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INTRODUCTION 

Measurements of space use indicate how an animal responds to 
environmental conditions and provide information on the spatial 
distribution of critical resources. Seabirds typically respond to 
patchy and hierarchical distributions of prey by using space unevenly 
in the marine environment (Hunt & Schneider 1987, Russell et al. 
1992). Seabirds are thus considered convenient indicators of marine 
productivity at multiple spatial and temporal scales (Cairns 1988, 
Croxall et al. 1999). Seabird home range size is a general indicator 
of prey availability near nesting areas because it typically displays 
an inverse relationship with food availability (Schoener 1983). Data 
on marine space use by seabirds can also reveal locations of marine 
hotspots (e.g., Cairns & Schneider 1990, Piatt et al. 2006, Suryan 
et al. 2006), help identify the oceanographic features that result in 
increased marine productivity (Hunt et al. 1998), and help define 
boundaries when establishing fishing zones and marine protected 
areas (Wilson et al. 2009).

During the breeding season, space use by seabirds evolves in 
response not only to the physical relationship between marine 
feeding grounds and terrestrial nest sites, but also to predation 
and the spatial distribution of areas with high-quality foraging 
conditions. In theory, breeding seabirds should minimize commute 
times to foraging areas by selecting nest sites in close proximity 
to food resources (Wittenberger & Hunt 1985, Gibbs 1991). 
Seabird reproductive performance may be directly linked to the 

location and overall productivity of reliable foraging areas or 
marine hotspots (Ainley et al. 1995, Rindorf et al. 2000). Marine 
hotspots are defined as areas with elevated energy transfer rates 
between trophic levels due to relatively high primary productivity, 
and these areas are known to attract top predators (Sydeman et al. 
2006). Nest sites with marine hotspots nearby should be preferred 
unless predation or other factors drive birds to nest farther away. In 
fact, studies using seabirds to identify marine hotspots have found 
central foraging areas with relatively high availability of foraging 
resources (Cairns & Schneider 1990, Piatt et al. 2006). Although 
a variety of analytical methods are available to identify marine 
hotspots, locating individually marked seabirds at sea is the least 
biased method (see review in Nelson & Boots 2008). 

The Marbled Murrelet Brachyramphus marmoratus is a central-
place foraging alcid (family Alcidae) that inhabits nearshore waters 
of western North America from central California to western 
Alaska (Nelson 1997). Marbled Murrelets (murrelets) are non-
colonial and can nest up to 88 km inland from the coast (Nelson & 
Hamer 1995), resulting in substantial intra-specific differences in 
commuting costs from foraging areas to nest sites (Hull et al. 2001). 
Murrelets have also been documented flying great distances over 
water to reach potential foraging habitat (Whitworth et al. 2000, 
Bloxton & Raphael 2009). Estimates of the size of murrelet marine 
home ranges suggest considerable annual and regional variation in 
foraging conditions (Hébert & Golightly 2008, Bloxton & Raphael 
2009). Increased marine home range sizes and commuting costs 
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SUMMARY

BARBAREE, B.A., NELSON, S.K. & DUGGER, B.D. 2015. Marine space use by Marbled Murrelets Brachyramphus marmoratus at a 
mainland fjord system in southeast Alaska. Marine Ornithology 43: 1–10.

