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ABSTRACT

Steller sea lions (Eumetopias jubatus) are known to have occupied the same terrestrial
haul-out and rookery sites across the North Pacific Rim for centuries, but it is not
known why they choose and stay at these locations, or what defines their preferred
habitat. Classifying and comparing the shoreline type of haul-outs and rookeries
against sites not used by Steller sea lions showed that they preferentially locate
their haul-outs and rookeries on exposed rocky shorelines and wave-cut platforms.
However, no preference was found for selecting rookeries on sheltered shore types.
Shoreline types used less frequently by sea lions included fine-to-medium-grained
sand beaches, mixed sand and gravel beaches, gravel beaches, and sheltered rocky
shores. Quantifying the shoreline types used by sea lions confirms anecdotal reports
of habitat preferences and may prove useful in identifying and protecting sea lion
terrestrial habitat, or in forecasting how climate change might affect the distribution
of sea lions.
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Steller sea lions (Eumetopias jubatus) inhabit the North Pacific Ocean from central
California in the eastern Pacific to northern Japan in the west, where they haul-out
on land to breed at 88 known rookeries (breeding sites), and rest at nearly 600 haul-
outs (non-breeding sites) (Loughlin ez @/. 1984, 1992). The sites used by Steller sea
lions are generally described as rocky areas that are exposed to oceanic swells, with
limited shelter by the surrounding topography (Fiscus 1970, Bigg 1985, Lyman
1989, Kastelein and Weltz 1991). Sea lions may select rookeries according to slightly
different criteria than they would use to choose haul-outs because protection of pups
from exposure to inclement climate may be an important consideration. Pup deaths
due to wave action are not uncommon (Fiscus 1970, Edie 1977), thereby suggesting
that sites affording some protection from wave exposure may be favored for rookeries.
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Specific choice of sites within an island or beach may also be influenced by the presence
of marine predators, currents, and undersea topography (Stirling 1983). A number of
studies have identified factors affecting haul-out site selection of phocids (e.g., Pitcher
and McAllister 1981, Schneider and Payne 1983, Calambokidis ez «/. 1987, Brasseur
et al. 1996, Watts 1996, Suryan and Harvey 1998, Sjoberg and Ball 2000, Galimberti
and Sanvito 2001, Bjorge er /. 2002, Moulton ez 2/. 2002, Nordstrom 2002, Reder
etal. 2003). However, research concerning the similar behavior of otariids, and Steller
sea lions in particular, is sparse and generally qualitative. Apart from anecdotal
descriptions of their habitat preferences, there have been no quantitative studies of
the factors that may influence the choice of sites used by Steller sea lions for haul-
outs and rookeries. Quantifying habitat preferences may thus prove useful in the
conservation and management of Steller sea lions by identifying potential habitat,
and may have bearing on understanding the decline of the western population if their
terrestrial habitat needs differ from those of the increasing eastern population. We
tested two principal hypotheses concerning the terrestrial habitat needs of Steller sea
lions. The first was that the distribution of Steller sea lion haul-outs and rookeries is
not random with respect to the availability of different shoreline types. Our second
hypothesis was that the preferred type of shoreline for rookeries differs from that
of haul-outs, presumably because pups and young animals might be less agile than
mature animals and thus less able to access steep or rough sites.

