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Executive Summary

Cruise tourism in Alaska has been growing rapidly since the early 1970s. Over
the last decade there has been increasing concern about possible impacts on sensitive
coastal ecosystems. Attention has focused most recently on the possible effects of tour
vessels, particularly cruise ships, on subsistence resources that have been critically
important to Alaska Natives for many generations. Harbor seals that haul out year-
round on floating ice near tidewater glaciers are one such resource of concern because
their habitat is a popular destination for tourism. This study examined the potential
effects of cruise ships on the behavior, abundance, and distribution of harbor seals in
Disenchantment Bay, Alaska, from early May 2002, at the onset of seal pupping, to mid-
August 2002, during the molting season.

Analyses presented here of the behavioral observations — conducted from cruise
ships — indicate that the likelihood of harbor seals vacating ice floes rose steeply when
ships approached to less than 500 m; seals approached by a ship at 100 m were 25
times more likely to enter the water than seals approached at 500 m. Seals were also
four times more prone to enter the water when ships approached them directly rather
than passing abeam. The proportion of seals that entered the water when ships passed
within 200 m was nearly 75% compared to less than 10% entering the water at
distances where seals showed no apparent overt response to vessels (i.e., > 600 m).

Analysis of aerial strip-transect sampling (by video playback) showed
pronounced shifts in seal abundance, with a decline of 75% in mid-May during early
pup-rearing. Abundance rebounded to peak levels in late June, as cruise ship traffic
reached maximum levels. Sightings of mother-pup pairs also peaked in late June. Seal
abundance then stabilized at near-peak levels from late June until the end of the study
in early August. The decline in seal abundance in mid-May was already underway at
the first cruise ship entry. Seal abundance then steadily increased in concert with
increasing ship traffic, suggesting that changes in overall abundance were influenced by
factors other than ship presence, such as constraints related to pupping and breeding,
or other environmental variables.

Space-time statistical models of the effect of environmental and cruise ship
covariates on seal abundance and distribution were conducted in two stages: one
model to assess effects on the distribution of seals (i.e., absence-presence in a grid);
the other to assess effects on seal abundance in grid cells where seals occurred. The
two models showed that ice cover was a dominant factor with seals tending to occur at
the highest frequency and in higher numbers in intermediate ice cover (i.e., 50-70%
coverage by area). Mother-pup pairs showed similar patterns with regard to the type of
ice cover. Other natural variables, such as precipitation, wind speed, and the area of
ice habitat available to seals, did not have a measurable effect on the abundance or
distribution of the pooled seals or mother-pup pairs.
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Measures of ship traffic, including time spent at closest approach and number of
ship visits occurring on the 3 days prior to a survey, did not have a statistically
measurable effect on the abundance of all seals or mother-pup pairs. A negative
relationship between ships’ closest approach distance and both seal abundance and
distribution (i.e., more seals at shorter distances) is likely the result of close spatial
overlap between ships and seals in conjunction with no obvious avoidance by seals of
areas used by ships. However, increased time that ships spent at their closest approach
coincided with tighter distributions of harbor seals with no detectable change in
abundance. This suggests that seals aggregated more closely with increasing ship
presence. Such findings are consistent with other studies of marine mammals that
show denser aggregations during periods of disturbance. Coupled with no apparent
negative effect of ship distance on seal abundance (e.g., no short-term avoidance of
areas used by ships), these findings suggest the seals’ aggregation response is
independent of proximity to ship areas and thus appears to occur at distances greater
than the 500 m threshold suggested by the shipboard observations.

The seasonal comparison of seal abundance between Disenchantment Bay and
nearby Icy Bay, where cruise ships are reportedly rare, showed some pronounced
differences. The maximum total count at Icy Bay was reached in August (5435) during
molting, with numbers having steadily increased from lower counts in May (1011) and
June (2543) during early to mid-pupping. In contrast, the peak count at Disenchantment
Bay (2149) occurred in June at mid-pupping with numbers falling slightly through July
(1786) and August (1778). The different seasonal patterns suggest that comparable
numbers of seals use the two sites during pupping but that only a third to half the
number of seals use Disenchantment Bay during the molting period. Information about
the actual movement of seals, possibly between the two sites, in relation to natural and
anthropogenic factors would aid in interpreting these patterns.
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1.0 Introduction

Alaska is a major destination in
cruise tourism, with the third highest share
(8%) of the total world capacity ranking
only behind the Caribbean (41%) and the
Mediterranean (13%; CLIA 2005). The
cruise ship capacity allotted to Alaska has
nearly quadrupled since 1987, surpassing the
Bahamas (6%), and current annual growth is
8% compared to a slight decline averaged
across the industry (CLIA 2005). The
North American fleet in 2004 comprised 192
ships, an 18% increase from 163 ships in
2000; an additional 17 are projected by 2008
(ICCL 2005). At least half of the summer
visitors to Alaska, which is approaching a
million annually (ADEC 2004), embark on a
cruise (ADCED 2004). These statistics,
combined with a growing interest globally in
nature-based and cultural tourism, eco-
tourism, and adventure travel (Reynolds and
Braithwaite 2001; WTO 2001), point to
Alaska’s growing popularity among cruise
tourists. This growth has prompted concern
about the potential environmental impacts of
cruise tourism in Alaska and whether it is
environmentally sustainable. In particular,
marine living resources and the local people
who rely on them may be sensitive to the
changes brought about by the presence of
cruise ships. Marine mammals are some of
the most conspicuous examples of
potentially vulnerable species because they
historically congregate in coastal habitats,
such as tidewater glacial fjords, that are now
popular destinations for cruise tourists.

Harbor seals (Phoca vitulina
richardii) in Alaska inhabit coastal and
estuarine waters from Southeast, Alaska
through the Gulf of Alaska to Cape
Newenham in the Bering Sea. They haul
out to rest, rear pups, and molt on rocky
coastlines and outcrops, sandy beaches, and
floating ice. Following population declines
in the Gulf of Alaska (Pitcher 1990;
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Mathews and Kelly 1996; Frost et al. 1999;
Jemison and Pendleton 2001; Small et al.
2001) and most recently in Glacier Bay
National Park (Mathews and Pendleton
20006), it has become increasingly important
to understand the factors that affect seal
survival and recruitment. Ice emanating
from tidewater glaciers serve as important
pupping grounds for harbor seals from mid-
May to early July, and as molting platforms
during August (Streveler 1979; Hoover
1983). Whereas the largest terrestrial haul-
out sites rarely exceed several hundreds of
animals, many glacial sites have ice fields
that are used by thousands of seals (Withrow
and Loughlin 1997; Withrow et al. 1998;
1999a; 1999b; 2001).

These seal aggregations have
nutritional and cultural importance for
Alaska Natives, such as those living in the
Yakutat area, who have utilized sealing
camps in Yakutat and Disenchantment Bays
(Fig. 1) for many generations. Harbor seals
were likely an important resource dating
back to the earliest known settlements of the
Yakutat Forelands — 1,100 years ago (Davis
1996). Despite the importance of these
seals, little is known of their trends in
abundance or why the animals concentrate
in ice fields in such large numbers. Glacial
ice may function uniquely as both a refuge
from land and marine predators and a
reliable platform for resting and rearing
young.

