season
(Kinser 1973; Ritchison, pers. observ.). Each
breeding attempt was divided into three periods.
The fertile period was defined as lasting from
seven days before the first egg of a clutch was
laid until the day the penultimate egg was laid.
The pre-fertile period was the period prior to the
fertile period (through eight days before the first
egg of a clutch was laid). After the first nesting
attempt of the season, the pre-fertile period be-
gan the day after a nest was lost to a predator or,
if the preceding nesting attempt was successful,
the day after the young fledged. The post-fertile
period began on the day the last egg of a clutch
was laid and continued through the incubation
and nestling periods (or until a nest containing
eggs or young was lost to a predator).

Nests were found by following females or males,
and by checking likely nest sites. For nests lo-
cated during nest-building or during the egg-lay-
ing period, we were able to determine the exact
date on which a clutch was initiated. For nests
located after the clutch was complete, the date
of clutch initiation was determined by back-dat-
ing from either the date of hatching or the date
of fledging. When back-dating, the incubation
period for cardinals was assumed to be 12 days
(Bent 1968; Ritchison, pers. observ.) while the
nestling period was assumed to be 10 days (Bent
1968; Ritchison, pers. observ.).

Observations of focal pairs (# = 21) began on
20 April and continued through 31 August. Typ-
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ically, pairs were observed at least twice a week
if their breeding status was unknown or if the
female was known to be fertile. Most observa-
tions were made between sunrise and 11:00 hr,
and these observation periods (n = 256) averaged
65 min in duration (range = 25 min-3 hr). Dur-
ing each period, we attempted to maintain con-
tact with the focal individual for one hour. How-
ever, observation periods were sometimes
shortened (e.g., when neither member of a pair
could be located or because of inclement weath-
er) or lengthened (e.g., when the breeding status
of a pair was unknown). Additional time (ap-
proximately 200 hr) was spent looking for nests
in territories where the female was thought to be
nesting and in territories where the breeding sta-
tus of the pair was unknown. During all focal
pair observations, we attempted to follow the
focal female. However, if unable to locate the
female, we followed the male. If unable to locate
either member of the focal pair, we searched the
territory in an attempt to locate either the male
or female.

During focal pair observation periods, we at-
tempted to note: (1) Any within-pair or extra-
pair copulations. (2) Extra-territorial move-
ments by members of the focal pair or intrusions
into the focal territory by non-focal conspecifics.
(3) Intrapair contact, measured as the percent
time the male was within 15 m of the female.
We noted this either when certain of the location
of both individuals or when certain of the lo-
cation of one member of the pair and were equal-
ly certain that the other individual was more than
15 m distant. For example, suppose we could see
both members of the pair and they were within
15 m of each other. If one member of the pair
then flew 30 m across a field and out of sight,
we counted the pair as being out of contact even
though we only knew the precise location of one
member of the pair. The dense vegetation of the
study area and secretive nature of cardinals, es-
pecially females, often prevented us from main-
taining contact (either visual or vocal) with both
pair members. (4) Intrapair distance, the esti-
mated distance between pair members. This was
estimated at 1 min intervals and only when we
were certain of the location of both birds. (5)
Movements, defined as any flights longer than
10 m made when the pair was in contact (within
15 m). We noted which member of the pair ini-
tiated such flights and whether or not the other
pair member followed.
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PATERNITY ANALYSIS—DNA
FINGERPRINTING

Paternity was analyzed using standard DNA fin-
gerprinting techniques (e.g., Westneat 1990,
1993). Blood samples collected from adults and
nestlings were stored at —20°C to —80°C until
analysis. DNA was extracted from the blood us-
ing a modification of the procedure described by
Quinn and White (1987).

