






































































































































































































































Overall, dive depths were shallow, dive durations were short, and depth and duration showed similar 
. proportions of dives in the various depth and duration bins. Generally, a high proportion of shal_low 
dives resulted in a high proportion of short dives. As with dive depths, dive durations changed during 
the deployment period for both the CSE juveniles. The proportion of short dives increased in spring 
and early summer. 

Table 3. Dive durations for three juvenile SDR-tagged Steller sea lions in the. eastern-Gulf of 
Alaska (EGOA) during 1995 and a juvenile in SEA during 1993. The number of dives in the longest 
duration category (bin) is given in parentheses. 

Duration Percentage of Dives 

SDR No. of Mean Max 0-1 min 1-2 min· 2-4 min 4-6 min 
Dives (min) (min) 

Juveniles in winter/spring, Cape St. Elias (EGOA) 
2321 16,834 1.6 > 8 46.3 28.8 
2324 15,933 1.2 > 8 67.5 19.5 

32,767 1.4 56.9 24.2 

Juvenile in summer, Fish Island (EGOA) 

2323 807 1.1 > 8 78.4 9.7 

Yearling female in summer, Forrester Island (SE) 

. 16.1 
11.7 
13.9 

4.8 

·• t,' :· 

8.0 
1.0 
4.5 

2.4 

6-8 min > 8 min 

0.7 - 0.1 (14) 
0.1. 0.2 (28) 
0.4 0.15 

1.4 3.3 (27) 

2094 26,148 "1.06 .. > 16 . 66.3 21.7 - 10.8 '1.2% of dives > 4 min ,. 

Dive frequency 

Data were obtained on 16,834 dives from the CSE juvenile male, 15,933 dives from the CSE juvenile 
female, and 807 dives from the FSH yearling male (Table 4). Mean dive frequencies for the CSE 
juveiriles were 9.5 and 8.3 dives per hr. The highest dive frequency was recorded for the CSE 
juvenile female ( 42.8 dives per hr), although a high dive frequency was also observed for the CSE 
juvenile male (max= 36.3 dives per hr). 

Significant diurnal patterns in dive frequency were· evident for both the CSE juvenile male (F = 
12.42, P < 0.0001) and female (F = 5.55, P < 0.001) (Table 5): The CSE juvenile male dove most 
frequently at night (2100-0300) with a mean frequency' of 13.6 dives per hr (Fig. 2). The juvenile 
female dove most frequently (mean= 11 dives per hr) in the early morning (0300-0900), however, 
this frequency was only significantly different from the dive frequency observed during the late 
afternoon (1500-2100). No significant diurnal differences in dive frequency were observed for the 
FSH yearling male. 
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Table 4. ·Dive frequencies for three juvenile SDR-tagged Steller sea lions in the eastern Gulf of 
Alaska (~GOA) during 1995 and a juvenile in Southeast Alaska during 1993. 

SDR No. of dives No. of 6-hr periods a Dive frequency (mean no. 
per hr) 

Juveniles in winter/spring, Cape St. Elias (EGOA) 
2321 16,834 295 
2324 15,933 314 
Both 32,767 609 

Yearling male in summer, Fish Island (EGOA) 
2091 807 ' 30 

Yearling female in summer, Forrester Island (SE) 

2094 26,148 250 

9.5 
8.3 
8.9 

4.5 

16.9 
a Number of 6-hr periods which contained at least one dive, as in Merrick (1995). 

Table 5. Dives per hour by time of day for three juvenile SDR-tagged Steller sea lions in the 
eastern Gulf of Alaska (EGOA) during 1995 and a juvenile in Southeast Alaska during 1993. 

Mean dive frequency by time of day (diveslhr) 
SDR · · 2100-0300 0300-0900 0900-1500 1500-2100 
Juveniles in winter/spring, Cape St. Elias (EGOA) 
2321 ··13.6 3 8.7b 
2324 8.1 ab 11.0 3 

Yearling male-in summer, Fish Island (EGOA) 

2323 3.6 3 4.0" 

Yearling female in summer, Forrester Island (SE) 

2094 33.53 14.1 b 

6.4b 
8.2 ab 

9.9c 
a6C Means with different superscripts are significantly different (P < 0.05). 
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Figure 2. Dive frequency by time of day for three juvenile SDR-tagged Steller sea lions in the 
eastern Gulf of Alaska (EGOA) during 1995 and a juvenile in Southeast Alaska during 1993. 