Tour vessels were first reported in
Disenchantment Bay (60°N 139°32'W) in
1883, though the number of visits probably
remained low during most of the 20"
century (USFS 2001). More than a century
later, in 1989, still fewer than 15 visits
occurred per year (Kozie et al. 1996). About
a decade later, in 2001, visits had increased
10-fold to 157; ship visits continue to
increase to the current level of 170 in 2005
(NWCA; 2001-2005). This amounts to near
daily visits from mid-May to September.



Cruise ships typically venture at least as far
north as Egg (Haenke) Island, ice and
visibility conditions permitting, to afford
passengers a close view of Hubbard Glacier
(Fig. 1). As many as five ships, which can
be nearly 1,000 feet (305 m) long and 100
feet (30 m) wide, visit the bay on peak
traffic days. Disenchantment Bay may
experience further increases in ship traffic
due to several factors: 1) expected increases
in the cruise ship fleet; 2) an annual quota
for cruise ship visits to nearby Glacier Bay
(of 231 visits) with a daily quota of two
ships; and 3) the rapid retreat of other
tidewater glaciers (e.g., South Sawyer
Glacier, Tracy Arm; D. Withrow, Alaska
Fisheries Science Center, National Marine
Mammal Laboratory (AFSC/NMML), pers.
comm.), which, if the glaciers ground and
stop calving ice into the water, may cause
ships to divert elsewhere.

Alaska Natives from the Yakutat
Tlingit Tribe are concerned that the presence
of cruise ships in Disenchantment Bay —
which peak in numbers during pup rearing
and persist through molting season — are
having adverse impacts on the distribution
and abundance of harbor seals. Many
among the Tlingit Tribe consider cruise
ships a source of disturbance that may be
disrupting the seals’ normal behavior during
the pup-rearing season, thus leading to
reduced survival of offspring and a
population  decline. Evidence of a
population decline comes from Yakutat seal
hunters who believe that the availability of
seals has declined over the past 10-15 years,
as reflected by hunting trips that have
progressively been less successful and have
required more time (Yakutat Tlingit Tribe,
pers. comm.). Hypothesized declines in seal
numbers are consistent with trends in
subsistence harvests by Yakutat hunters.
Seal takes per capita in 2001 were only 38%
of the 1993 levels, a steep decline (65%)
from a peak in 1996 (Wolfe and Mishler
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1993; 1996; Wolfe 2001). Though there has
also been a downward trend in harbor seal
harvests for the entire Southeast Alaska
region, the decline of Yakutat sealing was
more than twice the regional average. Part
of this trend could be attributed to decreases
in hunting effort, but the number of
households that use seal has remained
consistently high, though falling slightly
from 93% in 1993 to 85% in 2001 (Wolfe
and Mishler 1996; 2001). Still, Yakutat
reports one of the highest annual takes in
Alaska (range: 138 [in 2002] to 764 [in
1996]; Wolfe et al. 2003). It is clear that
harbor seals are a valued resource for the
Tlingit Tribe, one that they perceive has
become less available over the period that
cruise ship traffic has risen steeply.

The historical traditions of the
Tlingit Tribe — as reported by de Laguna
(1972) — suggest that harbor seals were
typically left undisturbed until pup rearing
was underway and post partum females (and
their young) were less prone to leave the
area. However, contemporary estimates of
subsistence hunting suggest that most seals
are taken from March to May (Wolfe and
Mishler 1993; 1994; 1995; 1996; 1997,
1998; Wolfe and Hutchinson-Scarbrough
1999; Wolfe 2000; Wolfe et al. 2002; 2003;
2004), prior to and in the early stages of pup
rearing.  Seal takes consist largely of
juveniles and adults though pups are
sometimes targeted (Yakutat Tlingit Tribe,
pers. comm.).

There are no published findings on
how seals on glacial ice respond when they
are approached by vessels, though studies
have been undertaken. In Muir Inlet,
Glacier Bay, more harbor seals entered the
water in response to smaller boats, such as
kayaks, than to cruise ships, though the
latter disturbed seals at greater distances
(Calambokidis et al. 1985, unpub. ms.). In
McBride Fjord, Glacier Bay, researchers
found that seals entered the water more



often and in larger numbers in response to
kayaks than larger skiffs (Lewis and
Mathews 2000). In Johns Hopkins Inlet,
Glacier Bay, Mathews (1994) reported that
harbor seals vacated ice floes at greater
distances to cruise ships than boats about
one-quarter the size. Similar results on
harbor seals at terrestrial haul-out sites
support the hypothesis that vessel type may
be as important as approach distance in
determining the outcome of seal-vessel
interactions (Suryan and Harvey 1999; Lelli
and Harris 2001). The sensitivity of animals
to such factors may also differ depending on
experience and their breeding or molting
status. Suryan and Harvey (1999) found
increasing levels of tolerance among harbor
seals to repeated disturbance by small boats,
and increasing vigilance and disturbance
with number of pups present across three
sites.  That pregnant and post partum
females appear more sensitive to disruptions
(Newby 1973; Lawson and Renouf 1985) is
likely one reason they tend to haul out at the
edges of mixed groups or at separate nursery
sites altogether (Jeffries 1982; Allen et al.
1988; Thompson 1989). In Disenchantment
Bay, potential sources of human disturbance
to harbor seals are mainly the visitation of
cruise ships, which occurs from mid-May to
September, and subsistence hunting, which
occurs mostly from March to August (Wolfe
2001). Charter or private boats reportedly
traverse the eastern coastline relatively
infrequently to view the Hubbard Glacier,
fish, hunt, or visit Egg (Haenke) Island.

The focus of this study was to assess
the potential disturbance of harbor seals in
Disenchantment Bay by cruise ships that
move through and near areas of floating ice
where seals are present. The two working
hypotheses were: 1) individual seals that are
hauled out on floating ice respond
behaviorally to approaching vessels (i.e., by
becoming agitated or entering the water);
and 2) the population of seals in
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Disenchantment Bay responds to vessels
through shifts in spatial distribution and/or
by leaving the haul-out area. Of particular
importance was evaluating the potential
disturbance of nursing females and pups, as
they have been shown to be particularly
sensitive to disturbance at terrestrial sites
(Newby 1973; Lawson and Renouf 1985;
Suryan and Harvey 1999). To test these
hypotheses, the potential response of harbor
seals to vessel traffic was assessed at three
spatial and temporal scales: 1) fine scale —
daily observations of individual seal
behavior in relation to vessel approach
distance and angle, 2) medium scale —
weekly aerial surveys of seal distribution
and relative abundance in Disenchantment
Bay, and 3) large scale — monthly aerial
photographs of regional seal distribution and
total abundance at glacial haul outs of the
greater Yakutat area (i.e., in areas with and
without [Icy Bay] cruise ships).

