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SEX DIFFERENCES IN NEST VISITATION BY CHICK-REARING MARBLED MURRELETS

RusseLL W. BRADLEY?, LAURA A. MCFARLANE TRANQUILLA, BRETT A. VANDERKIST AND FRED COOKE
Centre for Wildlife Ecology, Department of Biological Sciences, Smon Fraser University, Burnaby,
BC V5A 15, Canada

Abstract. We report a significant male biasin dawn
and dusk nest visitations of breeding, radio-marked
Marbled Murrelets (Brachyramphus marmoratus) dur-
ing the chick rearing period in Desolation Sound, Brit-
ish Columbia, Canada, from 1998-2000. Overall vis-
itation rates of males during chick rearing were 1.3
times greater than those of females. Dusk visitation
rates by males with active nests were 1.8 times greater
than those of females. Male visitation rates were sim-
ilar between early and late chick rearing, both within
and among individuals. However, female visitation
rates during late chick rearing were significantly lower
than female rates early in rearing, both within and be-
tween individuals. In addition, between-sex compari-
sons of nest visitation during early and late chick rear-
ing showed significant reductions in female effort rel-
ative to males, only during late chick rearing. These
results suggest that male birds may provision chicks
more often than females, especially during the last half
of chick rearing. These findings offer a behavioral ex-
planation for the annual male bias of birds flying in-
land during the chick rearing period at Theodosia Inlet
in Desolation Sound from 1994-1999. Although fe-
male-biased provisioning has been documented in sev-
eral species, male-biased provisioning has not been
widely reported in other acids.

Key words: Brachyramphus marmoratus, British
Columbia, male bias, Marbled Murrelet, provisioning,
radio-telemetry, sex ratio.

Diferencias de Sexo en lalas Visitas a Nido
en Brachyramphus marmoratus durante la
Crianza de Pichones

Resumen. Presentamos evidencia sobre un sesgo
hacia los machos en las visitas a nidos efectuadas al
amanecer y € creplsculo durante la crianza de picho-
nes, en individuos marcados con radios en Desolation
Sound, Columbia Britanica, Canada, entre 1998-2000.
La tasa de visitas de los machos fue 1.3 veces mayor
que lade las hembras. Latasa de visitas de los machos
al creplsculo con nidos activos fue 1.8 veces mayor
que las hembras. La tasa de visitas de los machos fue
constante a través del periodo de crianza, tanto para
un mismo individuo como entre individuos. Sin em-
bargo, la tasa de visitas de las hembras fue significa-
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tivamente menor a final que al inicio de la crianza,
tanto para un mismo individuo como entre individuos.
Ademés, la tasa de visitas de las hembras fue menor
que la de los machos a final de la crianza. Estos re-
sultados sugieren que los machos abastecen a los pi-
chones en mayor medida que las hembras, especial-
mente en la Ultima parte de la crianza. Asimismo, los
resultados ofrecen una explicacion conductua para la
dominancia anual de machos volando tierra adentro
durante la crianza en Theodosia Inlet, Desolation
Sound, entre 1994-1999. En pocas ocasiones se ha
descripto abastecimiento paternal en los & cidos, donde
principalmente las hembras se encargan del abasteci-
miento.

In atricial birds, biparental care is common. Success-
ful fledging of a chick may often require biparental
care where the growth seasons are relatively short,
young are usually accessible to predators, and food is
widely and unpredictably distributed (Clutton-Brock
1991). However, within biparental bird species, differ-
ential provisioning by sex is highly variable. Among
passerines, biased provisioning by either sex has been
widely documented, as has equal provisioning effort
(Pettingill 1970). In monogamous seabirds, total pa-
rental investment by males equals and sometimes out-
weighs that of females (Fasola and Saino 1995). The
relative investment by each sex in parenta care can
reflect trade-offs, energy constraints, and life history
strategy for a given species (Roff 1992).

