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The Department of the Interior Mission

As the Nation's principal conservation agency, the Department of the Interior has responsibility for
most of our nationally owned public lands and natural resources. This includes fostering sound'
use of our land and water resources; protecting our fish, wildlife, and biological.diversity;
preserving the environmental and cultural values of our national parks and historical places;
and providing for the enjoyment of life through outdoor recreation. The Department assesses our
energy and mineral resources and works to ensure that their development is in the best interests
of all our people by encouraging stewardship and citizen participation in their care. The
Department also has a major responsibility for American Indian reservation communities and for
people who live in island territories under u.s. administration.

The Minerals Management Service Mission

As a bureau of the Department of the Interior, the Minerals Management Service's (MMS) primCilry
responsibilities are to manage the mineral resources located on the Nation's Outer Continental
Shelf (OCS), collect revenue from the Federal OCS and onshore Federal and Indian lands, and
distribute those revenues.

Moreover, in working to meet its responsibilities, the Offshore·Minerals Management Program
administers the OCS competitive leasing program and oversees the safe and environmentally .
sound exploration and production of our Nation's offshore natural gas, oil and other mineral
resources. The MMS Royalty Management Program meets its responsibilities by ensuring the
efficient, timely and accurate collection and disbursement of revenue from mineral leasing and
production due·to Indian tribes and allc~ges, States and the U.S.Treasury.

The MMS strives to fulfill its responsibilities through the general guiding principles of: (1) being
.responsive to the pUblic's concerns and interests by maintaining a dialogue with all potentially .
affected parties and (2) carrying out its programs with an emphasis on working to enhance the;
quality of life for all Americans by lending MMS assistance and expertise to economic .
deveiopment and environmental protection. .

The U.S. Fish and Wildlife Service Mission

The mission of the U.S. Fish and Wildlife Service is to conserve, protect, and enhance fish and
wildlife and their habitats for the continuing benefit of the American people. '
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ABSTRACT

The world-wide sea otter population was drastically reduced by commercial harvesting from
the mid-1700's through the 1800's to as few as several hundred animals. The population in
Alaska has recovered to near historic numbers and is now estimated to be 100,000-150,000 sea
otters. However, the population range is discontinuous and one of the gaps in distribution
occurs along the outer Gulf of Alaska coast. Current sea otter distribution and abundance data
are needed to address potential management concerns regarding oil and gas development and
shell fisheries conflicts within the region. Aerial surveys for sea otters were conducted in
August of 1995 and 1996, to determine the distribution of sea otters along the outer Gulf of
Alaska coast from Cape Hinchinbrook to Cape Spencer, and to determine the abundance of sea
otters within Yakutat Bay. Along the outer Gulf of Alaska coast, sea otters were concentrated
in the following areas: 1) Cape Hinchinbrook to Cape Suckling (n=256), 2) Cape Suckling to
Kaliakh River (n= 15), 3) Ocean Cape to Dangerous River (n=28), 4) Dry Bay to Lituya Bay
(n= 163), and 5) Icy Point to Cape Spencer (n=32). A minimum count of sea otters in
Yakutat Bay was 245 adult sea otters and 8 pups. The number of animals counted in the
distribution surveys reflect a minimum count at the time of the survey. No sea otters were
observed from Kaliakh River to Point Manby including Icy Bay. An abundance estimate
determined by strip transect and intensive search unit methodology yielded an overall sea otter
population estimate of 404 for Yakutat and Disenchantment Bays, and Russell and Nunatak
Fiords. A further refined estimate of abundance for the high density area of Yakutat Bay was
194. The sea otter population has increased in abundance and expanded in range since the last
complete survey of the area in 1987. The population within Yakutat Bay may be increasing
due to net population growth and immigration from the translocated population. in Southeast or
from the Prince William Sound-Controller Bay area.
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INTRODUCTION

Prior to the mid-1700's, sea otters (Enhydra tutris) could be found in large numbers in coastal

areas of Japan, Russia (Kamchatka), the United States (Alaska, Washington, Oregon, and

California), Canada (British Columbia), and Mexico (Lensink 1962, Kenyon 1969). Extensive

commercial harvesting of sea otters occurred during the mid-1700's through the 1800's which

drastically reduced the population (Bancroft 1959, Lensink 1962, Kenyon 1969). Russian

vessels harvested an estimated 200,839 sea otter pelts from the northwest coast during the 18th

and 19th centuries (Cadwell 1986). Records of actual harvest numbers are often incomplete;

many vessels and their harvest of sea otters pelts were lost in the rough seas in the outer Gulf

of Alaska coastal·areas during the early years of the fur trade (Bancroft 1959, Lensink 1962,

Cadwell 1986). Sea otters were eliminated from much of their range which, in north America,

was contmuous along the Pacific coast from the Aleutian Islands, Alaska, through Baja

California, Mexico (Kenyon 1969, Riedman and Estes 1990). The sea otter was subsequently

protected by the International Fur Seal Treaty in 1911. In the absence of harvest pressure, the

population expanded from 11 remnant groups to recolonize much of the former sea otter range

(Figure 1). To aid in the population recovery, Alaska Department of Fish and Game

(ADF&G) translocated sea otters from areas with major concentrations (Amchitka Island and

Prince William Sound, Alaska) to parts of the historical range where sea otters had been

extirpated due to over harvest. Relocation efforts were successful in establishing sea otters in

southeast Alaska (Khaz Bay; Yakobi, Biorka, Maurelle Islands, and Cape Spencer), British

Columbia, and Washington (Jameson et al. 1982; Riedman and Estes 1990). The current

Alaska sea otter population is estimated to be 100,000-150,000 (Calkins and Schneider 1985).

