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ABSTRACT

In  August 1991, satellite-linked platformtransmtter
termnals (PTTs) were attached to four spotted seals (Phoca

| argha) captured near a coastal haul out at U ukok Pass in the
northeastern Chukchi Sea. The locations and diving behavior of
the seals were nonitored for periods of 64-259 days. Usable
position informati on was obtained for about 50% of the days that
the PTTs were operational.] During August-Cctober, seals made
long feeding trips southwestward into the southern Chukchi Sea
and returned to haul outs at Kaseﬂaluk Lagoon. Durations of at-
sea periods ranged from8 to 902 hours, and the four seals on
average spent 7% of their tinme hauled out. Three seals with
still functional PTTs began their southward mgration in Cctober;
two of them used haul outs in the Kotzebue Sound region and the
northern Seward Peninsula. Seals mgrated southward through
Bering Strait in Novenber and were near St. Lawrence Island in

m d- Decenber. The two seal s whose PTTs worked into March-Apri
spent the late winter and early spring in the sea ice south and
sout heast of St. Matthew Island. Haul outs on ice were
infrequent, wth seals hauled out only 6% of the tine, on
average. The nunber of dives to greater than 10 m depth averaged
160 and 284 per day for two of the seals. Al dives were to
depths less than 100 m and nost |asted for less than 10 m nutes.,

This study denonstrated the utility of satellite-linked
telemetry for studying the biology of spotted seals.
Modi fications to PTT programm ng should allow future efforts to
aﬂ?er_nnre detailed I nformation on novenments and diving
ehavi or .
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| NTRODUCTI ON

Spotted seals (Phoca largha) are nediumsized pinnipeds of
the famly Phocidae that occur principally in the Ckhotsk,
Bering, and Chukchi Seas. Because of norphological simlarities
with the North Pacific harbor seal (Phoca vitulina richardsi) and
their adjacent and somewhat overlappi ng ranges, theY have at
times been considered a subspecies (Phoca vitulina |argha) (Burns
and Fay 1970, Bigg 1981). However, ecological differences in
habi tat use and reproductive activities (Burns 1970) and detail ed
nmor phol ogi cal and crani onetric anal yses (Shaughnessy and Fay
1977, Burns et al. 1984) have confirnmed that substantia
di fferences exist between harbor and spotted seals.

Unlike the relatively well studied harbor seal, the biol ogy

of spotted seals is not well described (Quakenbush 1988). Mbst
of the information available has come from studies conducted in
the Bering Sea ice front in spring (e.g., Burns 1970, Fedoseev
1976, Braham et al. 1984). Pupping, breeding, and nolting all
occur in association wth sea ice fromMarch through May. As the
sea i ce cover dimnishes and coastal areas becone 1ce-free,
spotted seals nove to nearshore areas of Al aska and Siberia, sone
of them mgrating northward into the Chukchi Sea. During the
open water season, they are comonly seen haul ed out on coasta
barrier islands, sandbars, rocks, and reefs.

Frost et al. (1983) conpiled information on the major sumer
haul out areas used by spotted seals along the coast of the
eastern Chukchi Sea. The nost inportant area identified was
Kasegal uk Lagoon (naned after the Inu?iat word for spotted seal),
where 1,000 or nore seals were commonly seen haul ed out inside
the barrier islands. This led to a detailed study conducted
during 1989-1991 to document spotted seal distribution
abundance, and habitat use in this region (Frost et al. 1993).

There have been no studies to describe the activities and
behavi or of spotted seals in Alaska at different times of the
year other than during the spring. In August 1991 we conducted a
study at Kasegal uk Lagoon to assess the feasibility of capturing
and attaching satellite tags to spotted seals. The principa
objective of this study was to evaluate the utility of satellite
Eehenptry for identifying novenents, habitat use, and diving

ehavi or.

METHODS AND MATERI ALS
Field Wrk

Field studies were conducted at Utukok Pass, a break in the
barrier island systemin the central portion of Kasegal uk Lagoon
(Fig. 1). Personnel and equi pment were transported by boat from
Point Lay to U ukok Pass, where a field canp was set up during
4-7 August 1991.
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Seal s were caught using a net drifted in the | agoon near the
pass. The net was constructed wth |arge-dianeter nultifilament
nylon twwne wth a stretched nesh size of 20 cm and it was 3.7 m
deep and 88 mlong. The top of the net was supported by foam
floats and the bottom weighted with a lead line. Seals that
becane entangl ed were inmediately taken into a boat, renoved from
the net, and put into hoop nets constructed of soft nylon netting
with a nesh size of about 2 cm  They were then taken to shore.

Once on shore, seals were either physically restrained or
sedated with a mxture of ketam ne and di azepam adm ni stered
intramuscul arly at standard doses of approxi mately 2-4 ng/kg
ketam ne and 0.05-0.10 ng/ kg diazepam (Geraci et al. 1981). Each
seal was weighed, measured (curvilinear length), and tagged on
the hindflippers with individually nunbered plastic tags.

Approxi mately 50 cc of blood was drawn fromthe extradural
intervertebral vein (Geraci and Smth 1975).

A satellite-linked platformtransmtter termnal (PTT) was

lued to the fur of the md-dorsal surface of each seal using a
ast-setting epoxy (Fedak et al. 1984; Stewart et al. 1989).
Wth this type of attachment, it was assuned that the PTT would
stay attached until the seal nmolted in Muy-June. After tagging
was conplete, animals were placed above the tide |line near the

Cﬁpture site and left undisturbed until they chose to return to
the sea

Prior to being attached to the seals, PTTs were tested over
a period of 1-4 days. They were placed in two |ocations on
barrier islands off Kasegal uk Lagoon at a hei ght of 2-3 m above
sea level. Location data based on transm ssions fromthe PTTs
were conpared to test site coordinates determ ned from Nationa
Cceani ¢ and Atnospheric Adm nistration (NOVW nautical charts.

Equi pnent

Two types of PTTs were used. Units manufactured by Wldlife
Computers (SLTDR 1.0W Woodinville, Washington) neasured 13.5 cm
X 12.5 cm x 3.8 cm and wei ghed about 1,050 g. Units from
Telonics (ST-3; Mesa, Arizona) measured 17.5 cmx 10.0 cmx 3.5
cm and wei ghed about 800 g. Both types were powered by four
lithiumC cells and had 1 watt of signal output through whip
antennas. The PTTs transmtted on 401.65 MHz to receivers
onboard NOAA polar orbiting satellites. PTTs were equipped with
conductivity switches so that they transmtted only when they
were out of the water. Telonics tags transmtted once every 60
seconds; WIldlife Computers tags transmtted once every 45
seconds when the animals were at sea, and switched to a rate of
once every 90 seconds when animals were hauled out. Wldlife
Comput ers tags operated continuously fromthe tinme they were
attached, while Telonics tags were duty cycled and sent data for
7 day periods followed by 7 days of no transm ssions. Data
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transmtted included PTT identification code, tenperature, and
information on the nunber and duration of dives. Wldlife
Computers tags al so gave data on dive depths and battery status.

Wl dlife Conputers tags collected and reported dive data in
bins.  The mnimm depth registered as a dive was 10 m During a
dive, the SLTDR sanpled depth every 10 seconds to-determ ne dive
duration and maxi mum depth. At the end of each dive, it was
incremented to one of six user-defined bins for maxi nrum depth and
for duration. A set of bins was referred to as either a depth or
duration histogram Depth bins were 10-50 m 51-100 m 101-150
m 151-200 m 201-250 mp and nmore than 250 m  Duration bins
were : 0-120 seconds; 121-240 seconds; 241-360 seconds; 361-480
seconds; 481-600 seconds; and nore than 600 seconds. Data for
each bin were accunul ated over 24-hour periods. Data were stored
for the previous 4 days and were transmtted whenever contact was
made with the satellite.

Tel onics tags reported the duration of the previous dive
(i.e., the length of time since the conductivity switch had | ast
been dry), the number of dives in the previous 12-hour period
(i.e., the nunber of seParate times the conductivity swtch had
been dry), and the total anount of tine spent divin% in the
previous 12 hours (i.e., the total length of time that the
conductivity switch had been underwater).

Data Analysis

Data were obtained through the Argos system Argos is a
joint programof the French Space Agency, the U S. National
Aeronautics and Space Administration, and NOAA.  Argos packages
are flown on NOAA Tiros spacecraft, and data processing i s done
by Service Argos Inc., a subsidiary of the French Space Agency.

The Argos systemrecorded date and time of each signal
received by the satellite (termed an "uplink”) and calculated a
| ocation for the PTT based on Doppl er shift whenever sufficient
signals were received during a satellite pass. The accuracy of
| ocation cal cul ations varies based in part on the nunber of
uplinks that occur during a satellite pass. Service Argos
assigns a quality ranking to location information. This rank is
based on predicted accuracy which suggests that for the best data
(assigned quality nunmber 3), predicted |locations are expected to
be within 150 m of actual locations 68% of the tinme. Locations
that are based on few uplinks or have other potential problens
are assigned quality 0. Processing of data to calculate quality
0 locations is an extra cost option, and we requested the _
addi tional processing only for Wldlife Conputers PTTs. Quality
0 locations were used princkﬁally to provide approxi mate
positions of seals on days wnen no quality 1-3 fixes were
obtained. \WWen only one uplink occurred during a satellite pass,
sensor data were recorded but no location was cal cul at ed.
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Stewart et al. (1989) and Mate et al. (1992) provide additional
description and analysis of the Argos systemand its application
to marine manmal tracking.