This report supersedes and updates
the preliminary report issued in February
2003. New results have been integrated
with summaries of previous findings, most
of which appear here unchanged. For better
clarity and organization, starting after a
discussion of the study area, the report has
been split into three sections to better reflect
each of the studies conducted at different
spatial and temporal scales. The objective
of the first draft report was to summarize the
field activities in 2002 and the preliminary
findings for the seal behavior observations
that were conducted from cruise ships.
Since that report, we have continued to
process, extract, and analyze statistically the
distribution and abundance data from the
aerial imagery. In this final report, we add
the latest findings from both the medium-
scale  aerial surveys flown  over
Disenchantment Bay at roughly weekly
intervals, and the large-scale
photogrammetry conducted at monthly
intervals. Future findings from additional



studies conducted in 2004 and 2005 will be
submitted directly to peer-review for
publication. These complementary studies
and the ongoing analyses are summarized in
Appendix 2 of this report.

An overarching goal of this study is
to produce reliable information on the
behavior, distribution, and abundance of
harbor seals in areas frequented by tour
vessels to assist tribal representatives and
the cruise ship industry in their mutual
desire to maintain healthy populations of
harbor seals in the ecosystems represented
by tidewater glacial fjords.

2.0 Study Area

2.1 Overview of Past and Present
Disenchantment Bay (Tlingit:
Ateix’) is characterized by two tidewater
glaciers, Turner (Sit’ kusa) and Hubbard
(Sit’ tten), of which the latter is the largest
of only eight Alaska tidewater glaciers that
are currently advancing (out of an estimated
36 total in 2005; JKJ and D. Withrow,
AFSC/NMML, unpublished data; Long
1992; Trabant et al. 2002; Fig. 1). In
addition to its massive size (123 km long
with an 11 km calving face), Hubbard
Glacier has attracted steadfast interest for
other reasons: 1) for several decades, it has
threatened to permanently block the
entrance to Russell Fjord putting at risk a
local fishery and the Yakutat Airport
(Lorenz 1994); 2) it has a two-century
written and pictorial record dating back to
the earliest European visitors (Barclay et al.
2001); and 3) its geological history is
dynamic, distinctly cyclical, and seemingly
runs contrary to global climate changes
(Trabant et al. 2002). Historical accounts
coupled with scientific research since 1890
(Russell 1891) provide evidence of three
major expansions (and retreats) of Hubbard
Glacier in the last 8,000 years. At the time
of the earliest recorded accounts (Malaspina
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in 1791), Hubbard Glacier was at or nearing
its minimum extent. It is currently re-
advancing toward the mouth of Yakutat
Bay, a distance of 60 km, where it last
stopped ca. 1,000 years ago (Barclay et al.
2001). At that time, when Hubbard Glacier
was calving ice into the open ocean, the
earliest known settlements of the Yakutat
Forelands area were already established
(Davis 1996). The role of harbor seals in the
local culture and ecosystem at that time is
unknown, but it is clear that a nearby
protected embayment with floating ice (i.e.,
Yakutat Bay) would have been much
smaller or may not have existed. Malaspina
Glacier, which would have been located
near the far western flank of the calving face
of Hubbard, may have been retracted
enough to provide larger ice-filled
embayments (D. Barclay, pers. comm.).

The marine  environment  of
Disenchantment Bay comprises some 70
km?, reaches depths of 260 m (850 ft), and
is bounded by both steeply sloping
shorelines and a complex system of
submarine moraines which extend south into
Yakutat Bay (Fig. 1). At the surface, the
bay is dominated by floating ice emanating
southward from the two tidewater glaciers.
Ice coverage is non-uniform and varies
widely — from solidly packed areas with no
open water visible, as often occurs in the
northern area in front of and between the
glaciers, to single floes surrounded by
expanses of  water. At  present,
Disenchantment Bay is still connected to
Russell Fjord by a narrow channel (Fig. 1),
so both strong tidal currents and the wind
cause the ice field on which seals haul out to
shift rapidly and disperse in the bay.
Glaciologists expect that the advancing
Hubbard Glacier will permanently block this
channel in the near future, as has already
occurred for short periods in 1986 and
during this study in 2002. In 2002, tidal
exchange with Russell Fjord was restricted
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Figure 1. Map of the Yakutat Bay area showing the two tidewater glaciers, Turner and Hubbard.
Bathymetry data was acquired from the C-CAP database (NOAA Coastal Services Center 1997)
and is shown in gradations of blue, from light (shallow) to dark (deep; see legend). The study
area was north of Point LaTouche. The extent of glaciated terrain (light blue) was derived from a
1993 satellite photo. The location of the terminus of Hubbard Glacier was mapped in early June

2002 as part of this study (D. Seagars, USFWS).

from June to mid-August after Hubbard
Glacier surged and blocked off the inlet to
the fjord. This effectively created Russell
Lake which persisted until the moraine dam
was breached by rising water on 14 August
2002. Despite this anomaly, the densest
concentration of seals was found — prior to
and during the formation of the ice dam, and
right after it breached — in the northwest area
of the bay (NMML, unpublished data; Fig.
1). Aerial sampling conducted in 2004 and
2005 will be compared with 2002 to assess
whether ice conditions during the Russell
Fjord blockage were typical or not.

Whereas the general distribution of
harbor seals in Disenchantment Bay is fairly
well known, the numbers of seals using the
area is less clear. On ice between the two

glaciers is historically where Native hunters
have observed the densest aggregations of
seals, and also where seals were
concentrated during surveys by the National
Marine Mammal Laboratory (NMML) in
1993, 1997, and 2001. The earliest
historical records from Disenchantment Bay
point to a larger population of seals in the
past. In mid-June 1899, Grinnell (1995)
estimated that among three sealing camps
about 1,000 seals had been hunted to allow
the Tlingit Tribe to secure their annual
supply of oil. In mid-July 1886, Schwatka
reported that as many as 1,500 seals had
been taken (Schwatka 1891 in de Laguna
1972). These figures represent about four to
five times the contemporary subsistence take
(Wolfe et al. 2002) and roughly half of the



most recent minimum population estimate
(this study). Though we cannot know the
accuracy of these historical estimates,
suspected shifts in the environment may
lend further support to larger seal
populations in earlier times. Traditional
knowledge of the Tlingit Tribe suggests that
calving rates of Hubbard and/or Turner
Glaciers were declining near the end of the
19" century, thus affecting both the location
of optimal hunting grounds and patterns of
use of established sealing camps (de Laguna
1972). Under a decline in ice coverage, the
ice habitat would have been reduced and
may have supported a smaller seal
population. Such declines in calving rates
and ice coverage are consistent with a
reversal of the Hubbard Glacier from retreat
(more calving) to advance (less calving)
though there is debate among glaciologists
about whether the reversal could have
occurred as late as the latter half of the 19™
century (Barclay et al. 2001; Trabant et al.
2002).

Despite more sophisticated
techniques of enumerating seals (e.g., aerial
surveys using photography), contemporary
estimates of the number of seals hauled out
on floating ice are still prone to biases due to
the difficulty of counting animals over large
areas of scattered, moving ice with no
topographical reference. =~ Moreover, the
seals that are visible on the ice during an
overflight represent only a fraction of the
total population since many remain in the
water. So, even the most accurate counts
must be corrected upward by some factor
that integrates the varying propensities of
seals to haul out under varying
environmental conditions. In
Disenchantment Bay, Kozie et al. (1996)
derived uncorrected estimates for the
pupping period (mid-May) of about 750
harbor seals. During the August molt,
estimates range from 467 (Kozie et al. 1996)
to 1009 seals (Withrow et al. 1997).