Marbled Murrelets (Brachyramphus marmoratus)
are nearly unique among alcids and other seabirds in
that they nest predominantly at cryptic sites in large,
old-growth coniferous trees (Nelson 1997). This spe-
cies shows no sexual dimorphism and is impossible to
sex visuadly in the field (Hull, Vanderkist, et a. 2001).
Thus, there is little information on relative provision-
ing of young by males and females in this species.
However, Vanderkist et a. (1999) suggested that pro-
visioning in Marbled Murrelets may not be equaly
distributed between male and female parents. They re-
ported a significant male bias in birds captured while
flying between marine foraging areas and inland nest-
ing areas during July and August, when most breeding
birds are feeding young (Lougheed 2000). However,
birds captured in marine areas showed no bias in sex
ratio (Vanderkist et a. 1999). Analyses of the egg pre-
cursor protein vitellogenin indicated only 2% of fe-
males (n = 100 birds) from the mae-biased sample
were producing eggs at the time of capture (Vanderkist
et a. 2000, LAMT, unpubl. data). Vanderkist et al.
(1999) also reported an increase in the male bias of
their capture sample as the breeding season progressed.
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In this paper we report on relative nest site visits of
male and female radio-marked Marbled Murrelets dur-
ing the chick rearing period in Desolation Sound from
1998-2000. Our aim was to test the hypothesis that
the male bias of birds flying inland reported by Van-
derkist et al. (1999) was due to an increased level of
nest visits by male Marbled Murrelets relative to fe-
males. Vanderkist et al. (1999) also suggested an al-
ternative hypothesis that additional males flying inland
were nonbreeders prospecting for breeding sites or de-
fending territories.

METHODS

Adult Marbled Murrelets were captured in Desolation
Sound, British Columbia, Canada (50°05'N,
124°40'W) prior to nesting in April and May 1998—
2000. Birds were captured from small boats at night
using dip nets (Whitworth et al. 1997, Vanderkist et
al. 1999) and fitted with subcutaneous anchor radio-
transmitters (model 386, Advanced Telemetry Sys-
tems, Isanti, Minnesota), following methods of New-
man et a. (1999) but without the use of anesthetic.
Trace blood samples (<0.1 mL) were taken and birds
were sexed after the field season using genomic DNA
subjected to PCR amplification (Griffiths et al. 1996,
Vanderkist et al. 1999).

RADIO-TRACKING

Nest locations and incubation status of Marbled Mur-
relets were determined by aeria helicopter telemetry
(Hull, Kaiser, et a. 2001). Daily marine detections of
birds from early May to early August were used to
determine the breeding status of each bird and to de-
termine initiation of breeding, as incubating Marbled
Murrelet pairs alternate regular 24-hr incubation shifts
and exchange duties at dawn (Nelson 1997). There-
fore, an incubating bird shows aregular pattern of ma-
rine detections every second day. Behavioral inferenc-
es from these attendance patterns at marine and nest
locations, and analysis of the egg precursor protein vi-
tellogenin in blood-sampled individuals, suggested that
all radio-marked birds used in these analyses were cap-
tured prior to or during incubation.

We estimated hatch date as the date when parents
switched from being present at nest sites during the
day to visiting their nests mainly at dawn and dusk to
feed their young. The period between suspected laying
and hatching was approximately 30 days, consistent
with other reports of incubation duration for the spe-
cies (Nelson 1997). Radio-marked birds were moni-
tored inland at nest sites and along flyways adjacent
to nest sites. Nests were classified as active during
chick rearing if they were visited at least once every
48 hr by radio-marked parents. We ensured that radios
of al birds used in our nest visitation analyses were
functioning properly by only including data from birds
with regular daytime marine detections throughout
their chick-rearing period.

Nest-site monitoring was conducted by human ob-
servers in al years and aso by remote data loggers
(model DCC Il, Advanced Telemetry Systems) in
2000. Observers conducted AM (03:30-7:30 PDT)
and PM (20:00—24:00 PDT) radio-monitoring sessions
coinciding with the peak times of chick-provisioning
trips (Nelson 1997, Manley 1999). Both methods re-
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lied on an antenna (Advanced Telemetry Systems,
four-element and H antennae) and a radio receiver
(model R4000, Advanced Telemetry Systems). Static
radio-monitoring was conducted at locations near nest
sites (~0.5 km from the nest) or along flyways down-
stream from target nest sites. Both methods recorded
the time a radio-marked bird was first and last detect-
ed, and counted detections of birds flying in and then
out of avalley as one nest visit. To maximize the prob-
ability of detecting birds traveling up watersheds, fly-
way monitoring stations were often positioned at the
height of land along ridgelines and subal pine plateaus.
Human observers recorded the direction and signal
strength of a detection every few minutes. This infor-
mation was used to determine the location and move-
ment direction of a radio-marked bird. Data loggers
recorded similar data, except for movement direction.
Due to the reduced directionality in the data-logger
results, antennae were oriented to target specific wa-
tersheds. To further reduce bias in the data-logger data,
“dummy frequencies’ were used to ensure that data
were not corrupted by interference. Data loggers were
not used in coastal areas or on ridges within 5 km of
the ocean to avoid falsely classifying abird flying over
the ocean as traveling inland. Coastal nests were mon-
itored by human observers stationed in a location
where they could distinguish presence of birds on the
ocean or at the nest.

