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ABSTRACT

Understanding the population biology of a species requires thorough study of its breeding
behaviour and success. The Marbled Murrelet is a small alcid seabird which cryptically nests at
inland sites in old-growth trees. Concern for murrelet populations, primarily from breeding
habitat loss, has led to listing of the species as threatened or endangered over most of its range.
However, because of its elusive breeding, the reproductive ecology of the Marbled Murrelet is
still poorly understood. I investigated the breeding ecology of radio marked Marbled Murrelets
in Desolation Sound, British Columbia. Movement patterns of radioed birds showed that
breeding state and success can be accurately inferred with radio telemetry. Male breeding birds
visited their nests, and likely provisioned young, more than females during chick rearing. The
male bias was primarily due to a reduction in female visitation during late chick rearing. These
findings offer a behavioural explanation for a previously reported annual male bias of birds
flying inland during the chick rearing period at Theodosia Inlet in Desolation Sound from 1994—
1999. Early breeding birds commuted further from foraging areas to nests, and nested at sites of
steeper slopes than later breeding birds. Earlier breeding birds were more successful, while
higher nest site elevation, steeper nest site slope, and longer commuting distance were all
associated with greater success. Data from radio marked birds showed no evidence to suggest
that nesting near forest edges, particularly natural edges, reduces reproductive success in
Marbled Murrelets. Advantages of steeper nest site slopes and close proximity to edges, like nest
site access, may outweigh the potential costs of nest predation in our study location, which is free

of human habitation in murrelet breeding areas.
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GENERAL INTRODUCTION
Marbled Murrelets (Brachyramphus marmoratus) are small seabirds of the family Alcidae that
occur along the Pacific coast of North America from central California to western Alaska
(Nelson 1997). This species is normally found close to shore and is the most common alcid in the
sheltered oceans of its range (Gaston and Jones 1998). Marbled Murrelets forage primarily on
small schooling fishes during the breeding season, and also on invertebrates during the winter
(Burkett 1995). This species, and the closely related Long Billed Murrelet (Brachyramphus
perdix) of the Russian far east, are unique among the Alcidae because they nest solitarily on the
mossy limbs of old-growth trees in coastal forests (Nelson 1997). Birds are active at nests
primarily at dusk and dawn, and their breeding habits have been extremely difficult to study
(Cooke 1999). Because of this cryptic behaviour, much of the breeding ecology and demography
of Marbled Murrelets remains poorly known (Nelson 1997, Cooke 1999, Cam et al., in review).
Not only is the biology of the species poorly understood, but there are many potential threats to
both its nesting and marine habitats. As a consequence, it was listed as threatened south of
Alaska and endangered in California (Nelson 1997).

Because of management concerns and lack of knowledge regarding breeding biology,
there was a strong need to conduct an intensive study of Marbled Murrelet demography (Ralph et
al. 1995). A large scale capture-mark-recapture study of murrelets was initiated in Desolation
Sound, British Columbia in 1994 (Cooke 1999). Desolation Sound is located ~150 km NW of
Vancouver and is characterized by deep glacial fjords. The surrounding coniferous temperate
rainforests are primarily in steep sided glacial river valleys. Commercial forestry has operated in
the area for over a century and the majority of low elevation old-growth stands have been
removed. An early goal of the study was to use radio telemetry to locate murrelet nests and study
breeding ecology in a large sample of individually marked birds. However, early attempts were
largely unsuccessful due to incorrect assumptions about timing of breeding in murrelets. In 1998,
after changes were made to capture techniques and timing, new efforts yielded 23 nests from 40
radios (Lougheed and Boyd, unpublished data), showing that the method could be useful in
investigating the breeding biology of individually marked birds. Thus, telemetry research was
increased in the following years, to produce the largest sample of Marbled Murrelets with known
nest sites and breeding success ever studied.