METHODS

We tested the hypotheses using shoreline classification data from the National
Oceanographic and Atmospheric Administration (NOAA) and the British Columbia
Ministry of Sustainable Resource Management (MSRM). To aid in oil-spill response,
NOAA has produced maps of shoreline types for most of the coastal United States
(National Oceanic and Atmospheric Administration (NOAA) Office of Response
Restoration (OR&R) Hazardous Materials Response Division 1997). Shorelines are
characterized using a ranking system that considers characteristics such as substrate
grain size, permeability, slope, exposure, and ease of cleanup, among others. The
ranks range from 1-10, where Type 1 shorelines are judged least susceptible to oil
damage and 10 are the most vulnerable to oil damage (Appendix 1). Each rank also
has subtypes that further characterize the shoreline type. Depending upon whether a
shoreline is estuarine, lacustrine, or riverine, the same ESI number may designate a
slightly different habitat type with the same approximate oil spill vulnerability. The
scale/accuracy of the shoreline classification data is approximately 1:250,000, with
a minimum mapping unit of approximately 100 ft. In British Columbia, a similar
coastline atlas exists with a slightly different classification system (Coastal Resource
and Oil Spill Response Atlas). Data for the Strait of Georgia were not publicly
available—an area that constitutes a relatively small portion of the overall British
Columbia shoreline where no rookeries or year-round haul-outs exist. Because there
is no one-to-one correspondence between the NOAA ESI system and the British
Columbia system, descriptions (and photographs where applicable) were used to
make shore classifications from the British Columbia system compatible with the
ESI system so that analyses could be performed on the entire shoreline from southern
California through the Aleutian Islands as a single unit. One shoreline type from the
British Columbia system (channels) had no equivalent in the ESI system and thus
was left as an additional shoreline class. Rookery and summer haul-out locations for
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Steller sea lions in Alaska, Washington, Oregon, and California (Appendix 2, 3) were
compiled from the database of sea lion counts conducted by the Alaska Department
of Fish and Game (ADF&G), the National Marine Fisheries Service (NMEFES), as well
as from M. Lowry! and C. Stinchcomb.? Data for sites in British Columbia were
obtained from Olesiuk (2003). ESRI ArcView 3.2 (ESRI 1992—1999) and ArcGIS
8.3 (ESRI 1999-2002) were used to spatially analyze, display, and export data. Site
locations and the coastline data were converted from latitude—longitude format to
a common projection system to ensure that measurements of length were accurate.
Only sites within 0.5 nautical miles (~900 m) of classified shoreline segments were
selected for analysis to allow for slight positional errors and map inaccuracies. This
yielded 294 haul-outs (99 in the Eastern population, 195 Western population) and
38 rookeries (14 in the Eastern population, 24 Western population) out of a total
of 594 haul-outs and 88 rookeries, or 50% of all the haul-outs and 43% of all the
rookeries across the entire range (California to Japan). Excluded sites tended to be
those on very small offshore islets, where shoreline data were not available. Using a
spatial join operation, each site was assigned to the nearest shoreline segment. In the
ESI system, each shoreline segment could have multiple habitat types assigned to it,
with numbers ordered from the most landward to the most seaward type. In cases
where a site was assigned to a shoreline segment with multiple shoreline types (which
only occurred for fourteen of the haul-outs and none of the rookeries), two separate
analyses were conducted—one using the most landward shoreline type and one using
the most seaward type. This allowed for possible changes to occur in exposed shoreline
type as tidal heights rise and fall. Statistical analyses were performed using R (The
R Foundation for Statistical Computing 2004), and a Monte Carlo implementation
of Fisher’s exact test (using 10,000 iterations to randomly seed sites among shore
types in proportion to their availability by length) was used to test whether the usage
of shoreline habitat types differed from a random distribution. The proportions of
rookeries and haul-outs in each shoreline type were also compared with Fisher’s exact
test to determine if habitat usage differed between rookeries and haul-outs. This ratio
of habitat usage to habitat availability is also known as a Habitat Suitability Index
(HSI) (Rettie and Messier 2000, McLoughlin ez /. 2002, Mahoney and Virgl 2003).