At the completion of each breeding season, 15 ac-
cessible nest trees (of 46 total) were climbed to inves-
tigate nest sites and determine true fledging success
(Hamer et a. 1994, Manley 1999).

STATISTICAL ANALYSIS

A total of 48 birds (23 females, 25 males) were used
in these analyses. For each adult at each nest, we de-
termined a rate of AM, PM, and overall detections
relative to the number of observation sessions for that
individual. Results across years were pooled to test
three predictions about nest visitation. First, that over-
all rates of nest visits by males during the chick-rearing
period were greater than females (Vanderkist et al.
1999). Second, that PM rates of nest visits by males
were greater than those of females, and by a greater
margin than in AM visits. Third, that male-biased nest
visitation by males increased over the breeding season
(Vanderkist et al. 1999).

To test the third hypothesis, we divided observations
into early or late chick-rearing for each bird. Early
chick-rearing was defined as the first 15 days post-
incubation, given that murrelets usually have a 30-day
chick-rearing period (Nelson 1997). We examined
these seasonal, within-sex differences both within and
among individuals. Individuals with known visitation
rates in both early and late chick rearing were com-
pared in a paired anaysis, separate from within-sex
comparisons of different individuals in the two stages
of chick-rearing.

We used t-tests when data were normally distributed
(Anderson Darling test) and nonparametric Mann-
Whitney-Wilcoxon tests when data were not normally
distributed. When testing the hypotheses that females
visited nest sites less often than males, we used one-
tailed tests. A chi-square test was used to test for in-
creased male bias in evening captures of birds flying



180 SHORT COMMUNICATIONS

TABLE 1. MaleandfemaeMarbled Murrelet nest visitation rates during early and late chick rearing. Visitation
rates are mean = SE number of detections per 4-hr observation session. Tests for differences in visitation rates
between sexes and among individuals were conducted with all available independent datapoints. Reported sample
sizes are subsets of the total number of birds tracked (23 females, 25 males). Unless noted, all tests are one-
tailed. Early = nestling days 1-15; late = nestling days 16-30.

Female (n)

Female vs. male?

Early 0.62 + 0.05 (16)
Late 0.43 + 0.05 (16)
Early (n)

Within sex, among individuals

Female? 0.67 = 0.08 (7)

Malehd 0.83 + 0.08 (10)
Within individual s¢

Female 0.59 + 0.06 (9)

Maled 0.58 + 0.07 (7)

Male (n) P
0.73 = 0.06 (17) >0.09
0.59 = 0.08 (15) 0.05

Late (n)

0.41 = 0.07 (7) <0.02
0.62 + 0.09 (8) 0.11
0.45 + 0.08 (9) <0.04
0.55 = 0.13 (7) 0.87

aTwo-sample t-tests.

b Mann-Whitney-Wilcoxon test.
C Paired t-tests.

d Two-tailed test.

inland during chick-rearing relative to morning cap-
tures. A significance level of 5% was used for statis-
tical tests. Results are presented as means = SE. All
analyses were done with Minitab release 13.1 (2000).

