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INTRODUCTION
From 2000 to 2004, index counts of
western stock Steller sea lions { Enmetopias fubatis)

in the Gulf of Alaska and Aleutian Islands increased by IO'n. reversing o 30-year, 80% decline (Figure |; Braham et al. 1980; Fritz and Stinchcomb
2005). I changes iated with the steep decling of the 19805 were a large drop (-20% to -40%) in the survival rate of ju-
wenile sea lions sccompanied by smaller declines in adult female fecundity and adult survival (York 1994; Holmes and York 2003). As the rate of
decline slowed in the 1990s, modeling suggested that rates of juvenile and adult survival increased while fecundity eroded (Holmes and York 2003).
Here we report that these trends continued through 2004, supporting the hypothesis that direct mortality sources (e.g., killer whale (Creimir orca)
predation) are not the current primary threats to recovery of the westem Steller sea lion population.

METHODS

The historical data on Steller sea lions in the Central Gulf of Alaska (Figure 2) which we used for this study were
s the juvenile fraction of the non-pup population obtained by measuring the relative length of animals on haulouts from aerinl photographs
s described in Holmes and York (2003) (Figure 3a and 4)

»  sidult and juvenile (non-pup) sea lion counts at consistently-surveyed groups of haul-outs and roskeries {rend sites; Figure 3b)

= estimated pup counts a1 all five major rookeries (Figure 3c)

We fit this data using a time-varying model (¥, , = ¥ x N} for Steller sea lion popalation dynamics 1976 to 2004, N, is the vecior of mumber of
ndividuals st cach age ot time . Y is the lifi: history model at time t, which is specified as o modified Leslie matrix giving the survivorship from
age i 1w i+ ! and the number of pups born 1o females age i in year t. To understand the extent to which the results would be sensitive to changes in
the underlying life history model, we used three different life history matrices estimated from age and fecundity data collested on Marmot fsland
in the 19705, the matrix estimated by Calkins and Pitcher {1982}, the matrix by York (1994), and a new matrix with York (1994) survivorships but
re-estimated fecunditics which included fecundity senescence for ofd females.

We allowed juvenile survivorship (age 1-3), adult survivorship (age 3+) and adult fecundity to change as a step-function, such that these de-
maographic rates would be constant for a period of years and then change by a scaling factor to a new rate. Owr first set of changes was based on
the oceanographic periods identified in Benson and Trites (2002): 1970-1976, 1977-1988, 1989-1997, 1998.2004. The second time period combi-
mation was based on analyses of Steller sea lion populstion trends which indicate distinet periods with different population dynamics (York et al.
1996, Holmes and York 2003): 1970-1982, 1983-1988, 1986-1992, 1993-1998, 1999-2004). We examined two additional time period combina-
tions by adjusting the late-1980s shift between 1988 and 1989,

The mosdel was fit using maximum likelibood estimation as described in Holmes and York (2003). The different model fits were compared
with Akatke's Information Criterion (AIC).

RESULTS

The first part of the population decline in the early to mid-1980s was associated with low juvenile survivorship and slight declines in fecundity,
and was followed by increased juvendle survivorship offset by further declines in fecundity into the lste 1990 From 1998 to 2004, non-pup counts
on CGOA trend sites declined (Figure 3b), although at a slower rate than in previous time periods, The model fits indicate that the most parsimoni-
ous demographic cause for this change is continued erosion of adult fecundity which is partially offset by increase in juvenile and adult survivorship
{Figure 5). This pattern was robust across all life-history models for Steller sea lions that we compared (Figare 6),

Declines in fecundity mirror the steady declines in CGOA pup-1o-non-pup ratios (Figure 7). These declines are due in part to greater juvenile
survivorship, which increases counts of non-pups with no rise in pup production. According to the model, however, increased juvenile survivorship
bry itselfl cannot explain the decline in pup-to-non-pup ratios. Declines in fecundity must also be occurring to explain this pattern. There are several
ways to decrease fecundity: lower early or Inte-term pregnancy rases, lower post-partum pup survival, |||c|e|std |v:mp,e number of years between
successful breeding, older average age of first reproduction, and a shift in the age: ined with o ifi
age-specific reproduction, to name several (Pasqual and Adkison 1994; York 1994; Pm:lv:reul !m) A model incorparating solely changes in the
age of first reproduction was unable 1o fit the data, suggesting that increased age of first reproduction alone cannot explain the drop in fecundity.
However, determining which particular factors are causing or interacting 10 cause decreased fecundity is not possible using simply the pup, non-pup
and juvenile fraction data described here, and will require additional research and field studies directed specifically at sea lion fecundity.

