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Demographics: ADF&G Trend Routes Small et al.

site effects, which are treated as a multiplicative nuisance parameter, gi(x) is a loglinear
function of the environmental covariates (x) that are unrelated to population change, and
fi(t) is the population trajectory with t indicating year.

The population trajectory can be thought of as a smoothed curve proportional to
the actual population sizes across years. Because trajectories were not always linear (i.e.,
the rate of change varies through time) on the log scale, we defined trend as the
geometric mean rate of change over the interval of interest. Trend is therefore a single-
number summary of the average change in the trajectory. Because the actual population
sizes are unknown, the height of the trend on the y-axis was arbitrarily chosen such that it
passed through the mean count in approximately the middle of the survey period for each
area.

The environmental covariates used in our analysis included date, time of day, tide
height at the nearest (in time) low tide, time relative to low tide, and time relative to
sunrise. These main effect covariates are the same as those investigated by Frost et al.
(1997); however, we structured all covariates as continuous whereas they used
categorical versions of these variables. In addition to the linear form of covariates, we
also included date and time as quadratic covariates (i.e., date’ and time®), and the
following 3 two-way interaction covariates: date*tide, time*tide height, and time*time
relative to low tide. These quadratic and interaction covariates were chosen because of
known or suspected patterns in seal haulout behavior. The total number of covariates we
considered was constrained by the number of counts and limitations on computing
resources. Models with both linear and quadratic population trajectories (i.e., change in
population size across years on the log scale) were tested.

The combination of covariates and degree of polynomial used to produce the
trajectory, and subsequent trend estimate, was determined by first starting with a model
containing all covariates and a quadratic trajectory. Covariates were then eliminated one
at a time based on the likelihood ratio tests until all remaining covariates were significant
(P<0.05) or were a component of a higher order term (i.e., quadratic or interaction) that
was significant. For example, date was retained in the final model for Ketchikan with a
P-value of 0.59 because it was contained in the date® covariate that was significant
(P<0.0001). The final model was then used to estimate a single composite trajectory, and
subsequently an associated trend estimate, for all sites within a route; this process
assumes that the covariate functions were the same for each site. Overall, the advantages
of this modeling approach are that counts are adjusted for the effects of the environmental
covariates simultaneously with the estimation of the population trajectory, and that
variability not accounted for by the covariates can differ among sites.

We calculated an adjusted index to population size for each year a route was
surveyed using the residual method of Sauer and Geissler (1990). For each count at
every survey site, residuals were computed as the observed count minus the count
predicted by the model. The average residuals for each year were summed across sites.
These combined residuals were then displayed with the estimated trend line to indicate
residual variation in the counts after the model had been fit. These adjusted indices
indicate whether observed counts in a specific year were generally above or below the
population size predicted by the final model.












Demographics: ADF&G Trend Routes : Small et al.

The true functional relationship of these continuous covariates with the number of
seals counted is unknown, and changes in the functions can result in large changes in
trend estimates. Because there is no obvious “correct” functional form for the covariates,
we modeled covariates in a manner similar to that used to model time change; i.e., linear
on the natural log scale. However, we also allowed quadratic terms for some covariates
and interactions for some combinations. This allowed a “wider array of choices” of
covariate forms for the model selection procedure to “choose” from. However, this did
not guarantee that the range of functional forms includes one that mimics the true
relationship.

Lurking variables cause changes in sighting probability that are not associated
with changes in population size (Barker and Sauer 1992). The covariates we used, if not
included in the model but actually influencing sighting probability, would be lurking
variables and their effect could be mistaken for a change in population size. In addition,
because measurements of all potential covariates are not available and sample size
restraints would preclude inclusion of extremely large pools of covariates, lurking
variables may exist that were not considered in our modeling process. One common
symptom of lurking variables is the selection of very complex models, especially those
involving interactions. Our model building and selection procedures account for the
exclusion of important variables by using complex functions of the variables that are
included.

The issues discussed above necessitate caution in interpreting the effects of
covariates on counts. The covariates selected by the likelihood ratio tests are highly
dependent on which covariates are available and the choices of functional forms.

Future directions in trend analysis

Although we do not anticipate changes in the basic structure of the trend analyses
(i.e., Poisson regression including the use of environmental covariates), several
modifications to the established procedure will be investigated. These modifications
include refinement of the covariates used in the analyses, investigation of new model
selection procedures, and the use of site-specific trajectories.

The main effect covariates used in analysis of harbor seal trends are the same as
those used by Frost et al. (1997), although we use a continuous structure and they use a
discrete structure. We have added quadratic effects (date, time-of-day) and interactions
(e.g., date*tide height). We will investigate the forms of the variables to determine if
other structures or interactions might be more appropriate. For example, using tide
height at the survey time rather than tide height at the peak low tide, and the time
difference between the survey and peak low tide, and their interaction.

In our most recent previous analysis of harbor seal population trends (Lewis et al.
1996), we used AIC to select the appropriate model. For this report, we used likelihood
ratio tests for model selection. We will investigate the use of AICc (Hurvich and Tsai
1989, Burnham ef al. 1995) as an alternative selection procedure. AICc has the
advantages of AIC but has improved properties when the sample size is small relative to
the number of parameters estimated.

Currently, a single composite trajectory is estimated for all seal survey sites on a
trend route. In contrast, in analyzing Steller sea lion trends we have used site-specific
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Figure 1. Trend count sites in the Ketchikan area of southeast Alaska.

1. Whale Rock 2. White Reef 3. Carp Island 4. New Eddystone
5. Channel Island 6. Eagle Island 7. Tolstoi Island 8. Daisy Island
9. McKenzie Island 10. Clover Bay 11. Skin Island 12. Lancaster Cove

13. East DoraBay  14. Wedge Island 15. Moria Sound 16. Whiterock Island
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Figure 7. Linear regression of annual mean counts of harbor seals from 1982-1996
during the molting period on southwest beach of Tugidak Island, Gulf of Alaska.

25
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SITE# SITE NAME DATE # SEALS
16 Traders 8/26/96 19
16 Traders 8/27/96 39
16 Traders 8/28/96 76
16 Traders 9/1/96 21
16 Traders 9/2/96 37
16 Traders 9/3/96 20
17 Midway 8/26/96 8
17 Midway 8/27/96 27
17 Midway 8/28/96 30
17 Midway 9/1/96 41
17 Midway 9/2/96 9
17 Midway 9/3/96 37
18 Plover 8/26/96 46
18 Plover 8/27/96 105
18 Plover 8/28/96 147

29

Small et al.
SITE# SITE NAME DATE  #SEALS

18 Plover 9/1/96 75
18 Plover 9/2/96 32
18 Plover 9/3/96 91

19 Pt. Moses 8/26/96 59
19 Pt. Moses 8/27/96 76
19 Pt. Moses 8/28/96 67
19 Pt Moses 9/1/96 102
19 Pt. Moses 9/2/96 7

19 Pt. Moses 9/3/96 77
20 Krugloi 8/26/96 0

20 Krugloi 8/27/96 81

20 Krugloi 8/28/96 139
20 Krugloi 9/1/96 145
20 Krugloi 9/2/96 101
20 Krugloi 9/3/96 101
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Appendix III. 1996 harbor seal aerial survey data from the Kodiak area trend count route.