At-sea research on Marbled Murrelets Brachyramphus marmoratus has been dominated by observational surveys that provide little 
understanding of space use by individual birds. To quantify marine space use with spatially unbiased metrics, we used radio telemetry to 
record nest and at-sea locations of Marbled Murrelets during the 2007 and 2008 breeding seasons at Port Snettisham in southeast Alaska. We 
documented considerable inter-annual variation in marine space use, indicating that foraging conditions were more favorable for Marbled 
Murrelets in 2007 than in 2008. Fixed kernel density estimates (FKDE) of home range size (95% FKDE) were smaller on average in 2007 
(98 ± 10 km2) than in 2008 (158 ± 18 km2), but did not differ by sex or breeding status. Individual core use areas (50% FKDE) were not 
randomly distributed in our study area, and locations of population-level foraging hotspots were identified. Two large foraging hotspots were 
located within Port Snettisham in 2007; hotspots were less concentrated and more numerous in 2008, including small hotspots near the mouth 
of Tracy Arm to the south. Mean (± standard error) daily marine commuting distance (over the ocean) between at-sea locations and nest 
sites was shorter in 2007 (12.0 ± 0.9 km) than in 2008 (20.0 ± 2.0 km). Our findings suggest variable but relatively good marine habitat for 
Marbled Murrelets at Port Snettisham and the Holkham Bay area to the south, where Tracy Arm and Endicott Arm converge. These marine 
areas should be prioritized for conservation of Marbled Murrelets during the breeding season.
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to nest sites may affect the allocation of energy to incubation and 
chick provisioning (Ricklefs 1983, Eberl & Picman 1993). Thus, 
one might expect nesting murrelets to adopt behavioral strategies 
that optimize foraging efficiency and compensate for increased 
commuting costs, such as foraging closer to inland flyways 
(Peery et al. 2009), altering provisioning rates or payload size, or 
replenishing body reserves during the post-breeding period (Hull 
et al. 2001).

Around 70% of Marbled Murrelets breed in Alaska, and the highest 
densities during the breeding season are found in the northern 
portion of southeast Alaska (DeGange 1996, Piatt et al. 2007). 
However, there has never been an effort to quantify marine space 
use by individual murrelets in this important part of their breeding 
range. In this study, we used radio telemetry to collect data on 
murrelet marine space use at a mainland fjord system in southeast 
Alaska where at-sea densities of 111 murrelets per km2 have been 
recorded (Haynes et al. 2011), likely because of widespread nesting 
habitat nearby (Raphael et al. 2014). We then used these data to 
examine murrelet home range size and marine space use patterns. 
First, we estimated individual home range size and tested whether 
home range size differed by year, sex or breeding status (Hébert 
& Golightly 2008). Second, we examined marine space use at the 
population level to determine whether distribution was clumped, 
indicating marine hotspots that are significant murrelet foraging 
habitat (Adams et al. 2004, Piatt et al. 2006). Lastly, we tested the 
hypothesis that murrelets nesting farther inland from the coast will 
mitigate commuting costs associated with increased travel over land 
by reducing the distance they travel over water to reach foraging 
areas (Hunt et al. 1999). 

STUDY AREA AND METHODS

Our study was conducted at Port Snettisham, a remote mainland 
fjord located approximately 40 km south of Juneau, Alaska, United 
States (Fig. 1). Larger fjords are located to the north (Taku Inlet) 
and to the south (Tracy Arm and Endicott Arm) of Port Snettisham. 
Port Snettisham has three distinct sections or arms. Two arms 
funnel runoff from numerous river systems, including the Speel 
and Whiting Rivers, into a narrow, deep (up to 250 m) channel 
leading to Stephens Passage. The narrow but deep bathymetry of 
Port Snettisham creates a unique marine area with many estuarine 
qualities that include a large surrounding watershed, mixing of 
freshwater and saltwater, and opposing winds, currents and tides. 
Terrestrial habitat at Port Snettisham is characterized by rugged 
topography, little anthropogenic habitat alteration, and widespread 
forested and non-forested nesting habitat for Marbled Murrelets 
(more details in Barbaree et al. 2014).

Capture and radio telemetry

We used night-lighting to capture murrelets (Whitworth et al. 1997) 
near the mouth of Port Snettisham during 15–16 May 2007 (n = 39) 
and 26–28 May 2008 (n = 40) and tracked them from late May to 
early August in both years. We attached very high frequency (VHF) 
radio transmitters that weighed approximately 2.5 g (approximately 
1% of average adult murrelet body mass) and had a lifespan of 
approximately 120 d to the dorsal surface of each bird using a 
subcutaneous anchor (Newman et al. 1999). We also drew a small 
amount of blood to determine sex. We operated under procedures 
and guidelines approved by the Institutional Animal Care and Use 
Committee of Oregon State University.