My goal in this thesis was to investigate Marbled Murrelet breeding ecology from a large



sample of radio-marked birds in Desolation Sound from 1998 to 2001. Chapter 1 describes our
telemetry methodology used to infer breeding state and success, as visual observation of all nests
was logistically impossible. I address the reproductive success estimates, and the biases and
reliability associated with those inferred estimates. In Chapter 2, I address how telemetry
methodology allowed us to investigate the behavioural ecology of chick rearing Marbled
Murrelets. ] examine the sex ratio of nest visitation in chick rearing birds to test the hypothesis
that a 1.8:1 male sex bias in birds flying inland in our study area (Vanderkist et al. 1999) may
have been caused by male biased provisioning. In Chapter 3, I examine our results for breeding

success in relation to marine and terrestrial habitat use by the birds.



CHAPTER 1. INFERRING BREEDING SUCCESS THROUGH RADIO TELEMETRY
IN THE MARBLED MURRELET

1.1 INTRODUCTION

When studying the population ecology of a given species, it is essential to assess reproductive
success. This assessment is relatively straightforward for many species: investigators locate large
numbers of breeding individuals and identify breeding state and success by direct observation
(Clutton-Brock et al. 1982, Cooke et al.1995). However, some species cannot be studied in this
way. They may be too cryptic, use breeding habitats inaccessible to humans, or be too sensitive
to disturbance. Few studies assess reproductive status indirectly using physiological (Vanderkist
et al. 2000) or behavioural (Green et al. 1997) approaches.

Radio telemetry allows remote monitoring of free-ranging animals (White and Garrott
1990). Radio and satellite telemetry has permitted extensive study of habitat use (Aebischer et
al.1993, Ganey et al. 1998, Polovina et al. 2000), movement (Thompson et al. 1996, Hughes et
al. 1998), survival (Bunck and Pollock 1993, Hellgren et al. 2000), and population estimation
(Ries et al.1998, Landa et al.1998). However, few studies have used telemetry to directly
estimate breeding success. One example is that of Green et al. (1997), who described timing of
breeding, duration of breeding stages, and mortality rates of clutches and broods of the cryptic
corncrake (Crex crex) using telemetry data.

Cryptically breeding species often have poorly understood reproductive ecologies. This
makes management decisions difficult due to uncertainty about the status of populations and
their habitat preferences. Without such information, it is virtually impossible to develop an
unbiased understanding of population demographics. While demographics are most sensitive to
rates of adult survival in long lived animals, for threatened or endangered species, a conservation
strategy developed without knowledge of breeding propensity and reproductive success might
not fully address management needs (Ralph et al. 1995, Meretsky et al. 2000, Sutherland 2001).

In this paper, we describe a methodology to assess breeding status and success indirectly
based on presence and absence of radio marked birds in marine (foraging) and forest (nesting)
habitats. The Marbled Murrelet (Brachyramphus marmoratus) is a small Pacific seabird in the
family Alcidae which is difficult to study because it nests cryptically. Nests are located in
relatively inaccessible habitats, primarily large trees in coastal old-growth forest (Nelson 1997).

Concern for the Marbled Murrelet has grown in recent years due to suspected population



declines over much of the species’ range, the near-shore waters of Alaska to central California.
These suspected declines have been associated with loss of nesting habitats by forestry activities
(Nelson 1997). However, a lack of basic information on population and breeding biology for this
species has hampered our knowledge of the status of populations and the development of
management and conservation policy (Ralph et al. 1995).

Based on the knowledge that Marbled Murrelets’ incubation shifts last 24 hours (Nelson
1997, this study), we predict that individuals alternate between nest sites and marine foraging
habitat daily during the incubation stage. If we detect a bird at its nest site on day i, we expect to
find it on the ocean on day i + 1, and vice versa. We used patterns of presence of marked
individuals in foraging or nesting habitats and their movement between locations to determine
reproductive status. The time period during which an individual alternates daily between
locations provides evidence of incubation and its success. After hatching, the pattern of presence
of adult birds at their nest sites for feeding trips can be used to infer chick rearing and its success.
The objectives of this paper are to assess Marbled Murrelet reproductive success through radio
telemetry and possible biases in this indirect approach.
1.2 METHODS
Breeding Biology
This study was conducted at Desolation Sound, British Columbia, Canada (50 05°N, 124 40°W)
(Figure 1.1). Birds on the ocean in our study area prior to nesting include breeders and non-
breeders (Vanderkist et al. 2000). Birds feed in the ocean, primarily on pacific sandlance
(Ammodytes hexapterus), for self-maintenance and chick provisioning (Carter and Sealy 1990,
Lougheed 2000). Most birds start nesting in April and May (Lougheed 2000, McFarlane
Tranquilla 2001). They lay one egg and incubate for approximately 30 days, with males and
females taking equal 24 hour incubation shifts, switching duties at dawn (Sealy 1975, Nelson
1997, this study). Unlike most alcids, breeding is asynchronous, both in our study area
(Lougheed 2000) and across the range of the species (Nelson 1997). After incubation failure,
adults return to the sea but may continue some inland activity (R. Golightly, pers. comm.).