SITE# SITE NAME DATE #SEALS
1 Long | 8/28/96 51
1 Long | 8/29/96 43
1 Long | 8/30/96 42
1 Long | 8/31/96 31
1 Long | 9/1/96 25
1 Long | '9/2/96 28
1 Long | 9/3/96 29
2 Cliff Pt 8/28/96 2
2 Cliff Pt 8/29/96 0
2 Cliff Pt 8/30/96 0
2 Cliff Pt 8/31/96 0
2 Ciiff Pt 9/1/96 1
2 Cliff Pt 9/2/96 4
2 Ciiff Pt 9/3/96 4
3 Broad Pt 8/28/96 0

.3 Broad Pt 8/29/96 0
3 Broad Pt 8/30/96 2
3 Broad Pt 8/31/96 0
3 Broad Pt 9/1/96 0
3 Broad Pt 9/3/96 0
4 Kalsin B 8/28/96 107
4 Kalsin B 8/29/96 113
4 Kalsin B 8/30/96 71
4 Kaisin B 8/31/96 116
4 Kalsin B 9/1/96 90
4 Kalsin B 9/2/96 105
4 Kalsin B 9/3/96 133
5 Ugak | 8/28/96 270
5 Ugak | 8/29/96 244
5 Ugak | 8/30/96 236
5 Ugak | 8/31/96 240
5 Ugak | 9/1/96 304
5 Ugak | 9/2/96 247
5 Ugak 1 9/3/96 0
6 W. Pasagshak 8/28/96 62
6 W. Pasagshak 8/29/96 93
6 W. Pasagshak 8/30/96 76
6 W. Pasagshak 8/31/96 81
6 W. Pasagshak 9/1/96 42
6 W. Pasagshak 9/3/96 114
7 Upper Ugak B. 8/28/96 0
7 Upper Ugak B. 8/29/96 0
7 Upper Ugak B. 8/30/96 14

30

SITE # SITE NAME DATE #SEALS
7 Upper Ugak B. 8/31/96 20
7 Upper Ugak B. 9/1/96 36
7 Upper Ugak B. 9/2/96 29
7 Upper Ugak B. 9/3/96 0
8 Shearwater B 8/28/96 62
8 Shearwater B 8/29/96 77
8 Shearwater B 8/30/96 91
8 Shearwater B 8/31/96 84
8 Shearwater B 9/1/96 54
8 Shearwater B 9/2/96 76
8 Shearwater B 9/3/96 83
9 Bamabas Rks 8/28/96 27
9 Bamabas Rks 8/29/96 16
9 Bamabas Rks 8/31/96 36
9 Bamabas Rks 9/2/96 0
10 Black Pt 8/29/96 96
10 Black Pt 8/31/96 116
10 Black Pt 9/1/96 32
10 Black Pt 9/2/96 95
11 Roliing B 8/28/96 25
11 Rolling B 8/29/96 51
1 Rolling B 8/30/96 50
11 Rolling B 8/31/96 49
11 Rolling B 9/1/96 56

1 Rolling B 9/2/96 51
11 Rolling B 9/3/96 53
12 0. Kaguyak 8/28/96 0
12 0. Kaguyak 8/29/96 0
12 O. Kaguyak 8/30/96 0
12 0. Kaguyak 8/31/96 0
12 0. Kaguyak 9/1/96 0
12 0. Kaguyak 9/2/96 5
12 0. Kaguyak 9/3/96 3
13 Geese | N 8/29/96 116
13 Geese | N 8/30/96 173
13 Geese | N 8/31/96 165
13 Geese | N 9/1/96 156
13 Geese | N 9/2/96 154
14 Geese | SE 8/28/96

14 Geese | SE 8/29/96

14 Geese | SE 8/30/96 18
14 Geese | SE 8/31/96 10
14 Geese t SE 9/1/96 27
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INTRODUCTION

Harbor seal (Phoca vitulina richardsi) numbers on Tugidak Island in the Gulf of
Alaska declined by as much as 86% between the mid-1970s and the late 1980s (Hoover-
Miller 1994, Pitcher 1990). Declines in harbor seal numbers have also been reported in
Prince William Sound (Frost et al. 1995), in Bristol Bay, and along the Alaskan
Peninsula (Withrow and Loughlin 1996). In contrast, harbor seal numbers in Southeast
Alaska appear to be stable, or possibly increasing (Mathews 1995, Lewis et al. 1996).
The causes of declines in harbor seal, as well as Steller sea lion (Eumetopias jubatus) and
sea bird, populations are not fully understood, although they appear to involve changes in
prey distribution, abundance, or age class structure (Loughlin and Merrick 1988; Merrick
1995, Springer 1993). Trends in numbers of harbor seals in Southeast Alaska are of
interest both for their comparative value, as well as to ensure that a significant change in
abundance can be detected early, should one occur.

In 1995, a multi-agency meeting sponsored by the National Marine Fisheries
Service (NMFS) and the Alaska Department of Fish and Game (ADF&G) was held in
Fairbanks to discuss the status of, and monitoring methods for, harbor seals in Alaska
(Small 1995). A primary goal of the meeting was to evaluate and standardize monitoring
methods to ensure that appropriate and comparable data are collected across regions,
years, and investigators. A topic of discussion at the meeting was whether or not
additional aerial survey routes for estimating trends in harbor seal abundance should be
established. Currently, four areas in Southeast Alaska have been surveyed regularly
enough to be considered as trend routes (Table 1). These include three aerial survey
routes of terrestrial haulouts near Ketchikan and Sitka and in Glacier Bay, and a fourth
site in Johns Hopkins Inlet (a tidewater glacial fjord in Glacier Bay) where seals haul out
on glacial ice. If trends in seal abundance from annual surveys of a subset of selected
areas are closely correlated with trends in abundance throughout a region, they can be
used to reduce the frequency (and cost) of region-wide surveys.
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Demographics: NE Gulf Trend Route Mathews & Womble

day in'most single engine aircraft. These sites also encompass habitat more similar to
that found in the lower portions of Glacier Bay and in the Ketchikan and Sitka routes. If
desired, the haulouts in the Icy Strait/Cross Sound area not included in our proposed route
could be efficiently surveyed from Gustavus, but this would require a second survey team
in order for surveys to bracket low tide cycles.

