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INTRODUCTION

Post-fledging juvenile survival rates are difficult to measure,
particularly for seabirds (Harris et al. 1994, Gaston 1997).
However, several studies have highlighted the demographic
importance of estimates of survival during the first year, and until
first breeding, for both seabirds (e.g. Hudson 1985) and birds in
general (e.g. Ganey et al. 1998, Hafner et al. 1998). Such estimates
are particularly important in the construction of population
projection models (e.g. Caswell 2001). Commonly used in studies
with conservation implications, these models provide a standard
analytical tool for estimating population growth rates as well as
assessing the possible consequences of changes in various
demographic parameters to these rates.

The Marbled Murrelet Brachyramphus marmoratus breeds in
coastal old-growth forest from California to Alaska. The species is
currently listed as threatened or endangered over much of its range,
and the fate of these populations is linked to management
decisions, which may be more effective and reliable with
knowledge of the demography of the population. Despite this
urgent need for a careful assessment of Marbled Murrelet
population trends (Cooke 1999) estimates of several of the vital
rates, including juvenile survival, are rare or missing (Ralph &
Long 1995, Beissinger & Nur 1997, Boulanger et al. 1999).
However, recent work (Cam et al. 2003, Bradley et al. 2002) has
been successful in partially filling these gaps.

In the absence of studies of individually marked murrelets, estimates
of annual juvenile survival for the Marbled Murrelet have previously
been estimated by extrapolation from values calculated for other
alcid species, and modified on the assumption that smaller alcids
have lower survival rates than larger ones (see Beissinger 1995).
These values have been used in population projection models to
assess population growth rate (Beissinger 1995, 1997). This is the
only possible approach in the absence of field data, but it is
impossible to assess whether the adjustments chosen are realistic.
Under any circumstances, it is best to assess population growth using
data from the population(s) about which one wants to draw
inferences. Parameter values from other species may differ
substantially from those of the study population(s) (Cam et al. 2003).

Here, we report the first direct estimates of local survival rates of
juvenile Marbled Murrelets, using field data from Desolation
Sound, British Columbia, Canada. The Sound is a major feeding
and staging area for murrelets and has been the site of a research
programme investigating the demography and breeding biology of
the species since 1994 (Cooke 1999, Hull et al. 2001, Bradley
2002, Lougheed et al. 2002, Cam et al. 2003, McFarlane-
Tranquilla et al. 2003). Despite the longer term nature of the
banding project at this site, Cam et al. (2003) documented that
recapture rates of marked adults were extremely low, and that of
juveniles marked after fledging too low to provide a meaningful
estimate of local survival rate. We therefore directly investigated
local juvenile survival with a telemetry study in 2001. A pilot
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project in and around the Sound during the 2000 season met with
success in tracking radioed juveniles and suggested that post-
fledging survival may be high for this area (N. Parker unpublished
data). Our primary objective was to determine local survival during
the early post-fledging phase of a murrelet’s life. 

METHODS

From 1997-2000, juvenile Marbled Murrelets were captured in
Desolation Sound (centre 50° 05' N, 124° 45' W, Fig. 1), by dip-
netting (Whitworth et al. 1997), as part of a larger banding effort
for the population as a whole (see Cam et al. 2003). The dipnet
effort typically began in mid-April of each year, and continued
until mid-August (1997, 1998, 2000) or early September (1999).
Juveniles were captured from the time of their first appearance on
the water, usually from mid- to late June each year. Captured
individuals were banded with size 3 stainless steel US Fish and
Wildlife Service/Canadian Wildlife Service bands. We tallied
recaptures of these birds. 

During the 2001 season, and based on prior knowledge of the
breeding chronology of this population (McFarlane-Tranquilla et
al., in press), captures began on June 10, 2001 before the first
appearance of fledglings on the water. The first juvenile was tagged
on June 25 and the last on August 11. 