For analysis and presentation of data, dates and times
reported by Service Argos were converted to true |local tine from
G eenw ch nmean tinme by subtracting 11-hours.

The di stance and speed between each sequential pair of fixes
were calculated for all location records, and the results were
used to screen out inaccurate |ocations. Apparent novenent
speeds of greater than 20 kmihr for periods greater than 5
m nutes were considered suspect. Upon inspection of the data it
was evident that these high speeds were due to one or nore
| ocation fixes that clearly did not fit with the rest of the
data. These records were deleted fromthe database and di stances
and speeds were recal cul at ed.

A conbination of |ocation and sensor data was used to assess
when seals were hauled out. WIdlife Conputers PTTs reported the
seal s as haul ed out or at sea based on the status of conductivity
sensors. After the tenth transmssion with no interruption of
the conductivity switch, subsequent transm ssions indicated that
the seal was hauled out of the water. Wien the conductivity
switch was interrupted, the status changed immediately back to
at-sea. As a result this indicator underrepresented the actual
duration of haul outs in two ways. First of all, since there was
a delay of 10 transm ssions before the beginning of a haul out
was indicated, the haul out probably began about 450 seconds
previously. To correct for this in data analysis, each haul out
was assumed to have begun 7 mnutes prior to the time indicated.
Al so, when seals are at coastal haul outs in the Chukchi Sea,
they often lie in very shallow water where splashing or brief
i mersions of the conductivity switch could result In at-sea
readings. Therefore, location records from around the times when
sensors indicated haul outs were inspected, and the duration of
t he haul out bout was considered to include the entire period
that the seal was in the vicinity of the haul out.

Tel oni cs PTTs did not have a specific indicator of haul
outs, but with every transm ssion theﬁ i ndi cated the duration of
the previous dive. Instances where the indicated duration of the
previous dive remai ned constant for four or nmore transm ssions
were considered to represent seals hauled out. The time of the
first identical transmssion in the series was considered the
start of the haul out bout, and the end was recorded as the tine
when the duration of the previous dive changed. \en seals were
in the Chukchi Sea there were some periods adjacent to the
apparent haul out bouts in which there were a few dives indicated
that were consistently short (less than 60 seconds), and for
which |ocations plotted at or adjacent to the haul out site.
Those periods were included in the determ nation of the total
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duration of haul outs. Sinmlar decision criteria were used by
Born and Knutsen (1992) to determ ne haul outs of walrus
(QXobenus rosmarus) from satellite telenetry data.

In nmost cases, it was possible to distinguish haul outs on
land from those on ice sinply by location. On some occasions in
Novenber, haul out Iocationswflotted near shore and coul d have
been either on land or on newy formed ice. In these instances,
the series of location fixes received during the haul out bout
was examined, and the substrate was considered to be ice if there
was substantial variation anong them (i.e., indicating that the
seal was on ice that was drifting).

Dive data fromWIdlife Conmputers tags were processed using
software provided by the nmanufacturer. An error-checking
algorithm was used to validate nessages. Histogram nmessages were
sorted by date, period, and type, and duplicate messages that
provided data for the sanme day were renoved.

A Kol nogorov-Smrnov test for goodness of fit (KS) was used
to test for uniformty in the hauling patterns of spotted seals
by tinme of day. Because hauling behavior is thought to change
seasonal |y, diel patterns of haul outs were tested separately for
the follow ng periods: 4 August through 31 Cctober 1991; 1
Novermber through 31 Decenber 1991; 1 January through 29 February
1992; and 1 March through 19 April 1992. In all tests the al pha
was set at O0.05.

RESULTS
Capture and Tagging of Seals

Four spotted seals were captured during the period 4-7
August (Table 1). No capture attenpts were made on 5 August due
to stornmy weather. Seals swinming toward the net at the surface
aﬁpeared to see and avoid the floats. However, when underwater
they did not seemto detect the webbing and readily becane
entangled. The water was quite nudd%. None of the seals
appeared injured or unduly stressed by the capture operations.

Three males and one fermale seal were captured. Al animals
appeared to be in excellent physical condition, ranging in weight
from45.5 to 106.8 kg. The three |argest seals were sedated
prior to tagging; the other was restrained physically. The tota
time required to measure an individual seal, collect blood, and
attach the PTT and flipper tags was approximately 60 m nutes.

The seal that was not sedated went immediately into the water and
swam away from the tagging site. Sedated seals remained on the
beach an additional 20 to 40 mnutes until they had recovered
fromthe effects of the drugs. Individual seals will be referred
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to in this paper by their PTT identification nunber- (see Table
1).

PTT Perfornmance

Satellite fixes were obtained fromPTTs at two | ocations on
land: one approximately 10-kmnorth of Point Lay (69°49.8' N
162°59.0'W, and the other at the tagging site at U ukok Pass
é70°05.0'N, 162°31.0'W. The nean values of quality 3 locations
erived fromPTTs were virtually identical to the chart
coordinates (69°49.6'N, 162°59.0'W and 70°05.0'N, 162°30.7'W.
Since the positions derived fromthe satellite data are probably
nore accurate than those obtained fromcharts, variation anong
quality 3 locations and errors in quality 1 and 2 |ocations were
determ ned by conparing each individual fix with the nmean of the
quality 3 locations (Table 2). On average, quality 3 fixes at
the test location north of Point Lay varied by only 120 m the
errors in quality 2 and 1 |ocations were about tw ce as |arge.
For all quality categories the nean error was about three tines
greater for fixes at Utukok Pass. No quality O locations were
received fromthe transmtters on |and.

After they were attached to seals, PTTs sent signals for
64-259 days. The first PTT to stop sending signals was | ast
heard on 10 Cctober 1991; one unit continued to transmt until 12
April 1992 (Table I). The periods over which signals were
received were as follows: PTT 14098-149 days; PTT 14099-64 days;
PTT 10919-215 days; and PTT 10920-259 days. Because the Tel onics
tags were duty cycled, the actual nunber of days that the
transmtters operated was about one-half of the total time (111
days for PTT 10919 and 133 days for PTT 10920). However, the
Tel onics tags were activated at md-day so that during each on
cKcIe there were two half days and six full days of transm ssion
Therefore, the total nunber of cal endar days on which data could
have been received was 126 for PTT 10919 and 152 for PTT 10920.

In total, 1,571 location records for all PTTs conbined were
received from Service Argos. \Wen those records were screened
based on the assunption that seals were unlikely to sw m at
speeds greater than 20 km hour for nore than 5 mnutes, 126
records were deleted. O those, 119 were location quality 0, 5
were quality 1, and 2 were quality 2. The remmining data set
incéu ed 631 class O locations and 814 |ocations of classes 1, 2,
or 3.

When only quality 1-3 |ocations are considered, the total
nunber of fixes obtained for a single seal ranged from51 to 289
(Table 3). Mst were of location quality 1 (49% 60% or quality
2 (35%47%; relatively few were quality 3 (4%6%. On average
each PTT gave 0.8 to 2.6 fixes of quality 1-3 per operational
day. One or nore fixes of quality 1-3 were obtained on 23% 59%
of the days that each PTT was operational. Quality O locations
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provi ded positions for seal 14098 on 52 additional days and for
seal 14099 on 12 additional days.

Haul out Behavi or

Interpretations of the daily behavior of each seal based on
PTT data are given in Appendices A-D. In August and Septenber
all recorded haul outs were at either the tagging site, Ut ukok
Pass (8 records), or to the north at Akoliakatat Pass (5 records)
(Fig. 2). Three of the four seals hauled out at the southern end
of Kasegal uk Lagoon in early to md-Cctober, and two | ater haul ed
out on land in Kotzebue Sound and on the north side of the Seward
Peninsula. Undoubtedly some haul out bouts were not recorded
since two of the transmtters were operational only 50% of the
tine. After md-Novermber all haul outs were on ice

There was great variability in the |engths of haul out bouts
and at-sea periods for seals in the Chukchi Sea during
August - October (Table 4). Recorded haul out bouts ranged from0.5
to 114.0 hours, wth considerable variability within and anong
i ndividual seals. Lengths of at-sea periods could be determ ned
only for transmtters that were not duty cycled: they ranged from
8.1 to 902.2 hours. 'Based on the total tine hauled out and the
total tine at sea, individual seals spent 1.2% 13.9% of their
time on land and 86.1% 98.8% of their time at sea (Table 5).
Combining data from all individuals, the four seals on average
spent 6.8% of their time hauled out on [|and.

Data on the amount of time spent hauled out on ice were
conpiled for sem -nonthly periods from Novenber through m d-Apri
(Table 6). Two of the three PTTs that functioned during this
tinme were duty cycled, so the number of haul out bouts is
under est i mat ed. Nonet hel ess, the results show that seals haul ed
out infrequently with no obvious seasonal trend. Mean durations
of individual haulout bouts (only conplete haul outs included)
for each seal were: PTT 10919-6.5 hours (s.d.=5.11, range
1.5-20.5 hours, n=20); PTT 10920-4.3 hours (s.d.=3.58, range
1.2-15.6 hours, n=22); and PTT 14098-7.9 hours (s.d.=4.0, range
0.2-14.2 hours, n=9). The overall mean duration of an on-ice
haul out was 5.8 hours (s.d.=4.46). The proportion of the
nonitored time that individual seals spent hauled out within a
sem -nmont hly ﬁeriod varied from0%to 51.2% wth a conbi ned
average for the three seals of 6.2% (Table 7).