The route includes the three areas (Icy Bay, Hubbard and Turner glaciers, and the
Dry Bay/Alsek River) with the largest aggregations of seals observed both in 1996 and in
1993 (Table 4). On August 19, 1996 more the 50% of the 4,342 seals observed were in
Icy and Disenchantment bays, with an additional 22% observed on sandbars in or near
Dry Bay and the Alsek River. Similarly, more than 50% of the 3,124 seals observed on
September 19, 1993 were observed in these same glacial fjords, with about 77% in the
fjords and at the Dry Bay/Alsek areas combined (Loughlin 1994, Appendix II)

The proposed trend route encompasses important habitat including tidewater
glacial fjords where logging activities and cruise ship and tour boat traffic are increasing,
and where oil drilling is proposed (Kozie et al. 1996). The route includes substantial
river drainages (i.e., the Dry Bay/Alsek River) with eulachon (Thaleichthys pacificus) and
commercially and subsistence harvested salmon (Oncorhynchus spp.) runs that attract
large numbers of seals (M. Sharp pers. comm.). It also includes haulouts separated by
open coast habitat not represented in the four other trend routes in Southeast Alaska, and
a large proportion of the coastline bordering Glacier Bay National Preserve — a section of
the national park in which commercial and subsistence fishing and hunting are
legislatively permitted.

In order for a survey route to serve as a practical trend route, it needs to be
possible to reach all tidally influenced haulouts along the route within about a four hour
period, bracketing the low tide cycle by about two hours. With Yakutat airport as the
starting point, eight terrestrial haulouts (sites 4-6 and 8-11) and Lituya Bay (site 7, a
relatively small glacial ice haulout along the route) and possibly a few representative sites
in Cross Sound and western Icy Strait could be surveyed within this time (in a single
engine Cessna 185 or comparable fixed wing aircraft). Additional time would be needed
for the straight-line flight back to the airport (Appendix III. Tables A-1 and A-2). The
average flight time during our August 1996 surveys (excluding time to land and refuel)
was about 5.5 hrs with a maximum of 6.5 hrs, however we were never able to survey all
sites due to bad weather so these are minimum estimates.

The route could be flown one of two general ways:

1) Fly the terrestrial sites from Yakutat to Gustavus on the first day, with an
overnight in Gustavus. Repeat the terrestrial sites on the next day from Gustavus
to Yakutat and survey the glacial sites after refueling in Yakutat. This model
assumes that the low tides are in the morning, but it could be modified to
accommodate later tides by picking up the glacial haulouts before flying from
Yakutat to Gustavus. In this case, the three glacial sites (Icy Bay, Hubbard and
Turner glaciers) would be surveyed every other survey day, at most.
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Withrow, D.E. and Loughlin, T.R. (1995). “Haulout behavior and a correction factor
estimate for the proportion of harbor seals missed during molt census surveys near
Cordova, Alaska.” Annual Report, Marine Mammal Protection Act and
Endangered Species Act Implementation Program 1995, NMFS, Silver Spring,
MD. Pp. 89-116.
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Demographics: Glacier Bay Mathews & Pendleton

In 1983 from August 10-13, L. Sharman and E. Babcock (described in Dudgeon
and Swartbeck 1988, unpublished report) counted seals in Johns Hopkins Inlet following
methods similar to those described by Streveler (1979), although they were able to count
from the same single elevated site used in recent surveys rather than having to move from
one site to another. The two observers took turns counting and recording, so no
simultaneous paired counts were made. We included these data in our trend analysis
because one of the observers (Sharman) had previously conducted counts of seals in
Johns Hopkins Inlet, and there were clear descriptions of their methods, which were
similar to those used by Streveler (Sharman and Brown 1983 and Dudgeon and
Swartbeck, 1988, NPS unpublished reports).

In 1984, J. Calambokidis led a team of students in a multifaceted study of harbor
seals in Glacier Bay, including daily counts of seals in Johns Hopkins Inlet from August
7 to 16 (Calambokidis et al. 1997). One to three counts per day were made by an
individual using binoculars or spotting scopes from several elevated sites on shore
between 07:00 and 22:00.(Calambokidis et al. 1987). Only the daily high counts were
used in this analysis, and we did not have the time of each count as we did for other data
sets (Calambokidis, unpublished data). We included these data in our trend analysis
because: 1) Calambokidis and his assistants had also conducted studies of seals in Muir
Inlet prior to 1984, 2) observers were trained by these experienced observers, and 3) the
methods and results from this work have been published. The mean value and 95%
confidence intervals from these daily high counts are summarized in Table 1.

Shore-based Counts of Seals on Glacial Ice, 1992-1996

From 1992 to 1996, we conducted shore-based counts of harbor seals in Johns
Hopkins Inlet and aerial surveys for seals at terrestrial haulouts throughout Glacier Bay;
results from some of this work have been reported elsewhere (Mathews 1992, Mathews
1995, Mathews and Kelly 1996). Since 1992, aerial surveys and shore-based counts in
Johns Hopkins Inlet have been conducted in August, during the annual molt when seals
spend a higher proportion of time at haulouts (Calambokidis ef al. 1983, Johnson 1979).
We also conducted shore-based counts of seals in Johns Hopkins Inlet in mid-June, after
most pups are born, from 1992-1996.

From mid-June and mid-August of 1992 through 1996, a team of observers has
counted seals in Johns Hopkins Inlet from an elevated (ca 20 m above sea level) land site
located about 2.5 km from the face of the glacier (Figure 1). Two observers
simultaneously count seals from this elevated site. Typically two to four paired counts
were made each day with at least one paired count between 10:00 and 14:00, because
Calambokidis et al. (1987) found that seal numbers in Muir and Johns Hopkins Inlet
peaked around midday during summer months. For the June counts, seals were
categorized as adults or pups in all years except 1993 when only adults were counted. In
August, no age class distinction was made, because older weaned pups are difficult to
distinguish from adults at a distance.

In Johns Hopkins Inlet, seals are typically dispersed over an area of more than two
to three square miles, making systematic coverage of the long fjord with a narrow-field
spotting scope or hand-held binoculars extremely difficult. To reduce errors associated
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Demographics: Glacier Bay Mathews & Pendleton

assumed to be overdispersed Poisson random variables (i.e., negative binomial) with
expected values (m;) that have the relationship In(m;) = h(i) * g(x) * £f(t). In this
equation, h(i) represents site effects, which are treated as a multiplicative ‘nuisance’
parameter, gi(x) is a loglinear function of the covariates (x) that are unrelated to
population change, and fi(t) is the population trajectory with t indicating year.

Each population trajectory can be thought of as a smoothed version of the actual
population size across years. Because trajectories were not always linear (i.e., the rate of
change varies through time) on the log scale, we defined trend as the geometric mean rate
of change over the interval of interest. Trend is therefore a single-number summary of
the average change in the trajectory for a selected period of time. Because the actual
population sizes are unknown, the height of the trend on the y-axis was arbitrarily chosen
such that it passed through the mean count in approximately the middle of the survey
period for each area or time period. Overall, the advantages of this modeling approach
are that counts are adjusted for the effects of environmental and other covariates
simultaneously with the estimation of the population trajectory, and that variability not
accounted for by the covariates can differ among sites.