RESULTS

Haul-outs and rookeries both had nonrandom distributions with respect to avail-
able shoreline types (P < 0.05, Fisher’s exact test, Fig. 1). Steller sea lions heavily
favored shoreline Types 1 and 1A (exposed rocky shores), which accounted for over
70% of rookeries and more than 50% of haul-outs. Substrate Types 2 and 2A (ex-
posed wave-cut platforms) were the second most frequently used shoreline types,
accounting for more than 13% of rookeries and 27% of haul-outs. Shoreline types
that were used in lower proportion than their availability included Types 3 (fine
to medium-grained sand beaches), 5 (mixed sand and gravel beaches), 6A (gravel
beaches), and 8A (sheltered rocky shores). Types used in approximate proportion to
their availability were 4 (coarse-grained sand beaches), 6 (gravel beaches and exposed
riprap), and 6B (riprap). No rookeries occurred in Types 4, 6B, or 8A, and neither

! Mark S. Lowry, National Marine Fisheries Service, Southwest Fisheries Science Center, 8604 La Jolla
Shores Drive, La Jolla, CA 92037, e-mail correspondence 31 October 2005.

2 Charles E. Stinchcomb, National Marine Fisheries Service, Southwest Fisheries Science Center, 8604
La Jolla Shores Drive, La Jolla, CA 92037, e-mail correspondence 28 October 2005.
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Figure 1. Allocation of shoreline types among rookeries and haul-outs relative to avail-
ability. Shoreline Type “U” is undetermined or unknown.

haul-outs nor rookeries were found in shoreline Types 10, 10D, 10E, 11, 1B, 1C, 2B,
3A, 3B, 3C, 6C, 7, 8, 8B, 8C, 8D, 8E, 9, 9A, or 9B, although most of these types
(with the exception of 7, 10A, and 9A) represented less than 5% of the available
shoreline. The availability of different shoreline types was similar between coastlines
in the eastern and western population areas, whether grouped by supertype (Fig. 2A)
or broken into subtypes (Fig. 2B). However, Type 6 shorelines tended to be more
common in the eastern population area and Type 5 shorelines more common in the
western population area. Use of Type 2 shorelines by sea lions (relative to availability)
was slightly higher (35% relative to availability) in the western population than in
the eastern population (Fig. 3), whereas utilization of Type 1 shorelines was propor-
tionately more than twice as high as in the eastern population. Substrate Types 3, 5,
and 6 were all used in rough proportion to their availability in both populations, and
Type 4 was used in proportion to its availability in the western population. There
was one site each in Types 8 and 10 in the western and eastern populations, respec-
tively. Comparison of habitat usage between haul-outs and rookeries showed that
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Figure 2. The proportion of coastline available to sea lions in the eastern and western
population grouped by (A) shoreline supertype and (B) shoreline subtype.
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Figure 3. Comparison of overall (rookery and haul-out) usage of shoreline types, by pop-
ulation. The dashed line represents usage in proportion to availability.

their distributions differed (P < 0.05, Fisher’s exact test). Rookeries were located
preferentially in Type 1 (exposed rocky shores with or without wave-cut platform)
and 6A (gravel beaches) shore types, whereas haul-outs were preferentially located in
Types 1A (exposed rocky shores) and 2A (exposed wave-cut platforms).

DISCUSSION

The terrestrial habitats used today by Steller sea lions across their Pacific Rim
range presumably share characteristics that have been selected through evolutionary
processes to optimize survival and reproduction. Archaeological records of Steller sea
lions breeding or hauling-out on the Oregon coast do not exist prior to about 3000
B.P. (Lyman 1989), although otariids have presumably lived in this region for nearly
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all of their evolutionary history (~3 million yr). Occupation of present-day sites in
Alaska and northern British Columbia is presumed to have been precluded until at
least 20,000 B.P. due to the extent of the ice edge at the end of the Last Glacial
Maximum (Manley and Kaufman 2002).

