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SSL and NFS discussion and update 

1. GOA Steller sea lion population trends
2. St. Paul Island pup production estimate
3. Merrill et al. 2021 publication summary
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1.  INTRODUCTION

Like other otariids, maternal northern fur seals
Callo rhinus ursinus (NFS) employ a central-place for-
aging strategy, in which they alternate foraging trips
to sea in support of milk production with brief suck-
ling bouts ashore (Orian & Pearson 1979, Gentry &
Holt 1986, Gentry 1998, Sterling 2009). The largest
population of NFS occupies the Pribilof Islands (St.

George [STG] and St. Paul [SNP] Islands), Alaska
(USA), during the summer, breeding on 1 of 19 rook-
eries. Many studies have linked maternal foraging
trip duration (MFTD) of otariids to direct and indirect
measures of prey availability and/or abundance, as
well as to the environmental conditions known to in -
fluence prey abundance (e.g. Boyd et al. 1994, Mer-
rick & Loughlin 1997, Boyd 1999, Beauplet et al. 2004,
Sterling 2009, Kuhn et al. 2015). Additionally, several
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ABSTRACT: The duration of maternal foraging trips has been regarded as an indicator of foraging
conditions in many marine mammals, including northern fur seals Callorhinus ursinus (NFS).
However, previous work has focused on individual variation, was conducted during limited por-
tions of the lactation period, and/or reached conclusions based on relatively small sample sizes.
Here, we build upon the substantial foundations of this previous work to establish maternal forag-
ing trip duration (MFTD) as an index of foraging success at the rookery level. We found that a 1 d
increase in rookery-averaged MFTD corresponded to a 6.52% reduction in the average mass of
female pups. Furthermore, rookery-averaged MFTD increased by 0.34 d per 1°C increase in aver-
age ocean bottom temperature. The magnitude of variation observed in both MFTD and pup mass
is likely too small to help explain the general decline in population size seen over recent decades.
However, the correlation between rookery-averaged MFTD and pup mass highlights the poten-
tial power of the MFTD index to detect bottom-up effects on pup growth, a likely indicator of sur-
vival. Furthermore, when compared with concurrently conducted studies on prey distribution,
availability, and quality, the relationship between MFTD and bottom temperature suggests a
northward shift in distribution of NFS preferred prey, walleye pollock Gadus chalcogrammus, that
is associated with an increase in trip duration across the study period. Thus, rookery-averaged
MFTD is a promising metric for tracking broad environmental changes, such as northerly shifts in
the Eastern Bering Sea cold pool.

KEY WORDS:  Pup mass · Northern fur seal · Callorhinus ursinus · Walleye pollock · Gadus
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2021 Steller sea lion aerial survey
Gulf of Alaska: June 23 – July 8, 2021

• No 2020 survey
• Found four “new” sites
• Surveyed 126 sites in 

wDPS Gulf of Alaska 
regions 

• Surveyed 81 sites in 
southeast Alaska (eDPS)
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2021 Steller sea lion non-pup results
2006-2021 wDPS non-pups Gulf of Alaska Regions

2.07%/y 3.78%/y 1.77%/y

Red line = 2016
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2006-2021 wDPS non-pups Gulf of Alaska Total

2.57%/y

Red line 
= 2016

2021 Steller sea lion non-pup results
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Non-pup SSL Conclusions
2006-2021 wDPS non-pups Gulf of Alaska Regions

• 2017: Movement of ~1,000 females/juveniles from 
Eastern to Central Gulf of Alaska with no increase in 
non-pups

• 2019: 19% decline in Eastern and Central Gulf of 
Alaska

• 2021: 10% increase in Eastern and Central Gulf of 
Alaska and 5% decline in the western Gulf of Alaska
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2021 Steller sea lion pup results 
2006-2021 wDPS pups Gulf of Alaska Regions

2.47%/y

Red line = 2016

3.01%/y 1.84%/y
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2006-2021 wDPS pups Gulf of Alaska Total

2.58%/y

Red line 
= 2016

2021 Steller sea lion pup results
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Pup SSL Conclusions
2006-2021 wDPS pups Gulf of Alaska Regions

• 2017: 22% decline in pup counts in Eastern and 
Central Gulf of Alaska 

• 2019: 27% increase in pup counts in Eastern and 
Central Gulf of Alaska (close to 2015 counts)