Currently the sea otter population range is discontinuous within Alaska (Figure 1). A gap in

sea otter distribution occurs along the Gulf of Alaska coast between Prince William Sound and

Yakutat Bay and between Yakutat Bay and Cape Spencer. Sea otters were believed to have

been extirpated from Cape Suckling to Cape Spencer including Yakutat Bay by the early

1900's (Figure 2). During August of 1966, 10 sea otters from Montague Island, Prince

1
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William Sound were translocated to Yakutat Bay (Calkins and Schneider 1985; K. Schneider

pers. comm.). The Yakutat Bay area was monitored after sea otters were translocated in

1966, though sightings were infrequent, a few sea otters were observed along the Gulf of

Alaska coast between Icy and Dry Bays. No sea otters were observed between Icy Bay and

Cape Suckling during the monitoring period (Calkins et al. 1975). Surveys for sea otters

conducted by ADF&G in 1970 recorded 6 sea otters observed between Yakutat and Dry Bays,

and 15 within Yakutat Bay (Calkins and Schneider 1985). By 1985, biologists at ADF&G

speculated approximately 50 sea otters resided in Yakutat Bay (Calkins and Schneider 1985).

The outer Gulf of Alaska coast from Point Martin to Cross Sound, including Yakutat Bay, was

surveyed in 1987 to determine the sea otter distribution and relative abundance (Simon-Jackson

1986, Simon-Jackson and Hodges 1987). Sea otters were observed between Point Martin and

Cape Suckling and between Cape Spencer and Cross Sound, however, no otters were observed

between Cape Suckling and Cape Spencer. The reported Native subsistence harvest of sea

otters in Yakutat Bay did not begin until 1993 and thereafter occurred in low levels [average. .

annual reported harvest = 12 (U.S. Fish and Wildlife Service, Unpublished data 1988-1996)].

J •

I
I

..
As sea otters continue to recolonize the Gulf of Alaska coast, potential resource management

conflicts may arise. Management concerns include: 1) effects of oil and gas development and

transport along the Gulf of Alaska coastline on sea otters and 2) conflicts between commercial

and Native subsistence shellfisheries and sea otters. The first step in addressing these

management concerns is to determine the current sea otter distribution along the Gulf of

Alaska coast and to' develop an estimate of popUlation abundance for the Yakutat Bay area

where sea otters are aggregated.

We present the results of two distribution surveys for sea otters (and other marine mammals)

for the outer Gulf of Alaska coast from Cape Hinchinbrook to Cape Suckling (1996) and from

Cape Suckling to Cape Spencer (1995). The 1996 sea otter distribution replicates the

methodology of a survey conducted during 1986 (Simon-Jackson). An abundance survey for

sea otters was conducted in Yakutat Bay during August 1995 which followed the aerial survey

4
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methodology developed by Bodkin and Udevitz (1996). The survey method was replicated to

improve precision in the population estimate.

METHODS

Distribution Surveys

A distribution survey was conducted from Cape Suckling to Cape Spencer during 8-9 August

1995 (Figure 2). The distribution survey platform was a Grumman Goose flying at an altitude

of 152 m with an airspeed of 153 kph. There were four observers, two seated on each side of

the aircraft. The survey strip was approximately 400 m both shoreward and seaward from the

,flight path of the aircraft. The coastline from Cape Suckling to Cape Spencer was surveyed,

including Icy and Dry bays but not Yakutat Bay. Survey conditions were excellent; high

overcast skies and very little wind.

A second distribution survey was conducted from Cape Hinchinbrook to Cape Suckling during

19-23 August 1996. The survey platform was a 206 Cessna aircraft flying at an altitude of

152 m with an airspeed of 153 kph. There were two observers, one seated on each side of the

aircraft. The survey area extended approximately one kilometer seaward from the shoreline,

including barrier islands. The shoreline was surveyed at approximately low tide and during

the mid-day hours following the methods of Simon-Jackson (1986). Additionally, a portion of

the shallow water area « 91 m) was surveyed by systematic transects which covered·

approximately 10% of the shallow water area (Figure 3). Survey viewing conditions were

variable from moderate to marginal and winds were a brisk 15-20 knots from the east.

In both distribution surveys, the aircraft maintained altitude and distance from shore. If

observers needed to verify species or counts, the plane circled the area until verification was

obtained (where feasible) .. Date, time, weather conditions, marine mammal species and

number observed, and coordinates were recorded for each observation. Location coordinates

of all marine mammals observed were recorded on a data sheet in latitude and longitude

5
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determined by a Global Positioning System (GPS). Only one observer recorded data at a

given time. The number of animals counted reflect a minimum count at the time of the survey

and no attempt was made to develop a detection probability for the distribution survey.

Data Analysis

Data were entered into a Paradox database and exported to a Geographic Information

System (GIS) after being error-checked and edited. Marine mammal locations were

plotted to make distribution maps using ArcView software by ESRI.

Abundance survey

An aerial survey of sea otter abundance was con~ucted in Yakutat Bay and included

Disenchantment Bay and Russell and Nunatak Fiords during 7-9 August 1995 (Figure 4). The

survey platform was a Scout (a fixed-wing, single engine aircraft with tandem seating). The

survey methodology followed Bodkin and Udevitz (1996); a stratified random sampling

procedure developed to assess sea otter abundance. In brief, the methodology is based on

strip transect and intensive search unit (lSU) counts of sea otters. Population estimates are

developed from sea otter density estimates and detection probabilities specific to ~e survey

and the observer.