Captured individuals were banded with size 3 stainless steel US
Fish and Wildlife Service/Canadian Wildlife Service bands as for
previous years. In addition, radio transmitters (3.2g Model 386,
depth ~ 4mm, diameter 3.5mm, Advanced Telemetry Systems, Inc.,
Isanti, Minnesota) were attached to 34 individuals following the
methods of Newman et al. (1999) but without sutures or
anaesthetic. In addition to the subcutaneous anchor, the end of the
transmitter was secured to the feathers with a small amount of 3M
VetbondTM Tissue Adhesive. Body coverts were then ‘preened’ over
the unit. 

Birds were tracked daily from a 5.2 m Boston Whaler, weather
permitting. The study area as defined for tracking, based on the
pilot project in 2000, incorporated adjacent Malaspina, Lancelot
and Theodosia Inlets, and extended south to Savary Island, north to
Bute Inlet, east to Homfray Channel, and west to Marina Island and
the Sutil Channel (Fig. 1). The frequencies of the 34 individuals in
the study were scanned from waypoints within the study area. 

Although tracking began immediately following the initial
captures, survival rate was estimated over eight time intervals of 10
days each, beginning July 9, 2001 and ending 26 September, 2001.
We define post-fledging survival rate for the period as that
estimated between these dates. The start date of 9 July 2001
corresponded to the time taken to capture a sufficient sample
(n=15) to allow estimation of survival (Pollock et al. 1989, see also
Bennetts et al. 1999). Tracking continued until late September.
Each transmitter (Model 386) has an insured life of 80 days, and
although the theoretical life expectancy (and actual, Centre for
Wildlife Ecology Marbled Murrelet Project unpubl. data) is often
double this, the tracking period corresponded to the insured life
expectancy of the first transmitters deployed (Kenward 2001). 

During each 10-day survival interval, marked individuals were
located visually at least once to verify their fate. Fixed-wing
tracking was initiated once we were unable to efficiently locate all
juveniles from the water, within each time interval. Crews
attempted to locate each individual by boat as soon as possible
following flights. Extended flights were also conducted
periodically in an attempt to locate censored individuals (see
below) that had potentially moved beyond the range of the defined
study area.

Survival estimation
We estimated the post-fledging survival rate of radio-tagged
juveniles within our study area using a modification of the Kaplan-
Meier method developed by Pollock et al. (1989). This method
allows for staggered entry (i.e., not all animals are radio-tagged at
the same time), and for the use of right-censored data resulting
from radio failure or inability to relocate an individual once tagged
(White & Garrott 1990). To avoid biasing our estimates high, we
permanently censored all cases when we failed to detect a signal in
a given time interval, regardless of whether the individual was
subsequently detected inside the study area (see Bunck & Pollock
1993 and Bunck et al. 1995). We also censored individuals whose
signal was detected outside the defined study area (Bunck &Fig. 1. Study area in Desolation Sound, British Columbia.
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Pollock 1993). Due to small sample sizes, we did not consider
models allowing survival to vary with date of entry, or mass at
capture (e.g. Harris & Rothery 1984, Harris et al. 1992, Gaston
1997). 

RESULTS

Between 1997 and 2000 inclusive, a total of 106 juveniles have
been banded within Desolation Sound. Of these, only two have
been subsequently recaptured, both in the year following initial
capture. No individuals banded as juveniles within the Sound have
been detected breeding within the study area. 

We estimated the survival of the 34 radiotagged juveniles during
the 80 day period post-fledging to be 0.8621 (95% CI 0.7250 –
1.001, Table 2). Three juveniles were confirmed dead (Table 1).
Two of these radios were tracked to trees containing eagle nests,
and the third was found in an area with eagle sign. Although we
cannot rule out the possibility that the carcasses were scavenged
following death from other causes, Bald Eagle (Haliaeetus
leucocephalus) predation thus seems the likely cause. Nineteen
individuals were censored, of which 12 were not detected again
following censoring, five were subsequently resighted at least once
inside the study area, and two (Frequencies 4.111 and 5.843) were
subsequently detected outside the study area. Frequency 4.111
(captured before interval 1, censored in interval 2) was detected
north of Desolation Sound, on the mainland coast at the entrance to
Queen Charlotte Strait (Fig. 2). In contrast Frequency 5.843

(captured in interval 2, censored in interval 4) was detected to the
south, along the east coast of Vancouver Island, on three separate
occasions (Fig. 2). 