The genetic delineation between the eastern and western populations of Steller sea
lions (and the recently delineated Asian population) is likely a result of populations
being isolated in refugia off the coast of British Columbia and in the Gulf of Alaska
during the Pleistocene (Bickham ez /. 1998, Harlin-Cognato ez z/. 2006). Present-day
rookeries in northern Japan, the Kamchatka peninsula, and the Aleutian Islands may
be remnants of these refugia (Harlin-Cognato ez /. 2006). Isolated fossil finds have
placed Steller sea lions in British Columbia as early as circz 12,000 B.P. (Harington
et al. 2004) when the waters of British Columbia were closer in temperature to
present-day Cook Inlet or Prince William Sound, Alaska. Despite the decline in the
western population, there has been no observed decrease in the occupied range nor
have any rookery or haul-out sites been fully abandoned.>* Thus, the sites in use
today are still reflective of those being used prior to the beginning of the population
decline.

The fact that Steller sea lions have consistently used the same rookery and haul-
out sites historically, with some sites documented to have been in use for more
than four centuries (Lyman 1988, Walker er «/. 2000), indicates that the factors
driving site selection are likely to be stable. If sites are being selected solely on
the criterion that they are close to productive foraging areas—and this certainly
appears to be an important reason (Antonelis 2002)—then the current distribution
of sites should correspond with the available distribution of shoreline types (so long
as areas of oceanographic productivity are not consistently associated with certain
shoreline types, which may not be true of offshore islets). In other words, if the
terrestrial characteristics of haul-outs are unimportant or secondary to proximity of
foraging areas, the locations of haul-outs among shoreline types should be randomly
distributed.

A number of biologists have described anecdotally the characteristics of haul-outs
and rookeries used by Steller sea lions. For example, Bigg (1985) noted that year-
round haul-outs are usually found in places that are directly exposed to oceanic swells,
whereas winter-only haul-outs are generally not exposed directly to these swells and
are sheltered to some extent by the surrounding topography. Lyman (1989) quoted
several accounts of the habitat preferences of Steller sea lions, noting that they breed
almost exclusively on rocky areas of offshore islands and that few mainland rookery
or hauling areas are known. He also noted that Steller sea lions breed only on offshore
islets and rocks, and do not habitually enter bays, estuaries, or river mouths—showing
a preference for outer reefs and large offshore rocks. Other observations include that
they are rarely found in inland waters and are a near-shore species (Lyman 1989),
and that their haul-out behavior is influenced by the physical geography of a colony
site, particularly variations in the number of animals at a site as tidal height changes
(Kastelein and Weltz 1991). Fiscus (1970) also reported that sea lions preferred
rookery beaches composed of sand, clay, and small cobblestones or gravel over sections
composed of boulders and large rocks. He also felt that they favor large, fairly level

3 Lowell Fritz, NOAA Western Administrative Support Center, 7600 Sand Point Way N.E., Seattle,
WA 98115-6349, e-mail correspondence 16 November 2006.

4Kenneth Pitcher, Alaska Department of Fish and Game, Division of Wildlife Conservation, 333
Raspberry Road, Anchorage, AK 99518, e-mail correspondence 3 November 2006.
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rock ledges over boulder beaches, although Stirling (1983) noted that the availability
of space may be important, even when available land is abundant.

Our quantitative analysis of shoreline types showed that haul-out and rookery sites
were indeed located mostly in exposed areas with solid or rocky substrates. Steller sea
lions tended to avoid using sheltered areas and beaches with fine-grained substrates
(such as mud and sand). This is also consistent with Call and Loughlin (2005) who
found that thirty-eight of the forty rookeries in their study had a rock/slab or cobble
beach substrate, although two had a sandy beach substrate.

We found the availability of shoreline types were largely similar between the eastern
and western populations. Utilization of shoreline types was also similar between sites
in the eastern and western populations although a higher proportion of sites in the
western population favored substrate Type 2 (exposed wave-cut platforms), whereas
substrate Type 1 (exposed rocky shores) was moderately more favored in the region of
the eastern population. Both Type 1 and 2 sites have similar exposure characteristics
(both are very exposed) but differ mainly in their topography. Type 1 sites have
a steep (>30°) intertidal zone, whereas Type 2 sites have a flat or gently sloping
intertidal zone. Thus, Type 2 sites would tend to have available hauling-out area
rapidly reduced by rising tide (once a threshold height was reached), whereas Type 1
sites would tend to have a gradual decrease in available area as the tide rises. As
tide appears to have a strong influence on Steller hauling-out behavior (Kastelein
and Weltz 1990, Kucey 2005), and tends to induce crowding (Kastelein and Weltz
1991), differences in how sites are affected by tidal patterns could have varying energy
implications for animals occupying those sites.