Survey Design

The sampling frame consisted of a series of parallel strip transects, 400 m wide

overlaying the study area and oriented to maximize their degree of perpendicularity to

the coastline. In trial surveys, Bodkin and Udevitz (1996) determined that 86% of the

sea otters were detected at distances less than 400 m from the flight line. The criterion

used to define the sample area was based on the maximum known sea otter forage

depths (approximately 100 m) and sea otter's requirement for frequent access to

foraging habitat. Information from trial surveys suggested that 85 % of the sea otters

were encountered in only 32% of the sample area and that sea otters were concentrated

in water depths less than 40 m (Bodkin and Udevitz 1996). To allocate survey effort

7
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proportionately t~ the expected abundance, the survey area was separated into two

strata, a high and a low density stratum. The high density stratum extended from shore

to 400 m seaward or to the 40 m depth contour, whichever was greatest. The low

density stratum boundary began at the seaward high density stratum boundary and

extended to 2 Ian offshore or to the 100 m depth contour, whichever was greater. Bays

and inlets less than 6 Ian wide were considered high density strata regardless of water

depth. Survey effort was allocated proportionally between high and low density strata

and reflected the expected sea otter abundance in each strata (Figure 4). Transects

were surveyed every 1.2 Ian (every third transect) in the high density stratum and

every 8.0 Ian (every twentieth transect) in the low density stratum.

The minimum distance between survey transects was determined to be 1.2 Ian in the

high density stratum (Bodkin and Udevitz 1996). Therefore, three systematic samples

were possible from the initial pverlay of 400 m wide transects. In the high density

stratum every third transect was sampled and, therefore, sample 1 (SI) began on

transect 1, sample 2 (S2) began on transect 2, and sample 3 (S3) began on transect 3.

Low density transects for each sample were determined by a random selection of the

initial transect and every 20th transect thereafter. Because we anticipated an overall

low density of sea otters in the survey area, replicate surveys were used to increase the

sample size and obtain a more precise population estimate (Figure 5). Random

selections (with replacement) of the three possible systematic samples determined the

specific transects which were surveyed in each replication of the abundance survey.

Unadjusted population estimates were developed from the survey strata by the

folloWing equations:

8
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•
where

• Aj = total area of stratum j,

I1.i = number of surveyed transects in stratum j,

Yij = number of otters detected in strip count on transect i in stratum j,

i= 1,.··,I1.i,

aij = area of transect. i in stratum j, and

~ = the sampling fraction, approximated by

Intensive search units consist of 5 concentric 400 m diameter circles flown within the

400 m survey strip. Intensive search units were initiated by the sighting of a group

(one or more sea otters). The pilot used a stopwatch to guide the circumference of

each circle (48 seconds to complete an ISU circle) and to time the minimum 1 minute

9
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spacing between successiye ISUs. For each group observed, the following information

was recorded 1) ISU location, 2) whether animals were detected on the strip count or

on the subsequent circles within the ISU, and 3) the behavior of each animal (e.g.

diving or nondiving). Sea otters in the initiating group and those that swam into the

ISU were not included in the calculation of the correction factor.

A correction factor was developed for each survey for the observer by the following

equation:

where

Sj = number of otters detected in strip count of ISU i, i=1,... ,tk , and

Cj = total number of otters detected after intensive search of ISU i.

A total of five replications oithe sea otter abundance survey were conducted; the first

,was the survey of all high and low density transects in Yakutat and Disenchantment

Bays, and Russell and Nunatak Fiords (referred to as the complete survey in the

following text), and four additional replications of a subset of the high density area

10
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Figure 4. The study area for a sea otter (E.n.by.dm lutris) abundance survey in Yakutat Bay, Alaska, 7-9 August 1995.
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Figure 5. The study area for sea otter (Enby.dra lutI:i.§) replicate surveys to determine an abundance estimate for
Yakutat Bay, Alaska, 7·9 August 1995.
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within Yakutat Bay (referred to as the replicate area in the following text) (see Figure 5 and

Table 1). The survey area of replicates 2-5 (S2t S3, S3, and S2, respectively) was determined

by where animals were located during the complete survey and by information provided by

local Native sea otter hunters. Replicate 3 was not used in the abundance calculations because

it was not possible to survey all of the replicate area due to aircraft fuel and time constraints.

In addition t a 'replicate area count' of sea otters was made concurrent with the 5th survey

replicate. In the 'replicate area count' all observed sea otters (on and off transect) were

recorded (Table 1).

Abundance Estimates

Abundance estimates were generated by using the survey information three ways: 1)

the complete survey area (Yakutat and Disenchantment Bays, and Russell and Nunatak

Fiords) and only using ISU information from the complete survey to correct counts for

undetected animals, 2) the replicate area only (see Figure 5), using the mean of the

unadjusted population estimates and applying an overall correction factor from ISU's

pooled across replicates (1, 2, 4, and 5), and 3) the replicate area only (see Figure 5),

using the mean of the adjusted population estimates where a correction factor was

developed for each replicate independently (replicates 1, 2, 4, and 5).

Data Analysis

Edited data were converted from Paradox tables (transect, flight, and ISU) to

SAS data sets via DBMS/COPY software. Sea otter population estimates for

Yakutat Bay were obtained with SAS programs (see Appendix A for formulas

used in the calculation of population abundance estimates). Unadjusted and

adjusted population estimates were made for the complete survey area (high and

low density survey stratum) and for the replicate area (based on replicates 1, 2,

4, and 5).

13
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Table 1. Structure of the aerial survey replications for sea otter (Enhydra tutris) abundance in the Yakutat Bay area 7-9 August

1995.

High/Low

Survey Survey Density Transects Survey Complete Replicate

Number Date Flown Design Survey Area Comments

1 - 8/7/95 163/27 S2 Y Y 105 high density transects were

selected in the replicate area

2 8/8/95 102/2 S2 N y.