The combination of covariates and degree of polynomial used to produce each
trajectory, and subsequent trend estimate, was determined by first starting with a model
containing all appropriate (by survey method) covariates and a quadratic trajectory.
Covariates were then eliminated one at a time based on the likelihood ratio tests until all
remaining covariates were significant (P<0.05) or were a component of a higher order
term (i.e., quadratic or interaction) that was significant. For example, time was retained
in the final model for 1992-1996 August aerial counts because time* was significant.
Final models for each of the seven time periods/areas were used to estimate a trajectory
and associated trend estimate for each time period and study area.

RESULTS

Counts of harbor seals in Johns Hopkins Inlet during both June and August
surveys showed a positive annual trend for all of the time periods tested (Table 3). Most
of the increase since 1975 appears to have occurred within the first four years, when an
annual trend of 30.7% was observed (Figure 2). The trend in numbers at Johns Hopkins
Inlet, the primary glacial ice haulout area during August was positive (7.1%) between
1992 and 1996, whereas the trend at the terrestrial haulouts during the same month and
time period was negative (-8.6%) (Table 3, Figure 3). For the 1992-1996 period when
data collection methods were nearly identical each year, June counts of non-pups
increased at a steeper rate (13.1% vs. 7.1%) than counts of all seals during the August
molt (Table 3, Figure 4).
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Demographics: Tugidak Island Pupping Phenology Jemsion & Kelly

shed in utero before birth; the majority of these pups were eventually deserted. Most pups
born in the later half of May had shed their lanugo in utero and were attended by their
mothers.

In 1964, the greatest number of pups on shore was observed about 13 June (Bishop
1967). Timing of the maximal pup count was very similar between years in the 1970s,
occurring from 20 to 22 June in 1976, 1978, and 1979. The maximal number of seals
ashore in 1977 probably occurred during the same time period; however, disturbances
caused seals to leave the beach and interrupted the counts. During 1994, 1995, and 1996,
timing of the maximal pup counts was similar to 1964. Thus, peak pupping occurred 7 -
11 days earlier in 1964 and the mid-1990s than in the mid to late 1970s. Whether the shift
in the onset and peak of pupping was gradual, occurring over several years, or abrupt is
unknown.

During the 1970s, the length of time from the onset of pupping to the peak pup
count was about 21 days. The length of time from the onset of pupping to the maximal
pup count was similar in 1964 and 1996 (about 30 days, assuming pupping began 15 May
in 1964, when females began attending their pups).

Trends in June count data: 1970s

Pitcher (1990) reported a 72% decline between 1976 and 1986 in counts of harbor
seals during the pupping period (which he defined as 1 - 30 June) on Tugidak Island. To
further investigate that decline, we tested whether there was a decline in the number of
pups and the number of non pups in those years. Both the number of pups and the number
of non pups declined significantly between 1976 and 1979 (Kruskal-Wallis statistic for
both = 6.0000, p = 0.0143). The mean number of pups on shore declined an average of
18% per year; similarly, the mean number of non-pups on shore declined an average of
16% per year (Table 3).

Trends in June count data: 1990s

The number of seals on shore during the peak pupping period varied between 1994,
1995, and 1996 (Kruskal-Wallis statistic = 10.7978, p = 0.0045). The number of seals in
1994 was significantly lower than in 1995 (p < 0.05) or 1996 (p < 0.05). The number of
seals in 1995 and 1996 was similar to each other (p > 0.20). The maximal and mean
numbers of seals increased 53% and 55%, respectively, between 1994 and 1995 (Table 4).
The number of pups increased similarly between 1994 - 1995 and 1995 - 1996 (mean
counts increased 14% and 12%, respectively), although the number of pups was only
significantly different between 1994 and 1996 (p < 0.05). Between 1994 and 1995, there
was a 78% increase in the mean number of non pups on shore (p< 0.05); however, non pup
counts did not differ between 1995 and 1996 (p > 0.20).
Among non pups, the number of seals in each demographic class increased from 1994 to
1995, however, they did not increase at the same rate. The mean counts of yearlings, older
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Demographics: Tugidak Island Pupping Phenology Jemsion & Kelly

to five years old and determined that all 11 were mature by four years of age. In contrast,
Pitcher and Calkins (1979) examined 26 three and four year-old females and found that
only seven were mature by four years of age. The age of first reproduction may have been
later in the 1970s as a result of reduced food availability. Density dependent factors were
likely not the cause of the later age of maturity during the 1970s as the population

~ apparently was an order of magnitude larger during the 1960s. Additionally, ages of first

ovulation and initial pregnancy were significantly higher for seals in the Gulf of Alaska
during the mid 1970s than for seals in British Columbia and Prince William Sound (Pitcher
and Calkins 1979).

The mean number of pups and non pups on shore declined an average of 18% and
16% per year, respectively, during the 1970s. If we assume a constant sex/age structure to
the population from 1976 to 1979, then the non pup decline reflects an overall change in
the population, including a decline in mature females, which in turn represents a decline in
the number of pups born. The similarity of the pup and non pup declines suggests that a
large change in productivity did not occur. Pitcher and Calkins (1979) found pregnancy
rates of females eight years and older in the Gulf of Alaska during the mid 1970s to be
high (92%) and not significantly different from pregnancy rates of seals in British
Columbia (97%), suggesting that productivity did not decline.

The higher ratio of lone pups to total pups in 1978 may be further evidence that
females had difficulty obtaining food during the mid to late 1970s. Reduced food
availability resulted in female Antarctic fur seals increasing their time at sea (Boyd et al.
1994) and in having less success in raising their pups (Lunn ef al. 1994); if harbor seals
respond similarly, the result may be an increase in abandoned pups. Altemately, frequent
disturbances in the 1970s may have contributed to high rates of abandonment.

Between the mid 1970s and the 1990s, harbor seals also declined elsewhere in
Alaska including Nanvak Bay in northern Bristol Bay (Johnson 1976b; Wilson and
Jemison 1994; Wilson 1995; Moran and Wilson 1996), Otter Island in the Pribilof Islands
(Johnson 1976b, Kelly 1978, Jemison 1996), the north side of the Alaska Peninsula
(Withrow and Loughlin 1996), Aialik Bay (Hoover 1983, Hoover-Miller 1994), and Prince
William Sound (Frost and Lowry 1994). Opportunistic surveys of harbor seals in the
Kodiak area during the 1970s and 1980s indicated that a major area-wide decline occurred
(Lewis ef al. 1996), suggesting that seals on Tugidak Island did not simply move to nearby
haulout sites. In Southeast Alaska, populations appear to be stable or increasing (Lewis et
al. 1996), and seals in British Columbia have been increasing about 12.5% per year since
1973 (Olesiuk et al. 1990).

