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Do male Hooded Warblers guard their mates when their
paternity is most at risk?
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ABSTRACT. Males of socially monogamous species may benefit from using behavioral tactics to ensure their
paternity of the young produced by their social mates. We tested whether male Hooded Warblers (Wilsonia
citrina) use mate guarding and high song output in an attempt to prevent extra-pair copulations (EPC) by their
mates. In this species, most EPC intrusions occur when females produce conspicuous chip vocalizations. Using
radiotelemetry, we tracked the male response to female chipping throughout her fertile and non-fertile periods.
Our results show that males do not intensively guard their mates by closely associating with them or by increasing
their song rate. Mate guarding was not influenced by male age or their own EPC behavior. Female influence on
fertilizations and male pursuit of EPC may render mate guarding an ineffective strategy for ensuring paternity
in Hooded Warblers.

SINOPSIS.
ternidad?

Los machos de especie sociales monégamas pudieran beneficiarse en el uso de ticticas de conductas para asegurar
la paternidad de los pichones que produce su pareja. Pusimos a prueba si los machos de Wilsonia citrina utilizaban
la vigilancia cercana de la hembra y un incremento en las canciones para tratar de prevenir la copulacién de su
parejas con otros machos. En esta especie las copulaciones fuera de la pareja ocurren cuando la hembra produce
una vocalizacién muy particular. Usando radiotelemetria pudimos seguir a machos en respuesta a la vocalizacién
particular de las hembras durante sus peridédos fértiles e infértiles. Nuestros resultados demuestran que los machos
no vigilan intensivamente a su pareja ya sea, pasando mas tiempo asociada a ésta o incrementando su tasa de canto.
La vigilancia de la pareja no fue influenciada para la edad del macho o por su propia conducta de copular con
otras hembras. La influencia de la hembra en la fecundacién y la persecucién del macho para prevenir la copulacién
de su pareja con otros individuos pudiera ser una estrategia inefectiva para asegurar la paternidad en este tipo de
ave.

¢Vigilan los machos de Wilsonia citrina a su pareja cuando esta en mayor riesgo su pa-
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In species where extra-pair fertilizations
(EPF) are known to occur, males face the threat
of cuckoldry and loss of reproductive success.
To protect their paternity, one option males
have is to guard their mate during her fertile
period (Moller and Birkhead 1991). Mate
guarding can reduce the chances of other males
gaining access to their mate, as well as prevent
their female from initiating extra-pair copula-
tions (EPC; Beecher and Beecher 1979; West-
neat 1994; Kempenaers et al. 1995; Dickinson
1997; Chuang-Dobbs et al. 2001). Much of the
evidence for mate guarding highlights the find-
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ing that males consort with their mates more
intensely in the fertile period than in the non-
fertile period (e.g., Moller 1985; Sheldon 1994;
Westneat 1994; Johnsen and Lifjeld 1995; Ril-
ey et al. 1995). However, females in most spe-
cies are fertile for extended periods of time
(Birkhead 1998). Following females closely may
be costly by reducing the amount of time males
can spend foraging or secking EPC (Birkhead
and Moller 1992). Mate guarding in certain
circumstances may be an ineffective strategy for
males to protect their paternity, especially if fe-
males exert considerable control over EPF (Lif-
jeld et al. 1994; Kempenaers et al. 1995;
Stutchbury and Neudorf 1997).

We used radiotelemetry to examine mate
guarding of Hooded Warblers (Wilsonia citri-
na), a socially monogamous Neotropical-Nearc-
tic migrant that breeds in forests throughout
the eastern United States (Evans-Ogden and
Stutchbury 1994). Hooded Warblers have high
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rates of EPF (35% of broods, 27% of nestlings;
Stutchbury et al. 1997), and both males and
females actively leave their territories to seek
EPC (Neudorf et al. 1997; Stutchbury 1998).
When their social mates are fertile, males will
chase intruding conspecific males off their ter-
ritories (Stutchbury and Neudorf 1997; Stutch-
bury 1998), suggesting males invest time and
energy protecting their paternity.

Female Hooded Warblers give “chip” calls of-
ten throughout their fertile and non-fertile pe-
riods (Stutchbury and Neudorf 1997). This
species is especially interesting with respect to
mate guarding because radiotelemetry has re-
vealed that 78% of EPC attempts by neighbor-
ing males occur while females are chipping in
the fertile period (Stutchbury 1998). Hence,
males face the greatest risk of cuckoldry when
their mates are chipping and fertile. Mate
guarding is costly for males, and they should
concentrate their efforts while the risks of EPF
are greatest (Birkhead 1998). Given this, we ex-
pect male Hooded Warblers to guard their ma-
tes most intensely while the females are chip-
ping in the fertile period.