Aerial-, boat- and ground-based surveys were used to locate nest 
sites, monitor nest-site attendance and determine at-sea locations of 
radio-tagged murrelets. In both years, we used an aerial telemetry 
technique known as “boxing” to record the locations of radio-
tagged murrelets at sea and to identify nesting areas. Boxing 
compares the relative signal strength received by antennas on each 
wing of the aircraft to determine the signal direction and to circle an 
area around the signal. During 2008 only, boat-based surveys were 
conducted in areas where murrelets were regularly detected outside 
the fjord during aerial surveys. As well, murrelets were surveyed 
by boat when convenient during marine transit for other activities. 
Areas regularly surveyed included the mouth of Port Snettisham, 
the nearshore areas between Port Snettisham and Holkham Bay, 
Holkham Bay, and the mouths of Tracy Arm and Endicott Arm. 
We used triangulation to determine the location of the radio-tagged 
bird if we could not pinpoint the signal to a group of murrelets. 
Data logger receivers were deployed at strategic locations inside 
Port Snettisham to record the presence and directional movements 
of radio-tagged murrelets throughout the fjord during the entire 
study (Fig. 1).

We categorized radio-tagged murrelets as either breeders or non-
breeders. We defined a breeder as any bird attempting to nest at 
least once after capture. Nesting attempts were identified by using 
aerial or handheld radio-tracking to locate active nests or by using 
telemetry data to identify behavior patterns consistent with active 
incubation (Barbaree et al. 2014). Murrelets attend nests for 24 h 
shifts during incubation, resulting in an “on-off” nest attendance 
pattern (Nelson & Hamer 1995); thus, actively incubating birds 
were located at the nest site one day and at sea the following 
day. Based on this pattern, we defined a nest attempt as when a 
radio-tagged murrelet exhibited behavior indicating incubation for 
at least four consecutive days (on-off-on-off). We used different 
criteria to distinguish between active and inactive nests during 
the nestling-rearing period. We inferred chick provisioning flights 
when shore-based data loggers detected a murrelet leaving the 
fjord, moving towards its nest, followed by a period of no detection 
(range = 30–120 min) before the bird was again detected by data 
loggers moving through the fjord away from its nest. Based on 
these behavior patterns consistent with active nesting, we identified 
the dates that each breeder was actively attending a nest site and 
categorized the nesting status of at-sea locations for breeders as 
either active or inactive. 

Home range size and foraging areas

We used fixed kernel density estimation (FKDE) to calculate the 
size of the marine home range of radio-tagged murrelets with at 
least 12 at-sea locations. We defined the marine home range (or 
the area an individual actually used) as the 95% portion of the 
utilization distribution (UD; Kernohan et al. 2001) and the core use 
area (or core foraging area) as 50% of the UD (Adams et al. 2004). 
Smoothing parameters were calculated separately for each FKDE 
using least-squares cross-validation (Horne & Garton 2006). We 
removed portions of individual UDs that covered land to estimate 
home range size and core use area within marine areas only.

We identified population-level central foraging areas (or foraging 
hotspots) by analyzing the spatial autocorrelation of individual core 
use areas. First, we assigned a standardized numerical value (core 
use area = 1; all other areas = 0) to each 30 m × 30 m cell within the 
FKDE data layer for each individual. Second, we merged individual 
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Fig. 1. Study area at Port Snettisham, southeast Alaska. Encircled 
white crosses indicate locations of six stationary data logger 
receivers that monitored presence and directional movements of 
radio-tagged Marbled Murrelets 24 h/day.