A seasonal effect on the frequency of dives was observed for the CSE juveniles. Both dove more 
frequently in the spring and early summer (Figs. 3 and 4). As dive depths decreased during the 
spring, a trend of increasing dive frequency was observed; dive frequency was considerably higher in
April (12.5 and 10.3 dives per hr for the juvenile male and female) and May (12.8 and 10.6 dives per 
hr) than in January (4.4 and 5.2 dives per hr) and February (6.5 dives per hr for both). The juvenile 
male showed a large increase in diving at night (21 00-0300) during April and May as did the juvenile 
female, although diving during the morning (0300-0900) also increased considerably during March -
Mey. . , -
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Figure 3. Monthly dive frequency by time of day for a juvenile male SDR-tagged Steller sea lion 
in the Eastern Gulf of Alaska during winter and spring 1995 . 
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Figure 4. Monthly dive frequency by time of day for a juvenile female SDR-tagged Steller sea 
lion in the Eastern Gulf of Alaska during winter and spring 1995. 
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Foraging effort and time submerged 

Foraging effort for the CSE juvenile male was very high (5.8 hrs per day) compared to 1.5 hrs per day 
for the CSE juvenile female and 1.1 hrs per day for the FSH yearling male (Table 6). . · · · 

Data were obtained for all juvenile sea lions on 153 days in which all four periods (times of day) were 
represented. The mean number of hours per day spent submerged or diving ·ranged from: 1. 7 hrs to 

l 4.2 hrs (Table 6). The CSEjuvenile male spent considerably more time submerged (18% ofthe day) 
than the two other juveniles. The maximum daily time this juvenile_ spent submerged was 13.2 hours. 

Table 6. Time submerged and foraging effort for three juvenile SDR-tagged Steller sea lions in 
the eastern Gulf of Alaska (EGOA) during 1995 and a juvenile .in Southeast Alaska during 1993 are 
also presented. -

SDR No. of 24-hr Time submerged 
periods a (hrs/day) 

Juveniles in winter/spring, Cape St. Elias (EGOA) 
2321 58 . 4.2 
2324 86 2.6 
Both 144 3.4 

Yearling male in s~er, Fish Island (EGOA) 

2323 9 1.7 

Yearling female in summer, Forrester Island (SE) 

2094 70 5.7 

Percent time 
submerged 

17.5 
10.8 
14.2 

7.8 

23.8 

Foraging effort6 

(hrs/day) 

5.8 
. 1.5. 
. 3.7" 

4.4 

·,· .. -. 

a No. of complete days for which data is available· from all 4 periods (2100-0300~ 0300-0900~ 0900- .. 
1500, 1500-2100); i.e., all periods are repres_ented in the 24-hr period. 

b Foraging effort (FE) or time spent diving in a day, as defined by Merrick (1995): 
FE= D * T0 * PT * 24, where: D =Mean no. of dives per hour 

T 0 = Mean dive duration in minutes 
PT= Proportion of time at sea 

If time submerged is used to estimate proportion of time at sea by assuming any 6-hr period with 
greater than 30 min submerged classifies the sea lion as 'at sea', then the mean proportion of time at 
sea for the CSE juvenile male was 51% which is considerably lower than the proportion estimated 
from the 'land/sea' sensor data (76%). By using the same criteria for time submerged, the 
proportions of time at sea for the CSE juvenile female and for the FSH yearling male were estimated 
as 31% and 35% compared to 38% and 58% respeCtively. 

t ~ ·.: 
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Discussion 

Limited conclusions on the foraging behavior of juvenile Steller sea lions can be ~wn from the three 
juvenile sea lions studied in 1995, because of the small sample size and the differences in age and sex 
class and foragjng season. 

Interpretation of results (foraging trip duration and proportion .of time at sea) is complicated by the 
limitations of the 'land/sea' sensor data and the assumptions inherent in the calculations. Information 
on whether a sea lion is on land or at sea is obtained only when the satellite passes overhead. The 
information is biased by incomplete satellite coverage and the greater probability of signal reception 
when the· sea lion is on land. It is possible for an animal to go out to sea, for no signals to reach the 
satellite, and for the animal to return to land without any record of the at-sea time in the 'land/sea' 
sensor data. The· different estimates for percent time at sea, as det!!rmined from the 'land/sea' sensor 
data and histogram data, varied considerably for the CSE juvenile male and the FSH yearling male. 
The reason for the higher 'land/sea' estimate is unclear, as time at sea was most likely underestimated 
using the 'land/sea' method and overestimated using the histogramdata. 