About 15 micrograms of DNA was digested
with the restriction enzyme Alul. Digested DNA
was precipitated, pelleted, and washed twice with
70% ethanol, then resuspended in 24 microliters
of TE (10 mM Tris-1 mM EDTA, pH 7.4). The
concentration of digested DNA was determined
using a spectrophotometer and the total amount
of digested DNA in 20 microliters was then ad-
justed to within 1 microgram for all lanes (usually
6-8 micrograms of DNA). The samples were
placed in 0.8% agarose gels and subjected to a
voltage differential for 1,650 volt-hr (approxi-
mately 46 hr) in 1 x TBE buffer (0.089 M Tris,
0.089 M borate, 0.002 M EDTA). A pump cir-
culated the buffer solution during electrophore-
sis. Gels were treated as in Westneat et al. (1988),
and DNA was transferred under vacuum to ny-
lon membranes with 1 M ammonium acetate,
0.04 M NaOH. These membranes were then
baked at 80°C for 2 hr.

Membranes were placed in Plexiglas tubes with
30 ml of prehybridization solution (NaPi) at 60°C
for 48 hr (Westneat et al. 1988). Between 50 and
200 ng of probe DNA (either a fragment of M13
or the excised 2.5 kb fragment of mouse per; Shin
et al. 1985) was labeled by random priming. Un-
incorporated nucleotides were separated from la-
beled probes using columns of Sephadex G-50
(medium) in TE. Labeled probe was added to
fresh NaPi solution and placed in the Plexiglas
tubes. Hybridization occurred at 60°C for 48 hr.

Washes depended on which of the two probes
(M13 and Mouse 2.5 per) were used. All hybrid-
ized membranes, regardless of probe, were ini-
tially washed twice at room temperature and once
at 60°C with 2 x SSC and 0.5% sodium dodecyl
sulfate (SDS). Membranes probed with M 13 were
then wrapped and placed on film (Kodak XAR).
Membranes probed with per were washed an ad-
ditional one or two times with 1 x SSC at 65°C.
Films were exposed without intensifying screens
for 2 days to 3 weeks, depending on the strength
of the signal. Membranes were then stripped us-
ing 0.4 N NaOH at 42°C, neutralized in 0.2 M
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Tris, 0.5% SDS, 0.1 x SSC, and washed in 0.5%
SDS, 0.1x SSC at 65°C. If not reprobed im-
mediately, the membranes were stored in 0.5 x
TBE at 4°C.

PATERNITY ANALYSIS—SCORING AND
INTERPRETATION

Scoring followed the general methods described
by Westneat (1990, 1993) and was done by one
of us (PHK). A subset of the samples were also
scored by DFW and the assignments of parentage
agreed exactly. Scoring was not done blindly;
nestlings were always run within a few lanes of
each social parent (i.e., the male and female hold-
ing the territory at the time the nest was built
and eggs were laid). Scoring consisted of placing
acetate overlays on the developed autoradio-
graph, marking bands with colored pens, and
judging whether or not bands had migrated suf-
ficiently similar distances to be called the same.
If the center of a band was within 0.5 mm of
another band, they were judged the same (West-
neat 1990, Smith et al. 1991). In all cases, scoring
was conservative. If possible, bands in the nest-
lings were matched with bands in the social par-
ents. Thus, bands in nestlings that were not pres-
ent in a social parent had to be clearly different
to be considered novel fragments. Data on novel
fragments and proportions of bands shared be-
tween offspring and each social parent were used
to determine exclusions (e.g., Westneat 1990).

RESULTS
FIELD OBSERVATIONS

Copulations and extra-territorial movements. We
observed no copulations, either within-pair or
extra-pair, in 276 hours of focal pair observa-
tions. On 14 occasions, conspecific intruders were
observed in the territories of focal pairs. All ob-
served intrusions were by males and most (10)
occurred during the focal female’s fertile period,
and the rest (4) occurred during the pre-fertile
period. All intruding males were subsequently
chased out of the territory by the focal male.
Focal males (n = 7) were observed making 15
extra-territorial excursions. Eight of these excur-
sions were into the territories of non-focal pairs
and, as a result, the breeding status of the females
in these territories was not known. Of the re-
maining seven excursions, five were made into
territories in which the resident female was known
to be fertile, one into a territory in which the
female was incubating (post-fertile), and one into
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a territory in which the female had recently lost
a nest (pre-fertile). No focal females were ob-
served making extra-territorial excursions.