FKDEs into a single data layer with additive numerical values where 
core use areas overlapped. For example, if the core use areas of 
three birds overlapped within a single cell, the cell received a value 
of three. Lastly, we analyzed the resulting data layer to determine 
the spatial autocorrelation of the additive numerical values (using 
Moran’s I coefficient) and to identify whether higher values were 
more clustered than expected by random chance (using a Getis-Ord 
Gi* statistic or Z-score; Getis & Ord 1992, Ord & Getis 1995). We 
defined foraging hotspots as clusters of higher values with Z-scores 
of >1 and then further categorized hotspots as medium (Z-score 1 to 
1.9) or high (>2) importance (Santora et al. 2010). We ran separate 
analyses with individuals grouped by year, sex and breeding status 
to visually inspect the effects of these factors on hotspot locations.

Commuting distances

The at-sea locations of breeders during active nesting (from aerial 
surveys only) were used to assess two factors that could influence 
the location of an individual at sea: year and distance of the nest 
site from the ocean. For each breeder, we calculated the commuting 
distance from each at-sea location to its nest site using straight-line 
distances along flight corridors (flyways) determined by watershed 
topography. Murrelets typically traveled over the ocean and along 
river corridors when commuting to their nest sites because steep 
topography and frequent low cloud cover prevented direct flights 
from marine locations to nest sites. Data from our stationary data 
loggers supported this assertion; for example, flight paths away 
from nest sites crossed an associated river mouth and led to the 

mouth of Port Snettisham on at least 15 of 17 occasions when a 
murrelet nesting within Port Snettisham was located at sea in Tracy 
Arm or Holkham Bay. Commuting distances were partitioned into 
two components: (1) the marine commuting distance (the distance 
traveled over the ocean), and (2) the terrestrial commuting distance 
(the distance traveled over land; e.g., Fig. 2). Total commuting 
distance was the sum of the marine and terrestrial distances. We 
calculated the mean total commuting distance and mean marine 
distance for each breeder to reduce effects of daily variation and 
sample size. The terrestrial commuting distance remained constant 
for each breeder because it represented the distance of a nest site 
from the ocean. Pivot points were created to aid with straight-line 
distance calculations. Pivot point locations ensured that marine 
commuting distances did not cross land, and that terrestrial 
distances were measured along drainages used as flight paths to 
access each nest site (Fig. 2).

Statistical treatments

Our sample size of individual at-sea locations was larger in 2008 
than 2007, in part because of the addition of boat-based surveys in 
2008, but there was no difference in home range size in 2008 with 
or without boat-based detections (paired t-test; t = 0.25, P = 0.80); 
therefore, we included all locations in our analysis. We also used a 
multiple linear regression that included an interaction term (sample 
size × year) to test whether the number of at-sea detections influenced 
the home range size of individual murrelets. Next, we used separate 
general linear models with home range size and core use area size as 
the response variables to test for effects of sex, breeding status and 
year. Our models included the additive effects plus two interaction 

Fig. 2. Examples of measurement procedure used to estimate the 
distance between at-sea locations and nest sites.
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terms (sex × year + breeding status × year) to test whether the 
relationship between the response variables and sex or breeding status 
differed between years. Two breeders in 2007 were excluded from 
this analysis because their sex could not be determined.

We used a multiple linear regression model to test whether mean 
marine commuting distance was influenced by year or terrestrial 
commuting distance (the distances of nest sites from the ocean). 

The model included an interaction term (marine distance × year) 
to test for a difference in foraging range at sea between years. 
Terrestrial commuting distances were not normally distributed 
(Shapiro-Wilk normality test; W = 0.782, P < 0.0001), so we used 
the natural logarithm of the raw data to achieve normality. Only 
breeders with at least five at-sea locations during active nesting 
were included in this analysis. Means are reported ± standard 
deviation unless otherwise noted.

Fig. 3. At-sea locations recorded during aerial and boat-based surveys for Marbled Murrelets radio-tagged in 2007 (n = 876) and 2008  
(n = 1019) at Port Snettisham, southeast Alaska.