The foraging behavior of the two CSE juveniles differed substantially and was most likely due to the 
differences in ages. The older old male spent considerably more time at sea on relatively long foraging 
trips, dove deeper as well as longer, and dove significantly more often at night. These characteristics are 
similar to those described for adult females in winter in the Gulf of Alaska and the eastern Aleutians 
(Merric!c 1995, Swain 1996). Overall dive characteristics were also similar and did not indicate the size
based physiological constraints evident in the younger juvenile female. Data from of the CSE juvenile 
female ·seemed to confirm her age as a yearling. The foraging behavior of the yearling female was 
characterized by relatively brief trips to sea that represented about a third of its time and by fairly 
frequent, short and shallow dives. Less than 6% of her dives exceeded 20 m, and her mean maximum 
daily dive depth was 24 m, compared to 113 m for the juvenile male. The diving abilities of the 
yearling female were similar in most respects to young-of-year animals studied in the eastern Aleutians 
and the central Gulf of Alaska (Merrick 1995), except that the CSE juvenile showed some diurnal ·· 
patterns in dive frequency in March - April. · 

The frequency of diving for both CSE juveniles increased significantly in the spring as did the 
percentage of shallow dives. For the juvenile male, less than 3% of dives were greater than 50 min 
April and May compared to 33% in January-March, and in June there were no dives exceeding 20m. 
The yearling female did not dive deeper than 50 m during April and May. There was also a marked 
increase. in diving at night by the juvenile male during April-June. The yearling female showed a 
considerable increase in diving in the early morning in March and April, although dive frequencies were 
highest at night during May. The increased frequency of shorter and shallower dives in late spring 
suggest the CSE juveniles may have been foraging on spawning fish such as herring ( C/upea harengus). 

The diving behavior of the yearling male at FSH was only described for 11 days, since the SDR was lost 
after this time. The behavior was characterized by very short trips to sea that nevertheless represented 
about half of his time and by very shallow and short dives. The yearling never dove deeper than 12 m. 
The FSH yearling male had much shorter trips to sea and shallower, shorter and less frequent dives than 
the CSE juveniles. This was likely due to its younger age and close association with its mother. It had 
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not been weaned and was rarely observed without its mother on FSH (pers. observation). Dive . 
characteristics were similar in many respects to young-of-year sea lions (Merrick 1995), however, dive 
frequency wa5 considerably lower. 

Less developed foraging skills would require more dives to successfully obtain prey, yet the juvenile sea 
lions appeared to behave similarly in many respects to the adult females studied at the same time of year 
(Merrick 1995, Swain 1996). The small number of very" shallow dives characterizing .the diving 
behavior of the FSH yearling male reflected that he was actively nursing and obtaining a significant 
amount of nutrition from the mother. The CSE juveniles had mean dive frequencies· similar to young
of-year and adult female sea lions in winter (Merrick 1995, Swain 1996), however, dive frequency 
increased significantly in the spring and early summer. There appears to have been a pronounced 
seasonal effect on dive frequency. The very high dive frequency of the yearling female studied in SEA . 
during summer likely had a seasonal component, yet the yearling dove significantly more often .than . 
lactating females and the yearling male studied at FSH. The SE yearling was unlikely to still be 
nursing, and the higher dive frequency may have reflected a greater foraging effort .. 

Young-of-year sea lions from the declining population were reported to expend less energy in foraging 
than adult females (Merrick 1995), however, these animals may still have been nursing. The low 
foraging efforts portrayed by the CSE yearling female and the FSH yearling male seemed to reflect their 
nursing status, as did times spent submerged. The CSE juvenile male, believed to be mostly 
independent, appeared to have fairly high indices of foraging effort compared to both young and adult 
female sea lions. Population modeling based . on analyses of population age structure indicated that · 
decreased juvenile survival is the most likely cause for the Steller sea lion decline (York 1994); If 
juvenile sea lions expend more effort in foraging,. they are more likely to be affected by changes in prey 
resources. This has been postulated to be the most likely cause of the decline in juvenile survival . 
(Merrick 1995). 