Because signals from the PTTs were not nonitored constantly,
it is not possible to determne the precise tine of day that
haul out bouts began and ended. In order to |ook for diurna
haul out patterns, we calculated the nunber of tines that PTT data
i ndi cated a seal was haul ed out at any tine within each hour of
the day. These data on frequency of haul out by hour were
grouped by individual seal for four seasonal periods (Appendices
E-H).
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When data for all seals were conbined, there were obvious
seasonal changes in the time of day during which seals were
recorded as hauled out (Table 8, Fig. 3). During August-Cctober,
seal s hauled out with equal frequency during all hours of the day
(KS score=0.016, n=312, P<0.59). In Novenber-Decenber, haul outs
varied by hour (KS score=0.108, n=178, 0.01<P<0.05); the peak
haul out occurred during 0200-0700 hours and |700-2100 hours.

The pattern was simlar in January-February with a distinct

m nimumin haul out activity during 0800-1600 hours (KS

score=0. 155, n=129, P<0.01). In March-April, haul out behavior
was not constant over tinme (KS score=0.206, n=57, 0.01<P<0.05).
During this period, haulout frequency was highest between 1100
and 1600 hours.

Movenents of Seal s

During the time that the PTTs were functional, spotted seals
moved over great distances. Based on the sum of distances
bet ween sequential locations, the total distances over which
seal s were tracked were: PTT 10919--6,036 kmin 212 days; PTT
10920--4, 426 km in 259 days; PTT 14098--9,642 km in 149 days; and
PTT 14099-- 2,355 kmin 64 days. Overall noverments are shown in
Figures 4-7, in which alllocation records that fit the
time/speed criteria are plotted.

Duri ng August, Septenber, and Cctober, seals nade trips to
sea from coastal haul outs in the eastern Chukchi Sea (Fig. 8).
Seal s 14098 and 14099 spent nost of their time between Kasegal uk
Lagoon and Point Hope in a roughly triangul ar area extending
of fshore from Point Hope to a distance of about 200 km
Information on at-sea novenents is much |less detailed for seals
10919 and 10920 because their PTTs were duty cycled, and quality
O location data were not obtained. |t appears that their
novenents to sea were also nostly to the southwest from Kasegal uk
Lagoon. Seal 10919 made two trips from Kasegal uk Lagoon to | ust
north of Bering Strait and back

The characteristics of trips to sea are listed in Table 9
for those instances where the conplete trip is recorded in the
data. Data fromduty cycled PTTs were not included unless two
haul out bouts occurred during a continuous 'l-day period when the
transmtter was on. Estimates of distances covered and speeds
are mni nunms because they are based on straight-line distances
between sequential [ocations.

The | ongest recorded trip was for seal 14099; it was at sea
for 902 hours (37.6 days) and traveled a m ninum di stance of
1,685 km It is quite possible that |onger trips were nade by
seals with duty cycled PTTs. For exanple, seal 10919 was | ocated
at Utukok Pass on 15 Septenber and on 30 Septenber, it was off
I nchoun on the Chukchi Peninsula, a straight-line distance of
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530 km  On 14 Cctober, it was again hauled out at Kasegal uk
Lagoon near Naokok Pass.

Three PTTs were still operational when seals began their
southward mgration from Kasegal uk Lagoon (Fig. E?. Seal 10919
| eft Naokok Pass on 16 October and travelled to Kotzebue Sound,
where it-hauled. out at Cape Espenberg on 10 November. Seal 10920
went to sea from Akuni k Pass on 17 Cctober and al so noved to
Kot zebue Sound, hauling out off Kotzebue on 30 Cctober and in
Shishmaref Inlet on 3 Novenber. Because these two PTTs were duty
cycled, it is possible that other haul outs were used, as well.
Seal 14098 |eft Ut ukok Pass on 3 October, and its next recorded
haul out was on ice north of the Seward Peninsula on 14 Novenber
Since that PTT was not duty cycled, it appears that seal 14098
was at sea for approximately 990 hours (41.2 days) while on its
southward mgration

Seal 10919 passed sout hward through Bering Strait between 17
and 23 Novenber (while the duty cycle was off). It was
subsequently | ocated several tines along the Chukchi Peninsula in
Seniavin Strait and off Cape Chukotskiy (Fig. 9). On 14
Ferenger, it was |ocated near the northwest tip of St. Law ence

sl and.

After passing through Bering Strait sometinme between 4 and
10 Novenber (while the duty cycle was off), seal 10920 was
| ocated in Port Clarence, along the south side of the Seward
Peninsula, and in Norton Sound (Fig. 9). During 9-13 Decenber
it was in the vicinity of St. Lawence Island.

Seal 14098 passed southward through Bering Strait during
16-17 Novenber. It then spent time along the Chukchi Peninsul a
inthe vicinity of St. Lawence Bay, Mechigmen Bay, and Cape
Chaplino (Fig. 9). From19 to 22 Decenber, seal 14098 was in the
vicinity of St. Lawence Island.

From St. Lawence Island, all three seals noved generallX
sout hward, presunably with the advancing sea ice front (Fig. 10).
Seal 14098 noved south in a virtually straight line. Wth the
exception of one haul out on 29 Decenber, it spent alnost all of
its time in the water until 1 January when it began a series of
haul out bouts that lasted until the PTT stopped transmtting on 2
January.  Seals 10919 and 10920 noved southward nore slowy.

Their positions on 6 January were 130 km and 205 km farther to
the north than 14098 on 2 January. During January-March, seals
10919 and 10920 made consi derable north-south and east-west
movenents, but they stayed in the general area south to sout heast
of St. Matthew Island.

M ni mum di stance noved and rate of novenent of seals during
their southward mgration and while in the Bering Sea are
summarized in Table 10. Because their PTTs provided fewer



10

| ocations, data for seals 10919 and 10920 are biased low. The
rates of novenment for seal 14098, which were at |east tw ce as
great, may be nore realistic. The nost rapid period of novenent,
wi th an average speed of 90 km day, was for 14098 when the seal
was nmoving southward from St. Lawence Island in |ate Decenber

Di ving Behavi or

The Telonics PTTs did not have a pressure sensor, and they
reported dive infornation based only on when conductivity sensors
were wet or dry. The data that were reported included sone dives
that were of reasonable length, but in many instances the data
suggested that dives |lasted several hours or days. Since there
was no way to determ ne which dive records were valid and which
gg%e not, no analysis was done on the dive data fromthe Tel onics

S.

The WIldlife Conputers PTTs used pressure sensors to neasure
the duration and maxi nrum depth of dives, which was sunmarized in
24-hour histogram bins. Information on depth and duration of
di ve was collected for over 21,000 dives nade by seal 14098 and
over 12,000 dives by seal 14099. The m ninmum depth for which the
pressure sensor recorded a dive was 10 m Because all of
Kasegal uk Lagoon and the nearshore waters al ong the Chukchi Sea
coast are less than 10 m dives in these shallow areas were not
recorded and are not represented in the data. For both seals
the mpjority of dives were in the 10-50 mrange and none were
deeper than 100 m (Table 11, Fig. 11). Seventy-seven percent of
all recorded dives for seal 14098 and 69% for seal 14099 were
10-50 m  For both seals, there was considerable nonthly
variability in depth of dive (Fig. 12). In August, 84% of the
dives of each seal were 10-50 m  The proportion of shallow dives
decreased to 62%67% in Septenber and 48%56% in COctober. PTT
14099 stopped transmtting in Cctober. During the southward
mgration in Novenber-Decenber, the dives of seal 14098 were
again shallower, with 84%95% of all recorded dives in the 10-50
m dept h bi n.

The nunber of dives recorded per day was substantially |ess
for the large adult female than for the smaller nmale (Fig. 13).
The adult fenale (14098) made an average of 160 dives per day
while the smaller male (14099) made 284 dives per day. There was
consi derable variation 1n the average daily nunber of dives by
each seal, but seal 14099 al ways made approxi mately 50% nore
dives. During August-Cctober both seals had periods of intense
diving foll owed by one or nore days of few or no dives greater
than 10 m There was less variation in the nunber of dives per
daK for the adult fenmale, but after 1 November her diving
behavi or became |ess regular

The duration of dives differed considerably between the
adult female (14098) and the young male (14099) (Table 12, Fig.
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14). Only 14% of the total dives by the young male were | onger
than 4 mnutes, and less than 1% were |longer than 8 mnutes. In
contrast, 69% of dives nade by the female were | onger than 4
mnutes and 12% were |longer than 8 mnutes. After mgration
began in Novenber, the fenmale made nore short dives and fewer
dives of internediate length (Fig. 15). The percentage of |ong
di ves remai ned about the same. Forty-three percent of her dives
i n Novermber and Decenber were from0-4 mnutes, 44% were from4-8
mnutes, and 13% were |onger than 8 m nutes.

DI SCUSSI ON
Utility of PTTs for Spotted Seal Studies

During our 1991 field work, spotted seals were relatively
easy to catch. Wather was generally windy and water in the
| agoon was relatively nmurky. Seals did not appear to detect the
net, and four animals were caught in the 3 days that we were able
to work. In contrast, when we attenpted to catch seals in August
1992 the weather was good and the |agoon water was clear. Seals
detected the net nore readily and were nmuch nore difficult to
catch. It appears that nuddy conditions in the |agoon are
necessary for effective netting of seals using the equipnment and
techni ques that were available to us.