Potential causes of food limitations
Factors that may have influenced food availability for marine mammals and birds
include a change in oceanic and atmospheric conditions, the impacts of commercial

fisheries, or a combination of these. A significant climatic change in the north Pacific
region from about 1976 to 1988 was characterized in Alaska by a shift from cooler to
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larger proportion of the seals on shore. We would also expect, however, that other factors
may confound the ratio of yearlings to non pups. During years when food is limited,
young seals may have the greatest difficulty obtaining sufficient food and thus might
increase their time at sea foraging and/or have increased mortality rates. The ratio of pups
to older females was high in 1978 and lowest in 1995, suggesting that, during poor food
years, non reproductive females were less likely to haul out. While our indices of
productivity and first year survival are reflective of changes in environmental conditions,
they are confounded by changes in haulout behavior and so are not accurate measures of
production and survival.

Overall, 1994 stands out as an unusual year in most of the comparisons, not fitting
the pattern of 1970s (declining numbers, poor food availability) vs. the 1990s (stable or
increasing numbers, possibly better food availability). We wonder if 1994 was perhaps a
transition year in the Tugidak area from a period of poor food availability to one of better
food availability. Preliminary analyses from 1997 suggest that the sex/age structure of
seals on shore is similar to 1995 and 1996.

Pupping : molting relationship

During the 1970s on Tugidak Island, 2 - 4 times as many seals hauled out during
the molting period as during the pupping period. The ratio changed dramatically by the
mid-1990s, however, when more seals came ashore during the pupping period.
Additionally, there was no large increase in the number of seals on shore during August of
1996, as there had been in August during the 1970s. The change in the relationship of
pupping and molting numbers may be related to changes in the demographic structure of
the population, combined with the differential timing of the molt in different sex/age
classes. Harbor seal pups molt first (in utero), followed by yearlings, then by older
females, and finally by older males (Bishop 1967, Johnson 1976a, Thompson and Rothery
1987). Thus, a population skewed toward younger seals would probably exhibit an earlier
increase in numbers associated with molting than a population skewed toward older
animals. Additionally, changes in haulout behavior could influence the relationship of
pupping to molting numbers; as suggested earlier, during poor food years older males may
be less likely to haul out during the pupping period, which would lower the pupping to
molting ratio. In most regions of Alaska, the relationship of pupping to molting numbers is
not well known.

Relevance to population monitoring

In Alaska, aerial surveys to estimate populations and determine population trends
have been timed to correspond with the adult molting period, except along the north side of
the Alaska Peninsula, where counts have been conducted during pupping and molting
periods (Everitt and Braham 1980, Loughlin 1992). The precise timing of molting,
however, is unknown in many regions of Alaska. Surveys not conducted at a similar stage
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Table 5. Summary of harbor seal yearling, older female and older male counts during the peak pupping period on Tugidak Island, Alaska. S
3

S

3
YEARLINGS OLDER FEMALES OLDER MALES 'g.
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(seals older than yearlings) (seals older than yearlings) e
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1994 6 28 14 73 298 257 305 133 83 | 264 .g’
. ]
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1996 7 51 -16 | 42 7.8 -11 447 -2 356 55.0 -5 281 4 230 | 478 9 s
S,

S

%

* n Number of days of counts within peak pupping period
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® Percent change in the maximal number of seals since previous year

¢ Percent change in the mean number of seals since previous year
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Demographics: Tugidak Island Pupping Phenology Jemsion & Kelly

NUMBER OF SEALS IN 1996
NUMBER OF SEALS IN 1976

o
-
o

1 7 13 19 25 31 6 12 18

Figure 3. Harbor seal counts on Tugidak Island, Alaska, August - September 1976 and 1996.
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Teeth Growth Layers Baker and Boveng

CONCLUSION

Preliminary results indicate that growth lines in cementum may prove a useful tool for
assessing reproductive histories of harbor seals. The average age when the TZ formed in female
teeth was similar to the average age at maturity or first reproduction. The correspondence
between the appearance of a TZ and multiparity in individuals provides further support for this
method. However, there are some important gaps in our ability to decode the growth lines and
relate them to reproductive histories. Ideally, we require teeth from individuals known to have
matured at various ages in order to match reproductive events with tooth growth. If such
samples are unavailable, comparing the mean TZ’s in teeth from two populations known to have
different mean ages of maturity could provide more validation of the method. Based upon our
preliminary analysis, we believe that further work on the harbor seal tooth cementum transition
zone would be fruitful.

There was more variability among readers in assigning the transition zone than there was
assigning age. Among the teeth for which both Boveng and Baker were able to assign a TZ
(n= 15) the average absolute difference between the two estimates was 1.3 years, compared to
0.8 years for age estimation of all the teeth (Figure 2). The average age of the TZ estimated by
Baker and Boveng were 5.67 and 5.44, respectively. These ages are consistent with the notion
that the transition zone forms at the approximate time of first reproduction or at maturity. Some
further support comes from the information about the reproductive status of the individual female
harbor seals.

To improve the prospects for successful estimation of histories of physical growth and
condition, the techniques for preparing tooth sections and slides must be improved. Sections
should include major “landmarks”, such as the enamel-dentine junction, and be oriented
consistently on the slide (e.g., anterior surface to the left, or lingual side facing up). For better
resolution of measurement and least distortion of the growth layers, teeth should be sectioned
without decalcification. This requires a specialized petrographic thin-section machine and
careful attention to detail by the technician preparing the teeth. We proposed to develop a
refined technique for tooth-section preparation that can be used for future preparation of tooth
samples. Following successful development of a preparation method, we propose to continue
investigation of the prospects for estimating growth and condition histories by examining
individual and cohort-specific deviations from an age-specific tooth growth model.
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Pregnancy Determination Pitcher and Frost

(Table 2). Perhaps these samples were mislabeled or misreported as progesterone levels
are known to be elevated during the in the last six to seven weeks of gestation in harbor
seals and is required to support a pregnancy (Raeside and Ronald 1981).

Ultrasound appears to work well for pregnancy determination after about 5 weeks
post-implantation (Young and Grantmyre 1992). It requires chemical sedation,
specialized equipment and a trained operator. The combination of assays for chorionic
gonadotrophin and progesterone could likely be used to determine pregnancy status
throughout implanted gestation and only require plasma samples. It is uncertain if an

- assay with antisera for bovine PSPB will reliably detect a pregnancy specific substance in

pinniped plasma. Additional testing is required.

We acknowledge the contributions of Garth Sasser, Ron Silflow and Terry
Spraker for their expertise in specimen analyses.
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Movements & Diving Behavior Swain & Small

ceased. Summaries of the dates when seals were found in different areas are presented in tabular
form in Appendix 1, along with figures displaying the locations.