2.0 Study Area

Estimates using more accurate techniques
for counting (e.g., 100% coverage via high-
altitude,  high-resolution  photographs)
yielded an uncorrected August count of
1,778 seals (AFSC/NMML, this study).
Still, it is unknown to what extent the seals
in Disenchantment Bay use other areas in
the greater Yakutat Bay area or mix with
other significant nearby populations (e.g.,
Icy and Dry Bays). Nine radio-tagged
harbor seals in Southeast Alaska (South
Sawyer Glacier, Tracy Arm) migrated
considerable distances between haul-out
bouts on the ice. The seals spent more than
half of their time in areas outside the fjord
(100 km by water), especially by the onset
of pupping at which time all tagged seals
were outside the fjord; the two-thirds that
returned stayed for only brief visits (Jansen
etal. 2001).

2.2 Defined Area for this Study

The study area was geographically
defined as the region north of Point
LaTouche, which essentially marks the
boundary between Yakutat and
Disenchantment Bays (Fig. 1). Though
some ice floes were scattered to the south of
this boundary, the densest patches were
nearly always north of this boundary,
especially in the upper reaches of the bay
where the vast majority of harbor seals were
located. Elevated concentrations of ice and
seals were sometimes observed in Yakutat
Bay, and thus shipboard observations
sometimes occurred there. The medium-
scale aerial surveys were confined to
Disenchantment Bay during May, but as ice
increased through the season and extended
into Yakutat Bay, observers began flying a
single transect south of Point LaTouche in
areas of dispersed ice. The large-scale aerial
photography in Disenchantment Bay was
confined to the area north of Point
LaTouche. In Icy Bay, the surveys were
conducted north of Kichyatt Point (Fig. 2).
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Figure 2. Map of Icy Bay area showing the three tidewater glaciers, Guyot, Yahtse, and Tyndall.

The study area was north of Kichyatt Point.

The extent of glaciated terrain (stippled) was

derived from a 1993 satellite photo (NOAA Coastal Service Center 1997).

2.3 Environmental Conditions — in
General and During the Study

2.3.1 Meteorology

The climate of the Yakutat Forelands
is distinctly maritime. The surrounding
4,000+ m (13,000+ ft) peaks, in conjunction
with exposure to moisture-laden air from the
Gulf of Alaska (GOA), contribute to one of
the highest average rainfalls in Alaska (330
cm; NOAA-NCDC 2002). The nearby
glaciers exert a pronounced influence on the
climate particularly when low pressure
systems in the GOA cause steep pressure
gradients which draw cold air down the
glaciers  causing localized cloudless
conditions. Cloudless or partly cloudy skies
immediately downwind of Hubbard and
Turner Glaciers are often in sharp contrast to

dense clouds and stormy conditions just
outside Disenchantment Bay (JKJ and SPD,
pers. obs.). Overall, clouds and fog are
common around the Yakutat area throughout
the year with mean sky cover averaging
greater than 80% (NOAA-NCDC 2002).
During the study, weather conditions
in Disenchantment Bay were monitored
using a HOBO weather station (Onset
Computers, Bourne, MA, USA) installed on
Egg (Haenke) Island (Fig. 1). From 1 May
to 2 August 2002, data on air temperature,
barometric pressure, relative humidity, and
wind speed were collected at 1-minute
intervals which were then averaged into 30-
minute  observations. Sampling was
interrupted from 26 June to 12 July due to a
circuit defect in the weather station causing
a power drain; no data on precipitation were
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Figure 3. Indices of rainfall and wind speed for Disenchantment Bay, May to early August 2002.
Indices were calculated for the 6-hour period preceding aerial surveys, which occurred on days
marked with an asterisk. Wind speed was measured in Disenchantment Bay; rainfall was measured
at the Yakutat Airport (NOAA-NCDC 2002). An instrument malfunction caused the data gap in

wind speed.

collected due to a sensor malfunction. We
used precipitation data collected by
NOAA’s National Weather Service in
Yakutat (NOAA-NCDC 2002) as a proxy
for rainfall in Disenchantment Bay (Fig. 3).
Of primary interest were measures of
rainfall and wind speed (Fig. 3) because
increased levels are known to reduce the
propensity of seals to haul out (Hoover
1983; Boveng et al. 2003).

Overall conditions during the study
were unusually dry: for May, June, and
July, departures from the 50-year average
rainfall (22.8, 15.9, 20.6 cm, respectively)
were -14.7, -2.2, -5.8 cm, respectively.
Rainfall for May (8.1 cm) approached the
record low (6.9 cm; 1951-2001; NOAA-
NCDC 2002). Daily temperatures in the bay
in early May were typical, fluctuating
between the low 30s at night and low 40s
(°F) by day. From 16 to 21 May, peak daily

temperatures in the bay were above normal
reaching 65°F on 20 May; the monthly
maximum at the Yakutat Airport was
reached the same day (76°F; near the 78°F
record in 1963). June was characterized by
daily temperatures ranging from the high
30s to the high 40s (°F) frequently peaking
above 50°F after 12 June. Daily
temperatures in July were generally from
40°F to 50°F with peak temperatures
approaching 60°F from 31 July to 2 August
(the last day of observations). Maximum
daily  wind  gusts, measured in
Disenchantment Bay, ranged from about 3
to 16 knots during the study (Fig. 3).

Because of minimum visibility
requirements for flights, our surveys were
conducted under better than average
conditions (e.g., several flights had to be
rescheduled due to rain, poor visibility,
and/or high winds). This served to largely



control for weather effects in the analysis.
Data on hourly precipitation (NOAA-NCDC
2002) and wind speed (this study) were
summed for the 6, 12, and 24 hours
preceding each aerial survey to be used as a
covariate in the statistical modeling of seal
distribution and abundance (Fig. 3).

2.3.2 Ice Conditions

Ice floating in Disenchantment Bay
emanated from both Hubbard and Turner
Glaciers though the vast majority was
derived from the former. Turner, with only
a third of the calving face (3-4 km) of
Hubbard, is retreating and becoming
grounded along its north and south flanks
(Fig. 1). Its contribution of calved ice to the
ice field is also likely diminishing. Though
calved ice can be large, exceeding 15 m
across and > 5 m above water (termed
icebergs), most ice in Disenchantment Bay
is considerably smaller (termed bergy bits [<
15 m across], growlers [< 5 m], and brash
[<2 m]). Dispersing south from the glaciers
on wind and tidal currents, most icebergs
melt in a few days; bergy bits, growlers, and
brash usually melt in less than a day (Long
1992). Ice in the bay thus indicates active,
daily calving, primarily by Hubbard Glacier.

For this study, ice cover was defined
as the percent of area that was occupied by
ice that was greater than or equal to 2 m at
its longest axis (i.e., growlers or larger).
Hoover (1983) found that seals in Aialik
Bay hauled out in peak numbers on ice that
was 1-3 m across; parturient females
preferred ice that was > 5 m. Further, we
categorized ice cover into three types (or
zones): scattered ice (1-3 tenths ice cover),
intermediate ice (4-6 tenths), and dense ice
(7-10 tenths). See section 3.2.1 for details.