DISCUSSION

Our estimate of immediate post-fledging survival is based on the
first such data for both the Marbled Murrelet specifically, and for
alcids in general. There was no evidence of high mortality
immediately following marking, consistent with observations made
during the pilot project in 2000, and also as noted by Lougheed et
al. (2002). 

We estimated a survival rate of 0.8621 for the first 80 days
following capture (post-fledging survival). Based on an assumption
that survival is constant over time, we extrapolated an annual
survival of 0.51. The only other values for Marbled Murrelets are
those of Beissinger (1995), where first year survival was assumed
to be 70% that of adult survival, as suggested by Nur (1993). Using
a range of survival rates for adults, Beissinger (1995) calculated a
corresponding range for first year survival from 0.595-0.63. Our
estimate falls below this range, but not substantially so. With regard
to other alcids, most estimates of juvenile survival are reported as
survival to first breeding as determined from resighting and
banding recoveries in natal colonies (summaries in Hudson 1985
and Gaston and Jones 1998), which means that the survival
estimate covers two or three years, and also assumes natal
philopatry. However, Ydenberg (1989) presented estimates of first-
year mortality using the same data from Hudson (1985). If we
consider these in terms of first-year survival (i.e. 1-mortality), and
use only those calculated on the assumption that mortality is
highest in the first year (‘method B’, Ydenberg 1989), values for
the atlantic alcids ranged from 0.29-0.46. In comparison, our value
is higher, but not substantially so. 

The following should be considered if applying our estimates more
broadly. Firstly, both the 80 day and the annual extrapolations are
based on data from birds carrying radio transmitters. However,
Cam (unpubl. data) could not detect an influence of radios on the
survival or recapture probability of adults in the Desolation Sound
population, thus we have no reason to expect a large influence on
juveniles. We therefore made the assumption that the transmitters
did not affect individual survival.

TABLE 1
Data from Radio-tagged juvenile Marbled Murrelets 

in British Columbia, Canada

Occasion Number Number Number Number 
at risk dead censored added

1 15 0 0 15
2 30 1 3 2
3 28 1 3 0
4 24 0 10 2
5 16 0 0 0
6 16 1 1 0
7 14 0 1 0
8 13 0 1 0

TABLE 2
Kaplan-Meier estimates of local survival in juvenile 

Marbled Murrelets for each time interval (July-September).

Occasion Kaplan-Meier 95% Confidence 
survival estimate Interval

1 1.0000 1.0000 – 1.0000
2 0.9623 0.8990 – 1.0269
3 0.9244 0.8343 – 1.0145
4 0.9244 0.8343 – 1.0145
5 0.9244 0.8343 – 1.0145
6 0.8628 0.7250 – 1.001
7 0.8621 0.7250 – 1.001
8 0.8621 0.7250 – 1.001

Fig. 2. Movements of two censored individuals, outside the defined
study area.
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Secondly, we estimated survival over a period of 80 days post-
fledging, and extrapolated this, assuming constant mortality, to
estimate annual survival. However, our assumption is probably
unrealistic, and the resulting annual local survival estimate should
be used judiciously. Juvenile survival rates for avian species may
not be constant from fledging and throughout the first year. Instead
periods of increased vulnerability and high mortality in that first
year are commonly documented (Hudson 1985) and are usually
seen as a consequence of increased risk in association with fledging
and independence (Harris et al. 1992, Rohner & Hunter 1996),
dispersal (Beaudette & Keppie 1992, Bennetts & Kitchens 1999),
or the changing environmental conditions encountered during the
first winter (Harris et al. 1994, Kersten and Brenninkmeijer 1995). 