In general the PTTs that we attached to spotted seals worked
wel | and provided a wealth of data. One unit (14099) failed
prematurely, apparently due to faulty batteries. Prior to the
failure of this PTT on 10 Cctober 1991, there were several
periods of 4-9 days when no signals were received (Appendi x D)
This was probably due to the automatic | ow battery power shutoff
in the PTT being triggered when the unit was in cold water. The
| ast signals were received about 1 hour after the seal had haul ed

out.

W obtained quality O |ocation data for only two of the

PTTs. Wile it was not possible to verify the accuracy of those
| ocations, nost of them (631/750) passed the criteria that we
used to screen out unrealistic positions (apparent speeds greater
than 20 km hour for nmore than 5 mnutes). Since no quality 3

| ocations and few quality 1 or 2 |locations were deleted, we think
the screening criteria that we used were aBPropriate. Using the
uality 0 locations resulted in a near doubling of the nunber of
ays on which the seals' |locations were known (from 57 to 109
days for 14098 and 15 to 27 days for 14099). W recomend that
quality O location data be obtained for all PTTS put on spotted
seals In the future.

Duty cycling two of the PTTs resulted in an approxi mate
doubling of the period sanpled, and extended the data series into
March-April. However, there was a considerable [oss of ability
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to interpret the data, particularly with regard to the
characteristics of feeding trips in the Chukchi Sea.

The Tel onics PTTs did not provide useful information on
diving behavior. Since they were nounted in the mddle of the
seal s" backs, the conductivity switches did not break the surface
after every dive. Wile the indicated duration of sone dives
appeared reasonable, many were unrealistically long. Telonics
PTTs are available wth an alternate progranm ng node in which
they record the anmount of time the conductivity switch is dr
during a preset period of the day. This could provide usefu
information on haul out behavior, and we recommend collection of
thiF type of data if additional Telonics PTTs are used on spotted
seal s.

The WIldlife Conputers PTTs provided data on the maxi num
depths of dives and duration of dives. W had hoped to use these
data, in conbination with information on water depth and the
seal's location, to indicate whether seals were feeding in the
water colum or near the bottom However, the PTTs that we used
had been designed for use on harbor seals that may feed in deep
water, and the m ninumdepth to be considered a dive (10 m and
the depth bins were not ideal for spotted seals. The nearshore
Chukchi  Sea, Fartlcularly Kasegal uk Lagoon, is so shal|ow that
the seals could have been diving regularly in this region and the
PTTs would not have registered these dives. The shallowest depth
bin (10-50 m) was too broad since much of the Chukchi Sea is |ess
than 50 m deep and all of it is less than 75 m deep. Over two-
thirds of the total dives bK both seals were in the first bin,
which provided little insight into the seals' behavior. In the
future, we recommend that PTTs for spotted seals that are _
equi pped with pressure sensors be programed to record dives with
m ni mum depths of 4 m and that the dive depth bins be set to
provide additional resolution in depths of less than 100 m

Description of Spotted Seal Biology

(bservations of |ocations and nunbers of spotted seals

haul ed out in Kasegal uk Lagoon have been recorded for many years
(Frost et al. 1983). Aerial surveys were conducted in 1989-1991
to document use of particular haul outs, and the seasona
variation in seal numbers (Frost et al. 1993). However, none of
that information provided any insight into the novenents, site
fidelity, or diving behavior of seals. It was unknown how often
they haul ed out; whether individual seals used nore than one hau
out location; whether they fed in and near the |agoon, or
travelled to other areas; and when the southward mgration began

Data fromthis study indicate that during the period from
August through md-April, spotted seals haul out infrequently.
During August-Cctober, the four seals that we tagged spent an
average of only 7% of their time on land. During Novenber to
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early April, they spent 6% of their time haul ed out on ice.

There was no synchrony apparent in the days on which the four
seal s hauled out. Tagged seals were recorded as haul ed out on
land on 22 days during August-Cctober: 11 August was the only day
on which nore than one seal haul ed out. Durin% Novenber to early
March, seals haul ed out on 33 different days, but there were only
ei ght instances when two seals were haul ed out on the sane day

and none when three were hauled out.

The tagged seal s showed significant seasonal changes in the
diurnal pattern of hauling out. During August-Cctober, seals
haul ed out with equal frequency during all hours, which confirns
the results previously obtained fromanalysis of aerial survey
counts (Frost et al. 1993). During Novenber-February, seals
showed a strong tendency to haul out |ess often during m d-day.
Possi bl e reasons for such a pattern are presently unknown. In
March and April, seal behavior was different, and haul outs
occurred predom nantly during md-afternoon. This may have been
due to increasing daylight and tenperatures and the onset of
seasonal activities such as pupping and breeding.

- Data fromthe tagged seals denonstrated that spotted seals
u5|n% Kasegal uk Lagoon haul out at nore than one |ocation. Three
of the four tagged seals used both U ukok and Akoliakatat Passes
for hauling out in August and Septenber. The fourth, seal 14099,
haul ed out only once after being tagged at Utukok and that was at
the same location. No other haul outs were recorded as being
used in August and Septenber, although two of the seals were
monitored only half of the time and they could have used ot her
haul outs when the PTTs were not transmtting. During
m d- Cct ober, when Kasegal uk Lagoon began to freeze, three of the
seal s haul ed out near the southern end of the |agoon before
beginning their southward mgration. The large fenmale (14098)
did not, and her last haul out on |land was at Ut ukok Pass on
Cctober 3.  She did not haul out again until November 14, on ice.
The use of the southern passes during Cctober is in agreenment
with reports of Point Lay residents that spotted seals use the
sout hernnost passes in Kasegal uk Lagoon after the |agoon to the
north begins to freeze (Warren and Dorcas Neakok, Point Lay,

Al aska, personal communication, 7 August 1991). In fact, the
| nupi at nane for the nost southern part of Kasegal uk Lagoon
(Kasigialik) neans "place where spotted seals remain."

No new | and haul outs were identified as a result of this
study. The haul outs used by the four spotted seals tagged in
1991 had all been previously identified by coastal residents or
in the course of biological studies (Frost et al. 1983, Frost
et al. 1993). One or nore of the tagged seals spentsone tinme in
nost of the previously known haul out areas in northern Al aska,
al t hough according to the telenetry data, they did not always
haul out. After |eaving the Kasegal uk Lagoon region in
m d- Cct ober, seals spent time near haul outs in Kotzebue Sound,
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Port C arence, northern Norton Sound, and the south side of St
Lawr ence | sl and.

Per haps the nost surprising finding of this study was the

?reat di stances that spotted seals travelled during their summer

oraging trips. The smallest male (10919) nmade two round-trips
from Kasegal uk Lagoon to the area just north of Bering Strait, a
one-way di stance of over 500 km On one of these trips the sea
went to the coast of the Chukchi Peninsula just west of |nchoun

a major spotted seal haul out. Although the |ocations plotted at
the coast, the PTT sensors did not record the seal as being
haul ed out. However, the PTT was duty cycled and was not
transmtting during part of the tine the seal was in this area.
Two of the seals nmade trips of nmore than 300 km al ong the Al askan
coast to Cape Lisburne, Point Hope, and/or Kivalina. Only the
adult fermale renained, relatively close to Kasegal uk Lagoon.
Until the mddle of Cctober, the farthest she travelled was about
100 kmto the southern end of the |agoon.

The pattern of the fall mgration was quite consistent anDn?
the three seals that still had functional transmitters. Movenen
southward began in md-Cctober. None of the tagged seals were

| ocated north of Point Hope after 6 November. | three passed
through Bering Strait during the first 3 weeks of Novenber, and
all were near Saint Lawence |Island sonetime during 13-22
Decenber. After Decenber, rates of novenent differed, but the
three seals all were generally south of Saint Matthew Island from
January to April

Although there were problems with the settings that we used
to collect depth of dive data, sone interesting information was
obt ai ned. Di vi ng behavior appeared to change with tine. In
August, over 80% of the dives of both seals were |ess than 50 m
deep. This correlates well with information on water depth at
the locations where they were diving: both seals spent nbst of
the nmonth near shore in shallow water alon? Kasegal uk Lagoon or
in Ledyard Bay. On sone days when the seals were in Ledyard Bay
the PTTs registered no dives, which is consistent with the fact
that nost of Ledyard Bay is shallower than 10 m During late
August, seal 14098 was | ocated west of Cape Lisburne in water
deeper than 50 m yet nost of her dives remained |ess than 50 m

In Septenber, both seals nade nore dives (33%38% in the
50-100 mrange, and both began to feed in the area west and _
sout hwest of Cape Lisburne and Point Hope. Neither spent time in
Ledyard Bay. As the nunber of shallow dives decreased, the
nunber of dives shorter than 2 mnutes in duration also
decreased. In Cctober, nore of the dives of both seals were
greater than 50 m and there were fewer dives of short duration.
Seal 14099 was |ocated over 150 km west of Cape Lisburne where
the water is deeper than 50 m  Seal 14098 spent a few days in
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shal | ow water north of Cape Lisburne, but nost of the time it was
in deeper water west and southwest of Point Hope.

In early Novenber, seal 14098 returned to Ledyard Bay and
registered no dives while in this shallow area. This was
followed by a few days spent diving in deeper water southwest of
Poi nt Hope. Most of her dives during |ate Novenber and Decenber
were |less than 50 m and many were of short duration (less than 4

m nut es) .