RESULTS

On average we conducted 11.0 = 2.0 observation ses-
sions per male and 12.1 = 1.7 per female per year
over three years of study. Thirty-three percent of sam-
ple birds were monitored throughout early and late
chick rearing, while the remainder were observed only
during one-half of their chick-rearing period. The
mean total observation period was 11.6 days per bird.
Males visited their nests 1.3 times as often as females
(tys = 2.4, P = 0.01). The discrepancy between male
and female visitation rates was even greater (1.8 times)
during evening visits (W = 7105, P = 0.02, n = 23
females, 25 males). Both within and among individu-
as, male visitation rates did not significantly differ be-
tween early and late chick-rearing, while female visi-
tation rates significantly decreased between these two
periods (Table 1). In addition, male and female visi-
tation rates did not significantly differ in early chick
rearing, but female rates were significantly lower than
those of males during late chick rearing (Table 1). All
15 of the nest trees we climbed showed evidence of a
nest, including chick feces and down.

We had continuous late-chick-rearing monitoring
data on only one of the two nests where both parents
were radio-marked. In the final eight days of chick-
rearing at this successful nest, the male visited the nest
2.3 times as often as the female (n = 23 total visits by
both parents). Eighty-six percent (6 of 7) of the fe-
male’s visits were AM feedings compared to 63% (10
of 16) for the male.

Although Vanderkist et al. (1999) found no signifi-
cant difference in male bias between the morning and

evening captures of birds flying inland at Theodosia
Inlet, we reanalyzed the capture data with an additional
two years of results. Pooling capture data (1994-1999,
n = 680), male bias in birds flying inland during the
likely chick-rearing period was greater in the PM
(2.29:1) than in the AM (1.64:1; x?, = 9.1, P < 0.01).

DISCUSSION

Male Marbled Murrelets were detected visiting or trav-
eling toward active nests during the chick-rearing pe-
riod significantly more often than females. This trend
was greater during trips made at dusk. During the late
chick-rearing period, females significantly reduced
their rate of nest visitation, both within and between
individuals. These results support the hypothesis that
previous findings of male bias in birds flying inland
were at least partly due to male-biased provisioning in
this population of Marbled Murrelets (Vanderkist et a.
1999).

Most sightings of adult birds at active nests during
the chick-rearing period are associated with provision-
ing (P Jones 1993, Nelson and Hamer 1995, Nelson
1997), with the only noted exception involving distur-
bance from predator calls played by human observers
(T. Hamer, pers. comm.). Therefore, we assume the
nest visits we have recorded indicate chick-provision-
ing trips. Tree-climbing observations of evidence of
chicks and chick-feeding at all our accessible active
nests support this assumption. Still, some nest visits by
breeding birds may not involve provisioning and may
involve activities like territory defense, as observed in
other alcids (Wanless and Harris 1986). The role of
breeding territory defense in the noncolonial Marbled
Murrelet is unknown (Nelson 1997). However, even if
some male visits to nest sites are not provisioning trips,
these males still expend more energy than females for
this aspect of reproductive effort.



Sex-biased provisioning in altricial birds takes many
forms. Male-biased provisioning is observed in several
seabird species, including many larids (Fasola and Sai-
no 1995) and abatrosses (Huin et al. 2000, Weimers-
kirch et a. 2000). However, this pattern is reversed in
most studies of the Alcidae. Creelman and Storey
(1991) found female Atlantic Puffins (Fratercula arc-
tica) making more chick-provisioning visits than
males. A similar trend has been observed in Common
Murres (Uria aalge; Wanless and Harris 1986) and
Crested Auklets (Aethia cristatella; 1. Jones 1993).
However, male puffins and murres are involved in
much more territory defense during the breeding sea-
son than females (Creelman and Storey 1991, Wanless
and Harris 1986). Increased territory defense by males
was observed throughout the breeding period, primar-
ily pre-egg-laying in murres and during chick rearing
in puffins (Creelman and Storey 1991, Wanless and
Harris 1986). Thus, contrasting sex biases are observed
in alocation of resources for different aspects of re-
productive effort. If male Marbled Murrelets do not
invest in territorial behavior to the same extent as male
acids of colonial species, perhaps they have more en-
ergetic resources to devote to provisioning.

While our results on overall feeding bias are oppo-
site to findings for most other alcids, a study of Dove-
kies (Alle alle) showed male provisioning bias late in
chick-rearing. While female Dovekies provide the ma-
jority of chick provisioning until late chick-rearing,
they cease provisioning about five days before the
chick fledges, after which the male does al feeding
(Taylor and Konarzewski 1992).