Southeast Alaska

In SE, all five seals captured in late April of 1995 remained in the general area of either
Gambier or Pybus Bay, near their respective capture locations, until SDR transmissions ceased
from mid-June to mid-July (Table 1A, Figures 1-5A). Locations for two female subadults were
less concentrated than for the three adults (two females, one male). One of the subadult females
(SDR 2087) made several trips between Gambier and Pybus Bays and two larger islands (The

- Brothers) about 10 km offshore (Fig. 4A). The other subadult female (SDR 2085) traveled to the

end of Endicott Arm between May 8-10, a round-trip of 150-200 km, and also made at least two
trips out to smaller islands (The Five Fingers) about 20 km offshore (Fig 3A). Although the
adults displayed a stronger fidelity to a main area than the subadults, the one adult male (SDR
3088) did make a trip to Endicott Arm during April 22-25, yet otherwise remained in Gambier
Bay (Figure 1A). One of the two adult females (SDR 3090) spent four days at The Brothers
(Figure 2A), whereas the other adult female (SDR 3086), the only seal captured at Pybus Reef,
remained in Pybus Bay (Figure 5A).

Five seals were captured in late September 1995 at Vixen Island in Hoonah Sound, and
four of the five were in Hoonah Sound when transmissions ceased in late April to late May 1996
(Table 2A, Figures 6-9A). The remaining seal, a female pup (SDR 5048), was in southern Sitka
Sound when the last transmission was received in late April 1996. This pup made the most
extensive movements of all seals tagged in 1995 (Figure 10A). She remained in Hoonah Sound
until 9 November, then traveled approximately 150 km to the northwest end of Tenakee Inlet for
over a week (13 Nov — 21 Nov). She then traveled 150 km back to Hoonah Sound where she
stayed until 19 December. She then moved about 40 km through Peril Strait to Salisbury Sound
where she stayed for two weeks (22 Dec — 3 Jan) before moving 40 km south into northern Sitka
Sound where she stayed for over six weeks (5 Jan — 20 Feb). The pup then traveled 20 km
further south into southern Sitka Sound for five days before departing on 26 February and
traveling at least 100 km in two days to return to Hoonah Sound. She stayed in Hoonah Sound
for only four days (28 Feb — 3 Mar), traveled back to Salisbury Sound for two days, then returned
to southern Sitka Sound on 8 March and remained there until her last transmission was received
on 28 April.

The only male captured in Hoonah Sound, an adult (SDR 5043), remained there for the
seven months transmissions were recorded (Figure 6A). The two adult females showed similar
patterns of movement between Hoonah and Salisbury Sounds, with one of them (SDR 5042)
traveling to Salisbury Sound for two days in late September, and twice in April; once for nearly 3
weeks (3 — 20 April), and then again on 26 April (Figure 7A). The other adult female (SDR
5041) visited Salisbury Sound for five days in late September, then again for over six weeks (8
Feb — 24 Mar), followed by a week in Fish Bay before returning to Hoonah Sound on 2 April
(Figure 9A). Thereafter, she moved between the two Sounds six times until the end of May. The
remaining seal, a subadult female (SDR 5047), left Hoonah Sound only twice, both times to Fish
Bay for just one or two days in late September and early March (Figure 8A).
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Movements & Diving Behavior Swain & Small

Movements and Haulout Behavior

All 21 seals tagged with SDRs in 1995 exhibited strong fidelity to the area in which they
were captured. When transmissions ceased, all ten adults were in the same general area where
they had been captured, with a round-trip movement from Gambier Bay to Endicott Arm by a
male the only extensive movement. Subadults made more extensive movements than adults,
often undertaking repeated visits to the same area(s), and six of ten were in the same general area
of capture when the SDRs stopped transmitting. Three female subadults spent the last 3-4 weeks
that data were received at sites 10-20 km away from their capture site, and one male spent the
last month about 100 km away from his capture area.

These results are similar to what Swain et al. (1996) reported for seals tagged in 1993 and
1994 in SE and KO. Frost ef al. (1996) also reported strong fidelity among harbor seals tagged
with SDRs in PWS, as 29 of 30 seals monitored from spring 1992 through spring 1995 were in
PWS when last located; 24 were at or near their capture site or an adjacent haulout and the other
five were 5-30 km away. The results of these recent movement studies in Alaska suggest that
extensive one-way movements of harbor seals are not common. However, three of eight seals,
tagged in PWS during the fall of 1995, were at the Copper River Delta when transmissions
ceased in May-June of 1996 (Frost et al. 1997), and we observed one of five seals captured at
Uganik Passage in spring 1995 to be over 100 km away. In addition, the one pup which was
tagged in fall 1995 in Hoonah Sound made extensive movements throughout her first winter, and
had been in southern Sitka Sound for nearly two months when her last location was recorded; a
longer period than at any other site and 100 km away from her capture site.

Without monitoring seals of all ages continuously between successive reproductive
periods, characterizing the extent of dispersal in harbor seals from such studies is equivocal.
Breeding dispersal, the movement by adults between successive breeding areas, appears to be
rare for harbor seals based on the limited movements of adult seals. Natal dispersal, movement
of subadults from their area of birth to the area where they first reproduce, has not been
adequately described for harbor seals. Determining the extent of natal dispersal is quite difficult,
as a pup’s natal area must be located along with the area where it first breeds which is not known
for at least 34 years.

We did not examine the proportion of time hauled-out by seals, because of limitations in
sample sizes, seasonal coverage, and the ‘land-sea’ sensor data. Methods for the analysis of this
data are currently being considered and will be explored in the future. Combining data collected
during 1993, 1994, and 1995 will allow comparisons of the proportion of time on land between
sexes, age classes, and areas.

Diving Behavior

The diving behavior of harbor seals is characterized by relatively short and shallow dives.
The majority of dives were less than 4 min and less than 50 m in depth. Harbor seals rarely dove
deeper than 150 m with 1% or less of all dives being to greater depths. The distribution of dives
among different depth categories varied considerably by seal and by area. Seals in SE tended to
show a bimodal pattern with most of the dives either less than 20 m or greater than 50 m. In KO,
the highest proportion (48%) of dives was less than 20 m and seals use the 20-50 m depth
stratum considerably more than seals in SE. Greater dive depths by seals in SE and differences
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in the proportion of dives to different depths between the two areas may simply reflect
differences in bathymetry.

Depth data indicated that diving behavior varied by geographic location. An adult male
(SDR 3088) generally dove to 90-100m when in Gambier Bay, however, when the seal moved to
the deeper waters of Endicott Arm for four days in April, maximum dive depths ranged from
208-308 m. Another seal (SDR 2085), a subadult female, that was tagged in SE during the
spring also dove deepest when in Endicott Arm. A subadult female in KO (SDR 2086)
undertook considerable movements from her tagging location in Uganik Passage. Maximum
dive depths (124-184 m) were recorded as the seal traveled in the open waters of Shelikof Strait,
while maximum daily dive depths rarely exceeded 80 m when the seal was in KO coastal waters.
One of the subadult seals captured in Uganik Passage during the spring (SDR 2089) dove
considerably deeper than the two other subadults and used entirely different habitats . In general,
seals that showed very little movement had consistent daily maximum depths, whereas those that
traveled had considerable more variation in their daily maximum dive depths. The variation in
maximum depth with geographic location seems to suggest harbor seals are diving to the bottom
at least some of the time. Seals in Norway were found to feed near the bottom (1 5200 m) in a
diversity of habitats (Bjorge 1995).