These data suggest t hat feedin% and di ving behavi or changed
through summer and fall, and that the seals may have been noving
to take advantage of variations in the availability of prey.
Future tagging efforts using PTTs with different depth bin
settings should provide nore useful information about diving and
f eedi ng behavi or.

Implications for Population Assessment

Spotted seal surveys are usually conducted when seals are
haul ed out on sea ice during the spring (e.g., Braham et al.
1984), or on land haul outs in the sunmer ge.g., Frost et al.
1993). Because only one PTT continued to function into April, we
did not gather nuch information that could be used to interpret
the results of spring surveys. Different types of PTTs or
different progranm ng could be used to extend battery life and
gather information on haul out behavior during spring. W
attached a 0.5 watt WIdlife Conputers PTT to one spotted seal at
Ut ukok Pass in |ate August 1992, and that tag provided continuous
data through md-April 1993.

The information that we obtained has major inplications for
surveying and estimating the abundance of spotted seals based on
sumrer counts. Prior to this study, we knew that not all the
spotted seals using an area hauled out at the sane tinme on the
same day. However, the alternation between very high counts and
very low counts suggested some synchrony in haul out behavior
perhaps dependent on weather (Frost et al. 1993). W had assuned
t hat maxi mum counts probably represented a substantial proportion
of the seals using the area, and therefore could be used as a
reasonabl e estinmate of m ni mum abundance. ClearIK, this is not
the case. Seals are ﬁresent at Kasegal uk Lagoon haul outs on
al nost every day of the summer and early autumm, yet tagged seals
haul ed out on only a few days each nonth

Frost et al. (1993) flew aerial surveys of seal haul outs in
Kasegal uk Lagoon during 18-22 August and 25-29 Septenber 1991.
Seal 14098 was haul ed out on 18-19 August, but not during 20-22
August.  None of the other three seals hauled out during this
peri od. Relativelﬁ few seals were counted on 18, 21, and 22
August (157-425), but counts were quite high on 19 and 20 August
(853-1235). Counts were relatively high on all three survey days
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in late September, wth the highest count of the season on the
29th (2,137-2,237). Seal 14098 was at haul outs on all the

Sept enber survey days, seal 14099 did not haul out, and the other
two PTTs were duty cycled off. Thus, although aerial survey
counts were high on sone days and | ow on others, telemetry data
showed that not all seals were haul ed out even on the days when
the highest counts were made.

Use of satellite telenetry in conjunction with aerial
surveys could provide better estimates of spotted seal abundance.
However, a larger sanple of tagged seals is needed to estinate
the fraction of seals that are haul ed out and counted during
surveys. A prelimnary analysis using data collected during this
study suggests that a population estimate wth a coefficient of
variation of 30% coul d be obtained if data on haul out behavi or
were obtained from 10 to 20 tagged seals (J. Laake, NMW,

Seattle, WA, pers. comun., 21 Septenber 1993).
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Table |.--Spotted seals captured and equi pped with satellite-

1 nked platformtransmtter termnals (PTT) at Ut ukok

Pass, Al aska, August 1991.

PTT type' Curvilinear Weight Date of last
Tag date and ID no. Sex length (cm) (kg) transmission
4 August TEL. 10919 male 121 45.5 6 Mar. 1992
4 August TEL. 10920 male 150 68.2 12 Apr. 1992
6 August W.C. 14088 female 172 106.8 2 Jan. 1992
7 August W.C. 14099 male’ 148 65.9 10 Oct. 1991

TEL.=Telonics; W.C.=Wildlife Computers
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Table 2. --Results of accuracy tests of satellite-linked platform
transmtter termnals (PTT) at Kasegal uk Lagoon,
Al aska, August 1991.

» : Test location
Location quality North of Point Lay Utukok Pass

Quality 3
mean error (km) 0.12 0.37
error range (km) 0.00-0.25 0.00-1.26
No. locations ‘ 13 7
standard deviation 0.06 0.42
Quality 2
mean error (Km) 0.25 0.80
error range (km) 0.04-0.85 0.11-2.,21
No. locations 14 10
standard deviation 0.20 0.66
Quality 1
mean error (km) 0.27 0.8¢9
error range (km) 0.00-0.60 0.19-1.68
No. locations 6 5

standard deviation 0.21 0.68
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Table 3. --Nunber and quality of location fixes obtained for
satellite-tagged spotted seals.

No. of flxes by location gquality Total days No. days

Tag No. 1 3 . Total operational with fixes
10919 173 100 16 289 111 65
10920 106 84 10 200 133 60
14098 135 124 15 274 149 57

14099 - 25 24 2 51 64 15




Table 4. --Durations of haulout bouts and trips to sea of spotted seals in the
Chukchi Sea during August-CQCctober 1991. Tinmes are given in hours.

Tag_ 10919 Tag 10920 Tag 14098 Tag 14099
Oon land At sea On land At sea Oon land At sea - On land At sea

1.7 - 2.4 - . 8.6 210.8 15.4 902.2

67.5 - 0.5 -- 20.8 56.6 - 591.2
: 5.2 -- 17.2 424.8
3.5 - 8.7 8.1
7.2 11.7
10.1 416.0
7.8 - 26.8
114.0 45.7

44



Table 5.--Characteristics of haulout bouts and trips to sea of spotted seals in the
Chukchi Sea during August-Cctober 1991. Tines given are in hours. Ranges
are shown in parentheses.

Haulout bouts At sea % time

Tag No. N Mean length Total time N Mean length Total time Hauled out

10919 2 34.6" 76.6 - -t 845.2 8.3
(1.7-67.5)

10920 4 2.9 11.6 R --b 917.6 1.2
(0.5-5.2)

14098 8 24.3 194.4 8 150.1 1,200.5 13.9
(7.2-114.0) . (8.1-424.8)

14099 1 39.4a 40.4 2 746.7 1,493.4 2.6
: (591.2-902.0)

Combined 15 19.9 323.0 10 271.8 4,456.7 6.8

* ITncomplete haul outs are not included in mean length calculations.

b Lengths of individual at sea periods could not be determined due to duty cycling.

134
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Table 6. --Anount of tine (hours) hauled out on ice for

spotted seals in the Chukchi
1992.  Nunbers in

Novenber 1991- Apri |

and Bering Seas,

parent heses are the number of haul out bouts

wi thin the period.

Tag number
Date range 10919 10920 14098
1-15 November 20.5 (1) 19.3 (4) 27.2 (3)
16-30 November 10.2 (3) 35.4 (3) 7.0 (2)
1-15 December 0 (0) 5.3 (2) 6.9 (1)
16-31 December 4.4%*(1) 3.1 (2) 14.2 (1)
1-15 January 6.9 (2) 3.5 (2) 20.6 (3)°
16-31 January 21.3 (3) 4.9 (1) -—-
1-15 February 49.6 (7) 3.5 (2) -—
16-29 February 0 (0) 1.8 (1) —-——-
1-15 March 22.2 (4) 1.8 (1) —-——-
16-31 March -— 12.8 (3) -—
1-15 April -— 3.6 (1) -—
Total 135.1 (21) 95.5 (22) 75.9 (10)
Total time 1,527.5 1,943.2 1,504.2
operating

* partial haul out.

® Transmitter failed on 2 January; one partial haul out

included.
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Table 7. --Percent of tine hauled out on ice in the Chukchi and

Bering Seas for individual
conbi ned.

spotted seals and all seals

__Tag number

14098

Date range 10919 10920 Combined
1-15 November 10.7 10.0 7.6 9.0
16-30 November 5.3 18.4 1.9 7.1
1-15 December 0 3.0 1.9 1.7
16-31 December 2.6 1.8 3.7 3.0
1-15 January. 4.1 2.1 51.2 8.2
16-31 January 12.7 2.9 -— 7.8
1-15 February 30.0 2.1 —-——- 15.8
16-29 February 0 1.1 -—- 0.5
1-15 March 17.9 1.0 -——- 7.9
16-31 March -— 5.9 -— 5.9
1-15 April -— 2.5 -— 2.5
Overall 8.8 4.9 5.0 6.2

* Transmitter failed on 2 January.
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Table 8. --Frequency of hauling out of spotted seals in relation
to tine of day. Data fromall individual platform
transmtter termnals are conbined.

Date range
Time 4 Aug.- 1 Nov.- 1 Jan.- 1 Mar.-
31 Oct. 31 Dec. 29 Feb. 19 Apr.

0000-0059 11 6 4 1

0100-0159 13 6 8 1

0200~0259 14 8 11 1

0300-0359 13 9 10 1

0400-0459 14 8 9 1

0500-0559 15 7 8 0

0600-0659 13 8 7 1

0700-0759 12 8 6 2

0800-0859 12 8 1 2

0900-0959 12 5 1 2

1000-1059 12 4 1 3

1100-1159 12 4 1 4

1200-1259 14 3 2 3

1300-1359 13 4 2 5

1400-1459 13 4 1 5

1500-1559 12 8 1 7

1600-1659 14 10 3 6

1700-1759 15 12 8 3

1800-1859 15 9 11 3

1900-1959 15 11 11 2

2000-2059 13 14 9 1

2100-2159 14 10 7 1

2200-2259 11 6 4 1

2300-2359 10 6 3 1




Table 9. --Characteristics of trips to sea by spotted seals during August-Cctober 1991.

then

Distance Time at sea Speed

PTT No. Dates (km) (hrs) (km/hr) Description

10919 8/4-8/11 422 211 2.0 from Utukok Pass northeastward to Peard
Bay then to Akoliakatat Pass.