Diving patterns varied widely among the individual juvenile sea lions and appeared to be strongly 
influenced by nursing status. Seasonal and diurnal variations in diving patterns suggest the 
frequency, depth and duration of individual dives are influenced by the rate of prey- encounter, as in 
California sea lions (Feldkamp et al. 1988). Considerable variation in foraging behavior between 
individuals also suggest that individuals can adjust their foraging strategies and that. behavioral 
indices of foraging effort may be able to discern differences in prey availability. The predictive value 
of foraging behavior in terms of prey distribution and abundance .haS been well documented for .· 
otariids (e.g., Bengston 1988; Costa eta! 1991; Trillmich and Ono 1991; Boyd et al. 1994) . .Greater 
sample sizes, especially for juveniles, are necessary to discern potential differences in foraging 
behavior between the western and eastern Steller sea lion subpopulations. 
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Foraging Behavior of Steller-Sea Lions in the Northeastern Gulf of Alaska: 
Movements and Tracklines 

Donald G. Calkins 

Alaska Department ofFish and Game 
333 Raspberry Road 

Anchorage, Alaska 99518 

Steller sea lions (SSLs) (Eumetopias jubatus) are found across the North Pacific Rim 
from Northern California to .northern Japan. The worldwide population was recently 
classified as two stocks with an east'"west division near Cape Suckling in Alaska (144° 
west longitude)- (U. S. Federal Register 62:24345-24355). The western stock has 
declined so severely in .the last two decades that it was recently listed as endangered 
under the U.S. Endangered Species Act. The eastern stock retained threatened status. 
The exact cause(s) of this decline is unknow although some of the best evidence suggests 
it may be related to nutritional stress (Calkins and Goodwin 1988; Calkins et al. in press, 
Merrick 1995). There are indications that high mortality of juveniles has driven the 
decline (York 1994, Merrick 1995). This research was directed toward the feeding 
ecology ofjuvenile SSLs through the use of satellite-linked time depth recorders (SDRs). 
Here we report on location information generated from SDRs that were attached to 
juvenile sea lions during 1995. 

METHODS 

Three juvenile SSLs were captured in 1995. Two were captured and fitted with SDRs at 
Cape St. Elias on the southern tip of Kayak Island in January 1995 and one was fitted 
with a SDR on Fish Island, off the southeastern end of Montague Island, in June, 1995. 
The first juvenile (SDR 2321) was captured at Cape St. Elias on January 10. This animal 
was a male and, judging from its body size and tooth eruption pattern, was approximately 
32 months old at the time or-capture. Through repeated observations of this animal on 
the haulout we determined that this sea lion was weaned from its mother, although it was 
observed to attempt to suckle on one occasion. The second animal, a female, was 
captured·and fitted with SDR 2324 on January 11, 1995 at Cape St. Elias. Size and tooth 
eruption pattern suggested this animal was approximately 20 months old. We observed 
this animal suckling during January, February and March 1995. The third juvenile was 
captured at Fish Island on June 11, 1995 and fitted with SDR 2321. This was a male that 
was estimated to be 12 months old and was observed suckling during June and July. 
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Sea lions were captured ·by darting with. a tranquilizer ·and placed on gas anesthesia 
(Heath et al. 1996). SDRs were glued to the hair in the mid-dorsal region using fast 
setting epoxy glue (Fedak et al. 1984, Stewart et al. 1989). SDRs remained attached until 
the hair became brittle and broke as the molt approached. The SDRs were manufactured 
by Wildlife Computers (Redmond, WA), and produced 0.5 watts of power. Physical 
measurements of the units were 14.8 x 10.0 x 3.8 em. They weighed about 750 g and 
were powered by four lithium C cells. 

SDRs were equipped with conductivity and pressure sensors and built-in programmable 
microprocessors that collected and summarized data on diving arid haulout patterns over 
six hour period and stored it for later transmission, as has been done for spotted seals 
(Phoca /argha), crabeater seals (Lobodon carcinophagus), and SSLs in other studies 
(Lowry et al. 1994 a,b; Hill et al. 1987; Bengtson et al. 1993; Merrick et al. 1994). Data 
were collected and stored in six hour blocks (0300-0900 hrs, 0900-1500 hrs, 1500-2100 
hrs, and 2100-0300 hrs local time) and transmitted to a satellite once the six hour period 
was complete. Data from four perio4s were stored in memory, providing at least a_ 24-
hour window for transmission before the data were lost. 