Maximum depth data can provide indirect evidence about pupping dates and perinatal
periods, as seen for adult females in KO during 1993 (Swain et al. 1996). An adult female in SE
(SDR 3086) appeared to give birth in early June (June 9) and to be closely tied to land for over a
week, as maximum depths did not exceed 12 m. For the following week, maximum depths
continued to be comparatively shallow and ranged from 56-96 m. It is likely that this was a
period when the female was closely attending her pup and when the diving skills of the pup were
developing. The nursing period for harbor seals has been reported to last three to six weeks
(Johnson 1976, Hoover 1983). Data from a pregnant female tagged in KO (SDR 2090) did not
indicate a distinct perinatal period; there was a period of three days in mid-May where maximum
depth did not exceed 8 m. However, maximum depths were consistently to 30-40 m and 92% of
all dives in June were less than 20 m.

Harbor seals in both areas showed strong seasonal and diurnal patterns in diving. Dive
depths decreased markedly during the late spring and summer, while deeper dives were more
common during the fall and winter. Maximum daily dive depths also changed with the seasons.
In general, seals used a greater diversity of depth strata during the winter. The increased
proportion of shallower dives in late spring and summer corresponds to a time when fish such as
herring (Clupea harengus), eulachon (Thaleicthys pacificus) and salmon (Oncorhynchus spp.)
are abundant in the area. Consistent diurnal variations in dive patterns also imply that prey
availability strongly influences diving. High dive frequencies at night, which for many of the
seals were twice that observed during other periods of the day, could indicate harbor seals are
pursuing vertically migrating prey, such as herring and walleye pollock (Theragra
chalcogramma).

The diving behavior of seals tagged in 1995 was similar in many respects to seals tagged
previously in SE and KO (Swain et al. 1996). Considerable individual variability and shallow
dive depths have also been reported for seals in PWS (Frost et al. 1996, 1997), although seasonal
patterns in dive depths were not observed. Significant diurnal patterns in dive frequency were
not evident for seals tagged previously in SE and KO, however, dives did tend to occur more
often at night and during the late afternoon and evening, especially in SE. Seals in PWS (Frost et
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Movements & Diving Behavior Swain & Small
Appendix 1. Movements of satellite tagged harbor seals in Southeast Alaska and the

Kodiak Archipelago

Table 1A. Summary of movements made by harbor seals tagged with satellite
transmitters in Southeast Alaska, spring 1995. The general areas where seal locations
were concentrated are listed by consecutive dates.

SDR 3088 (Seal# SE95S01) Adult Male captured at Price Island!
Gambier Bay Endicott Arm

19 Apr — 21 Apr

22 Apr-25 Apr

26 Apr—13 Jul
SDR 3090 (Seal# SE95502) Adult Female captured at Price Island’
Gambier Bay The Brothers Islands
19 Apr — 4 May
5 May — 9 May
10 May — 7 Jul
SDR 2085 (Seal# SE95S03) Subadult Female captured at Price Island’
Gambier Bay Endicott Arm The Five Fingers
20 Apr — 7 May
8 May — 10 May
11 May — 30 May
31 May — 7 Jun
8 Jun-9 Jun
10 Jun - 30 Jun
SDR 2087 (Seal# SE95S04) Subadult Female captured at Price Island’
Gambier Bay Pybus Bay The Brothers Islands
19 Apr — 20 Apr
21 Apr
22 Apr-27 Apr
28 Apr — 3 May
4 May - 5 May
6 May — 13 May
14 May - 19 May
20 May — 16 Jun

SDR 3086 (Seal# SE95505) Adult Female captured at Pybus Reef’
Pybus Bay: 21 Apr-21 Jul
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Figure 5. Average daily locations for adult female harbor seal SE95S05 (SDR 3086) in
Southeast Alaska from 21 April to 21 July 1995.
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Figure 12A. Average daily locations for subadult female harbor seal KO95S02 (SDR
2086) in the Kodiak Island area, Alaska, from 31 March to 10 June 1995.
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Table 4A. Summary of movements made by harbor seals tagged with satellite
transmitters in the Kodiak Island area, fall 1995. The general areas where seal locations
were concentrated are listed by consecutive dates.

SDR 5044 (Seal# KO95F01) Subadult Female captured at Ugak Bay

West Ugak Bay East Ugak Bay
9 Oct—1 Nov
2 Nov — 8 Nov
9 Nov - 27 Mar (1996)
28 Mar - 30 Mar
1 Apr—17 Apr
18 Apr - 5 May
6 May — 8 May
9 May — 6 Jun

SDR 5049 (Seal# KO95F02) Subadult Male captured at Ugak Bay
West Ugak Bay: 11 Oct 1995 - 27 May 1996

SDR 5046 (Seal# KO95F03) Adult Female captured at Ugak Bay
West Ugak Bay: 9 Oct 1995 - 27 Jun 1996

SDR 5045 (Seal# KO95F04) Adult Male captured at Ugak Bay
West Ugak Bay: 10 Oct 1995 - 16 Jun 1996

SDR 5051 (Seal# KO95F0S) Subadult Female captured at Kiliuda Bay
West Kiliuda Bay Ugak Bay SE of Kiliuda Bay

10 Oct—26 Nov

28 Nov - 29 Nov

30 Nov -6 Dec

8 Dec — 10 Dec

11 Dec — 17 Jan (1996)

18 Jan — 19 Jan

20 Jan—7 Apr

SDR 5050 (Seal# KO95F06) Subadult Female captured at Kiliuda Bay
West Kiliuda Bay: 10 Oct 1995 - 15 May 1996
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Genetics: Microsatellite DNA O’Corry-Crowe

Locus Hg8.10

One microlitre of a standard 1:10 DNA extract dilution was amplified in a 25pl hot start
PCR (Saiki eta 1., 1985; Sambrook et al., 1989) using 10um of fluorescently dye-labelled
oligonucleotide primer Hg8.10-F and unlabelled oligonucleotide primer Hg8.10-R (Allen et al.,
1995), 600um of each ANTP, 2.5 units Tag DNA polymerase (Saiki et al., 1988), and PCR buffer
(10mM Tris-HCI, ph 8.3, 50 mM KCI, 1.5mM MgCl2, 0.01% gelatin). Amplifications on the PE
9600 were initiated by a 2 minute (min) denaturation at 95°C, followed by 35 cycles with
denaturation at 90°C for 30 seconds, annealing at 55°C for 1 min, and extension at 72°C for 1
min. This was followed by a final extension at 72°C for 5 min and ramp down to 4°C.