14098 8/6-8/15 468 211 2.2 southwestward from Utukok Pass then to
Akoliakatat Pass.

14098 8/15-8/18 98 57 1.7 from Akoliakatat Pass to Utukok Pass

7 along the coast.

14098 8/19-9/5 942 425 2.2 from Utukok Pass southwestward off shore
then back to Utukok Pass.

14098 9/6 75 8 9.2 from Utukok southwestward off shore and
back to Utukok Pass. ‘

14098 9/8-9/25 1,105 416 2.7 from Utukok Pass southwestward off shore
then back to Utukok Pass.

14098 9/25-9/26 93 27 3.5 from Utukok Pass to Akoliakatat Pass
along the coast.

14098 9/27-9/29 217 46 4.8 from Akoliakatat Pass off shore then to
Utukok Pass.

14099 8/7-9/14 1,685 902 1.9 from Utukok Pass southwestward off shore
then back to Utukok Pass.

14099 9/15-10/10 723 591 1.2 from Utukok Pass southwestward off shore

to south end of Kasegaluk Lagoon.

Le .



Tabl e 10. --Mvenents of satellite-tagged spotted seals during the southward mgration in
the Chukchi and Bering Seas, October 1991-April 1992,

North of Bering Strait Bering Str.- St. Lawrence I. South of St. Lawrence 1I.
PTT No. No. km No. days km/day No. km No. days km/day No. km No. days km/day
10919 814 29 28 586 29 20 1,953 80 24
10920 875 24 36 804 31 26 1,824 129 14
14098 3,482 45 77 1,888 35 54 993 11 90

8¢C



29

Table 11. --Depths of dives of satellite-tagged spotted seals in
the Chukchi and Bering Seas, August-Decenber 1991

Tag 14098 Tag_ 14099

10-50 m >50-100 m 10-50 m >50-100 m
Month —-Number. (%) . ..Number (%) Number (%) Number (%)
August 2,269 (84) 442 (16) 4,282 (84) 788 (16)
September 2,653 (67) 1,278 (33) 3,203 (62) 1,975 (38)
October 2,436 (56) 1,906 (44) 938 (48) 1,018 (52)
November 3,981 (95) 210 (5)
December 5,046 (84) 965 (16)

Total 16,385 (77) 4,801 (23) 8,423 (69) 3,781 (31)




Table 12.--Durations of dives (mnutes) of two satellite-tagged spotted seals in the
Chukchi and Bering Seas, August-Decenber 1991.

par ent heses.

Percentages are given in

Tag 14098 Tag 14099
0-2 2-4 4-6 6-8 8-10 >10 0-2 2-4 4-6 6-8 8-10 >10
August 429 155 950 987 137 68 1,829 2,200 465 159 19 6
(16) (6) (35) (36) (5) (2) (39) (47) (10) (3) (<1) (<1)
September 432 338 1,484 1,190 402 62 1,504 3,425 585 116 14 21
(11) (9) (38) (30) (10) (2) (27) (60) (10) (2)  (<1) (x1)
October 209 498 1,659 1,365 397 104 343 1,160 350 100 3 0
(5) (12) (39) (32) (2) (3) (18) (59) (18) (5) (<1) 0
November 818 1,072 773 1,049 586 123
(19) (24) (17) (24) (13) (3)
December 1,502 1,083 1,428 1,349 522 128
(25) (18) (24) (22) (92) (2)
Total 3,390 3,146 6,294 5,940 2,044 485 3,676 6,785 1,400 375 36 27
(16) (15) (29) (28) (10) (2) (30) (55) (11) (3) (<1) (<1)

ot
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Figure 3. Seasonal changes in diurnal haul out patterns of

satel lite-tagged spotted seals in the Chukchi and
Bering Seas, August 1991-April 1992.
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Figure 11. Depths of all dives recorded for two satellite-tagged
spotted seals in the Chukchi and Bering Seas, 1991.
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Appendi x A -- Daily activities of seal with PTT 10919.
Positions of animals on land or ice are the
average for all fixes obtained during that haul out
bout. Positions at sea are the average of all
fixes obtained during that day.

Date Activity Lat. (°N) Long. (‘W) Comments
Aug. 4 tag/release- 70.083 162.516 Utukok Pass
1920 h '
5 at sea
6 at sea
7 at sea 70.827 158.400
8 at sea 70.838  158.291
9 at sea 70.896 158.784
10 at sea 70.296 161.390
11 land-0411 h 70.285 161.309 Akoliakatat Pass
PTT off at 1137 h
12 PTT off
13 PTT off
14 PTT off
15 PTT off
16 PTT off
17 PTT off
18 no data PTT on at 1137 h

19 no data
20 at sea
21 at sea
22 at sea

23 at sea 66.567 168.023
24 at sea 66.264 167.496
25 at sea PTT off at 1137 h
26 PTT off
27 PTT off
28 PTT off
29 PTT off
30 PTT off
31 . PTT off
Sept. 1 at sea . , PTT on at 1137 h
2 at sea - 66.846 169.861
3 at sea )
4 at sea
5 at sea
6 at sea
7 at sea 68.789 167.631
8 at sea 68.939 166.212 PTT off at 1137 h
9 PTT off
10 PTT off
11 PTT off
12 PTT off
13 PTT off
14 , PTT off

Preceding Page Blank f
ﬂ )

—_—
—_— .
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Date Activity Lat. (°N) Long. (‘W) Comments
Sept.15 land-1226 ‘h 70.088 162.483 PTT on at 1137 h
water-1406 h Utukok Pass
16 at sea near Utukok Pass
17 at sea 70.107 162.443 near Utukok Pass
18 at sea 70.030 163.851
19 at sea 69.132 165.191
20 at sea 68.873 165.732
21 at sea 68.885 165.840
22 at sea 68.909 166.053 PTT off at 1137 h
23 PTT off
24 PTT off
25 PTT off
26 PTT off
27 PTT off
28 PTT off
29 no data PTT on at 1137 h
30 at sea 66.364 170.564
Oct. 1 at sea
2 at sea
3 no data
4 no data
5 at sea 66.625 168.850
6 at sea 66.376 167.795 PTT off at 1137 h
7 PTT off
8 PTT off
o PTT off
10 PTT off
11 PTT off
12 PTT off
13 at sea 69.088 163.942 PTT on at 1137 h
14 land-0154 h 69.411 163.112 Naokok Pass
15 on land 69.413 163.125 Naokok Pass
16 water-2125 h 69.415 163.126
17 at sea 69.195 164.495
18 at sea 68.566 166.435
19 at sea 67.764 166.701
20 at sea 67.021 167.149 PTT off at 1137 h
21 PTT off
22 PTT off
23 PTT off
24 PTT off
25 PTT off
26 PTT off
27 no data PTT on at 1137 h
28 no data
29 at sea
30 at sea
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Date Activity Lat. (°N) Long.(°W) Comments
Oct. 31 at sea
Nov. 1 at sea
2 at sea
3 at sea PTT off at 1137 h
4 PTT off
5 PTT off
6 PTT off
7 PTT off
8 PTT off
9 PTT off
10 at sea 66.495 163.572 PTT on at 1137 h
land-2056 h 66.555 163.531 Cape Espenberg
11 water-1721 h 66.550 163.522
12 at sea 66.582 163.575
13 at sea 66.698 164.741
14 at sea 66.679 167.448
15 at sea 66.616 168.943
16 at sea .
17 no data PTT off at 1137 h
18 PTT off
19 PTT off
20 PTT off
21 PTT off
22 PTT off
23 PTT off
24 at sea 64.824 172.417 PTT on at 1137 h
ice-1926 h 64.820 172.450 Seniavin strait
water-2107 h
25 . in water
26 in water 64.819 172.569
27 in water 64.831 172.880
28 ice-1756 h 64.826 172.780 Seniavin Strait
water-2126 h
29 in water 64.813 172.785
30 ice-1534 h 64.785 172.701
water-2038 h A
Dec. 1 in water ' 64.812 172.746 PTT off at 1137 h
‘ 2 PTT off )
3 PTT off
4 PTT off
5 PTT off
6 PTT off
7 PTT off
8 no data PTT on at 1137 h
9 in water 64.325 172.787
10 in water 64.256 173.235
11 in water
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Date Activity Lat. (°N) Long. (‘W) Comments
Dec. 12 in water 64.331 171.913
13 in water
14 in water 63.804. 171.658
15 in water PTT off at 1137 h
16 PTT off
17 PTT off
18 PTT off
19 PTT off
20 PTT off
21 PTT off
22 in water PTT on at 1137 h
23 in water
24 in water 61.446 172.723
25 no data
26 in water
27 in water 61.093 171.307
28 in water
29 ice-0714 h 60.508 171.356 PTT off at 1137 h
30 PTT off
31 PTT off
Jan. 1 PTT off
2  PTT off
3 PTT off
4 PTT off
5 in water PTT on at 1137 h
6 ice-0220 h 60.391 172.468
water-0408
7 in water
8 in water 60.218 170.694
S ice-1637 h 60.038 170.711
water-2144
10 in water
11 in water
12 in water PTT off at 1137 h
13 PTT off
14 PTT off
15 PTT off
16 PTT off
17 PTT off
18 PTT off
19 in water 59.519 170.069 PTT on at 1137 h
ice-1622 h 59.540 170.080
water-2133
20 ice-0437 h 59.613 170.268
water-0800
ice-1732 h 59.626 170.391
21 water-0612
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Date Activity Lat. (°N) Long.(°W) Comments
Jan. 22 in water
23 in water
24 in water
25 in water
26 in water PTT off at 1137 h
27 PTT off
28 PTT off
29 PTT off
30 PTT off
31 PTT off
Feb. 1 PTT off
2 in water PTT on at 1137 h
3 ice-0157 h 57.337 164.689
water-1334 h
4 ice-1729 h 57.549 165.276
5 water-0451 h
6 ice-0117 h 57.305 165.910
water-0703 h
ice=1824 h 57.331 165.968
water-2014 h
7 ice-1237 h 57.471 165.995
8 water-0239 h
ice-1753 h 57.633 165.986
water-2106 h
9 ice~0544 h 57.816 165.907
water-0740 h PTT off at 1137 h
10 PTT off
11 PTT off
12 PTT off
13 PTT off
14. PTT off
15 PTT off
16 in water PTT on at 1137 h
17 in water
18 in water
19 in water
20 in water
21 in water
22 in water 59.615 171.802
23 in water 59.612 172.022 PTT off at 1137 h
24 PTT off
25 PTT off
26 PTT off
27 PTT off
28 PTT off
29 PTT off
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Date