• 2021: No growth in pup counts since 2019 in 
Eastern and Central Gulf of Alaska and a 9% decline 
in pups in Western Gulf of Alaska
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• Warming events in the Gulf of Alaska: 2014-
2016 and 2018-2019

• 2017: E+C GULF pup decline, movement of 
1,000 adult females/juveniles from the E to C 
GULF, and no growth in non-pup counts 

• 2019: E+C GULF non-pup decline
• 2021: Southeast Alaska non-pup decline 
• Plateaued non-pup and pup counts in the 

Gulf of Alaska regions (since 2011) and 
southeast Alaska (since 2011 and 2009, 
respectively)

• We plan on surveying the Aleutian Islands in 
2022

Summary
wDPS SSL Gulf of Alaska
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St. Paul Island
Pup production

• 2021 an “off” sampling year, no estimate in 
2020 due to the pandemic

• Prioritize UAS photo aerial surveys and 
comparison to shear-sampling method

• Shear-sampled only 5 of 13 rookeries on St. 
Paul Island for pup census

• No pup census work on St. George Island



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 12

St. Paul Island
Pup production

Pup production
2018 - 75,725 
2021 - 72,806

3.84% decline over 
three years 



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 13

St. George and Bogoslof Islands

2009-2019
2.5%

2009-2019
6.1%

Pup production
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Testing new census methods
Unmanned arial surveys
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Merrill et al. 2021

• Goals
• Establish maternal foraging trip durations as an 

index of foraging success
• Hopes to identify possible cause(s) of the Pribilof 

pup production decline
• Study sites on both St. Paul and St. George Islands
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Why focus on trip durations?
What’s driving demographic trends? • Survival

• Pup/juvenile
• Adult

• Reproduction
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Why focus on trip durations?
Where is the mortality occurring? • Summer

• Pup pre migration
• (~1-7% past 20 yrs)

• Adult (minimal)
• 3 Eastern Stock islands 

segregate foraging areas
• Winter
• Bycatch (minimal)
• Majority of mortality is 

unobserved & is 
occurring off the islands

• 3 Eastern Stock islands 
mix

Summer

Winter
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Why focus on trip durations?
Proxies for reproductive success (Donahue Study 1995/1996)

D
RAFT For SSC 

presentation only
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Why focus on trip durations?
Proxies for reproductive success (COFFS Study 2005/2006)

D
RAFT For SSC 

presentation only
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Why focus on trip durations?
Merrill et al. 2021 results with other studies

D
RAFT For SSC 

presentation only
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• Goals
• Aims to establish mean foraging trip durations as 

an index of foraging success 
• Hopes to identify possible cause(s) of the Pribilof 

pup production decline

Merrill et al. 2021



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 23

Merrill et al. 2021
Data – 9 years Polovina, 3 years Zapadni Reef, North, East Reef, South, Zapadni
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Merrill et al. 2021

St. George Island
St. Paul Island

Longitude (km)
−1450 −1050 −650

La
tit

ud
e 

(k
m

)
50

0
90

0
13

00

Results – trip durations longer on St. Paul Island compared to St. George



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 25

Merrill et al. 2021
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Results – Polovina interannual variation
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Merrill et al. 2021
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Results – Cross sectional Polovina pup weights correlated to trip durations



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 27

Merrill et al. 2021
Results – Only BTS bottom temps explain trip duration

No relationship 
examined 
indicators of w/ 
QUANTITY

No relationship 
w/ examined 
indicators of 
QUALITY
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Summary

1. Trip durations were shorter for seals on St. George Is. than 
those on St. Paul Is. and showed interannual variation

2. Changes in pup mass were broadly synchronous among 
rookeries and Polovina Cliffs pup masses were correlated with
trip durations (1d increase = 6.52% decrease in mass)

3. Trip durations were correlated with eastern Bering Sea summer 
bottom temperatures (1°C increase in temperature = 8 hour 
increase in trip durations)

4. Concluded that the variation of observed pup mass and trip 
durations during the study period were too small to explain the 
ongoing population decline.

5. Conclude that monitoring foraging trip durations is a promising 
metric for tracking broad environmental changes.

Merrill et al. 2021
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