TABLE 1
Marine home range size and mean commuting distance via flyways between at-sea locations  

and nest sites for radio-tagged Marbled Murrelets breeding in Port Snettisham, Alaska

Mean ± standard error

Home range size,a km2 Commuting distances, km

Year Males Females Breeders Non-breeders All birds Terrestrial Marine Total

2007 96 ± 14 
n = 19

107 ± 14 
n = 16

95 ± 11 
n = 21

101 ± 18 
n = 16

98 ± 10 
n = 37

15.6 ± 3.4 
n = 19

12.0 ± 0.9 
n = 19

27.7 ± 3.4 
n = 19

2008 168 ± 32 
n = 15

151 ± 20 
n = 20

143 ± 21 
n = 17

173 ± 28 
n = 18

158 ± 18 
n = 35

9.2 ± 3.4 
n = 10

20.0 ± 2.0 
n = 10

29.4 ± 3.2 
n = 10

a Home range size estimated using 95% fixed kernel density estimation.
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Fig. 4. Marbled Murrelet core use area overlap (top) and central-foraging hotspots (bottom) determined using the Getis-Ord Gi* statistic and 
core use areas (50% fixed kernel density estimates).
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RESULTS

Radio telemetry

The mean number of at-sea detections for a radio-tagged murrelet 
was 24.5 ± 4.4 during aerial surveys in 2007 (range 17–31, n = 
37) and 29.7 ± 12.8 times during aerial and boat-based surveys in 
2008 (range 12–55, n = 35). During aerial surveys, we consistently 
detected radio-tagged murrelets at sea within the study area when 
the individual was not incubating at an inland nest site and before 
the last detection for each individual that indicated emigration 
from the study area (97% of possible detections days in 2007 and 
95% in 2008). Aerial and boat-based detections at sea occurred 
most often inside Port Snettisham, closer to the mainland in 
Stephens Passage, or near the convergence of Tracy Arm and 
Endicott Arm (Fig. 3).

Home range size and foraging areas

Mean marine home range size was 127.4 ± 88.8 km2 (range 
31.3–443.6 km2, n = 72; Table 1). Mean core use area was 35.6 ± 
25.6 km2 (range 6.4–132.4 km2, n = 72). The home range size of 
an individual murrelet was not influenced by the number of at-sea 
locations (all P > 0.47). Home range size and core use area were 
significantly larger in 2008 than 2007 (F3,69 = 7.85, P = 0.007; F3,69 
= 5.33, P = 0.024) but did not differ by sex or breeding status (all 
P > 0.27; Table 1).

Individual core use areas were not randomly distributed. Rather, 
there were relatively high levels of spatial autocorrelation among 
core use areas in 2007 (I = 0.22) and 2008 (I = 0.26), and clusters 
of high core use area overlap (foraging hotspots) in 2007 and 
2008 (Fig. 4). Foraging hotspots were generally smaller and 
less concentrated in 2008 than 2007. In 2007, at least 56% of 
individual core use areas overlapped in a single large foraging 
hotspot in central Port Snettisham, where the arms of the fjord 
converge. During 2008, less than 40% of individual core use 
areas overlapped within the same location, and additional smaller 
hotspots were identified near the mouth of Port Snettisham and 
the mouth of Tracy Arm to the south. Hotspot location did not 
differ according to murrelet sex. However, hotspots for breeders 
were located mainly within or near the mouth of Port Snettisham, 
while hotspots for non-breeders included areas near the mouth of 
Tracy Arm (Fig. 5).

Commuting distances

We recorded 342 at-sea locations during active nesting for 36 
breeding murrelets, including three breeding pairs. We located 
33 active nest sites, ranging from 0.1 to 52.0 km inland from the 
coast (terrestrial commuting distance); 29 nest sites were within 
the watersheds associated with Port Snettisham (see Barbaree et al. 
2014 for more details). The mean total commuting distance (marine 
and terrestrial) from an at-sea location to a nest site was 28 ± 13 
km (n = 342; range 1.5–94.2 km) and the mean marine commuting 
distance was 15 ± 2 km (n = 342; range 0.4–54.7 km). Mean marine 
commuting distance was shorter in 2007 than 2008 (t = 3.32, P = 
0.003), but there was no difference in total commuting distances 
between the two years (Table 1). Terrestrial commuting distance 
did not influence marine commuting distance; however, there was 
a tendency for birds with longer terrestrial commuting distances to 
have shorter average marine commuting distances in 2008 but not in 

2007, although the interaction term was not statistically significant 
(t = -1.63, P = 0.115).