3 8/8/95 45/4 S3 N N Replicate area incomplete

4 8/9/95 105/5 S3 N Y

5 8/9/95 99/3 S2 N Y An 'replicate area count' was conducted

concurrently with this replicate

14
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RESULTS

Distribution Surveys

Minimum counts of sea otters, harbor seals (Phoca vitulin,a), harbor porpoise (Phocoena

phocoena), Steller's sea lion (Eumetopias jubatus) and unidentified marine mammals were

obtained for the near shore area between Cape Hinchinbrook and Cape Spencer (not including

Yakutat Bay). Minimum counts and distribution information on harbor seals, harbor porpoise,

and Steller sea lions are presented in Appendix B.

In the 1995 distribution survey, sea otters were concentrated in localized areas along the outer

Gulf of Alaska coast. The median group size was 2 (range 1-21); the total count was 238

(Figure 6). The four main areas where sea otters were observed were: 1) Cape Suckling to

Kaliakh River (n= 15), 2) Ocean Cape to Dangerous River (n=28), 3) Dry Bay to Lituya Bay

(n=163), and 4) Icy Point to Cape Spencer (n=32). In Yakutat Bay, a count of the replicate

high density area was 245 adult sea otters and 8 pups. The majority of these animals were

concentrated in a large, loosely aggregated group between Knight and Krutoi Islands. The

distribution of sea otters in Yakutat Bay is shown in Figures 7-11. No sea otters were

observed in Disenchantment Bay and Russell and Nunatak Fiords. No sea otters were

observed from Kaliakh River to Point Manby including Icy Bay.

In the 1996 distribution survey, sea otters were fairly uniformly distributed between Cape

Hinchinbrook and Cape Suckling. The total number of sea otters counted was 256; the median

group size was 1 (range 1-30). Sea otters were observed on 26% of 31 off shore transects

surveyed and accounted for 7.8% (n=20) of the total number of sea otters observed between

Cape Hinchinbrook and Cape SUCkling. The greatest distance sea otters were observed from

shore (land areas not covered by storm high tide) was 20 km, these observations were close to

mud flats exposed at mean low tide. ,

15
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Figure 6. The distribution and minimum counts of sea otters (Enhydra lutris) observed from Cape Hinchinbrook to Cape Spencer, Alaska,
dUring aerial surveys conducted in 1995 and 1996. Each marker represents a sighting of one or more sea otters. .
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Figure 7. Transects flown on the first replicate sea otter (Enhydra lutris) survey of Yakutat Bay, Alaska, on 7 August 1995.
Numbers indicate sea otters observed on the transect. No number indicates zero otters observed.

600 N



; t

•

•

•

•

•

•

•

•

•

•

•



e

­00

• • • •

Yakutat
Bay

• • • • •

60DN

.'

Figure 8. Transects flown on the second replicate sea otter (Enhydra lutri§) survey of Yakutat Bay, Alaska, on 8 August
1995. Numbers indicate sea otters observed on the transect. No number indicates zero otters observed.
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Figure 9. Transects flown on the third replicate sea otter (Enhydra lutris) survey of Yakutat Bay, Alaska, on 8 August
1995. Numbers indicate sea otters observed on the transect. No number indicates zero otters observed.
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Figure 10. Transects flown on the fourth replicate sea otter (EnhydralYtrW survey of Yakutat Bay, Alaska. on 9 August
1995. Numbers indicate sea otters observed on the transect. No number indicates zero otters observed.
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Figure 11. Transects flown on the fifth replicate sea otter (Enhydra lutris) survey of Yakutat Bay, Alaska, on 9 August
1995. Numbers indicate sea otters observed on the transect. No number indicates zero otters observed. Shaded area indicates
large group of otters sighted off-transect.
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Abundance Survey

The complete survey area abundance estimate for sea otters area is presented in Table 2.

Unadjusted population estimates with standard errors were obtained for each strata (high and

low density) separately. The ISU data was pooled across strata and applied to bo~ high and

low population stratum estimates; the correction factor was 2.63. The overall sea otter

population abundance estimate was 404 (95 %CI= 136-672) for Yakutat and Disenchantment

Bays, and Russell and Nunatak Fiords.

Sea otter population estimates for the replicate survey area (shaded area of Figure 5) were

generated based on replicates 1, 2, 4, and 5 and are presented in Table 3. UnadNsted and

adjusted population estimates were developed for each replicate, resulting in four independent

estimations of population abundance. The combined correction factor applied to the

unadjusted population mean of the replicates resulted in a corrected population estimate of 193

(95%CI= 16-402). There was considerable variation in the sea otter density estimated among

surveys. An alternative method to assessing population abundance using the replicate data is
•

to take the mean of the adjusted population estimates. This accounts for the variability in the

detection probabilities among replicate surveys. The correction factors ranged from 1.0 to 3.5

among survey replicates. The mean of the adjusted population estimates was 194

(95%CI=28-360) sea otters in the replicate area in Yakutat Bay.
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Table 2. Sea otter (Enhydra lutris) aerial survey results from the Yakutat Bay area (including

Disenchantment Bay and Russell and Nunatak Fiords) conducted 7-9 August 1995.

Adjusted
,

Number Unadjusted Adjusted Population• Survey Number of of Otters Density Correction Population Population Standard

Stratum Transects Counted (Otters/km2) Factor Size Size Error

•

•
I)

,;

High

Low

All

163

27

33

2

0.25

0.04

23

2.63

2.63

112

42

294

110

404

112.9

77.4

136.9
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Table 3. Sea otter (Enhydra [utris) replicate aerial survey results from the Yakutat Bay area

(high density survey strata) conducted 7-9 August 1995.