Nesting attempts and nesting success. Focal
pairs (n = 21) initiated 55 nesting attempts and
18 of these attempts (32.7%) produced fledged
young. The mean number of nests initiated by
pairs present throughout the breeding season
(April-August) was 2.94 (n = 17 pairs). Most
unsuccessful nests were lost to predators during
the egg stage (n = 32), while four were lost to
predators during the nestling stage. One nest failed
early in the nestling stage when the adult male
was killed (hit by a vehicle along a nearby road)
and the female abandoned the nest.

Duration and fate of focal pairs. Seventeen of
21 focal pairs remained together on their terri-
tories throughout the breeding season (April-Au-
gust), including all three pairs with extra-pair
young (see Paternity Analysis section). As noted
above, one focal male was found dead in mid-
May and his mate subsequently abandoned the
territory. Two other pairs were last observed on
their respective territories in mid-June after hav-
ing failed in their first nesting attempt. The rea-
son for the disappearance of one of these pairs
was unknown. However, shortly before the other
pair disappeared, the male was apparently in-
jured (he had lost many feathers on his head and
appeared to have trouble flying). A new pair was
observed in this now vacant territory in early
July and this pair initiated a nest in late July (and
subsequently fledged three young). Both mem-
bers of this new pair were marked individuals
and had been previously observed in areas ad-
jacent to their new territory. These observations,
although limited, suggest that both individuals
had been floaters (i.e., did not have a territory).

Intrapair contact and distance. The percent of
time that pairs were in contact varied with breed-
ing stage (Table 1). Although not quite significant
(Wilcoxon test, z = 1.77, P = 0.078), pairs were
typically in contact more during the fertile period
than during the pre-fertile period. Pairs were in
contact significantly less often during the post-
fertile period than during the fertile period (z =
3.83, P < 0.0001). Although not quite significant
(z = 1.78, P = 0.075), the average time pairs
spent in contact during the fertile period was
lower during later (second, third, and fourth nests)
nesting attempts (Table 1).

The mean intrapair distance was significantly
greater (z=2.07, P=0.038) during the pre-fertile
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TABLE 1. The percent of one-minute intervals the members of Northern Cardinal pairs were within 15 m
(pair contact) and the average intrapair distance between the members of the pair in the pre-fertile, fertile, and
post-fertile stages (see text). Values are means plus or minus the standard deviation. Values in parentheses are
the number of pairs and the mean number of minutes observed per pair (for pair contact) or number of observation

intervals per pair (for pair distance).

Pre-fertile Fertile Post-fertile
Pair contact (% of minutes)
All nests 427 £ 273 61.4 + 26.0 16.6 + 8.7
(n = 11, 43.2 min/pair) (n = 17, 32.8 min/pair) (n =9, 48.4 min/pair)
First nests 72.8 + 27.4
(n =9, 31.6 min/pair)
Later nests 49.5 + 29.0
(n =8, 17.1 min/pair)
Intrapair distance (m)
All nests 32.8 + 18.5 19.0 + 13.8 50.5 + 24.1

{(n =11, 24.4 obs./pair
First nests

(n =17, 20.2 obs./pair)

(n =9, 37.1 obs./pair)
8.8 +3.9

(n =9, 19.1 obs./pair)

Later nests

25.3 + 13.6

(n =8, 19.0 obs./pair)

period than during the fertile period (Table 1).
In addition, the mean intrapair distance was sig-
nificantly greater (z = 3.07, P = 0.002) during
the post-fertile period than during the fertile pe-
riod. The mean intrapair distance during the fer-
tile period was significantly greater (z = 2.26, P
= 0.024) during later (second, third, and fourth
nests) nesting attempts (Table 1).