During the chick rearing period, adults are generally absent from neSt sites during the
day, and provision young primarily at dawn and to a lesser extent at dusk (Nelson 1997, Bradley
et al. 2002). Some non-breeding birds visit inland sites possibly prospecting for future nest sites
(Nelson 1997, Bradley et al. 2002). Breeding birds in our area often commute long distances



from foraging to nesting sites, sometimes greater than 100 km each way (Hull et al. 2001). Chick
rearing lasts approximately 30 days (Bradley et al. 2002) but periods up to 40 days have been
reported for the species (Nelson 1997). Upon fledging, chicks fly to sea (Nelson 1997).

Capture and Radio-Marking of Birds

One hundred and ninety adult Marbled Murrelets were captured in Desolation Sound from April
to early June from 1998-2000 (n=40 in 1998, 100 in 1999, and 50 in 2000). A further 25 birds
were captured in 2000 in Toba Inlet (50 25°N,124 37°W), located ~35km N'W of Desolation
Sound. Birds were captured from small boats at night using a “dip-netting” technique
(Whitworth et al. 1997, Vanderkist et al. 1999) and fitted with radio transmitters attached to a
subcutaneous anchor (Advanced Telemetry Systems, Isanti MN — Model 394 in 1998 and Model
386 in 1999 and 2000) following methods of Newman et al. (1999). However, we attached radios
without anesthetic and used a small amount of epoxy (Bird Adhesive, Titan Corporation, USA)
to secure the transmitter to body feathers. Model 394 radios weighed 2.2 grams and had an
insured life of 45 days while Model 386 radios weighed 3.0 grarﬁs and had an insured life of 80
days. The actual transmitter lifespan was often well in excess of the insured lifespan. Most
radioed birds were captured prior to breeding (McFarlane Tranquilla 2001), though 8% of known
nesters had already begun incubation at the time of capture.

Aerial Telemetry Tracking

Once radios were attached, each bird was located as often as possible until the transmitter failed,
the radio fell off, or the bird died or left the area. Marine and inland locations were determined
by over 350 hours of helicopter telemetry from early May until early August from 1998 to 2000
(see Hull et al. 2001 for methodology in 1998). A Robinson 44 piston engine helicopter, with H
antennas mounted at 45° on brackets at the anterior ends of the helicopter struts, was used in
1999 and 2000. Two types of helicopter search flights were conducted.

“Water flights” obtained general marine locations of individuals and determined whether
radioed birds were present in a standardized marine search area (Figure 1.1). These flights were
conducted daily for the majority of the breeding season, and were reduced in frequency when all
known nesting radioed birds were well advanced in chick rearing. These flights ranged in
altitude from 300m in poor conditions to 1500m in good conditions. Field trials indicated
detection distance in good conditions was a minimum of Skm. These “water flights” were

supplemented by stationary telemetry from a mountain peak (elevation ~4200ft) using a




handheld Yagi 3D antennae (Advanced Telemetry Systems, Isanti, MN) over open stretches of
ocean. Marine detections from the entire breeding season verified whether radios of nesting birds
continued to function properly. Therefore, telemetry data from chick rearing birds visiting their
nests could be accurately assessed.