Ice coverage in Disenchantment Bay
varied dramatically during the study. In
May, the ice-covered area (ICA) for
scattered ice or greater varied between 28
and 56 km” (ca. 65% of the total 70 km’
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area; Fig. 4). During June, ICA peaked at
approximately 64 km” (~ 90%) and then
declined through July to a minimum of
about 5 km? (~ 7%) on the last survey on 4
August  2002. In general, ICA was
dominated by scattered ice, representing 25-
45 km® (~ 70-80% in proportion);
intermediate ice rarely exceeded 15 km?” (20-
30%) and dense ice was typically less than 3
km? (<1%). Patterns in the total ICA were
driven largely by variation in the area
covered by scattered ice. It is unclear
whether the blockage of Russell Fjord, and
the preclusion of tidal currents through the
channel near Gilbert Point, significantly
affected ice cover. If ice cover had
remained high after the moraine dam had
formed in mid-June it would point to
reduced tidal circulation, an increased
residence time of ice in the upper bay, and
ultimately greater ice cover. But the steady
decline of ICA despite near zero tidal
exchange with Russell Fjord (from late June
to the end of the study) suggests that larger-
scale factors were driving ice coverage in
the bay. An annual pulse in the calving rate
of the two glaciers, during peak spring run-
off (May-June), likely produced the
observed seasonal pattern in ice cover.

2.3.3 Cruise Ships

In 2002, 168 cruise ship visits to
Disenchantment Bay were scheduled from
14 May to 24 September (NWCA 2002). Of
those, 105 visits occurred during the study
and 56 complete navigation tracks were
recorded using portable global positioning
systems (GPS). For this study, the last ship
was tracked on 1 August. Due to the typical
7-day duration of cruises — which embark
passengers on weekends from ports 2-3 days
travel from the study area — cruise ships
tended to arrive midweek (e.g., 81% on
Tuesday, Wednesday, or Thursday; Fig. 5).
Visits were less frequent late-week (18% on
Friday or Saturday) and only one visit (1%)
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Figure 4. Estimated area of Disenchantment Bay (sq km) represented by different ice cover types,
scattered (1-3 tenths), intermediate (4-6 tenths), and dense (7-10 tenths), and all types combined (i.e.,
ice-covered area [ICA]) from 3 May to 4 August 2002. Estimates of ice cover were averaged within
grid cells (when n > 1) and the areas of cells with each type of ice cover were summed (see Section
3.2.1), and then scaled upward (proportionately) based on the percent of the study area that was

sampled on a given day.

occurred early-week (Sunday or Monday).
About half of the visits (46%) were without
other cruise ships present; 42% overlapped
with one other vessel (for an average of 1
hour) and the remaining overlapped with
two (11%) or three (1%) other vessels. As
ships approached Point LaTouche from the
south, they typically reduced speed from ca.
12 to 6 knots, or lower if ice was in the
immediate area. Vessel speed north of Point
LaTouche ranged from less than 1 to 6 knots
depending on visibility and ice which varied
considerably across the bay. Thicker bands
of ice would cause ships to temporarily slow
to less than 2 knots.

The durations of visits varied widely
and were dependent partly on ice conditions
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and visibility (Fig. 6). It was apparent that
vessels had varying criteria for the type
and/or size of ice they would negotiate to
afford passengers better views of the two
glaciers. Vessel captains and pilots were
less inclined to penetrate Disenchantment
Bay when larger ice spanned the mouth of
the bay, usually resulting in shorter visits.
Hampered visibility also reduced visit
durations especially if Hubbard Glacier was
obscured (Fig. 6; see visits in early July
during persistent fog). Under such
conditions, ships would rarely venture north
of Point LaTouche. Based on GPS tracks
collected on cruise ships from 14 May to 1
August 2002 (N=56), the average period that
vessels were north of Point LaTouche (i.e.,
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Figure 6. Haulout behavior of harbor seals (top panel) in relation to the timing (bottom) and frequency (top) of
cruise ship visits to Disenchantment Bay. Haulout behavior was measured at South Sawyer Glacier, Tracy Arm
(proportion of seals hauled out by time of day [ADT]; Jansen et al. 2001) and Aialik Glacier (abundance rank by
time of day; Hoover 1983). The horizontal bars indicate the timing and duration of cruise ship visits (N=86) for
which data was collected directly (by GPS) or indirectly (by remote observation). For ships that stopped south
of the study area, tick marks show the times that ships turned around (N=9). The timeline on the right axis,

bottom panel, shows the temporal progression of visits from the first ship on 14 May to early August.

inside the study area) was 2.17 hours (range:
0.25 - 3.98 hours). On average, ships
arrived at 1141 h (range: 0721-1541 h) and
departed at 1353 h (range: 0904-1721 h).

An examination of the frequency of
cruise ship visits by time of day revealed a
distinct diel pattern of visitation with a peak
in the early afternoon (Fig. 6). At other
tidewater glaciers, harbor seals haul out in
peak numbers also in the early afternoon,
typically between 1200 and 1600 h (Aialik
Bay: Hoover 1983; Tracy Arm: Jansen et al.
2001; Fig. 6). Given this consistent pattern,

12

we assumed that harbor seals in this study
exhibited similar behavior. We thus
expected that the majority of harbor seals in
Disenchantment Bay hauled out during
periods that coincided closely with cruise
ship visits. Direct studies of individual seals
in Disenchantment Bay are needed to
confirm the extent of temporal overlap
between hauled-out seals and ships.
Tracking by GPS showed that cruise
ships entered Disenchantment Bay while
favoring the eastern shoreline (by Point
LaTouche; Fig. 7). In the early season (i.e.,



May and June), ships would sometimes use
the area south of Egg (Haenke) Island,
where open water often persisted, in order to
maintain higher speed. Later in the season,
as ice coverage diminished, cruise ships
took more direct routes northward traveling
directly up the middle of the bay, past the
west side of Egg (Haenke) Island, to
approach Hubbard Glacier to within 2 km (<
1 nautical mile [nm]; Fig. 7). Regardless of
whether  ships  stopped because of
impenetrable ice or to maintain a safe
distance from Hubbard Glacier, they would
usually rotate at their northernmost point
using side thrusters to enhance viewing for
passengers. Most ships exited using the
same route, though after a close approach of
Hubbard a few ships (for which we do not
have tracking data) would depart between
Egg (Haenke) Island and the mainland.

North of Point LaTouche, ships
would regularly use a public address (PA)
system, audible on most outer decks, to
communicate programs to the passengers on
the culture and natural history of the region.
Most often ships would begin broadcasting
prior to and at their deepest penetration in
the bay (e.g., while rotating at their turn-
around point). During land-based studies in
2004, voices on ships’ PA systems were
discernable and understandable at distances
of at least 1.4 km (0.75 nm). Though
beyond the scope of this study, we expect
that such sounds are audible to seals at much
greater distances and could be a source of
disturbance.