DISCUSSION

Radio-tagged murrelets generally used marine habitat near 
the mainland and within the more protected fjords and bays 
where mixing of freshwater runoff and saltwater is an important 
oceanographic feature. When not located within Port Snettisham, 
murrelets typically used marine areas directly to the south. In 
particular, Holkham Bay and the confluence of two larger fjord 
systems (Tracy Arm, Endicott Arm) were heavily used, especially 
in 2008. The fact that more than 95% of radio-tagged murrelets, 
regardless of sex or breeding status, were repeatedly re-located 
within these areas suggests that foraging commutes to other areas 
were uncommon. This pattern cannot be explained solely by the 
need for breeders to remain near nest sites, as commuting distances 
to nest sites in our study area were comparatively short and even 
non-breeders remained in the area. Together, this suggests that 
foraging conditions in these mainland fjords were more optimal 
than in adjacent areas of Stephens Passage and other areas with less 
mixing of glacial and fresh waters.

A combination of factors, including oceanographic properties as 
well as prey abundance, quality or availability, may explain why 
radio-tagged murrelets foraged within these mainland fjord systems. 
The primary prey resource for murrelets in Port Snettisham was 
likely capelin Mallotus villosus (Haynes et al. 2011), a high-energy 
and preferred prey resource often associated with glacially affected 
waters (Montevecchi & Piatt 1984). Marbled Murrelets in Prince 
William Sound (Day et al. 2003) and Glacier Bay (Piatt et al. 2011), 
Alaska, preferred marine waters where glacial influence was diluted 
and avoided waters that were highly affected by nearby tidewater 
glaciers (i.e., higher turbidity, higher ice cover and lower sea 
surface temperature). While the marine waters in Port Snettisham 
and Tracy Arm are somewhat influenced by glacial runoff, which 
may contribute to higher capelin densities and repeated use by 
murrelets, this influence is limited in Port Snettisham because there 
are no tidewater glaciers and likely diluted around the mouth of 
Tracy Arm because tidewater glaciers within the fjord are located 
approximately 35 km away.

Mean home range size was smaller and commuting distances were 
shorter in 2007 than 2008, suggesting that foraging conditions 
within Port Snettisham were more favorable in 2007 than in 
2008. Variation in freshwater runoff, which can have numerous 
and complex trophic-level effects in an estuarine environment 
(Kimmerer 2002), may help explain the difference in conditions 
between years. Our study coincided with a shift in the Pacific 
Decadal Oscillation (PDO) Index from a warm to a cold anomaly 
in fall 2007 (National Oceanic and Atmospheric Administration; 
http://www.ncdc.noaa.gov/). Cold-PDO anomalies have been linked 
to increased freshwater discharge in mainland locations of southeast 
Alaska (Neal et al. 2002), and a weather station near the mouth 
of the Speel River recorded more than twice as many days with 
rainfall ≥ 2.5 cm from June to August 2008 than the same period in 
2007 (5% of days with records in 2007 vs. 11% in 2008; National 
Oceanic and Atmospheric Administration; http://www.ncdc.noaa.
gov/). The bottleneck-like topography of Port Snettisham makes 
the fjord susceptible to rapid fluctuations in freshwater runoff. 
We repeatedly observed highly turbid surface water conditions 
prevailing throughout the fjord after high rainfall events. Murrelets 
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Fig. 5. Marbled Murrelet central-foraging hotspots by breeding status determined using the Getis-Ord Gi* statistic and core use areas (50% 
fixed kernel density estimates).
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may have avoided Port Snettisham when water conditions were 
highly turbid because of the drastic effect of turbidity on visual 
predators’ ability to detect fish (Eriksson 1985) or changes in the 
distribution of prey.