“Nest search flights” searched inland for nesting sites of birds not present on the ocean.
Flights ranged from 1500-3000 m in altitude, and detection distances in good weather exceeded
10km. When an inland signal was detected, the location of the signal was determined to an area
~100m x 100m in size. This range was determined from blind trials of aerial locations of test
radios with known position. Ground based telemetry was then used to locate the nest tree in
which the radio-marked bird was incubating. Not all nests stands could be reached with ground
telemetry, since many were located in or adjacent to exceptionally steep or dangerous terrain, or
were remote from suitable helicopter landing locations. '
Land Based Telemetry Tracking
In order to detect birds flying between nests and their feeding areas, we conducted ground-based
telemetry observations along likely inland travel routes, often close to nest sites. In this way we
could monitor adult nest visitation during chick rearing. It was logistically impossible to monitor
each nest at the end of chick rearing due to equipment and personnel restrictions, and the
breeding asynchrony of the birds. Therefore, our monitoring activities, lasting 2 —15 days at each
nest site, took place between 10 days after estimated hatch and the end of chick rearing. We
deﬁné breeding success estimated from this activity as “Mid-Chick” rearing success and examine
the potential biases of this method in comparative analyses between nests we could only monitor
remotely and those accessible nests which we could examine at the end of the breeding season.
Detailed methodology for this nest site monitoring is described in Bradley et al. (2002).
Tree Climbing at Accessible Nest Sites
To confirm the fate of nests, accessible nest trees were climbed after the breeding season (Hamer
et al. 1994). Nests assumed to have fledged a chick show a pronounced fecal and down ring
around the nest cup (N élson 1997, Manley 1999). Nests assumed to have failed in chick rearing
showed signs of hatch, egg shell fragments with albumen, and usually signs of chick activity - a
small amount of feces or presence of a dead chick, but no large fecal ring and down. Nests which
failed during incubation showed no murrelet feces or down, no evidence of hatch, and usually

the presence of a predated or unhatched egg.



Statistical Analyses
All analyses were conducted within a framework designed to start with nesting birds for which
we had the most data and extrapolate backwards to assess certainty in our behaviour based
inferences. Therefore, all radioed birds used in these analyses fall into one of three categories: 1),
\‘y breeding birds for which we obtained good marine detection data, located the nest site from
(/) CZ{ helicopter telemetry, conducted telemetry observations of nest visits during chick rearing, and

¥

| climbed the tree to assess nesting suW), breeding birds for which we have all the data from

N

W, \f elemetry, and 3) birds for which we had no inland nest detections but only marine detection

s
e first category, excluding tree climbing results as the sites were inaccessible to ground based

data. Eight birds were excluded from the analyses because they had very few (< ten) marine
detections throughout the monitoring period.

Initiation of Breeding.--We assessed behavioural data from radio-marked birds in the early
stages of breeding to 1) infer breeding birds and the initiation of incubation, 2) differentiate
breeders from non-breeders, and 3) investigate bias in our methodology. We observed an
attendance pattern in breeding birds associated with a 24 hour incubation shift of each breeding
bird. This pattern is a consecutive 2 day presence — absence pattern of detection on the ocean,
referred to here as an “On-Off pattern” (OP) (Figure 1.2). For example, an OP value of 4 would
correspond to a consecutive 8 day presence — absence pattern of a bird on the ocean. We wanted
to quantify this pattern, and its value as an indicator of the start of breeding and of success
through incubation.

In breeding birds for which we had fledging success data from climbed trees, and
unquestionable proof of a nesting attempt, we examined OP duration during incubation. We then
compared the distribution of this behaviour with results from suspected breeding birds with
ground inaccessible nests (using SAS Proc Freq with Fisher’s 2-tailed exact test). Our goal was
to determine whether both samples showed similar OP values. To address the differences in OP
between breeders and non-breeders we combined datasets of the two samples of breeding birds.
We then compared this combined dataset to OP duration in suspected non-breeding birds.