In contrast to fecundity, the model fits indicate that to be most consistent with the pup, non-pup, and juvenile fraction trends, juvenile and adult
survivorships are likely near or sbove levels estimated in the late 19705 Increases in juvenile survivorship, particularly since 1999, could be a de-
layed density-dependent response in the population, or have resulted from imp in foraging conditions relsted 1o changes in climate {Bond
et al. 2003) or dfish fishery lations (McBeath 2004). Alternatively, increased juvenile survival could be due to extended ma-
ternal care (nursing) of an existing pup/yearling as a result of a decline in fecundity (e.g., loss of fetus, greater number of years between successful
breeding), 4 circumstance reported in adult female Australian sea lions (Neophoca cinerea; Higgins and Gass 1993). Pitcher ot al. (1998) hypoth-
esized that decreases in body condition of adult female Steller sea lions in the 1980s led to greater rates of spoatancous sbartion, and hence lower
birth rates and fecundity, than in the 19705, Again, analysis of the detsiled factors leading 1o increased juvenile survivorship is not possible simply
with the data we have available for this analysis. Determining whether better foraging conditions or longer maternal investment is primarily respon-
sible for the increases in juvenile survivorship will require specific dats and research on juvenile sea lions.

DISCUSSION

Researchers have consistently pointed to low survivorship, particularly for juveniles, as the primary ultimate cause of the steep decline of the
westen Steller sea lion population that occurred in the 1980s (York 1994; Pascual and Adkison 1994; Chumbley et al 1997), but & drop in fecundity is
likely to have occurred as well (Holmes and York 2003; this study). This suggests that both direct (¢.g., predation, illegal shooting, incidental take in
fisheries) and indirect (e.g., discase, pollutants, nusritional stress relased to climate change or the competitive effects of fisheries) sources of mortality
negatively affected the population at this time (Calkins and Goodwin 1988; NRC 1996; Pitcher et al. 1998; NRC 2003; Springer et al. 2003; Trites and
Donnelly 2003; Fritz and Hinckley 2005). What has been the subject of considerable controversy, bowever, is which direct and indirect faclors were
important in the lation's decline and which continue to be inhibiting recovery. In the 1980s, the most prominent direct factors may have boen

shooting (legal and illegal) and incidental take in fisherics (Alverson 1992; Trites and Larkin 1992; NRC 1996), but these wore likely greatly reduced in

the 1990s (NRC 2003; McBeath 2004). Recently, new attention has been focused on possible increased rates of killer whale predation in the 1980s that
may still be affecting recovery (NRC 2003; Springer et al 2003; Williams et al 2004). While discases {Burck et al. 2003) and contaminants (Reijnders
1984) may be involved, autritional stress from fisheries-induced or natural environmental changes in prey shundance, distribution or quality is the
indirect factor cited most often for its involvement in the sea lion decline (NRC 1996; Trites and Doanelly 2003; Fritz and Brown 2005; Fritz and
Hinckley 2005).

The patterns of Steller sca lion demographic changes described here i with the hyp is that direct  mortality have not had
major impacts on this population since the early 19%0s, nor do they appear to be major threats to the recovery of this endangered species, a1 least in the
CGOA. Our findings point to indirect factors, perhaps nutritional stress (Trites and Donnelly 2003) as the larges: threats to recovery, However, rather
than juveniles being |he gmup aﬁu:md. a3 suggmr.d by Rosen and Trites (2004), our results and those of Pitcher et al (1998) suggest that it is adult
females that are a that is limiting their reproduction rather than their survivorship,

The western stock ofsmllcrm lions has experienced a 30-year decline throughout its range in the North Pacific Ocean, and is now at only 20% of
pre-decline levels. The past four years have seen an encournging shatement of the decline across much of the Gulf of Alaska and Aleutian Eslands, and
slight increases in non-pup counts in some areas. However, pup-to-non-pup ratics remuin well below the pre-decline levels of the 1970s, and the most
parsimonious explanation is that fecundity has been steadily declining in the CGOA population and is currently well below 1970s levels. Asa

it is premature to lude from the small recent increases in non-pup counts alone that the endangered western Steller sea lion is on the
road to long-leTm recovery.
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Figure 1. Counts of adult and juvenile Steller sea lices on western
stock trend sites, 1970s 5o 2004,
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| Figure 2. Principal breoding locations {rockerics) in Alaska, USA, of
| the westem (W of 144°W) and cassern stocks of Steller sca lion. Names
| of islands with rookeries in the central Gulf of Alaska are shown.

Figure 3, Historical trends in juvesil .
c P, and pup cousts in the cemtral Gulf of Alaska. a)
Index of puvenile fraction from all trend
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wend sites. ¢) Pap counts on the flve major central
Gulf of Alaska rookeries. The circles show the ob-
served data. The lines show the maximum Hkelihood
fit of the temporally varying Leslie matrix model to
the data. I this model, juvenile survivoesbip, focun-
dity and adubt survivorship were allowed to change in
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Figure 4. Acrial photograph of Steller sea ons
on & haulowt showing relaive bengsh measure-
ments uscd i the domographic analysis. The
photo was taken on Junc 23, 2002 at Nagai
Rocks in the central Gulf of Aliska.
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| Figure 5. Maximur Hkelihood
y | estimases of juvenile survivor-
Adult survivership | ship, fecundity and adubt survi-
© | vorship for 1983-87, 1988-92,
| 199397 and 1998-2004 relative
| 10 1576 levels (shown by the
| dotsed line at 1.0} 95% confi-
g | dence intervals were determined
| by one-dimeonsional likelihood
“ | profiling allowing all cther pa-
| ramesers to be free (<f. Holmes
Caw wm me we | and York (2003) for details).
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