2.3.4 Other Potential Anthropogenic
Disturbance

Occasionally other watercraft (e.g.,
skiffs and day charters) were observed in the
vicinity of Egg (Haenke) Island and in open
areas to the south. Because these sightings
were infrequent, usually involved a single
boat, and rarely occurred in areas of thicker
ice, we deemed the potential for disturbance

13
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— as a result of the mere presence or sound
emitted by these smaller boats — to be very
low.

Subsistence hunting of seals, which
is undertaken from small boats, could affect
the distribution and abundance of seals. We
do not expect that the direct effects of
removing seals from the population would
affect measurably the survey results on a
given day (i.e., on short time scales).
However, when hunting does occur, some
level of incidental disturbance is expected,
particularly as the report from a rifle might
elicit a response causing seals to enter the
water. We could only monitor the presence
of smaller boats in Disenchantment Bay in
the course of our aerial surveys or when
observers were aboard cruise ships. This
effort, though near daily, represents a small
fraction of the time available to visit the bay.
Moreover, it was impractical to track the
movement of observed boats or attempt to
surmise the purpose of such visits whether it
be hunting or sightseeing. Short- and long-
term effects of subsistence hunting on seal
behavior or abundance are currently beyond
the scope of this study.

Aircraft, including the plane flying
surveys for this study, might also cause
disturbance. Few studies have systematically
examined the effects of fixed-wing aircraft
on harbor seals. In Muir Inlet, Glacier Bay,
Streveler (1979) showed that seals did not
enter the water in response to flights at or
above 250 feet (N = 32 flights); less overt
reactions were not studied. In our study, the
incidence of aircraft other than our survey
plane was low and such aircraft were usually
operating at altitudes higher than 1,000 feet;
however, on one occasion a plane was seen
operating at less than 500 feet. In addition,
the analysis of video directly below our
survey plane did not reveal any overt
reactions by seals though the observation
window was short and reactions could have
occurred in advance of or following an
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overflight. Based on previous findings,
albeit limited, and our own general
observations in Disenchantment Bay, we
conclude that it is unlikely that our aerial
surveys elicited a significant response from
seals, particularly one that would bias the
results presented here.

3.0 Three Spatio-Temporal
Scales for Studying Harbor
Seals

3.1 Fine Scale: Observations of

Individual Seal Behavior in Relation
to Vessel Approach Distance

3.1.1 Methods

Shipboard observations were
conducted from 14 May 2002, when the first
cruise ship entered Disenchantment Bay, to
1 August 2002 (Fig. 5), by which time we
expected pups to have weaned. To ensure
full coverage of vessels in the early season,
arrangements were made to transport
observers to all ships in May including those
that did not embark pilots or cultural
interpreters from Yakutat. From June to
August, when there were more ships than
observers on a particular day, higher priority
was given to earlier ships provided the
tender boat was scheduled. Portable GPS
receivers were used to continually log the
positions of ships during the observers’
visits. Observers were typically onboard for
5-6 hours, which included at least 2 hours of
transit to and from the ice field.

Observations were made of seals
hauled out on ice during the entire period a
ship was within viewing range of animals,
which was typically out to a maximum of
800-1,000 m, depending on visibility. There
were four possible observation posts
onboard, each being described as some
combination of port or starboard, and bow or
stern. As many as three posts were occupied
on a single cruise depending on the number
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of observers present.  Observers noted
whether ships were inbound toward
Hubbard Glacier, rotating in place, or
outbound toward Yakutat Bay. Efforts were
made to first locate seal groups at varying
distances and bearings from the ship to
provide a behavioral contrast between near
and distant animals. A seal group was
defined as one or more animals hauled out
on a single ice floe.

Behavioral ~ observations ~ were
recorded during 15-second intervals on data
forms or by using a hands-free digital voice
recorder. The time that a digital voice
recorder was started was noted and recorders
ran continuously during observations.
Digital voice files were later downloaded,
played back via sound editing software that
allowed observers to assign times to their
observations, and transcribed into a
database.  For each 15-second sample,
observers recorded the distance and bearing
(relative to the ship in 15° increments) to the
group, total number of animals in a group,
and the number of animals that exhibited a
particular behavioral state (i.e., level of
excitement) during the interval. The
behavioral state of seals was recorded as: 1)
resting - seal was motionless with head
down, 2) alert - seal was stationary but had
head up, 3) active - seal moved across the
ice floe or interacted with neighbors, or 4)
entered water - seal departed ice floe during
observation period. Only the highest level
of excitement was recorded for each seal
(e.g., “enter water” was the highest
excitement, “resting” was the lowest).
Distances between ships and seals were
estimated using laser rangefinder binoculars
(Leica VectorTM, Ashbury International
Group, Inc., Sterling, VA) or an
inclinometer. Data on mothers and pups
were recorded separately from other animals
and independent of each other. Once chosen
for observation, a seal group was observed
continuously until the seals either passed
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abeam of the ship (for groups observed from
the bow), entered the water, or passed out of
observation range astern (for groups
observed from the stern).

For each group observed, additional
data were collected on covariates such as ice
coverage (estimated in tenths within a 50 m
radius of the seal group), ice floe size
(longest axis), and other potential sources of
disturbance to the seals. Weather conditions
were noted at the beginning of observations
and whenever significant changes occurred
thereafter. Appendix 3 shows the sampling
guidelines observers followed. As a
separate protocol, observers were sometimes
stationed amidships to estimate distances to
and size of seal groups abeam of the ship.
These data will be used to calculate seal
densities as a function of distance from the
ship.

In total, observers recorded data on
76 of the 105 cruises (73%) that were
scheduled to visit Disenchantment Bay
during the study (Fig. 5). Complete
navigational tracks were acquired from GPS
units on most of these cruises. A total of
772 seal groups were observed comprising
6,008 15-second observations and a total
effort of about 207 observer-hours.
Observations were taken amidships on 52
cruises and distances were estimated to a
total of 1,796 seal groups.

3.1.1.1 Analyses of Shipboard
Observations

The analyses presented in this report
were based only on data collected during 15-
second observation periods while the ships
were moving (as opposed to stopped or
rotating in place). The data were further
focused by considering only the forward-
looking (bow) observer positions and by
eliminating a few observations for which
distance or bearing was not recorded. These
criteria produced a data set from 584 seals
observed in 307 groups.

16

Of the four behavioral responses
recorded, entering the water was likely to
have a stronger relationship to any potential
longer-term impacts on the seals’ vital rates
than the other responses (resting, alert, or
active). Also, analysis of the water entry
response was simpler because it involved
just one transition, from on ice to in the
water, whereas the other responses could
include reverse transitions and transitions
between multiple behavioral states (e.g., a
sequence recorded as resting, alert, resting,
active, alert, on consecutive 15-second
observation intervals). Therefore, we have
focused on “entering the water” as the
response variable.  This choice allowed
assignment of unique identifiers to all seals
in the data set, even though the data had
been recorded simply as counts of the
numbers of seals within each group
displaying the four behavioral responses.
The seals were given individual identifiers
by numbering the individuals within a
group; the first to enter the water was
numbered “1", the second numbered “2",
and so on. Remaining seals that did not
enter the water while under observation
could be numbered arbitrarily because they
all had identical behavior records (when
considering only the water entry response).
Representing the data in this way, there were
5,344 records (15-second observations) from
the 584 seals. Each record included the seal
and group identifiers, the start and stop
times of the 15-second interval, the response
(0 if the seal stayed on the ice, 1 if the seal
entered the water), and the explanatory
variables (“covariates”): distance from the
ship to the seal, bearing from the ship to the
seal, seal group size, and type of seal
(mother, pup, or other).