Adjusted

Number Unadjusted Adjusted Population

Replicate Number of of Otters Density Correction Population Population Standard
IJ'

Number Transects Counted (Otterslkm2) Factor Size Size Error

1 105 33 0.34 2.63 107 280 107.0

• 2 102 14 0.14 3.50 45 158 95.2

4 105 20 0.20 1.00 62 62 18.5

5 99 53 0.57 1.55 179 276 115.3

• All 1.96 98 193 65.8

•

•,

24



!
I. t

~
I

. I

I

•

•

•

•

'.

•

•



•

..

•

..,

DISCUSSION

Historically, the habitat in the Gulf of Alaska coastal area supported a large number of sea

otters. In the Yakutat Bay area there were reports of Russian expeditions which harvested as

many as 2,000 sea otters. Approximately 2,800 sea otte~s were also harvested in the Lituya

Bay area by Russian and French fur traders (Cadwell 1986, Bancroft 1959). La Perouse

(1797) speculated in his ship log during an exploration of the Gulf of Alaska coast that a

factory could collect 10,000 sea otter skins annually from this region (Cadwell 1986, La

Perouse 1797- as referenced by Simon-Jackson and Hodges 1987). However, by 1832, the

Russian-American Company discontinued harvesting sea otters in the Lituya Bay region

because their hunting efforts were unsuccessful (Bancroft 1959, Cadwell 1986). '

Sea otters are returning are beginning to re-occupy the coastal habitat along the Gulf of

Alaska, but the population is no where near the historic densities reported by the fur trade.

The current sea otter distribution has changed since the last complete survey in 1986-87

(Simon-Jackson 1986, Simon-Jackson and Hodges 1987). There were no sea otters observed

in the 1987 survey of the outer Gulf Coast between Cape Suckling and Cape Spencer; though

there were several sea otter sightings reported between Yakataga and Icy Bay and within

Yakutat Bay from other sources. Nine years later, we observed 206 sea otters on the outer

Gulf Coast (from Cape Suckling to Cape Spencer) and a minimum count of 245 within Yakutat

Bay.

Seasonal differences in the sea otter distribution or differences in survey methodology may

account for some of the observed differences between surveys. However, it seems likely that

population range expansion from the Prince William Sound-Controller Bay area or the

southeast population are contributing to the observed changes in sea otter distribution between

Cape Suckling and Cape Spencer.
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The minimum counts of sea otters have been variable in the Controller Bay area; 185 and 48

sea otters were reported in 1986 and 1987, respectively (Simon-Jackson 1986, Simon-Jackson

and Hodges 1987). In our 1996 distribution survey, we observed 96 sea otters in the

Controller Bay area. Simon-Jackson observed a median group size of2 (range 2-124) with the

largest group occurring in Controller Bay. Our median group size was also small and the

largest group we observed in the Controller Bay area was 14 sea otters.

The distribution surveys are useful for minimum count data and provide a picture of sea otter

population expansion in the Gulf of Alaska coastal area. However, they only provide a 'snap

shot' in time that'may be affected by factors such as season, tidal state and survey conditions.

The distribution and the minimum count data for other marine mammal species are presented

in Appendix B.

The abundance survey provides a means of comparing population abundance over time and is

readily repeatable over longer time intervals (e.g. every 5-10 years). The methodology

developed by Bodkin and Udevitz (1996) allows for the calculation of observer and survey­

specific correction factors in the determination of an abundance estimate. There was

considerable variability in the correction factor and the abundance estimates in the replicate

surveys. Sea otters are highly mobile and large groups of animals can influence the variation

among transects considerably. Some of the observed variation in the population estimates of

sea otters is due to the clumped distribution of sea otters within Yakutat Bay (e.g. many

transects had zero animals and a few had high counts). There may have also been movement

of sea otters in and out of the high density survey area from the outer Gulf of Alaska coast.

During the 'replicate area count' of sea otters, a large group of otters(n= 120) was observed

off-transect. We believe most of the otters in a group of that size would have been observed

within a transect during at least one of the other replicates (1-4), if present. Variation in the

estimated correction factor also affects the adjusted population estimate; there were < 10

lSD's per replicate (range 2-7) which reduced the precision of the estimated correction factors.

Of the two methods used to determine population estimates for the replicate area in Yakutat

26



1

•
1
[
i

I
•

1
I
;

'.
I

•
I

f

I,
i
j

1
I

•
!
!
!
j
;
I

•
I

•

•

•

'.



_I 4

•

•

•

•

Bay, averaging the adjusted population estimates is likely most defensible because it adjusts for

detectability bias and does not assume a constant correction factor for all replicates.

The sea otter population has increased in abundance and expanded in range since the last

complete survey of the area in 1987. The population within Yakutat Bay may be increasing

due to immigration from the translocated population in Southeast or from the Prince William

Sound-Controller Bay area. Simon-Jackson (1986) reports that the recolonization of Controller

Bay was presumably by animals dispersing from the Prince William Sound stock. It is unclear

whether sea otters now located in Yakutat Bay dispersed from the Controller Bay area, or

from the translocated population of Cape Spencer, or established from the original 10 animals

translocated to Yakutat Bay in 1966. Small translocated populations «25-30 animals) are

unlikely to establish themselves in a new area because the reproduction rate will likely be less

than the mortality and emigration rates (Jameson et. aI1982). Therefore, it is likely that both

the translocation and natural immigration have contributed to the sea otter colonization of

Yakutat Bay.
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APPENDIX A: SAS computer programs were developed to determine sea otter population

abundance estimates from line transect data (Bodkin and Udevitz 1996) for the Yakutat Bay

area, Alaska 1995. The following programs (survey la, 2a, 2b, 2c, and 4c) were developed

by Douglas Bum, USFWS, Marine Mammals Management in consultation with Mark Udevitz,

Biological Resources Division, USGS. Documentation of specific program code occur within

the text and are denoted by an asterisk.
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********************************************************************
* survey1a.sas *
********************************************************************
* Douglas M. Burn * *
* us Fish &Wildlife Service * Origin Date: 07/20/94 *
* Marine Mammals Management * *
* 1011 East Tudor Road * Revision Date: 02/01/96 *
* Anchorage, AK 99503 * *
* (907)786-3807 * *
********************************************************************

"

*
* First-step processing of Yakutat otter aerial survey data.