Movements. Overall, 112 flights (n = 17 pairs;
median = 7 flights per pair; range = 1-16) were
observed when pairs were in contact, with fe-
males initiating 77 and males 35. Females ini-
tiated flights more often than males in 13 of 17
pairs, a significant trend (binomial test, P < 0.03).
Among those pairs in which both members were
observed initiating flights, males followed fe-
males more often (x = 84.7% + 14.9% [SD])
than females followed males (x = 32.7% + 32.5%
[SD]) in nine of 10 pairs (binomial test, P <
0.02).

PATERNITY ANALYSIS

DNA fingerprints from both M 13 and mouse per
probes revealed a number of fragments exhib-
iting considerable variation among individuals
(Table 2). We did not test for linkage or allelism
among fragments; in the analyses of parentage
described below we assume that both are negli-
gible. Violations of that assumption sufficient to
dramatically change our results are unlikely giv-
en data from other species and the distributions

of band-sharing and novel fragments that we
found.

We compared the fingerprints of 37 young with
their putative parents (the male and female as-
sociated with the nest at egg-laying). If these off-
spring were truly descendant from the putative
parents (1) all the fragments in their DNA fin-
gerprints should be present in one or the other
of the parents and (2) they should have substan-
tially higher proportions of bands shared with
each putative parent than with any randomly
picked individual.

Both (1) and (2) are shown in Figure 1. Of the
37 offspring, 21 shared all of their fragments with
the combination of the two putative parents. All
of these had band-sharing proportions (both
probes combined) with each putative parent that
substantially exceeded the one-tailed, upper lim-
it on band-sharing between random pairs of adult

TABLE 2. Average number of bands scored and av-
erage proportion of bands shared for both M13 and
the mouse per probes in adult Northern Cardinals.

Number of Proportion of
bands scored bands shared
M13 Per Mi13 Per
Number of
Individuals/dyads 41 41 53 53
Mean 29.6 38.1 0.15 0.21
SD 5.6 7.4 0.07 0.06
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FIGURE 1. Proportions of bands shared by number of novel fragments for 37 cardinal nestlings. a) Band-
sharing proportions between the nestling and the female at the nest. b) Band-sharing proportions between the
nestling and the male associated with the nest. The horizontal dotted line in both represents the lower, one-
tailed, 99% confidence limit on the parent-offspring distribution of band-sharing proportions, which was cal-
culated using band-sharing proportions between nestlings with no novel fragments and the putative parents.
The vertical dotted line in both (a) and (b) separates nestlings with few novel fragments (compatible with
previously determined mutation rates in other species), and nestlings with many novel fragments.
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individuals in the population (x = 0.19, SD =
0.05, n = 53). Thus, it is unlikely that these nest-
lings were anything but offspring of both the male
and female associated with the nest.

The remaining 16 offspring had at least one
fragment not present in either putative parent.
Such novel fragments could come from either
mutation or from an adult other than the puta-
tive parent being the genetic parent. If we assume
mutation rates comparable to other studies
(0.001-0.01 per fragment per generation; e.g., Jef-
freys et al. 1985; Burke et al. 1989; Westneat
1990, 1993), then mutation should result in only
a few novel fragments. Indeed, the 16 nestlings
with some novel fragments are divided into two
groups; 11 have only one or two novel fragments,
whereas five have six or more. Figure 1 shows
that the nestlings with one or two novel frag-
ments have high band-sharing with both putative
parents, whereas those with six or more have
band-sharing proportions with the male at the
nest substantially below 0.38, the lower 99% con-
fidence limit on the parent-offspring distribution
(band-sharing between adults and nestlings with
no novel fragments; X = 0.55, SD = 0.074, n =
41) and no different from that of random pairs
of individuals from the population at large. We
concluded that these five were from EPCs, and
all others were descendant from the putative par-
ents. Thus, 13.5% of the nestlings surveyed came
from EPCs and none came from intraspecific
brood parasitism. The nestlings from EPCs were
from three broods (16% of the 19 sampled); one
each from a brood of one and a brood of two,
and three from a brood of three.