We tested two predictions from the mate
guarding hypothesis (Moller and Birkhead
1991): that males will associate closely with fer-
tile females when they are chipping, and that
males will join chipping females quicker and
remain closer to them during the fertile period
than in the non-fertile. Furthermore, Moller
(1991) suggested that high song output during
the female’s fertile stage could function as a pa-
ternity guard by intimidating neighboring
males poised to make an EPC attempt. There-
fore, we also tested a third prediction that males
will increase their song output while their fe-
males are fertile. In addition, we tested the pre-
diction that males will increase song output
specifically when females are chipping. We also
tested several factors which have been shown to
influence the intensity of mate guarding in
birds. We examined whether male age affects
mate guarding intensity, since in other species
younger males may guard more intensely than
older males to compensate for their higher risk
of cuckoldry (Wagner et al. 1996). Mate guard-
ing may also be costly in reducing the amount
of time males can spend pursuing EPC (West-
neat et al. 1990; Chuang-Dobbs et al. 2001).
Therefore, we examine the extra-pair foray be-
havior of males to test our fifth prediction that
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a negative correlation will exist between the ex-
tra-pair foray rate of males and the level of their
mate guarding behavior.

METHODS

Our study was conducted from May—July
1999-2000 in Crawford County, northwest
Pennsylvania (41°46'N, 79°56'W). Pairs were
located in small forest fragments surrounded by
roads, agricultural land, and residential land.
Territories always occurred within a single for-
est fragment (based on >80% time spent sing-
ing), and any movements outside the fragment
were considered “forays” to other fragments
(Norris and Stutchbury 2001). Although frag-
ments contained only one mated pair, forays for
extra-pair matings were as common as EPC for-
ays in high density, continuous forest (Norris
and Stutchbury 2001). Microsatellite parentage
analysis revealed that 21% of young were extra-
pair (13/61) and 27% of nests (7/26) contained
at least one extra-pair offspring in isolated frag-
ments (B. Stutchbury et al., unpubl. data).

Male Hooded Warblers were caught in mist
nets using playbacks and fitted with a 0.67-g
radio transmitter (Holohil Systems Ltd., Wood-
lawn, Ontario, Canada). Transmitters were at-
tached using a figure-eight loop harness made
of lightweight cotton embroidery floss. The
loops of the harness were fit over the bird’s legs
so the transmitter rested on the synsacrum and
the 14-cm whip antenna extended along the
bird’s tail feathers. See Rappole and Tipton
(1991) for details on harness construction.
Transmitters do not affect the physical condi-
tion, locomotion, feeding rates (Neudorf and
Pitcher 1997) or reproductive success (Neudorf
et al. 1997) in Hooded Warblers. Fertile and
non-fertile periods were determined by frequent
nest checks (at least every second day). We de-
fined the fertile period as five days before laying
the first egg until the penultimate egg was laid
(Neudorf et al. 1997). The incubation and
nestling stages were considered the non-fertile
period.

Males were tracked (N = 11) from the
ground between 06:00 and 12:00 using hand-
held Yagi antenna (10.5 h per male on average).
Tracking sessions were 2 h long and were sep-
arated by a minimum of 24 h. Researchers
moved quietly and maintained a minimum dis-
tance of 30 m between themselves and the focal



422

Table 1.
fertile period.
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Male movements and song rates in response to chipping by their mate in the fertile and non-

Non-
Fertile SE fertile SE 2 P

Distance

Initial distance (m) 27.1 3.5 29.5 5.3 —0.41 0.68

Closest approach (m) 20.6 4.1 16.0 4.9 -0.89 0.37

Maximum distance moved (m) 6.5 2.1 13.5 2.6 -2.09 0.04
Time

Time of first move (s) 38 6 62 18 -0.89 0.37

% of time less than 10 m 31 6 40 9 -0.71 0.48
Song

Song rate for each period (#/min) 4.5 0.5 4.1 0.5 —1.51 0.13

Song rate during chip bouts (#/min) 1.0 0.3 2.1 0.9 —0.87 0.39

2 Wilcoxon paired-samples test (/V = 11 males).

birds to ensure they did not influence the bird’s
movements. Male response to “chipping” by
their mates was recorded by measuring five var-
iables: (1) initial distance between the male and
female at the beginning of the chipping bout,
(2) closest approach to female while chipping,
(3) time to male’s first movement from start of
chipping bout, (4) proportion of time spent less
than 10 m from the female, and (5) measures
of song rate before, during, and after the chip-
ping bout. Furthermore, the maximum distance
moved was calculated by subtracting the closest
approach from the initial distance to determine
the maximum movement of the male bird to-
wards his mate during a chipping bout.