*

*
*
*

********************************************************************

•

*
* Input File(s): NONE
* Output File(s): NONE
*
* Input SAS data set(s): flight. transect, isu
* Output SAS data set(s): NONE
* Intermediate SAS data set(s): NONE
*

*
*
*
*
*
*
*
*

•

********************************************************************­,

libname yak 'm:\otter\yakutat\data';
options linesize=132;

********************************************************************.,

* Use PROCDATASETS to rename variables *;

proc datasets library=yak; /* rename flight variables */

*
*

*
*
*
*
*

modify fl ight;
rename cloud_co=cloudcov;

modify transect;
rename conditio=cond

strip_co=count;
modi fy isu; .

rename circle_1=c-pups
circle c=c adults
strip_c1=syuPs
strip_co=s_adults;

/* rename transect variables */

/* rename isu variables */

run;

********************************************************************.,

* Parse strip count into ADULTS and PUPS variables *;

filename strip 'm:\otter\yakutat\data\strip.dat';
filename strip3 'm:\otter\yakutat\data\strip3.dat';

data null;
set-yak. transect;

strip2=translate(count,' ',','); /* replace commas with blanks *1
fi le strip;
put @1 transect @6 page_id $ @15 cond @18 replicat @20 strip2 $;

run;

data strip;
infile strip missover;

file strip3;

input transect @6 page_id $8. cond replicat strip2 $ @;
strip3=transLate(strip2, I " '/');

output;
put @1 transect @6 page_id @15 cond @18 replicat @20 strip3;

do i=1 to 15;
input strip2 @;
strip3=translate(strip2,' " 'I');
if strip2 ne " then do;
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output:
put @1 transect @6 page_id @1S cond @18 replicat @20 strip3:

end;
end:

drop i;
run:

data yak. transect:
infile strip3 missover;

input @1 transect @6 page_id $8. @1S cond @18 replicat adults pups:
if(pups=.)then pups=O;
count=adults+pups:

run;

*************************************************••*****************­,

* Summarize COUNT by TRANSECT *:

proc summary sum data=yak.transect:
by transect replicat;

id page id cond:
var adults pups count;

output out=yak.transum sum=;
run;

***********************************************••*******************.,

* Sum ADULTS and PUPS in ISU data set *;

data yak.isu;
set yak.isu;

stripc=s_adults+s-pups;
circlec=stripc+c_adults+c_pups:

run;

********************************************************************­,

* Print contents of data sets*:

title1 'U.S. Fish and Wildlife Service';
title2 'Marine Mammals Management';
title4 '1995 Yakutat Sea Otter Aerial Survey';

titleS 'FLIGHT Information':
proc contents data:yak.flight:
proc print data=yak.flight noobs;
run:

titleS 'TRANSECT Information';
proc contents data=yak.transum:
proc print data=yak.trans~_noobs;

run;

ti tleS 'ISU Information';
proc contents data=yak.isu:
proc print data=yak.isu noobs:
run;



•

•

•

•

•
I

•
I
I
I•
f

t

•I
I

I
•

•



-'
********************************************************************
* survey2a.sas *
********************************************************************

*

* Douglas M. Burn * *
* us Fish &Wildlife Service * Origin Date: 10/19/94 *
* Marine Mammals Management * *
* 1011 East Tudor Road * Revision Date: 02/01/96 *
* Anchorage, AK 99503 * *
* (907)786-3807 * *
********************************************************************

*
*
*
*
*

Calculates ratio estimate of population size, correction
factor, and corrected population size by replicate. This
program is an adaptation of a program supplied by M. Udevitz.

*
*
*
*
*

********************************************************************
* *
* Input File(s): NONE *
* Output File(s): NONE *

• * *
* Input SAS data set(s): transum, isu, waypnts2 *
* Output SAS data set(s): tranlen, popest1 *
* *
********************************************************************.I

•
libname yak 'm:\otter\yakutat\data';

options linesize=132;

********************************************************************­,

* Create data set containing transect lengths *;

data yak.tranlen;
set yak.waypnts2;

keep transect length rep_area;
run;

********************************************************************­I

* Sort TRANSUM and TRANLEN by transect variable *;

proc sort data=yak.tranlen;
by transect;

run;

proc sort data=yak.transum;
by transect replicat;

run;

********************************************************************­,

* Merge TRANSUM and TRANLEN data sets *;

data transect;
merge yak.transum(in=in_ts) yak.tranlen;

by transect;
area=length*.4; /* convert length to area */

\

/* delete unusable transects */..
i I

if(transect > 2000)
then stratum:'L';
else stratum:'H';

* grpsize='S';

* %include 'droptran.txt';

* %include 'subcomps.txt';

if in_ts=1 then output;

/* set stratum variable

/* set groupsize variable

/* remove complete counts

/* keep usable transects

*/

*/

*/

*/
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********************************************************************­,

* Summarize COUNT and AREA variables *;

proc sort data=transect;
by replicat stratum;

run;

proc summary nway n sum data=transect;
var count area;

by replicat stratum;
where rep_area = 1 and stratum = 'H' and replicat ne 3;
output out=ratio1 n=num sum=totcount samparea;

run;

********************************************************************.,

* Calculate stratum density values *;

data rat i01;
set ratio1;

density=totcount/samparea;
run;

********************************************************************­,

* Calculate ratio estimate of population by REPLICATE by STRATUM *;

data unadjpop;
merge transect ratio1;

by replicat stratum;
if stratum = 'L' or replicat = 3 then delete;

if(first.stratum=1)then sumsq=O;
sumsq+(Ccount-area*density)**2);

if last.stratum=1 then do;

1* reset sumsq to zero
1* increment sumsq

1* last obs in stratum?