Each SDR transmitted information to a National Oceanic and -Atmospheric 
Administration polar-orbiting satellite whenever the sea lion was hauled out, or when the. 
antenna broke the surface of the water,, and the satellite was positioned such that it could 
receive the signal. Transmissions occurred at. about 90 sec. intervals while on land :and 
45 sec. intervals while at sea. These units had a projected capacity of about 100,000 
transmissions. The. units were programmed to allow a maximum of 400 transmissions 
per day while above the surface. Transmissions ceased after 24 hours hauled out and 
until the sea lion re-entered the water. Therefore signals should have been transmitted 
from each SDR for up to 250 days. 

Satellite Tag Data Analysis 

Data from satellite tagged sea lions were obtained from Service ARGOS. The ARGOS 
system recorded date and time of each signal uplink and calculated a location for the SDR 
based on the Doppler shift, whenever sufficient signals were received during a satellite 
pass. When only one uplink occurred during a satellite pass,_ sensor data were recorded 
but no location was calculated. Fancy et al. (1988), Stewart et al. (1989), .and Mate 
(1987) provide additional descriptions and analyses of the ARGOS system and its 
application to marine mammal tracking. 

For analysis and presentation of data, dates and times reported by Service ARGOS were 
converted to true local time from Greenwich mean time by subtracting 1 0 hours. The 
minus 10 hour correction adjusts for the actual position of the sun with mid-day occurring 
at approximately 1200 hours. 
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The accuracy of locationa vary depending · partly on the number of uplinks that occur 
during a satellite pass. Service ARGOS assigns a quality ranking to each location. 
Locations resulting from standard data processing were r~ed as 0, 1, 2, or J, with 
quality 3 providing the highest accuracy. ' 

An error index value (KEI) was calculated for each record according to the equation 
described by Keating (1994). This value takes into account the distances and relative 
directions between sequential location fixes and is used to identify erroneous locations 
based on the assumption that records indicating a single, relatively large movement 
followed immediately by a return to a point near the origin are likely to be in error. All 
location records that had a· KEI value greater than 20 were removed. The· next step in 
screening records was to locate and remove erroneous locations based on the apparent 
movement speeds of the sea lions. Time, distance, and speed between each sequential pair 
of fixes were calculated for all location records remaining in the database. A three-stage 

·process was used to flag records that produced improbable movements: 1) apparent 
speeds greater than 10 krnJhr for a period of greater than 5 minutes; 2) apparent speeds 
greater than 100 kmlhr for a period of greater than 1 minute; and 3) apparent speeds 
greater than 500 krnJhr for any length of time. The parameters in 1) are based on the 
likely sustained swim speeds of harbor seals (Williams and Kooyman 1985), while the 
latter two identify records that may be erroneous but were too close together in time to be 
flagged by the first set of criteria. Flagged recprds were inspected visually, and the 
locations that were most distant from adjacent records were removed from the database. 
As a final step, the KEI values were recalculated for the remaining records, and any 
records with a KEI greater than 20 were deleted. Numbers of location records referred to 
in this report include only those records that remained after the complete . screening 
process. 

With eac4 transmission,.SDRs reported the sea lions as hauled out or at sea based on the 
status of conductivity sensors. A data file was created that indicated the times when 
sensors showed that haulouts began and ended. The land-sea sensor data were merged 
with location records to produce a data file that included SDR number, date, time, 
latitude, longitude, location quality, and whether sensors indicated the sea lion was on 
land or at sea. A computer program calculated, from this data file, the average location of 
the sea lion during each haulout bout and the average daily position for at sea locations. 
The program also calculated the distance between each sequential pau of average 
positions. The result was saved as an average position data file. 

The all-location and average-position datafiles were used to produce geographic 
infonpation system coverages in ARCINFO, and datasets were selected and displayed 
using ARCVIEW. Figures shown in this report are from both the average position and 
all-location data files. 

Maximum trip distance was determined by measuring the distance from the rookery or 
haulout where the sea lion was tagged to the furthest location point in a trip. Only those 
trips were used that had two or more at-sea locations within the same trip. 
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RESULTS 

All locations for SDRs 2321, 2323 and 2324 are shown in Figures 1 thrm.igh 3. The 
juvenile sea lion carrying SDR 2321 used three different haulouts-~ the vicinity ofCSE. 
In addition to hauling out at CSE, where he was tagged, he also hauled out on a rock off 
the northeast side of Kay~ Island and on Wingham Island (Table 1). 