To assess potential bias in OP values from failing to detect birds on the ocean, we
calculated our probability of detecting individuals in our marine survey area from 1999 and 2000
telemetry data. We assumed the only time birds were not in our survey area was when they were

incubating. We also developed curves to illustrate the probability of detecting OP by chance



under different detection rate scenarios — simulating detection probabilities of 90%, 75%, and
50%. In addition, the day and coverage area of nest search flights affected our likelihood of
finding a nest. In many bird species, nests which fail early are less likely to be located (Mayfield
1975). To quantify the length of time needed to locate nests, we developed a logistic probability
curve (SAS Proc GENMOD) to determine the probability of locating the nest of a breeding bird
based on the frequency distribution of the OP duration for breeders compared to suspected non-
breeders. We also investigated the degree to which each individual was faithful to the OP and
whether anomalous incubation shifts were common.

Incubation Success.--We tested for statistical differences between the mean (Mann-Whitney
Test, Minitab) and distribution (SAS Proc Freq with Fisher’s 2-tailed exact test) of OP in
climbed nests of birds which successfully completed incubation and those that failed.

Chick Rearing Success.--We compared the mean dawn (AM), dusk (PM), and total visitation
rates of adults per 4 hour monitoring session (Bradley et al. 2002) at their nest sites during the
chick rearing period. This was done to investigate the relative rates of visitation for nests
assumed to be successful and those assumed to have failed. Since preliminary analyses showed
an equal sex ratio in the sample (24 females, 25 males) and no significant effects of year, we
pooled data from all sexes and years. Comparisons were made between the following three
groups of chick rearing birds (Mann-Whitney tests, Minitab): 1) “Confirmed successful” birds
successfully fledged a chick, as inferred by tree climbing observations, 2) “Suspected successful”
birds visited their nests regularly during chick rearing, as documented from telemetry results, but
had nest sites inaccessible to tree climbing, and 3) “Suspected failed” breeders had nests
inaccessible to tree climbing, were assumed to have succeeded through incubation, and visited
their nest sites very sporadically or not at all during chick rearing. Nests which were confirmed
failures in chick rearing were not included in these analyses due to extremely low sample size
(n=4).

1.3 RESULTS

Telemetry results yielded over 8000 detections of Marbled Murrelets on the water and at, or
traveling to, their inland breeding areas. Of the 207 radio marked birds used in these analyses, 84
were identified as breeders with their inland nest sites located. Twenty five of these breeders
were confirmed based on tree climbing, while the remainder were suspected with unclimbed nest

sites. All confirmed nesting trees from ground based telemetry contained one active nest from




|

that year. At all sites where a chick was fledged, the radio-marked adults were detected visiting
the nest regularly during the “Mid-Chick” rearing stage. Our cumulative estimated success
probabilities for all breeding birds were as follows: incubation success: 82%, “Mid-Chick”
Rearing success: 62%,@dging success: 46%. We also report the annual proportion of radio
marked individuals reacth reproduction (Table 1.1). Note that the fledging

success data were only available from nests in climbed trees. Further discussion of our nesting

success and fecundity results for 1998 — 2000 data can be found in Appendix 1.

Initiation of Breeding

For radio-marked birds with confirmed nest sites, where a breeding attempt was certain, we
observed extended OP associated with incubation (Figure 1.3). We detected no difference in the
OP frequency distributions (Fisher’s 2-tailed Exact Test, p=0.535) or means between confirmed
and suspected breeders (Mean (SE) Confirmed = 12.24 (0.855), Suspected = 11.097 (0.579), 2-
tailed Mann-Whitney test, p=0.172). The OP distribution of birds assumed to be non-breeders, in
this analysis defined as birds with no detected nest site, showed most individuals with a maximal
OP value of 1, followed by a rapid frequency decrease with increasing OP (Figure 1.4).
Conversely, the pooled sample of breeders showed an increase in frequency with greater OP
(Figure 1.5). The mean OP for pooled breeders of 11.726 (0.465 SE) was 6.5x greater than the
mean of presumed non-breeders of 1.813 (0.215) (2-tailed Mann-Whitney test, p= 0.00001).