Song rate was calculated as the number of
songs per minute. Female chipping bouts were
considered over when more than a minute
passed between two chips.

Data were pooled for the fertile and non-
fertile periods, and averages were calculated for
each individual during the different periods.
Data were not normally distributed so we used
nonparametric tests. Data were analyzed with

SPSS, and means (+SE) are presented.

RESULTS

Male behavior during the fertile period.
Contrary to our first prediction, males did not
associate closely with fertile females when they
were chipping (Table 1). The average closest
approach was 20.5 m, and males spent only
31% of their time less than 10 m from the

female. Males also did not respond quickly to
the onset of female chipping bouts, taking an
average of 38 s before they moved for the first
time. Female chipping bouts in the fertile pe-
riod were 128 = 19 s in duration. Males did
not necessarily move toward the female when
they began chipping, and the maximum dis-
tance moved indicates that on average males
only moved 6.5 m toward their chipping fe-
male.

Male movements in fertile versus non-
fertile period. If males mate guard in re-
sponse to female chips, then males should ap-
proach females more closely, approach females
quicker in response to chipping, and remain in
closer proximity to females during chipping
bouts in their mate’s fertile than in their non-
fertile stage. Contrary to these predictions, male
behavior toward females did not vary between
the fertile and non-fertile stages. There was no
significant difference in closest approach, the
time to first movement, or percent time less
than 10 m from the female during the chipping
bouts between the fertile and non-fertile period
(Table 1). Contrary to expectations, maximum
distance moved toward the female was signifi-
cantly lower in the fertile period (6.5 m) than
in the non-fertile period (13.5 m; z = —2.09,
P = 0.04). The initial distance to the female
did not differ between the fertile and non-fer-
tile periods (Table 1), hence the lack of differ-
ence in maximum distance moved was not due
to males remaining closer to their mates.

Male singing behavior. Male song rate
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Fig. 1. Male song rate before, during, and after female Hooded Warbler chipping bouts (V= 11 males).

did not differ between the fertile (4.52 = 0.53)
and non-fertile (4.09 * 0.50) periods (z =
—1.51, P = 0.13). Male song rate was influ-
enced by the onset of female chipping bouts in
the opposite direction predicted from Moller’s
(1991) hypothesis. Male song rate was 2.5
songs/min prior to chipping bouts, but de-
creased to 1.0 songs/min during the chipping
bout, with a subsequent increase following the
female chipping (Fig. 1). The difference was
close to significant (Friedman ANOVA, x* =
5.4, P = 0.067). Interestingly, males reduced
song rate during chipping bouts even when fe-
males were not fertile (Friedman ANOVA, x2
= 6.2, P = 0.05). Post hoc, non-parametric
tests revealed that the significant difference ex-
isted only between song rates before and during
the chipping bout.

Male age. The age of the resident males
did not account for any difference in male be-
havior during the fertile period in closest ap-
proach (second-year males IV = 5, after second-
year males NV = 6; U = 11.0, P = 0.47), the
percent of time during the chipping bout that
the male spent less than 10 m to his mate (U
= 8.5, P = 0.23), or the maximum distance
moved (U = 8.5, P = 0.23).

Foray behavior of males. Males may also
differ in their time allocation between pursuing
EPC and mate guarding, representing alterna-
tive strategies to siring young. The foray rate of
males was not correlated with their closest ap-
proach to their own mate (r, = —0.09, P =
0.79, N = 11), percent time less than 10 m to

chipping female (r, = —0.11, P = 0.75, N =
11), or the maximum distance moved (r, =
—0.10, P = 0.76, N = 11). The percent of
time males spent off territory also did not ac-
count for a significant amount of variation dur-
ing the fertile period in any of the three vari-
ables above (IV = 11 for all variables: closest
approach , = —0.05, P = 0.89; percent time
less than 10 m 7, = —0.14, P = 0.68; maxi-
mum distance moved 7, = 0.18, P = 0.60).

DISCUSSION

Male Hooded Warblers did not associate
closely with their fertile mates during chipping
bouts despite the high frequency of EPC and
EPF (Norris and Stutchbury 2001; Norris,
Stutchbury, Tuttle and Gonsar, unpubl. data)
and the increased chance of male intrusion dur-
ing female vocalization (Stutchbury 1998).
Males did not approach their chipping mates
more quickly or remain in closer proximity to
them during the fertile than the non-fertile pe-
riod. Furthermore, our four measures of mate
guarding behavior did not vary with an indi-
vidual’s age, foray rate, or percent time spent
pursuing EPC. All of our results suggest that
males do not intensively use mate guarding as
a strategy to ensure their paternity.