Sea lion 2323 remained in the vicinity of Fish Island where he was tagged and only 
hauled out on Fish Island. The maximum distance from· Fish Island this animal was 
located was 52 km around the south end of Montague Island. 

Sea lion 2324 hauled out on Cape St. Elias, Wingham Island and l_(anak Island. Table 2 
shows the dates and locations when sea lion 2324 was hauled out. Most at-sea locations 
for sea lion 2324 were within 10 km of one of these haulouts. _The maximum distance 
from a haul out was 43 km to the east of Cape St. Elias in the Gulf of Alaska. 

Sea lion 232 i made several discreet "foraging" trips . during the monitoring period. 
. Figures 4 through 6 show three typical trips. These trips ranged in length from 4-6 days. 

They were all in the same general area to the north and west of Cape St. Elias. Maximum 
distance from Cape St. Elias ranged from 74 to 89 km and minimum distances traveled 
during a foraging trip ranged from 39 to 211 km. ·.: " 

Table 1. Time periods and locations SDR 2321 was hauled out during winter 1995. 

SDRNUMBER 
2321 
2321 
2321 
2321 
2321 
2321 

TIME PERIOD 
10 January - 22 April 
23 April - J May 
5 May- 9 May 
10 May- 11 May 
12May 
13 May- 2 June 

LOCATION 
Cape St. Elias 
Wingham Island 
Cape St. Elias · 
Rock NE of Kayak Island 
Wingham Island 
Cape St. Elias 
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0 5 10 15 .:rl 25 Kilometers ---
Figure 1. Alllcx:ciicns ci Steller sea lion 2321. January 10-June 3. 1995. The 

first and lastlocations received c:n::!the first and last locations received 
eadl month, are labelled Wth the date. 
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0 10 aJ :!l 40 00 Kilometers · ---
Rgure 2. Alllcx:ciicns ci Steller sea lion 2323, June 12-22, 1995. The first and last locations . 

reoeiva:l are labelled Wth the date. · 
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Rgure 3. Alllcx3icns cl Stelle~ sea lion 2324, January 10-May 15, 1995. The first and last 
locations received, and the first location reaWed ea::h month, are labelled IMth 
the date. 
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Table 2. Time periods and locations SDR 2324 was hauled out during winter 1995. 
(\ 
,../ 

SDRNUMBER TIME PERIOD LOCATION 
2324 23 Jan. - 6 Feb. Cape St. Elias 
2324 7Feb. Wingham Island 
2324 8 Feb.- 15 Mar. Cape St. Elias r-

: 2324 16 M·ar. Kanak Island .~ .J 

2324 17-21 Mar. Cape St. Elias · 
2324 22 Mar. Wingham Island 
2324 23-30 Mar. Cape St. Elias 
2324 31 Mar. Kanak Island 
2324 1-3 Apr. Wingham Island 
2324 4Apr. Cape St. Elias 
2324 5-6 Apr. Wingham Island 
2324 7-9 Apr. Cape St. Elias 
2324 10 Apr.- 15 Apr. Wingham Island 
2324 16 Apr. Kanak Island 
2324 17 Apr.- 14; May Cape St. Elias 

(· 

114 



0 5 10 15 a! 25 Kilometers ---
Rgure 4. Trad< lire and all locations of one foraging trip for Steller sea lion 2321, Jc:n 12 

, tiTough Jan 18. Ea::h lccciion is labelled wth tre month /day and tirre. 
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0 5 10 15 aJ 25 KilOmeters ---
Rgure 5. Track lire and all locations of a foragngtrip for Steller sea lirn2321, Jan:.:!) 

ttTough Jan 30. Ea::h lcx:ciion is labelled v.ith the month ld<lf and tirre. 
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0 10 J:l 3) 40 fD Kilorreters ---
Rgure 6. Trad< lire and all All locations of one foraging trip for Steller sea lion 2321, Feb. 4 

ttrough Feb. 8. Eadllocation is lcbelled v.rth the rrorth /day and tirre. 
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DISCUSSION 