3.1.1.2 Statistical
Behavioral Responses

The data we described above are
“time to event” data with censoring. The

Modeling of
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censoring occurred whenever a seal was lost
to observation before entering the water,
which occurred, for example, when the seal
passed abeam of the ship or when the
shipped stopped its forward progress while a
seal was being observed. For censored time
to event data, the Cox proportional hazards
model is a natural and widely used
technique for estimating the effects of
covariates on a response variable (Therneau
and Grambsch 2000). In such analyses, the
response is often death of the subject under
observation, which is why this type of
analysis 1s commonly called ‘“survival
analysis”, but the technique is equally
applicable to other types of binary censored
outcomes, such as a seal entering the water.
Although the basic Cox model assumes
linear relationships and time-constant
covariates, we used semi-parametric
extensions of the Cox model that allowed
the data to suggest the functional form of the
covariate effects and that allowed for time-
dependent covariates such as distance from
the seal to the approaching vessel (Therneau
and Grambsch 2000). We used S-Plus®
version 6.1 for Windows (Insightful Corp.,
Seattle, WA) for all Cox regression
modeling.

The Cox model is ideal for
expressing covariate effects in terms of
relative risk. For example, a subject with a
value of 10 units for covariate A might be
found to have twice the risk of the response
outcome as a subject with 15 units of A.
However, the absolute risk (e.g., What is the
risk that a subject with 10 units of A will
experience the outcome?), is not a product
of the Cox model. For this initial analysis,
we computed simple proportions of seals
under observation entering the water for
each of several distance bins as an
approximate measure of the absolute risk.

We are currently examining other
statistical frameworks, such as a repeated
measures analysis on ordered categories
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(McCullagh and Nelder 1994), which have
recently been used to test for disturbance
effects on wildlife using a sequence of
ordered responses from least to most
disturbed (Lawler et al. 2005). For our
study, such a framework would allow for
testing simultaneously relationships between
the frequency of harbor seal behaviors, from
“head up” to “entering the water”, and the
vessel and environmental variables collected
during cruise ship approaches.

3.1.2 Results

A Cox regression indicated that
neither group size nor seal type was
significantly related to the risk of seals
entering the water (P > 0.3). Distance and
bearing from the vessel, however, were
highly significant explanatory variables for
that risk. Figure 8 shows the functional
form of the relationship with varying
approach distance, obtained wusing a
penalized smoothing spline (Therneau and
Grambsch 2000). The Cox regression
results are in terms of relative risk; to
interpret Figure 8, it is easiest to compare
two points. For example, at a distance of
about 500 m, the effect curve begins to rise
steeply. Because the vertical axis is on a
natural-log scale, this point corresponds to a
risk of €0.5 = 1.6. Comparing this to the
scenario at very small distances, say less
than 100 m, where the curve has a value of
about 3.7, indicates that a seal approached at
less than 100 m is about e3.7/€0.5 = 25
times more likely to enter the water than a
seal approached at 500 m. Beyond about
600 m, there appeared to be very little effect
of the ship’s approach, though the
confidence intervals expanded rapidly
because of the relatively small number of
observations at large distances.

Figure 9 shows the effect of
variations in bearing angle on the risk of
seals entering the water. Relative to a base
risk of e0 = 1 when a seal was directly
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Figure 8. Relative risk, expressed as the logarithm of the hazard, of a harbor seal entering the water
(abandoning its ice haul-out platform) in response to varying distances of approach by cruise vessels
in Disenchantment Bay, Alaska. Approximate 95% confidence limits are shown by the thin curves.
The observation distances are marked by the “rug fibers” plotted at the bottom.

abeam of the observer (90 degrees), the risk
of a seal entering the water when
approached dead ahead of the vessel was
about el.3 = 3.7 times greater. The risk
appeared to be considerably lower for seals
observed aft of the observer’s position on
the bow, but again the confidence intervals
increased rapidly because of small sample
size.

Because of the potential for
interactions between distance and bearing
angle (i.e., the response to distance may vary
with the bearing), we investigated the shape
of the response surface over the two
variables simultaneously. This was not
possible to do within the Cox regression
framework alone. Instead, we fit a Cox
regression with no explanatory variables and
then used a generalized additive regression
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(Hastie and Tibshirani 1990) to explore the
relationship between distance, bearing angle,
and the residuals from the Cox regression.
We found there to be no significant
interaction between distance and bearing.
That is, the increase in the risk of a seal
entering the water with decreasing bearing
(from 90°[abeam] to 0°ahead]) was the
same across the range of distances (from 0
to 1,000 m). This indicated that seals
responded to the approach of the ship, rather
than how visible it was; for example, a ship
viewed from directly in front would appear
smaller (and be less visible) than one viewed
from abeam. That is, seals entered the water
at shorter distances when ships were bearing
down even though the ships appeared
smaller.
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Figure 9. Relative risk, expressed as the logarithm of the hazard, of a harbor seal entering the
water (abandoning its glacial ice haul-out platform) in response to varying bearing angles during
approach by cruise vessels in Disenchantment Bay, Alaska. Approximate 95% confidence limits are
shown by the thin curves. The observation bearings are marked by the “rug fibers” plotted at the
bottom, which were jittered to better illustrate the relative sampling densities at the 15 degree

measurement increments.

Figure 10 shows estimates of the
proportions of seals that entered the water,
in 10 distance bins of 100 m width. These
estimates were derived from the 526 seals
(279 groups) that either entered the water
during observation or passed abeam of the
ship while still on the ice; seals that were
lost to observation for other reasons (e.g.,
ship stopped moving) were not included.
Each proportion was calculated as the
simple ratio of the number of seals that
entered the water at distances that fell within
the 100 m-wide bin, divided by the total
number of seals that were observed at
distances within the bin. These values
provide a means of translating the purely
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relative (i.e., without units) values of the
Cox regression into an absolute measure of
the risk of water entry as a function of
approach distance. Still, we emphasize that
these measures are only approximations
because they do not account explicitly for
the censored nature of the proportion data
(i.e., the seals that passed abeam of the ship
and those that were lost to observation do
not contribute to the measure), they do not
adjust for the simultaneous effect of bearing
angle, and they do not account for the
amount of time the seals were “exposed” to
the ship in each distance bin. Despite this
approximation, the estimates in Figure 10
were qualitatively similar to the results of
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Figure 10. Estimates of the proportions of harbor seals entering the water in response to varying
approach distances (in 100 m bins) by cruise ships in Disenchantment Bay, Alaska. Approximate

95% confidence limits (Agresti and Coull 1998) are shown.