Our estimate of mean home range size (127.4 ± 88.8 km2) was 
smaller than estimates from studies in northern California (505 
km2; Hébert & Golightly 2008) and Washington (742 km2; 
Bloxton & Raphael 2009). This difference held even after we 
recalculated our home range estimate (154 ± 98 km2; Barbaree 
unpubl. data) using methods similar to those studies to make 
the estimates directly comparable. The differences suggest that 
the marine environment in and around Port Snettisham provided 
better foraging conditions than the California and Washington 
study areas (Schoener 1983). A smaller home range size also 
results in lower flight costs within the home range boundaries, 
which could result in breeding murrelets dedicating more energy 
to breeding activities such as incubation or chick provisioning. 
However, that is only true if commuting distances between nest 
sites and home ranges are similar, because the costs of commuting 
can be substantial (Hull et al. 2001).

A population-level analysis of overlap of home ranges identified 
several foraging hotspots. All hotspots were near the confluence 
of distinct marine systems; the large hotspot that occurred during 
both years was located where the three arms of Port Snettisham 
converge. Runoff from the entire Port Snettisham watershed 
converges in this section of the fjord that is less than 2 km 
wide but nearly 200 m deep. The confluence section of the Port 
Snettisham, including most of Gilbert Bay and the mouth of 
Speel Arm, also coincided with the highest average densities of 
murrelets on the water and densities of marine fish in the water 
column recorded during boat-based transect surveys in 2007 
(Haynes et al. 2011). Additional hotspots in 2008 were located 
near the mouth of Port Snettisham and near the mouth of Tracy 
Arm. These hotspots appear to support similar oceanographic 
processes that, when combined with nesting habitat nearby 
(Raphael et al. 2014), indicate a mechanism for identifying other 
important foraging areas for murrelets in southeast Alaska. For 
example, the confluence of Icy Strait and Glacier Bay to the 
northwest has geography and oceanographic features similar to 
those of our study area, and high at-sea densities of murrelets have 
been recorded there during the breeding season (Piatt et al. 2007).

Estimates of commuting distances from at-sea locations to nest 
sites have varied, but those from other fjord systems are similar to 
our estimates. Total commuting distances via flyways to 23 nest 
sites at Desolation Sound, British Columbia, Canada (39 ± 23 km; 
Hull et al. 2001), and over-water commuting distances to six nest 
sites at Port Nellie Juan in Prince William Sound, Alaska (21 ± 6 
km; Kuletz 2005), were similar to the total commuting distances 
(28 ± 13 km) and over-water distances in our study (15 ± 2 km). 
Conversely, approximately 50 km north of Port Snettisham at Auke 
Bay, straight-line commuting distances to nine murrelet nest sites 
(78 ± 27 km; Whitworth et al. 2000) were considerably longer 
than total commuting distances via flyways at Port Snettisham. 
Our failure to detect a tradeoff between marine and terrestrial 
commuting distances suggests that commuting costs for murrelets 
in Port Snettisham may not have represented a serious constraint to 
nesting murrelets, although longer marine commuting distances in 
2008 suggested that breeders extended their foraging range farther 
than in 2007.

Results from our study suggest that Port Snettisham and nearby 
marine areas to the south are important foraging habitat for murrelets 
during the breeding season and that all marine habitats should not be 
viewed as equal. The marine hotspots that we documented should 
be identified as priority areas for conservation during the breeding 
season. Investigating potential relationships between foraging 
hotspots and human activities, such as commercial fishing, within 
and near Port Snettisham might help improve our understanding of 
how human activities and murrelets habitat needs intersect. More 
generally, if hotspots are a common feature of marine space use by 
murrelets in southeast Alaska, a better understanding of features 
that create them could help improve surveys designed to estimate 
murrelet population size and trends.
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