Little can be concluded about the foraging strategy of juvenile sea lions from only three 
animals. Some general comparisons between these three animals may be useful. The 
three animals showed quite different patterns of movements while they were monitored. 
The primary reason for this was likely the result of differences in weaning status and ages 
of the three juvenile SSLs and perhaps foraging season. The first animal, sea lion 2321 
was approximately 32 months old when tagged and had been wearied. This animal 
showed the most extensive foraging movements of the three.. He made the longest trips 

. and he was at sea for the longest periods of time (see Foraging Behavior of Juvenile Sea 
Lions in the Northeastern Gulf of Alaska: Dive Behavior and Trip Duration, this report). 
Sea lion 2321 was the only one of the three that made what appeared to be exploratory 
foraging trips over relatively long periods and long distances. · 

Sea lion 2323 was ·a 12 month old male captured at Fish Island. During the time the SDR 
was attached to this animal, it was observed to repeatedly suckle from an adult female. 
·This animal 'had not been weaned and remained at least partially dependent on its mother 
for food. According to the location data this animal usually remained in the vicinity of 
Fish Island (Fig. 2 ) but may have made some exploratory movements in the general area. 
It was located as far as 51.8 km from Fish· Island. However, as this relocation was near 
the coast of Montague Island, the sea lion may have followed the shoreline. Location 
data for this animal suggests that it did not make detailed foraging trips to sea as seen for 
sea lion 2321. It is not known whether this juvenile was accompanied by its mother 
during trips to sea but it was frequently observed returning from the sea with its mother 
(Swain pers. Communication). The usual pattern for juvenile sea lions before weaning is 
to remain within the vicinity of the haulout where the female left them, then join her 
when she returns from a foraging trip for suckling. At some point the offspring probably 
begins to accompany the adult on some of the foraging trips. This may be depicted in 
some of the relocations more distant from Fish Island. 

Sea lion 2324 was an 20 month old female that was observed to .suckle often enough to 
consider her dependent upon her mother. Her movement patterns reflected this (Figure 3) 
and were similar in many respects to sea lion 2323. She remained in the vicinity of the 
haulouts, probably waiting for her mother to return to feed her. Some of the at-sea 
relocations ofsea lion 2324 could have been while accompanying her mother on foraging 
trips but we had no way of determining that. One such relocation point was 43 km to the 
east of Cape St. Elias recorded on May 15. This was the longest movement to sea and 
time away· from a· haul out by this .. animal. She may have been on an exploratory or 
practice foraging trip, possibly accompanied by her mother. 
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Both of the sea lions tagged at Cape St. Elias hlso hauled out at ·Wingham Island 
occasionally during the winter (Figures 1 arid 3). Each of them also utilized another 
haulout (Tables l and 2). We are only beginning to understand haulout behavior. 
However, it is apparent that while a juvenile, either suckling or independent, may remain 
in the same general area, it is not necessary for them to return to the saine location each 
time. Again, it is not certain ifthe dependent female (2324) accompanied her mother to 
these locations, although it seems likely that this was the case. 
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.. GENERAL DISCUSSION 

SSL numbers in the Ahiska portion of the western stock continued to decline based on surveys 
conducted during 1996 (NMFS unpublished data). Numbers of animals counted in the Kenai to Kiska , 
trend area declined by 4.6% between 1994 and 1996. Relatively stable numbers in the ea8tern Aleutian 
Island and central Gulf of Alaska suggested moderation or cessation of the decline in those areas. In 
Southeast Alaska, numbers are probably near their highest level in recorded history and appear to have 
been stable since 1989. There is still a marked contrast in relative population levels and population 
trends between the eastern and western SSL stocks in Alaska, even though changes appear to be --1 
occurring in both areas. 

SSLs, that were branded as pups at the Forrester Island rookery in Southeast Alaska have been resighted 
at sites ranging from Washington state to Jude Isiand in the western Gulf of Alaska; Many, but not all, 
of the long-range dispersers were males. Based on the results of genetics studies (Bickham et al. 1996), . 
we hypothesize that the marked females will return to Southeast Alaska to breed and that immigration of 
females SSLs into the western stock is unlikely to play a significant role in the recovery of that 
population. We will evaluate this hypothesis .over the next several years as branded females from 
Forrester Island reach sexual maturity and we determine the locations where they give birth to pups. 

Data· from behavioral studies in Southeast Alaska and the Gulf of Alaska are still being analyzed but 
there is a suggestion of nutritional stress in SSLs from the Gulf as evidenced by a shorter perinatal 
period. There were interannual differences in perinatal periods, trips to sea, visits ashore, and timing of 
feeding trip departures between 1994 and 1995 in both areas. 