The overall male bias of inland trips by confirmed
breeders reported here (1.3 times) is markedly lessthan
the 1.8 times male bias reported by Vanderkist et al.
(1999). Our result may be due to our limited sample
of birds of known sex and breeding status. As sug-
gested by Vanderkist et al. (1999), there may also be
amale bias in nonbreeding birds flying inland to pros-
pect for breeding sites or defend territories. Our radio-
telemetry surveys have focused on breeding birds, but
there is a need for future study to quantify the inland
behavior of known nonbreeders.

The decrease in female effort during the late chick-
rearing period is similar to trends observed in other
birds outside the Alcidae, such as Pacific Loons (Gavia
pacifica; Petersen 1989) and Merlins (Falco colum-
barius;, Sodhi 1993). The behaviora change observed
in Marbled Murrelets may be due to the likely high
cost of egg production in this species. Marbled Murre-
let eggs are approximately 20% of adult body mass
(Nelson 1997), in addition to the mass increase and
energetic cost of ovary development to females for
their one-egg clutch. Monaghan et al. (1998) showed
that parental effort is mediated through the negative
influence of egg production on female condition.
Therefore, the decrease in female investment during
the chick-rearing period may result from more female
self-feeding to recover egg production costs. However,
there is little empirical evidence that supports an im-
mediate ‘‘egg cost” hypothesis in murrelets. After egg
laying, female Marbled Murrelets show no mass de-
clines throughout the breeding season (Sealy 1975). In
addition, females share incubation duties equally with
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males (Nelson 1997) and appear to decrease their in-
vestment in provisioning only during the latter half of
the 30-day chick-rearing period. Therefore, females
apparently invest in reproduction as much as males do
for approximately 45 days post-laying. This suggests
two hypotheses. First, that egg production is energet-
ically costly to females but that payment of this cost
can be deferred. Under this scenario, female energetic
reserves for reproduction are not depleted until the late
chick-rearing stage, leaving males as primary provi-
sioners. Alternatively, there may be an advantage to
females in decreasing their reproductive effort late in
chick rearing which is independent of breeding. Other
costly activities, such as post-breeding molt, may be
adversely affected by prolonged breeding effort (Daw-
son et a. 2000). In addition, a change in food avail-
ability or accessibility for Marbled Murrelets late in
the breeding season, as observed in Prince William
Sound, Alaska (K. Kuletz, pers. comm.), could make
foraging more costly, with females reaching a thresh-
old at which their energetic deficit must be addressed.
However, areduction in prey availability appearsto be
unlikely in Desolation Sound, as birds remain in the
area after the breeding season to molt in the same ma-
rine areas they occupy during the summer (N. Parker,
pers. comm.).

On abroader scale, these results may help to explain
common behavior patterns observed in inland moni-
toring of Marbled Murrelets. In most observations of
chick feedings and murrelet activity in potential breed-
ing habitat during the chick-rearing period, there are
fewer detections at dusk than at dawn from standard
surveys (Nelson 1997, Manley 1999) and radar mon-
itoring (Burger 1997). Assuming that parents provide
equal feeding loads throughout the chick-rearing pe-
riod, and that there is no mean increase in prey size,
the reduction in female nest visitation we observed
may correspond to the marked drop in feeding rate by
Marbled Murrelet parents just prior to fledging (P
Jones 1993, Nelson and Hamer 1995). This phenom-
enon is seen in many alcids and other seabird species
(Gaston and Jones 1998).

A genera increase in inland audiovisual detections
of murrelets in July has been widely reported through-
out most of the species’ range (O’ Donnell 1993, Rod-
way et a. 1993, Manley 1999, Jodice and Collopy
2000). Most of our study birds were in the late chick-
rearing phase during the month of July. Therefore, our
findings of reduced overall nest visitation in late-chick
rearing offer support for the hypothesis that this in-
crease in Marbled Murrelet inland detections during
July is due to the influx of nonbreeding or prospecting
birds and not chick-rearing breeders. Our study dem-
onstrates the interpretive advantage gained when we
can follow individuals over extended periods. In a spe-
cies of such strong management concerns (Nelson
1997), it is imperative that basic breeding ecology is
well understood, in order to develop the most in-
formed, progressive management policy possible.
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