Our estimates do not account for fledging or extremely early post-
fledging mortality. We used data from juveniles that successfully
flew from the nest to the water and survived during a period of time
of unknown length (from fledging to capture). The long flight from
the nest to the ocean can be hazardous, as indicated by findings of
grounded young (Carter & Sealy 1987, Rodway et al. 1992). The
first days that follow fledging could be crucial to the survival of
juvenile Marbled Murrelets as they begin to forage on their own
and disperse into unfamiliar areas. Radio-equipped juveniles in this
study were most frequently seen alone and in areas with fewer
murrelets in general, indicating little or no post-fledging parental
care (N. Parker unpubl. data, see also Kuletz & Marks 1997). This
is consistent with observations for other semi-precocial Atlantic
alcids (Atlantic Puffin, Black Guillemot and Dovekie, Harris &
Rothery 1984, Harris & Birkhead 1985), but contrasts with a
statement in Ydenberg (1989) for Marbled Murrelets. Although we
attempted to catch birds as young as possible, it is likely that some
birds in our sample had already survived several days on the water
before capture. 

Thirdly, juvenile survival has been shown to vary significantly on
an annual basis for a number of seabirds (eg Harris et al. 1992,
Harris et al. 1994), and for birds in general (eg Hafner et al. 1998,
Bennetts et al. 1999). This parameter can also vary among regions
for the same species in the same year (eg Bennetts et al. 1999).
Further studies are needed to address the spatial and temporal
variation in juvenile survival for Marbled Murrelets. 

Finally, radio-telemetry studies can underestimate true survival (i.e.
the quantity assessed is local survival), due to emigration and
dispersal from a study area (Hudson 1985, Beissinger 1995), or
potentially overestimate survival due to the censoring of
individuals that are actually dead (e.g. Bennetts et al. 1999). We
estimated local survival at a time when it is highly likely that
juveniles were dispersing, and this may account for the large
number of individuals censored. Indeed seven of the 19 censored
individuals were subsequently recontacted, two of these outside the
study area. Although, due to our strict criteria we censored these
individuals when they were clearly alive, which could lead to the
conclusion that we were in fact underestimating survival, 12 of the
marked birds remained unaccounted for following censoring. Our
local survival estimates are therefore based on data from
individuals that remained in the study area during the tracking
period. 

Natal dispersal (as defined by Greenwood 1980) is common for
alcids in general (Harris 1983, Hudson 1985), and may have
resulted in the underestimation of juvenile survival in other radio-
telemetry and capture mark-recapture studies (Hudson 1985).
While very little is known of the post-breeding movements of
juvenile Marbled Murrelets (Kuletz & Kendall 1998, Kuletz &
Piatt 1999), we can expect dispersal to be high: the winter
distribution is extensive, individuals are capable of dispersing great
distances, and potential breeding habitat is extensive (Divoky &
Horton 1995). The methodologies presented here did not allow a
detailed investigation of natal dispersal during this study. However,
the opportunistic detections of two censored individuals outside the
study area do provide evidence of such dispersal. 

A systematic investigation of the dispersal of Marbled Murrelets
from Clayoquot Sound in 2002 documented the movement of
radioed juveniles northward along the coast of Vancouver Island,
and onto the mainland coast, after leaving the Sound. While this
movement was initiated within days of capture for some
individuals, others remained within the Sound, or near vicinity, for
up to 60 days before dispersing north (Parker et al. MS). It is
therefore not unreasonable to expect that natal dispersal
confounded the estimates we present, and indeed may also account
for the extremely low numbers of banded juveniles recaptured in
the study area. 

In studies investigating juvenile survival rates from mark-recapture
and radio telemetry methods simultaneously, mark-recapture
(Bennetts et al. 1999) or a combination of the two has been found
to be preferable (Powell et al. 2000). As reported here the number
of marked juveniles recaptured in our study area is very low. We
might have expected by this time that these individuals would begin
returning earlier, in greater numbers and for longer periods as they
approach breeding age (e.g. Lloyd & Perrins 1977, Harris 1983, see
also Gaston and Jones 1998). Despite the longer term nature of the
project, we currently have little data to confidently document the
age of first breeding for this species from individuals banded as
juveniles. With current methodologies, and limited knowledge of
natal dispersal, it may prove impossible to determine survival until
first breeding in the Marbled Murrelet. Despite the limitations of
our results, their value should therefore be considered in the context
of current knowledge for Marbled Murrelets specifically and for
seabirds in general.
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