Findings of reduced growth (standard length, axillary girth and mass) of SSLs from the Gulf of Alaska 
between the 1970s and 1980s supports the hypothesis that nutritional stress was a factor in the decline. 
There was also a suggestion . that body size declined from the 1950s to the 1970s and 1980s. 
Examination of growth layers of teeth from animals (Boyd and Roberts 1993) collected during the 1970s 
and 1980s could provide additional information on temporal variations in growth and nutrition. 

Blubber samples from 24 adult female SSLs from Southeast Alaska were. analyzed for chlorinated 
hydrocarbons and DDTs by the Environmental Conservation Division of NMFS, Northwest Fisheries 
Science Center. There were significant concentrations of both PCBs and DDTs in the samples. This is 
of particular interest because levels of these contaminant have been found to be lower for sea otters 
(Enhydra lutris) from Southeast Alaska than for sea otters from the Aleutian Islands (Estes et al. in 
press) and because t~e samples were from adult females that eliminate much of their chlorinated 
hydrocarbon loads. through lactation. These pollutants have been associated with reproductive failures 
(Platonow and Karstad 1973, Aulerich and Ringer 1977, Mason 1989, Coburn et al. 1993) and impaired 
immune systems (Coburn et al. 1993, de Swart et al. 1996) in mammals. Additional research into 
contaminant levels and effects on SSLs is warranted. It would be of particular interest to examine 
co~taminant levels in milk samples and blubber from nursing juveniles. 

It appears feasible to capture pup, and perhaps juvezi!le, SSLs during winter using SCUBA equipment. 
This will allow for comparisons of growth, condition, the prevalence of diseases and levels of 
contaminants from young sea lions in the eastern and western stocks. This should aid in the evaluation 
of the hypothesis that the decline i_s associated with low juvenile survival in the western stock (York 
1994, NMFS 1995, Merrick 1995). 
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Diving behavior and movements' of young SSLs varied considerably and was probably related to 
physical and behavioral maturity (age) -and nursing status .. Our knowledge of juvenile sea lion biology is 
limited. We need to better understand the development of nutritional.independence in young .!;ea lions 
and how it is affected when prey resources are limited. Extended lactatiOI_l has been frequently observed; 
however its importance as a source of nutrition to young animals is not known. If food becomes 
limiting, is lactation extended at the cost of future offspring or does premature weaning occur_. which 
could-reduce juvenile survival (Merrick and Loughlin 1997)? 

RECOMMENDATIONS 

1. Based on the findings ofmarked animal studies and genetics work, it appears that female SSLs may 
,~ have very low rates of emigration. Therefore, population recovery in the western stock. will probably 

result from internal growth rather than emigration of animals from the eastern stock. To enhance 
recovery, every possible effort should be made to reduce or eliminate human-felated mortality of sea 
lions. Non-density dependent sources of mortality may slow or prevent recovery even if ad~quate 
food resources are available. 

2. Over the next several years, as the marked female SSLs from Forrester Island become se~ually 
mature, searches of rookeries from the Pacific Northwest to the Aleutian Islands should be made to 
determine the extent of emigration of Southeast Alaska animals into other areas in order to evaluate 
the hypothesis of low rates of emigration. 

3. Population monitoring through counts of pups and nonpups should continue. Development of 
alternative methods of counting pups which are less invasive should proceed. . . 

4. Research should be conducted to evaluate the utility of measurements of growth layers in tooth fine 
structure to examine relative nutritional status over time. 

5. The feasibility of evaluating trends in historical abundance of SSLs by determining the relative 
abundance of hairs in sediment core samples taken near rookeries should. be investigated. This has 
the potential to determine if similar declines have occurred in the past. 

. 6. Research on the biology of young (0-3 years) SSLs should be conducted. These animals, which are 
undergoing the process of becoming nutritionally independent, are likely to have. high rates of 
mortality during periods when food resources are suboptimal. Research should be continued to 
develop efficient capture techniques for SSLs, particularly young animals. 

7. A plan should be developed to evaluate the importance of environmental contaminants, particularly 
chlorinated hydrocarbons and DDTs, in SSLs in Alaska. Young animals could be accumulating high 
levels as they often nurse for several years and these contaminants are transferred from the female to 
the offspring in milk. 
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