*1
*1

*1

if(stratum='H')then strarea=313.393; 1* stratum area values *1
* else strarea=1033.198;

popsize=density*strarea;
fract=samparea/strarea;
popvar=(strarea**2)*C1-fract)*sumsq/«samparea**2/num)*Cnum-1»;
pstderr=sqrt(popvar);
pcv=pstderr/popsize;
output;

end;

label stratum='Survey Stratum'
grpsize='Group Size'
num='Number of Transects'
totcount='Total Otters Counted'
samparea='Total Area.Sampled'
density='Density (Otters/km-2)'
popsize='Population Size'
popvar='population Variance'
pstderr='Population Standard Error'
pcv='Population Coefficient of Variation';

run;

********************************************************************.,

* Print unadjusted popUlation estimates *;

title1 'U.S. Fish and Wi ldl He Service';
title2 'Marine Mammals Management';
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title4 '199S Yakutat Sea Otter Aerial Survey':
titleS 'Unadjusted Population Estimates':

proc print data=unadjpop noobs label:
var replicat stratum num totcount samparea density popsize

popvar pstderr pcv;
format popsize 6.:

run:

********************************************************************.,
* Calculate Sightability Correction Factor from ISU data *:
********************************************************************.,

* Drop first group for each ISU *;

data isu:
set yak. iSUi

by isu;
if(first.isu=1)then delete:
else if(transect > 2000) then delete:
else if(replicat = 3) then delete;

run:

********************************************************************.,

* Summarize strip and circle counts by ISU *;

proc sort data=isu;
by replicat isu;

proc summary sum data=isu:
by replicat isu;

var stripc circlec:
output out=isusum1 sum=stot1 ctot1:

run:

********************************************************************.,

* Summarize strip and circle counts over ALL ISU's *:

proc summary n sum data=isusum1:
by repl icat:

var stot1 ctot1:
output out=isusum2 n=num sum=stot2 ctot2;

run:

********************************************************************.,

* Then, a Miracle occurs *:

data factor1:
set isusum2;

factor=ctot2tstot2:

do i = 1 to num:
output:

end;

run:

********************************************************************.,

* Calculate variance and standard error of estimate *:

data factor2;
merge isusum1 factor1;

by repl icat:
sumsq+«ctot1-stot1*factor)**2):
sumsp+stot1:
* grpsiz1l='S';
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put sumsq ctot1 stot1 factor;

if(last.replicat=1)then do;
factvar=sumsq/«sumsp**2/num)*(num-1»;
fstderr=sqrt(factvar);
fcv=fstderr/factor;
output;
sumsq=O;
sumsp=O;

end;

label num='Number of ISUs'
stot2=iTotal Strip Count'
ctot2='Total Circle Count'
factor='Correction Factor (CF)'
factvar='CF Variance'
fstderr='CF Standard Error'
fcv='CF Coefficient of Variation';

run;

********************************************************************.,

* Print Correction Factor Information *;

title4 'Sightabi l ityCorrection Factor';

proc print data=factor2 noobs label;
var replicat num stot2 ctot2 factor factvar fstderr fcv;

run;

********************************************************************.,
* Apply Correction Factor to Population Estimate *;
********************************************************************­,

data yak.popest1;
merge unadjpop factor2;

by repl icat;

apopsize=popsize*factor;
apopvar=(popsize**2)*factvar+(factor**2)*popvar-(popvar*factvar);
apopstd=sqrt(apopvar);
acv=apopstd/apopsize;

label apopsize='Adjusted Population Size'
apopvar='Adjusted Population Variance'
apopstd='Adjusted Population Standard Error'
acv='Adjusted Population CV';

run;

********************************************************************­,

* Print Adjusted Population Size Estimate *;

title4 'Adjusted Population Estimates';

proc print data=yak.popest1 noobs label;
var stratum replicat popsize factor apopsize apopvar apopstd acv;

format popsize apopsize ,6.;
run;
********************************************************************
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********************************************************************
* survey2b.sas *
********************************************************************
* Douglas M. Burn * *
* US Fish &Wildlife Service * Origin Date: 10/19/94 *
* Marine Mammals Management * *
* 1011 East Tudor Road * Revision Date: 02/01/96 *
* Anchorage, AK 99503 * *
* (907)786-3807 * *
********************************************************************

•

.. *
*
*
*
*

Calculates Pooled estimate of population size, correction
factor, and corrected popUlation size. This program is an
adaptation of a program supplied by M. Udevitz (NBS).

*
*
*
*
*

*

********************************************************************
* *
* Input File(s): NONE *
* Output File(s): NONE *

• * *
* Input SAS data set(s): transum, isu, waypnts2 *
* Output SAS data set(s): tranlen, popest1 *
* *
********************************************************************­,

•

•

•

libname yak 'm:\otter\yakutat\data';

options linesize=132;

***********************.********************************************­,

data unadjpop;
input popsize;

cards;
107
45
62
179

title1 'U.S. Fish and Wi ldl ife Service';
title2 'Marine Mammals Management';
title4 '1995 Yakutat Sea Otter Aerial Survey';
titleS 'Pooled Unadjusted Population Estimate';

proc means data=unadjpop mean var;
var popsize;

output out=pooled mean=popsize var=popvar;
run;

********************************************************************.,
* Calculate Sightability Correction Factor from ISU data *;
********************************************************************­,