Activity Lat. (N) Long. (W) Comments

Mar. ice-1314 h 58.354 170.706 PTT on at 1137 h
water-2000 h sensors failing
ice-0629 h 58.420 170.482
water-1132 h
ice-1800 h 58.411 170.555 sensors failing
water-0252 h
ice-0747 h 58.391 170.859 sensors failing
water-1614
ice-1556 h sensors failing
water-1723 h
in water
in water last signal-0356 h
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Appendix B.-- Daily activities of seal with PTT 10920.
Positions of animals on land or ice are the
average for all fixes obtained during that haul out
bout. Positions at sea are the average of all
fixes obtained during that day.

Date Activity Lat. (°N) Long.(°W) Comments
Aug. 4 tag/release- 70.083 162.516 Utukok Pass
1900 h
5 at sea 69.866 162.878
6 at sea 70.145 162.445
7 at sea 70.293 161.320
8 land-0444 h 70.286 161.307 Akoliakatat Pass
9 water-0705 h
10 at sea 70.301 161.407
11 land-0547 h 70.286 161.310 Akoliakatat Pass
water-0620 h PTT off at 1138 h
12 PTT off
13 PTT off
14 PTT off
15 PTT off
16 PTT off
17 PTT off
18 no data PTT on at 1138 h
'19 at sea
20 at sea 67.419 164.156
21 no data
22 _no data
23 at sea
24 at sea
25 at sea 69.038 165.852 PTT off at 1138 h
26 PTT off
27 PTT off
28 PTT off
29 - PTT off
30 PTT off
31 PTT off
Sept. 1 at sea 69.404 166.316 PTT on at 1138 h
2 at sea
3 at sea
4 at sea
5 at sea
6 at sea
7 at sea
8 at sea PTT off at 1138 h
9 PTT off
10 PTT off
11 ' PTT off
12 PTT off
13 PTT off

14 | PTT off
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Date Activity Lat.(°N) Long.(°W) Comments
Sept.15 at sea PTT on at 1138 h
16 at sea
17 at sea
18 at sea
19 at sea
20 at sea
21 at sea
22 at sea PTT off at 1138 h
23 PTT off
24 PTT off
25 PTT off
26 PTT off
27 PTT off
28 PTT off
29 at sea PTT on at 1138 h
30 at sea
Oct. 1 at sea
2 at sea
3 at sea
4 at sea
5 at sea
6 at sea PTT off at 1138 h
7 PTT off
8 PTT off
9 PTT off
10 PTT off
11 PTT off
12 PTT off
13 at sea PTT on at 1138 h
14 at sea
15 at sea 69.375 164.397
16 land-1614 h 69.903 162.844 Akunik Pass
water-2125 h
17 land-0119 h 69.900 162.819 Akunik Pass
water-0446 h
18 at sea 69.944 163.168
19 at sea 69.071 164.924
20 at sea PTT off at 1138 h
21 PTT off
22 PTT off
23 PTT off
24 PTT off
25 PTT off
26 PTT off
27 at sea 66.915 162.902 PTT on at 1138 h
28 at sea 66.886 162.997
29 at sea 66.924 162.826
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Date Activity Lat. (°N) Long.(°W) Comments
Oct. 30 land-1624 h 66.909 162.911 off Kotzebue
water-1811 h
31 land-0154 h 66.908 162.910 off Kotzebue
water-0344 h
Nov. 1 at sea 66.882 162.905
2 at sea 66.538 164.913
3 land-0507 h 66.321 165.793 Shishmaref Inlet
water-0833 h PTT off at 1138 h
4 PTT off
5 PTT off
6 PTT off
7 PTT off
8 PTT off
9 PTT off
10 at sea PTT on at 1138 h
ice-1501 h 65.292 166.846 Port Clarence
water-2101 h
11 ice-0316 h 65.254 166.842 Port Clarence
water-0906 h
12 ice-1627 h 65.248 166.648 Port Clarence
water-2019 h
13 in water 65.268 166.861
14 in water 64.922 166.617
15 in water 64.452 165.691
16 in water 64.439 164.769
17 in water 64.544 163.736 PTT off at 1138 h
18 PTT off
19 PTT off
20 PTT off
21 PTT off
22 PTT off
23 PTT off
24 in water 64.266 162.992 PTT on at 1138 h
25 in water
26 in water
27 in water 63.916 164.977
28 ice-~1312 h 63.696 164.909
29 water-0450 h
ice-1555 h 63.774 165.009
30 water-0110 h
ice-2036 h 63.851 165.342
Dec. 1 water-0707 h PTT off at 1138 h
2 PTT off
3 PTT off
4 PTT off
5 PTT off
6 PTT off
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Date Activity Lat.(°N) Long.(°W) Comments
Dec. 7 PTT off
8 in water PTT on at 1138 h
9 ice-1904 h 63.706 169.846
water-2052 h
10 in water 63.780 169.885
11 ice-1640 h 63.698 169.718
water-2013
12 in water 63.379 168.776
13 in water 62.874 169.679
14 in water
15 in water PTT off at 1138 h
16 PTT off
17 PTT off
18 PTT off
19 PTT off
20 PTT off
21 PTT off
22 in water PTT on at 1138 h
23 in water
24 in water
25 ice=0656 h 62.400 173.041
water-0807 ‘
26 in water
27 in water
28 ice-=1541 h 62.760 173.602
water-1738 h
29 no data PTT off at 1138 h
30 PTT off
31 PTT off
Jan. 1 PTT off
2 PTT off
3 PTT off
4 PTT off
5 in water PTT on at 1138 h
6 in water 61.083 175.355
7 in water
8 no data
9 ice-0146 h 60.992 173.078
water=-0331 h
10 in water 60.667 172.627
11 ice-0258 h 60.657 172.230
water-0449 h
12 in water PTT off at 1138 h
13 PTT off
14 PTT off
15 PTT off
16 PTT off
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Date Activity Lat. (°N) Long.(°W) Comments
Jan. 17 - PTT off
18 PTT off
19 no data PTT on at 1138 h
20 in water
21 ice-0243 h 60.478 171.717

water-0738 h
22 in water
23 in water
24 no data
25 in water

26 in water PTT off at 1138
27 PTT off ‘
28 PTT off
29 PTT off
30 ‘ PTT off
31 PTT off
Feb. 1 ) PTT off
2 in water PTT on at 1138 h
ice-1815 h 59.192 171.102
water-1958 h
3 in water
4 in water
5 ice-1846 h 59.519 172.525
water-2033 h
6 in water
7 in water 59.498 172.222
8 in water
9 in water PTT off at 1138 h
10 PTT off
11 PTT off
12 . PTT off
13 PTT off
14 _ PTT off
15 ' PTT off
16 in water PTT on at 1138 h
17 in water C
18 ice-1738 h 60.713 172.153

water-1922 h
19 in water
20 in water
21 in water
22 in water

23 no data PTT off at 1138 h
24 PTT off ,

25 PTT off

26 PTT off

27 PTT off
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Date Activity Lat. (°N) Long. (W) Comments
Feb. 28 PTT off
29 PTT off
Mar. 1 in water PTT on at 1138 h
2 ice-0304 h 172.891
water-0452
3 in water
4 in water
S in water
6 in water
7 no data
8 in water PTT off at 1138 h
"9 ' PTT off
10 PTT off
11 PTT off
12 PTT off
13 PTT off
14 PTT off
15 no data PTT on at 1138 h
16 ice-1134 h sensors failing
water-1520 h
17 no data
18 in water
19 in water
20 ice-1007 h sensors failing
water-1646 h
21 in water
22 in water PTT off at 1138 h
23 PTT off
24 PTT off
25 PTT off
26 PTT off
27 PTT off
28 PTT off
29 in water PTT on at 1138 h
30 ice-1547 h 175.706 sensors failing
water-1814 h
31 no data
Apr. 1 in water
2 no data
3 no data
4 in water
S no data PTT off at 1138 h
6 PTT off
7 PTT off
8 PTT off
9 PTT off
10 PTT off
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Date Activity Lat. (°N) Long. (W) Comments
Apr. 11 PTT off
12 no data . PTT on at 1138
13 ice-1300 h 59.046 173.879 sensors failing
water=-1633 h
14 no data
15 no data
16 no data
17 no data
18 no data
19 ice or water? 59.129 173.199
20 last signal-1321 h
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Appendix C.-- Daily activities of seal with PTT 14098.
Positions of animals on land or ice are the
average for all fixes obtained during that haul out
bout. Positions at sea are the average of all
fixes obtained during that day.