We determined no difference in our probability of detecting birds between the different
years tested (t =1.37, p=0.173, df =161). Our mean probability of detecting birds on the ocean
throughout the breeding season, assuming they would only be absent when incubating, was 0.65
(Minimum = 0.14, Maximum = 1, Standard Error = 0.03). Using theoretical detection
probabilities of 90%, 75%, and 50%, we determined the likelihood of detecting “false” OP by
chance due to missed marine detections when the bird was present in the study area (Figure 1.6).

As expected, the probability of finding the nest of a breeding bird increased logistically

" with OP duration, and a 95% confidence level corresponded to an OP of ~11.5 (23 days) (Figure

1.7). The OP was consistent throughout the incubation period for 87% of our breeding birds. The
remaining 13% showed one skipped incubation shift in their 30 day cycle.

Incubation Success

For confirmed, accessible nest sites where trees were climbed (n=25), birds which failed in

incubation showed a significantly lower mean OP than successful incubators (Mean (SE), failed



= 9.00 (1.74), successful = 14.59 (0.374), 2-tailed Mann-Whitney U, p=0.005) (Figure 1.3). The
distribution of OP frequencies for these two groups were significantly different (Fisher’s 2-tailed
exact test, p=0.0004). The mean OP for birds which successfully completed incubation
approximated the 15 OP value that would represent a 30 day incubation period. The two
successful birds with OP values of 11 (22 days) both exhibited OP behaviour immediately after
capture, as soon as they were radio-tracked.

Chick Rearing Success

During chick rearing, rates of visitation by radioed birds at confirmed, successful nests did not
differ from rates of visitation at suspected successfu1 nest sites (Table 1.2). This pooled sample
showed significantly higher rates of nest visitation than suspected failed nests (Table 1.2). These
results were consistent in data from AM PM, and total nest visits (Table 1 2) mthat\

/

o ‘were confirmed chick reanng fallu:es 2 actively attended early in chick rearing but not in the/

late rearing penod one never attended and one bird’s radio 51gnal dlsappeared o
1.4 DISCUSSION - |
Our results on breeding success are the first estimates of reproductive parameters for a Marbled
Murrelet population from observations of individually marked birds. These nesting success
estimates are higher than or fall in the upper range of previously published values (Hamer and
Nelson 1995, Beissinger and Nur 1997, Nelson and Manley pers. comm.). In contrast to the
commonly observed high annual variability in seabird p{/oductivity (Bertram et al. 2001), our
annual parameter estimates for breeding success were relatively consistent. Using aerial radio
telemetry data from a large sample of birds, and ground truthed breeding success data in a

smaller sample of individuals, we have shown that the behaviour of birds at confirmed breeding

sites does not differ from that at inaccessible suspected breeding sites. In addition, we have (‘w%?
f ” )
shown that the behav1our of successful breeders dlffers 51gmﬁcantly from the behavmur of failed @” ,
et i Ve

e, A e

mbreeders and non-breeders We detected a strong correlation between OP and 1ncubat10n ScFen

e e

4‘behav1ou: The observed duration of this behaviour did not vary between confirmed and

suspected breeders. But, birds that failed during incubation had OP values significantly less than
- those of successful breeders. During chick rearing, both confirmed and suspected successful nest
sites showed mean visitation rates that were 51gn1ﬁcantly higher than failed nests. Therefore, we

believe that radio telemetry is a useful tool for @ key demographic parameters for the

elusive Marbled Murrelet, whose breeding behaviour is difficult to observe. However, before
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Figure 1.1. Core marine telemetry coverage areas for 1998 — 2000. Toba Inlet and Desolation Sound capture areas are marked
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Figure 3.1. Core marine telemetry coverage areas for 1998 — 2000. Toba Iniet and U@.mo_maos Sound capture areas are marked
!
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Figure 3.2. Overlap of core marine areas of 1998 radio-marked Marbled Murrelets (50% Kemel Homeranges)
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Figure 3.3. Overlap of core marine areas of 1999 radio-marked Marbled Murrelets (50% Kernel Homeranges)
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Figure 3.4. Overlap of core marine areas of 2000 radio-marked Marbled Murrelets (50% Kernel Homeranges)
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