Although males may not systematically guard
their mates, they will opportunistically break up
EPC attempts when they are detected. How-
ever, Stutchbury (1998) found that males mak-
ing EPC forays were detected by the territory
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owners in only 20% of forays. This suggests
that it is difficult for males to detect intruders
on their territory and provides further evidence
that mate guarding, by close association with
the female, is not a prevalent strategy in male
Hooded Warblers. We cannot know if males
were guarding while their females were silent
because females, like males, cannot be system-
atically monitored in this forested habitat with-
out the use of radiotelemetry. However, 78% of
all male intrusions during the fertile period oc-
cur while a female is chipping (Stutchbury
1998). Therefore, for mate guarding to be ef-
fective against EPC attempts it must occur dur-
ing female chipping bouts in the fertile period
and all of our data suggests that it does not.
Other studies using continuous radio-tracking
on this population have detailed accounts of
males’ foray behavior and use of edge habitat
(Norris et al. 2000; Norris and Stutchbury
2001) outside of and during female chipping
bouts.

Our study suggests that males do not elevate
song output as a form of mate guarding because
we found that males do not sing more when
females chip and do not sing more when fe-
males are fertile. Males actually sang less during
chipping bouts, not more, and the pattern was
similar when females were fertile and non-fer-
tile. This decrease in song rate during the chip-
ping bouts is contrary to our prediction based
on Mpller’s (1991) hypothesis that increased
song rate during the fertile period could act as
a form of mate guarding. It is possible that the
observed decrease in male song rate during the
chipping bouts exists to allow the male to in-
crease his vigilance in an attempt to detect po-
tential intruders. However, this explanation
seems unlikely given the lack of movement to-
ward chipping females by the resident male.
Furthermore, the pattern of decreased song rate
was similar between the fertile and non-fertile
periods.

Why dont male Hooded Warblers closely
guard their fertile mates, especially when fe-
males are chipping? Male Hooded Woarblers
may gain greater reproductive success by focus-
ing their time and energy into obtaining EPF
rather than guarding their mates. One of the
main costs of mate guarding could be the time
lost for pursuing EPC attempts with other fe-
males. Males who closely guard their females
would presumably have less time available for
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pursuit of EPC on other territories (Johnsen
and Lifjeld 1995; Chuang-Dobbs et al. 2001).
For most species the time investment in EPC
forays has not been measured, making it diffi-
cult to test this hypothesis (Stutchbury and
Neudorf 1997). In isolated fragments, male
Hooded Warblers make long (30 min) forays
(Norris and Stutchbury 2001), but females
rarely leave their fragments and do not make
frequent forays (Norris and Stutchbury, 2002).
How much risk, in terms of cuckoldry, does a
male assume by leaving his mate and territory
for 30 min when she is fertile? The background
level of EPF is 21% of offspring in this habitat,
but the extent of the tradeoff depends on both
the intrusion rate onto the territory and wheth-
er or not the female will mate with the intruder.
Mate guarding is thought to be costly to males
in other ways as well: increased energetic costs,
decreased time for feeding (Komdeur 2001), in-
creased risk of injury in fighting intruding
males (Birkhead and Mogller 1992), and less
predator vigilance (Westneat 1994).

The mate guarding behavior of male Hooded
Warblers may also be influenced by the habitat
they breed in. Most data on the intensity of
mate guarding in birds is derived from open
habitat and/or colonial nest species (Birkhead
and Moller 1992). Little information exists for
species that use forest during their life history
(Samson 1976; Wasserman 1980), and almost
no quantitative studies have been conducted on
non-colonial species that use dense forest
throughout the breeding season (but see
Chuang-Dobbs et al. 2001). These ecological
factors may influence mate guarding and make
it too costly to pursue as a primary form of
paternity assurance.

Another important constraint on mate
guarding in Hooded Warblers is female mate
choice. In other species, mate guarding has
been shown to be an ineffective paternity guard
because females pursue EPC (Morton 1987;
Morton et al. 1990; Kempanaers et al. 1995;
Riley et al. 1995; Wagner et al. 1996). Female
Hooded Warblers show the potential to influ-
ence EPC by refusal of copulation attempts and
seeking EPC themselves on neighboring terri-
tories. Female Hooded Warblers have a high
frequency of EPF (Stutchbury et al. 1997) and
leave their territories only during their fertile
period (Neudorf et al. 1997), strongly suggest-
ing that females are pursuing EPC off territory.
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The actual paternity of the young likely results
from the dynamics of female and male extra-
pair mating tactics and male-male competition.
Given the importance of female influence on
fertilization and male pursuit of EPC, males
would not necessarily gain an increased confi-
dence of paternity by closely mate guarding.
Thus, on balance, the costs of mate guarding
would seem to outweigh the potential benefits.
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