Date Activity Lat. (°N) Long. (‘W) Comments

Aug. 6 tag/release- 70.083 162.516 Utukok Pass
1800 h

7 no data
8 no data
9 at sea
10 no data
11 no data

12 at sea 69.220 165.233

13 at sea 69.228 163.872

14 at sea 69.847 162.856

15 land-1246 h 70.283 161.305 Akoliakatat Pass
water-2123 h

16 at sea 70.288 161.513

17 at sea 70.295 161.498

18 land-0559 h 70.094 162.500 Utukok Pass

19 water-0246 h

20 at sea 69.880 165.002

21 no data
22 no data
23 no data
24 at sea 69.092 169.930
25 at sea 69.124 168.780
26 no data
27 no data
28 at sea 67.989 167.566
29 no data
30 no data

31 no data
Sept. 1 no data
2 at sea
3 at sea
4 at sea 69.989 166.287
5 land-1934 h 70.095 162.497 Utukok Pass
6 water-1247 h
land-2053 h 70.091 162.369 Utukok Pass
7 water-0535 h
land-1719 h 70.102 162.480 Utukok Pass
8 water-0031 h
9 at sea 69.662 166.570

10 at sea 69.018 168.007
11 at sea :

12 at sea

13 at sea

14 at sea
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Date Activity Lat. (°N) Long. (‘W) Comments
Sept.15 no data
16 no data
17 at sea 68.183 167.609
18 no data ‘
19 at sea 68.264 167.608
20 no data .
21 at sea i
22 at sea 69.155 166.527
23 at sea 69.231 166.342
24 at sea 69.505 163.937
25 land-0830 h 70.083 162.477 Utukok Pass
water-1838 h
26 land-2127 h 70.293 161.199 Akoliakatat Pass
27 water~-0510 h ‘
28 at sea 70.269 162.994
29 land-0256 h 70.089 162.477 Utukok Pass
30 on land
oct. 1 on land
2 on land
3 water-2055 h
4 at sea 69.898 164.083
5 at sea 69.581 166.725
6 at sea 69.008 166.909
7 at sea 68.616 167.105
8 at sea
9 no data
10 at sea 67.453 167.439
11 at sea 67.307 167.626
12 at sea 67.484 167.733
13 at sea 67.747 167.416
14 at sea 67.941 168.043
15 no data
16 no data
17 no data
18 at sea
19 at sea
20 at sea 68.244 171.436
21 at sea 68.324 171.163
22 at sea 68.461 171.506
23 at sea 68.453 171.419
24 at sea 68.477 171.520
25 at sea 68.354 171.191
26 at sea 68.548 170.207
27 at sea 68.553 169.020
28 at sea 68.475 167.487
29 at sea 68.248 166.362
30 at sea 68.185 166.028
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Date Activity Lat. (°N) Long. (W) Comments

Oct. 31 at sea 68.021 165.581

Nov. 1 at sea 68.407 166.475
2 at sea 68.901 165.662
3 at sea 69.104 164.008
4 at sea 69.488 164.166
5 at sea 69.294 166.572
6 at sea 68.838 -.167.600
7 no data
8 at sea 67.927 168.691
9 at sea 67.418 168.447

10 at sea
11 no data

12 at sea 66.403 168.064
13 at sea 66.218 166.777
14 ice-0226 h 66.045 167.306

water-0803 h

ice~1740 h 65.859 168.043
15 water-0414 h

ice-1720 h 65.789 168.329
16 water-0400 h

17 in water 65.351 167.985
18 no data »

19 no data

20 in water

21 no data

22 no data

23 in water 65.450 171.012
24 ice-1058 h 65.700 171.163
water-1750 h
25 in water 65.640 171.020
26 in water 65.620 171.004
27 in water 65.644 170.983
28 in water 65.589 170.731
29 ice-2053 h 65.451 171.007
water-2104 h
30 in water 65.478 171.202
Dec. 1 ice-0232 h 65.504 171.551
- water-0924 h
2 in water 65.478 171.541
3 in water 65.497 171.581
4 in water 65.462 171.043
5 in water 65.436 170.873
6 in water 65.346 171.063
7 in water 65.262 171.161
8 in water 64.864 171.198
9 in water 64.473 172.163
10 in water 64.396 172.329
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Date Activity Lat.(°N) Long. (°W) Comments
Dec. 11 in water 64.358 172.322
12 in water 64.297 172.757
13 in water 64.040 172.622
14 in water 63.634 172.772
15 in water 63.542 172.683
16 in water 63.627 172.577
17 in water 63.377 172.536
18 in water 63.399 172.021
19 in water 63.341 171.736
20 in wvater 63.327 0 171.233
21 in water 63.008 171.012
22 in water 63.143 170.339
23 in water 62.923 170.661
24 in water 62.325 171.188
25 in water 61.769 171.061
26 in water 61.345 170.961
27 in water 60.668 170.943
28 in water 60.413 170.338
29 ice-0204 h -60.168 170.233
water-1619
30 in water 59.820 170.451
31 in water 59.548 170.301
Jan. 1 ice-0130 h 59.452 170.080
water-0753
ice-1734 h 59.261 170.011
2 water-0312 h :
ice-1610 h 59.181 169.892 last signal-2048 h




66

Appendix D.-- Daily activities of seal with PTT 14099.
Positions of animals on land or ice are the
average for all fixes obtained during that haul out
bout. Positions at sea are the average of all
fixes 'obtained during that day.

Date - Activity Lat. (°N) Long.(°W) Comments

Aug. 7 no data
8 no data

9 at sea 69.385 164.227
10 at sea 69.146 164.313

11 at sea 68.985 165.139
12 at sea ’

13 no data

14 no data

15 no data

le no data

17 at sea 68.368 166.889
18 at sea ‘ 68.280 166.419
19 at sea 68.345 166.877
20 at sea 68.383 166.761
21 at sea 68.347 166.949
22 at sea 68.411 166.519
23 no data
24 at sea 68.796 166.813
25 at sea ' 69.311 165.879
26 at sea 69.557 163.432
27 at sea 70.059 162.815
28 at sea 70.025 163.913
29 no data ' ‘

30 no data

31 no data

. Sept. 1 no data

2 at sea

3 no data

4 no data

5 at sea

6 at sea 68.840 169.038
7 no data

8 no data

9 no data

10 no data

11 at sea 68.990 167.859
12 at sea 69.188 165.856
13 at sea 69.460 . 163.561
14 land-0419 h 70.087 162.499 Utukok Pass
15 water-1942 h

16 at sea 69.974 163.026
17 at sea 69.799 165.497

18 no data
19 no data
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Date

Activity Lat. (°N) Long.(°W) Comments
Sept.20 no data

21 at sea 68.986 168.736
22 no data
23 no data
24 at sea
25 no data
26 at sea 68.680 170.525
27 at sea

28 at sea
29 no data
30 no data

Oct. 1 no data

2 no data

3 no data

4 no data

5 no data

6 no data

7 no data

8 at sea 69.212 168.872
9 at sea 69.274 166.153
10 land~-1053 h 69.299 163.218 S. end Kasegaluk L.

last signal-1152 h
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Frequency of hauling out of
seals in relation to tine of day, 4 August-31

Cct ober

I ndi vi dual
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Appendi x F.-- Frequency of hauling out of individual spotted
seals inrelation to time of day, 1 Novenber-31

Decenber 1991.

PTT number
Time 10919 10920 14098
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1100-1159
1200-1259
1300-1359
1400-1459
1500-1559
1600-1659
1700-1759
1800-1859
1900-1959
2000-2059
2100-2159
2200-2259
2300-2359
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Appendi x G -- Frequency of hauling out of individual spotted
seals in relation to time of day, 1 January-29
February 1992.

PTT number
Time 10919 10920 14098

0000-0059
0100-0159
0200-0259
0300-0359
0400-0459
0500-0559
0600-0659
0700-0759
0800-0859
0900-0959
1000-1059
1100-1159
1200-1259
1300-1359
1400-1459
1500-1559
1600-1659
1700-1759
1800-1859
1900-1959
2000-2059
2100-215%
2200-2259
2300-2359
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Appendi x H.-- Frequency of hauling out of individual spotted
seals inrelation to tinme of day, 1 March-19 Apri
1992.
PTT number

Time 10919 10920
0000-0059 1 0
0100-0159 1 0
0200-0259 1 0
0300-0359 0 1
0400-0459 0 1
0500-0559 0 0
0600-0659 1 0
0700-0759 2 0
0800-0859 2 0
0900-0959 2 0
1000-1059 2 1
1100-1159 2 2
1200-1259 1 3
1300-1359 2 3
1400-1459 2 3
1500-1559 3 4
1600-1659 3 3
1700-1759 2 1
1800-1859 2 1
1900-1959 2 0
2000-2059 . 1 0
2100-2159 1 0
2200-2259 1 0
2300-2359 1 0
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