Number of alleles: 3
Allele size range (bp): 183-187

DISCUSSION

The initial aim of this project was to test 5 microsatellite loci on a small number of
harbour seals from two or more distinct areas in Alaska and conduct some preliminary data
analysis. Our experience with the application of variation at microsatellite loci to studies on the
molecular ecology of marine mammals over the past few years, however, has convinced us that
initial efforts are better spent screening/optimizing a large number of loci. We thus decided to
focus on screening a larger number of loci (i.e., 8) across a greater number of individuals (i.e.,
40). We believe this has given us a better understanding of: (1) which loci are the most
appropriate markers for particular questions, and (2) what level of variability exists within each
locus.

A number of studies have found that primer sets initially designed on one species may be
used on a wide range of closely related species because the priming sites are highly conserved
(Schlotterer et al., 1991; Allen et al., 1995; Coltman et al., 1996; Engel et al., 1996). Recent
molecular genetic investigation suggests that the grey seal may be a member of the same genus
(Phoca) as harbour seals (Amason et al., 1995; O’Corry-Crowe and Westlake, 1997). Therefore,
we tested four primer sets originally typed on grey seals (Allen et al., 1995). Three out of the
four consistently amplified and were polymorphic.

The wide range of variability recorded within the seven amplifiable loci to date may
reflect differing ages and rates of evolution. Whatever the proximate causes, the differeing levels
of polymorphism suggest that a range of population and behavioural genetic questions can be
addressed using these markers. For example, loci with low levels of variability (e.g. Pvc19) may
evolve at a slow enough rate to resolve ancient divisions among populations or sub-species but
would not be variable, and therefore informative enough in assessing relatedness of kin.
Conversely, a highly variable locus (e.g., Hg3.6) when used in conjunction with other equally
variable loci may resolve questions of kinship, paternity and local dispersal but may be too
variable and ‘noisy’ (i.e., homoplasy) to resolve population structure or deeper divergences.
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CHAPTER FIVE

PREY UTILIZATION AND TROPHIC STUDIES OF
ALASKAN HARBOR SEALS

OBJECTIVE 8
Provide support to studies by other investigators that will examine the nutritional status,
energetic requirements, and food habits of harbor seals
OBJECTIVE 10 (Supplemental Proposal)

Determine prey utilization of harbor seals through identification of fatty acids in blubber
samples

OBJECTIVE 11 (Supplemental Proposal)

Determine prey utilization of harbor seals through analyses of scats and stomach contents
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Diet Summary

Table 1. Year, region, month, sample size, and location of harbor seal
scats and stomachs collected between 1990 and 1996.

Year Region Month N Location
SCATS
1990 Bering Sea (19) August 4 Nanvak Bay
September 15 Nanvak Bay
1991 Bering Sea (22) July 3 Nanvak Bay
August 19 Nanvak Bay
1992 Bering Sea (67) July 23 Nanvak Bay
August 35 Nanvak Bay
September 9 Nanvak Bay
1995 Kodiak (29) March 3 Uganik Passage
October 21 Kiliuda Bay
5 Ugak Bay
1995 Southeast (115) March 6 Pybus Reef
September 25 Price Island
16 SW Brothers
2 Inner Krugoloi
2 Long Bay
1 Pybus Reef
1 Vixen Island
October 13 SW Brothers
December 26 Price Island
9 Circle Point
5 W. Brothers
4 Sunset Island
3 Sail Island
2 SW Brothers
1996 Southeast (10) March 2 Price Island
September 8 Price Island
STOMACHS
1995  Southeast (6) October 3 Sitka - Big Rose Island
1 Sitka - Sergius Narrows
December 2 Sitka - Deep Bay
1996 Southeast (2) January 1 Sitka - Silver Bay
1 Sitka - Gavinski Rocks
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Table 5. Percent occurrence of prey identified from harbor seal stomachs collected in Southeast Alaska in

1995 and 1996.
Southeast (n = 8) %
“Theragra 63
Cephalopoda 38
Clupea 25
Oncorhynchus 25
Microgadus 25
Hemilepidotus 25
Sebastes 13
Cottidae 13
Enophrys 13
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discrete populations. A DNA microsatellite study has been initiated to examine the
consequences of population declines on spatial and temporal patterns of genetic variation.
Samples from Kodiak Island and Prince William Sound are being used, because of recent
population declines in those areas. This project will be expanded to parallel the mtDNA
study as a second type of molecular marker in determining identification of stocks.

Available diet information from the 1990s, based on scats and stomach contents,
revealed distinct differences in prey composition between northern Bristol Bay versus the
Kodiak and SE areas. Based on frequency of occurrence, flounders, sandlance, tomcod,
and smelts were the primary prey in Bristol Bay, whereas pollock, arrowtooth flounder,
and herring were the primary prey in Kodiak and SE. Seasonal collections of scats and
stomach contents will be expanded in all areas beginning in 1997. Fatty acid signatures
found in blubber samples indicated differences in diet among seals from the Kodiak
region, Yakutat Bay, and SE. As sample sizes increase for both types of research, an
overall synthesis will provide a better understanding of the harbor seal diet.

Providing the National Marine Fisheries Service with information that can be
used in the management and conservation of Alaskan harbor seals is the final overall
objective of this research project. The results and discussion from the various subprojects
presented herein can be used to further develop a management strategy. Trends in
population abundance may be used in conjunction with NMFS statewide population size
estimates to evaluate stock status. The scientific basis for stock delineation has
strengthened due to the completion of a mtDNA analysis. Information on movement
patterns, diving behavior, and diet are now available, which can be integrated to provide
a better understanding of foraging ecology and habitat utilization needed for
management.

RECOMMENDATIONS

1. Annual trend count surveys should continue in the Sitka and Kodiak regions. The
Ketchikan route should be surveyed on a biennial basis, with the next survey
conducted in 1998. The area between Icy Bay and Icy Strait in the northeastern
Gulf of Alaska was surveyed in 1996 (and 1997), but future surveys should be
modified with improved techniques for monitoring the large concentrations of
seals in Icy Bay and Disenchantment Bay. The north side of the Alaska Peninsula
should be considered as an area for a new trend route.

2. Methods for the statistical analysis of population trend should be further
developed. Specifically, a Bayesian approach to estimate trends should be
investigated, and a quantitative criterion to determine the appropriate interval for
monitoring counts should be developed.

3. Movement and dive data from all satellite tagged seals from 1993-1996 should be
synthesized to determine the strength of such data in the description of harbor seal
foraging ecology. Available bathymetry data should be integrated in the analysis
to examine spatial and temporal differences among seals. The results of this
analysis should be used to: (1) investigate which aspects of foraging behavior are
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