Although there were differences in the distribution of haul-outs and rookeries
among shoreline types, there did not appear to be a preference for rookeries to occur
on sheltered sites. This agrees with the findings of Call and Loughlin (2005) who
found that rookeries tended to be oriented towards the open ocean, rather than on
the sheltered sides of islands.

In light of reports of pups dying during rough weather due to drowning (Fis-
cus 1970, Edie 1977, Cunningham and Stanford 1978), sites affording some degree
of protection to exposure were expected to be favored. However, a number of re-
ports (Kenyon and Rice 1961, Mathisen and Lopp 1963, Cunningham and Stanford
1978) also indicate that Steller sea lions do not associate land with safety during
a storm and instead raft offshore during severe weather events. Thus, the degree
of shelter from exposure that a site affords does not appear to be a consideration
when the site is initially colonized. Instead, other factors driving the selection of
such exposed sites might be protection from terrestrial predation (e.g., bears and
wolves) or proximity to favorable foraging areas. Higher-resolution terrestrial data
detailing information such as the slope, aspect, substrate, and wave exposure of in-
dividual sites may yet reveal such differences either between haul-outs and rookeries
or between western and eastern populations that were not apparent at our scale of
analysis.

Overall, site selection by pinnipeds likely involves either an optimization or com-
promise of two factors: proximity to favorable foraging areas and availability or ac-
cessibility of terrain that allows both ingress and egress during variable tidal heights
(Bartholomew 1970). Neonates stand the best chance of survival in sites offering
protection from high tides and favorable thermal protection (Trites 1990, Antonelis
2002), but significant neonate mortality may result from unusual fluctuations in
tidal height and storm surges. Thus, protection from wind and waves may also play a
role in site selection, although observations of sites (Fiscus 1970, Bigg 1985, Lyman
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1989, Kastelein and Weltz 1991) indicates that this may not be important and that
favored sites are more exposed than other nearby areas that are more sheltered.

Anecdotal reports (Fiscus 1970, Bigg 1985, Lyman 1989, Kastelein and Weltz
1991) have described the preferences of Steller sea lions with regard to haul-out
and rookery locations, but no studies have quantified this preference across a broad
geographic range. Our findings confirm the anecdotal reports of habitat preferences.
Such information about habitat preferences may prove useful in the conservation
and management of Steller sea lions. Although no clear reason has been accepted
for the precipitous decline in the western population of Steller sea lions (Loughlin
and York 2000, NMFS 2001, National Research Council 2003, Trites and Donnelly
2003, DeMaster ¢f a/. 2000), differences in the terrestrial physical environment could
conceivably affect population trajectories. For example, the site fidelity of Steller sea
lions (Milette 1998, Raum-Suryan et #/. 2002) could result in a spatial version of
the “predator pit” (Krebs 1996) if sea lions occupy a wide range of habitat when
populationsare large but are later displaced from their optimal rookeries and haul-outs
by hunting or other forces. Under such a scenario, the smaller local populations using
the lower-quality habitat could be prevented from increasing because of unusual pup
mortality (due to exposure or trampling), reduced foraging success, or the inability of
males to successfully establish and defend territories. The quantification of terrestrial
habitat needs of Steller sea lions may also help to identify sites that might be colonized
as sea lions continue to recover from the effects of past human hunting and culling.
It may also assist in making management decisions that minimize the impacts of
human development and disturbance, and may help to forecast the response of sea
lion distribution to climate change.
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