Note that a given proportion

represents only the fraction of seals that entered the water (of those observed) within the relevant
distance bin (i.e., a proportion does not represent the number of seals that have accumulated
from bins of greater approach distances). The 100 m bins are represented at the midpoint (i.e.,
the symbol for the 100-200 m bin is plotted at 150 m).

the Cox regression for distance (Fig. 8). In
general, there appeared to be little water-
entry response by seals to vessels at
distances greater than about 500 m, but there
was a strong increase in the probability that
a seal would enter the water when
approached at distances of less than 400 m.
That the absolute response by seals appeared
to occur at smaller distances than the
relative response may be a reflection of the
smoothing parameter used in the Cox
regression, as well as a reflection of the
aforementioned limitations for
approximating absolute risks.

Because the estimated proportions of
seals entering the water when approached
within 100-200 m neared 0.75 (Fig. 8), we
conclude that a clear majority of seals
approached by ships at 200 m or less were
sufficiently disturbed to enter the water.
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3.1.3 Discussion

The analyses of the fine-scale studies
presented here indicate that harbor seals in
Disenchantment Bay respond to the
presence of cruise ships. Harbor seals
altered their normal behavior in the
immediate presence of ships by vacating ice
floes with increasing frequency at approach
distances less than 500 m (£ 100 m).
Mothers and pups showed no differences in
the distance or bearing to vessels at which
they were disturbed compared to other seals.
Further analysis of the data collected in
2002 will be used to explore the suite of
covariates that may influence the potential
responses of seals to vessels, including
weather conditions and recent patterns of
vessel traffic in Disenchantment Bay.
Inclusion of these other covariates may alter
slightly the values or functional form of the
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covariates analyzed in this report. The
qualitative form and the general magnitude
of the influence of approach distance,
however, are likely to be robust features that
will not change significantly under
refinements to the analysis. At the medium
and large scales, we expect that the
abundance and spatial analyses planned for
the aerial survey data will address what
proportion of the population is likely to be
disturbed by ships and whether or not these
seals (both within and outside the ship
traffic corridor) respond by hauling out less
often or by altering their distribution.

The results presented here are
consistent with Calambokidis et al. 1985
(unpub. ms.) who found that an increasing
proportion of harbor seals in Glacier Bay
vacated ice floes with decreasing distance to
cruise ships under 500 m. On average, more
than 50% of the seals entered the water at
distances to ships of less than about 300 m,
surpassing 90% disturbance at less than 100
m — similar to our estimates. Speed of
cruise ships and weather showed no obvious
effect, though seals appeared to respond to
ships at greater distances on clear, sunny
days. Streveler (1979), reporting on eight
summers in Glacier Bay, Alaska, was the
first to document human disturbance of
harbor seals inhabiting tidewater glacial
fjords. He focused attention on the potential
for disturbance to cause separation between
mothers and their dependent pups, which
has been shown to be a significant source of
pup mortality at terrestrial sites, whether
natural or human-induced (Johnson 1977).

Although we observed mothers and
pups responding to vessels — showing they
had similar rates of water entry compared to
other animals — the additional information
necessary to document impacts on pup
survival was not possible to obtain from
shipboard platforms. Still, a general
behavioral pattern, similar to Calambokidis
et al. 1985 (unpub. ms.), was noted by
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observers: the mother and pup would enter
the water usually within a minute of each
other, or if the pup was hesitant, the mother
would maintain visual contact until the pup
entered some minutes later. The observation
would end as the pair became obscured
among the floating ice (and the observer
focused on finding another group). We did
not observe the sudden “crash dives” and
lack of mother-pup coordination observed
by Streveler (1979) in response to close
approaches (< 150 m) by small boats or
extremely low-flying (< 61 m) aircratft.
These previous findings and our
results indicate that cruise ships disturb the
immediate behavior of individual seals (or
groups), but evaluating the impacts of such
disturbance on individual fitness — and
ultimately population vital rates — is more
difficult. If seals are compelled to spend
more time in the water, then it is important
to understand the possible long-term
consequences. Pinnipeds begin life on land
or ice and subsequently haul out on these
substrates. Though all species of pinniped
haul out, some do so only to reproduce and
molt whereas others, like harbor seals, haul
out throughout the year. The propensity to
haul out differs relative to environmental
conditions (e.g., solar angle and tide height)
and across populations (Boveng et al. 2003).
For example, harbor seals at terrestrial sites
appear to respond primarily to tidal and diel
light cycles (Watts 1996), whereas those on
floating ice may respond mostly to the latter.
Harbor seals in Alaskan glacial fjords
exhibit a distinct diel rhythm with peak
numbers on ice floes at solar noon (Glacier
Bay, Calambokidis et al. 1987) or in the
early afternoon (Aialik Bay, Hoover 1983,
Withrow and Cesarone 1999a; Tracy Arm,
Jansen et al. 2001). In Tracy Arm, prior to
the tour boat and cruise ship season, radio-
tagging studies estimated that 90% of seals
hauled out at some point daily, with an
average 50-70% hauling out for some period



3.0 Three Spatio-Temporal Scales for Studying Harbor Seals

between 1000 and 1700 h (ADT) (Jansen et
al. 2001). At Glacier Bay, visual counts
indicated that 70-90% of seals hauled out
daily over the same period (Calambokidis et
al. 1987). Such diel patterns, with numbers
of hauled out seals peaking by day and
diminishing at night, have been described
widely and have been attributed to nocturnal
foraging (see Watts 1996). Though night-
time feeding is supported by studies
examining directly the foraging behavior of
Alaska harbor seals (Frost et al. 2001), as
Watts (1996) states: “this begs the basic
question of why seals should [haul out]
when they are not foraging”.

The reasons why seals spend time
out of the water are poorly understood but
two theories predominate: 1) immersion in
water is energetically costly; and 2) the
threat of being eaten by a marine predator is
significant (Watts 1996). It has been
suggested that harbor seals are thermally
neutral when active in the water (reviewed
in Watts 1992). That is, heat production
from metabolism approximately equals heat
loss. During periods of inactivity, however
— as during periods of required rest or sleep
— there is likely an energetic cost to staying
warm if seals are compelled to remain in the
water and do not haul out (Watts 1992).
Even while resting, seals must sustain a
higher metabolism to maintain body
temperature, termed low-temperature stress.

However, a recent study of harbor
seal pups at terrestrial sites suggests that
low-temperature stress is unavoidable when
water temperature falls below 4°C (39°F), an
effect that is increasingly critical in smaller
seals during winter (Harding et al. 2005).
The smallest pups, that necessarily had the
least insulation, faced low-temperature
stress at less than 10° C (50°F). At their
study site, temperature varied seasonally
between 3° and 17°C (37-63°F). At the
coldest temperatures, a 17 kg (37 1b) seal
would have to consume an extra 0.5 kg (1.1
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Ib) of prey daily compared to a 32 kg (71 Ib)
seal in order to break even energetically.
The researchers predicted that if heat loss
was not balanced with increased food intake,
starvation would occur, and higher mortality
during winter would be expected. Not
surprisingly, then, the  researchers
documented a ca. 30% decrease in over-
winter survival in the lightest pups when
compared to the heaviest.

These findings are particularly
relevant to Disenchantment Bay because
water temperature, due 