We attempted to match the five excluded young
with any of the males we had sampled. We did
this by identifying fragments in each nestling’s
fingerprint that were not shared by the female
(henceforth, paternal fragments). We then
searched the fingerprints of all other males in the
population (7 = 19) for matches. None of the
males had all of the paternal bands in each of
the five nestlings. One male did match 9 of 10
paternal fragments in one nestling. Assuming that
these fragments are independent, the probability
that a given male would match 9 of 10 fragments
by chance is exceedingly small (binomial prob-
ability using a proportion of bands shared of 0.19,
P < 0.00001). The probability that one out of
the 19 males surveyed would match by chance
is larger, but also very slight (P =1 — (.99999)"°,
< 0.0002). Hence this male is the likely sire of

1061

one of the nestlings from an EPF. Indeed, this
male defended a territory with a boundary 750
m from the focal nest. Interestingly, this male
and his mate lost a nest containing three nestlings
to predation on 29 July while the female in the
territory with this male’s apparent extra-pair
young was fertile from 30 July through 5 August.
In the other four cases, no male came within
four fragments of matching all paternal frag-
ments. These four nestlings were from two broods,
and in each case there was at least one neigh-
boring male that had not been sampled.
Paternity and behavior. Although we attempt-
ed to quantify the mate guarding behavior of two
of the three males whose nests contained extra-
pair young, sample sizes were too small for
meaningful analyses. In one pair, the female was
observed for 31 min during her fertile period and
her mate was in contact 19.4% of that time. In
the second pair, the female was observed for 56
min during the fertile period and her mate was
in contact 33.9% of that time. The relatively low
level of mate guarding exhibited by the male in
this second pair appeared to be due, at least in
part, to the configuration of his territory. This
male’s territory was bissected by the territory of
another male, and the centers of the two sections
of his territory were about 250 m apart. Our
observations suggest that, unlike the male, the
activities of his mate were limited to one section
of the territory. As a result, this male was often
located in a different section of the territory, and
was, therefore, often out of contact with his mate.

DISCUSSION

We found that 13.5% of the young cardinals in
our study resulted from extra-pair fertilizations.
Further, our observations of male cardinals in-
truding onto the territories of fertile females in-
dicate that some males may actively pursue such
extra-pair fertilizations. Trespassing males stayed
low and remained quiet (Kinser 1973), typical
behavior for male birds seeking EPCs (Mgller
1985). Although Kinser (1973) observed females
occasionally trespassing into the territories of
neighbors, we did not witness this during our
observations. Because females were generally dif-
ficult to observe, we cannot assess whether some
or all EPFs were obtained by females pursuing
EPCs.

As in other species, male cardinals would ben-
efit from extra-pair fertilizations by increasing
their reproductive success at the expense of other
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males. Extra-pair young may be particularly
valuable for some male cardinals because of the
high rates of predation. Only about one-third of
the nesting attempts in our study resulted in
fledged young and six of the 21 pairs observed
during our study produced no young. Thus, in
addition to increasing the reproductive success
of individual males, EPFs might also reduce the
variance in male reproductive success when pre-
dation rates are high (e.g., Seger and Brockmann
1987).

