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Abstract. Juvenile ratios estimated using numbers of hatch year (HY) and after-hatch-
year (AHY) Marbled Murrelets (Brachyramphus marmoratus) counted concurrently during
at-sea surveys have been used to estimate fecundity in this species. These ‘‘concurrent’’
juvenile ratios assume that HY birds remain in an area, and are likely biased because they
do not account for potential differences in emigration rate of HY and AHY birds. We studied
the emigration rates of adult and juvenile Marbled Murrelets marked with radio-transmitters.
Juveniles had a high emigration rate compared to adults. The weekly local survival rate (f)
of newly radio-tagged HY birds was 27%. AHY local survival was 95% during incubation
and early chick rearing, suggesting a resident population during the breeding season. We
calculated juvenile ratios from 1996–1998 using (1) HY counts corrected for emigration and
mean AHY counts around the breeding season peak, and (2) HY and AHY counts from
concurrent at-sea surveys. The average ‘‘corrected’’ juvenile ratio (0.13 6 0.05 SE) was
higher than the ‘‘concurrent’’ juvenile ratio (0.04 6 0.02 SE) but lower than estimates of
fecundity from nest monitoring (0.18–0.22). Low juvenile ratios from at-sea surveys could
result either from an unknown proportion of nonbreeding birds in the population, or, more
likely, from differences in the at-sea distribution of AHY and HY birds. Fluctuation in the
timing of the peak number of AHY birds across years might result in an uncorrectable bias
in the counts. Because of biases and potential problems, caution is needed when interpreting
juvenile ratios from at-sea surveys.

Key words: Alcidae, Brachyramphus marmoratus, British Columbia, juvenile ratio, local
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Supervivencia Local de Brachyramphus marmoratus Adultos y Juveniles y su Importancia para
Estimar Éxito Reproductivo

Resumen. Utilizamos los cocientes entre individuos juveniles (nacidos en un año) y
adultos (nacidos en años anteriores) de Brachyramphus marmoratus, censados simultánea-
mente durante conteos en el mar, para estimar la fecundidad de esta especie. Estos cocientes
‘‘simultáneos’’ de individuos asumen que los juveniles permanecen en una misma área, y
podrı́an estar sesgados ya que no toman en cuenta diferencias en las tasas de migración de
juveniles y adultos. Estudiamos las tasas de emigración de individuos juveniles y adultos
de B. marmoratus marcados con radio-transmisores. Los juveniles tuvieron una tasa alta de
emigración comparada con los adultos. La tasa de supervivencia local semanal (f) para
juveniles fue del 27%. La tasa de supervivencia local para adultos durante la incubación e
inicio de la crı́a de polluelos fue del 95%, sugiriendo que se trata de una población residente
durante la estación reproductiva. Calculamos el cociente entre juveniles y adultos para 1996–
1998 utilizando (1) conteos de juveniles corregidos por emigración y promedio de adultos
contados durante el pico de la estación reproductiva, y (2) juveniles y adultos contados
simultáneamente durante los censos. El cociente ‘‘corregido’’ promedio entre juveniles a
adultos (0.13 6 0.05 EE) fue mayor que el cociente ‘‘simultáneo’’ (0.04 6 0.02 EE) pero
menor que las estimaciones de fecundidad obtenidas por medio del monitoreo de nidos
(0.18–0.22). Los bajos cocientes obtenidos de conteos en el mar podrı́an explicarse por la
presencia de una proporción desconocida de aves no-reproductivas en la población, o, más
probablemente, por diferencias existentes en la distribución de juveniles y adultos en el mar.
Fluctuaciones anuales en la sincronización del perı́odo pico de la estación reproductiva
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FIGURE 1. Study area (shaded) in Desolation
Sound, British Columbia.

ber changed in 1998. At-sea surveys were rep-
licated 24 times in 1996, 23 times in 1997, and
17 times in 1998 at average intervals of 4, 4,
and 6 days respectively (range 1–12) between
May and mid-August. Surveys were cancelled
during rain or wind-wave conditions beyond 2
on the Beaufort scale. At-sea surveys ended af-
ter mid-August when HY birds could not be ac-
curately differentiated from AHY birds as a re-
sult of AHY birds molting into basic plumage
(Carter and Stein 1995). Surveys were estimated
to cover 76% of the fledging period in Desola-
tion Sound (Lougheed et al. 2002).

ESTIMATION OF JUVENILE MOVEMENT

We defined ‘‘local survival’’ as the probability
of a bird staying alive and remaining in the sur-
vey area. To estimate the daily rate of juvenile
local survival, radio-transmitters were attached
to 16 recently fledged Marbled Murrelets cap-
tured by nightlighting (Whitworth et al. 1997) in
the survey area from 10 July to 10 August 1998.
Identification of HY birds during capture was
based on plumage characteristics, egg-tooth
presence, and weight (Carter and Stein 1995),
although the exact age in days at first capture
was unknown. Radio-transmitters were ATS
Model 394 (Advanced Telemetry Systems, Isan-
ti, Minnesota), weighing 2.0 g and with a battery
life of 45 days. Transmitters were attached on
each bird’s back, between the scapulars, using
epoxy glue (Bird Adhesive, Titan Corporation,
Washington) and fiberglass insect screen. The
birds were tracked during daylight from a 5.2-
m Boston Whaler using a 4-element directional
antenna mounted 3 m above the waterline, cou-
pled with an ATS R4000 programmable receiv-
er. Monitoring of the radio-tagged birds was
done by boat at seven fixed at-sea locations
within the survey area, 22 times from 11 July to
13 August (every 1.5 days on average, range 1–
4 days). Movement of juveniles out of the sur-
vey area was confirmed by sporadic boat telem-
etry at 3 stations outside the survey area and by
aerial telemetry over a wider area using a fixed-
wing Cessna 172 airplane. Aerial telemetry was
done on 10 August and 19 August following the
coastline from Vancouver to Desolation Sound
and the northern portion of the Strait of Georgia.

Program MARK (White 1999) was used to
estimate the daily local survival of radio-tagged
HY birds, using standard Cormack-Jolly-Seber
open population models. We examined several
models with different assumptions about the
constancy of survival rate and recapture rate
(detection) between intervals, and discriminated
between models using Akaike’s Information Cri-
terion (AIC) as described in Lebreton et al.
(1992). We tested whether survival rate (f) and
recapture rate (P) varied over time with likeli-
hood ratio tests (LRT, Cooch and White 1999)
by (1) comparing the fit of the time-dependent
model of survival [f(t)P(.)] with that of the
model with constant survival [f(.)P(.)], and (2)
comparing the fit of the model with time depen-
dent recapture [f(.) P(t)] with that of the model
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