Despite these potential benefits, the percentage
of extra-pair young among cardinals in our study
was lower than reported for many other passer-
ines (e.g., Birkhead and Moller 1992; Westneat
and Webster, in press). If our results accurately
reflect the mating strategies of Northern
Cardinals, three nonexclusive factors may con-
tribute to the relatively low rate of extra-pair
paternity. First, Westneat et al. (1990) noted that
any gains in fitness a male might achieve by pur-
suing additional matings must be weighed against
possible gains from other activities. During the
nestling stage, male cardinals contribute sub-
stantially to the feeding of young (Laskey 1944;
Bent 1968; Ritchison, pers.-observ.) and, in fact,
male contributions may be essential. For ex-
ample, when a male cardinal in our study was
killed, his mate apparently abandoned three
nestlings. Male cardinals also care for fledglings
while females initiate another nest. As a result,
male cardinals may be less likely to pursue EPCs
during the nestling and post-fledging periods even
if fertile females are available. During the in-
cubation period, male cardinals occasionally sit
on the nest for short periods (Bent 1968), and
also feed the female (Laskey 1944; Ritchison,
pers. observ.). This pattern suggests that male
cardinals may gain more from parental efforts
than from pursuing EPCs.

Low gains of EPCs for males may also be due
to a second factor; a reluctance of females to
engage in EPCs. Unfortunately, the role of female
Northern Cardinals in EPCs remains unclear be-
cause we observed no attempted EPCs and, thus,
do not know if females actively solicited, pas-
sively accepted, or resisted EPCs. No indication
of female pursuit of EPCs was observed in our
study, although females were difficult to watch.
Kinser (1973:68) noted that attempts by male
cardinals to copulate were usually unsuccessful
until “. .. the female reached a state in which
she invited copulation.” Such observations sug-
gest that extra-pair fertilizations in cardinals may

G. RITCHISON, P. H. KLATT anp D. F. WESTNEAT

require the cooperation of females and, if so, the
low percentage of extra-pair young in our study
could indicate a low percentage of females that
choose to participate in EPCs. We have no data
that might distinguish between two possible rea-
sons for a lack of female cooperation: (1) females
have chosen mates directly and for most there is
little to be gained from another male’s genes, or
(2) male responses to infidelity are costly to fe-
males so they avoid EPCs.

At least during the initial nesting attempt, most
male Northern Cardinals exhibited mate guard-
ing behavior, with males maintaining contact with
fertile mates 72.8% of the time and usually fol-
lowing when their mates initiated flights. Male
mate guarding may, therefore, have been another
factor contributing to the low level of extra-pair
paternity in initial nests. Male cardinals exhib-
ited significant individual variation, with time
spent in contact with fertile mates ranging from
19.4% to 100%. Sample sizes were too small for
meaningful analysis, however, the one case of
extra-pair paternity among first nesting attempts
was found in the pair where the male maintained
contact with his fertile mate only 19.4% of the
time. Although anecdotal, this is consistent with
the idea that mate guarding by males prevents
EPCs.

Mate guarding by male cardinals declined dur-
ing later nesting attempts. This change in be-
havior was most apparent among males with
fledged young. Female cardinals are frequently
unguarded while their mates are caring for fledged
young, yet we found no extra-pair young in the
second broods of pairs where males were so en-
gaged. Kinser (1973) reported similar behavior
and noted that male cardinals caring for fledged
young rarely followed females involved in con-
struction of a second nest. Few data on the extra-
pair behavior of males and females from other
double or multi-brooded species are available.
However, Mgller (1991) found that the intensity
of mate guarding by male Barn Swallows did not
change between first and second nesting at-
tempts, suggesting that neither male nor female
swallows altered their reproductive strategies. In
contrast, Weatherhead and McRae (1990) sug-
gested that females in double-brooded species
may alter their reproductive strategies from the
first to second broods. That is, males may have
proven their quality by virtue of the first nest’s
success and, therefore, females will refrain from
copulating with other males during a second
nesting attempt. In our study, males exhibited
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less guarding during second broods, but paternity
was just as high. Thus, guarding alone cannot
explain high paternity in second broods. Wheth-
er or not this additional factor is the behavior of
female cardinals, as predicted by Weatherhead
and McRae (1990), remains unclear. Our results
do suggest that the dynamics of the cardinal’s
mating system are, as in other species, more com-
plicated than previously imagined.
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