* Drop first group for each ISU *;

data isu;
set yak.isu;

by isu;
if(first.;'su=1)then delete;
eLse if(transect > 2000) then deLete;
else if(replicat = 3) then delete;

run;

********************************************************************­,

* Summarize strip and circle counts by ISU *;

proc sort data=isu;
by isu;
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proc summary sum data=isu;
by isu;

var stripc circlec;
output out=isusum1 SUffi=stot1 ctot1;

run;

********************************************************************­,

* Sunmariie strip and circle counts over ALL ISU's *;

proc summary n sum data=isusum1;
var stot1 ctot1;

output out=isusum2 n=num sum=stot2 ctot2;
run;

********************************************************************.,

* Then, a Miracle Occurs *;

data factor1;
set isusum2;

factor=ctot2/stot2;

do i = 1 to num;
output;

end;

run;

********************************************************************­,

* Calculate variance and standard error of estimate *;

data factor2;
merge isusum1 factor1;

sumsq+«ctot1-stot1*factor)**2);
sumsp+stot1;
stratum='H';
* grpsize='S';

ifCn_=num) then do;
factvar=sumsq/«sumsp**2/num)*(num-1»;
fstderr=sqrt(factvar);
fcv=fstderr/factor;
output;
sumsq=O;
sumsp=O;

end;

label num='Number of ISUs'
stot2='Total Strip Count'
ctot2='Total Circle Count'
factor='Correction Factor (CF)'
factvar='CF Variance'
fstderr='CF Standard Error'
fcv='CF Coefficient of Variation';

run;

********************************************************************­,

* Print Correction Factor Information *;

titleS 'Pooled Sightability Correction Factor';

proc print data=factor2 noobs label;
var num stot2 ctot2 factor factvar fstderr fcv;

run;

********************************************************************.,
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* Apply Correction Factor to Population Estimate *;
********************************************************************­,

data yak.popest1;
merge pooled factor2;

apopsize=popsize*factor;
apopvar=(popsize**2)*factvar+(factor**2)*popvar-(popvar*factvar);
apopstd=sqrt(apopvar);
acv=apopstd/apopsize;

label apopsize='Adjusted Population Size'
apopvar='Adjusted Population Variance'
apopstd='Adjusted Population Standard Error'
popsize='Unadjusted Population Size'
stratum='Survey Stratum'
acv='Adjusted Population CV';

run;

********************************************************************.,

* Print Adjusted Population Size Estimate *;

titleS 'Pooled Adjusted Population Estimate';

proc print data=yak.popest1 noobs label;
var stratum popsize factor apopsize apopvar apopstd acv;

format popsize apopsize 6.;
run;
********************************************************************.
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********************************************************************
* survey2c.sas * *
********************************************************************
* Douglas M. Burn * *

I * US Fish &Wildlife Service * Origin Date: 10/19/94 *
* Marine Mammals Management * *
* 1011 East Tudor Road * Revision Date: 02/01/96 *
* Anchorage, AK 99503 * *
* (907)786-3807 * *
********************************************************************'

*
*
*
*
*
*

*
Calculates ratio estimate of population size, correction *
factor, and corrected population size for Replicate 1 *
(Complete. This program is an adaptation of a program supplied *
by M. Udevitz (NBS). *

*
********************************************************************
* *
* Input File(s): NONE *
* Output File(s): NONE *• * *
* Input SAS data set(s): transum, isu, waypnts2 *
* Output SAS data set~s): tranlen, popest1 *
* *
********************************************************************­,

•

•

•

•

libname yak 'm:\otter\yakutat\data';

options linesize=132;

********************************************************************.,

* Create data set containing transect lengths *;

data yak.tranlen;
set yak.waypnts2;

keep transect length rep_area;
run;

********************************************************************.,

* Sort TRANSUM and TRANLEN by transect variable *;

proc sort data=yak.tranlen;
by transect;

run;

proc sort data=yak.transum;
by transect;

run;

********************************************************************­,

* Merge TRANSUM and TRANLEN data sets *;

data transect;
merge yak.transum(in=in_ts) yak.tranlen;

by transect;
if replicat ne 1 then delete;
area=length*.4; /* convert length to area */

if(transect > 2000)
then stratum='L';
else stratum='H';

* grpsize='S';

/* set stratum variable

/* set groupsize variable

*/

*/

* %include 'droptran.txt'; /* delete unusable transects */

* %include 'subcomps.txt'; /* remove complete counts */
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if in_ts=1 then output; /* keep usable transects */

•

I

•

****************************************w***************************.,

* Summarize COUNT and AREA variables *;

proc sort data=transect;
by stratum;

run;

proc summary nway n sum data=transect;
var count area;

by stratum;
output out=rati01 n=num sum=totcount samparea;

run;

********************************************************************­,

* Calculate stratum density values *;

data rati01;
set rati01;

density=totcount/samparea;
run;

********************************************************************­,

* Calculate ratio estimate of population by STRATUM *;

,
data unadjpop;

merge transect rat i01;
by stratum;

ifCfirst.stratum=1)then sumsq=O;
sumsq+(ccount- area*density)**2);

if last.stratum=1 then do;

/* reset sumsq to zero
/* increment sumsq

/* last obs in stratum?

*/
*/

*/

•

•

•

grpsize='S';
if(stratum='H')then strarea=453.125; /* stratum area values */
else strarea=1033.198;

popsize=density*strarea;
fract=samparea/strarea;
popvar=Cstrarea**2)*(1-fract)*sumsq/CCsamparea**2/num)*(num-1»;
pstderr=sqrt(popvar);
pcv=pstderr/popsize;
output;

end;

label stratum='Survey Stratum'
num='Number of Transects'
totcount='Total Otters Counted'
samparea='Total Area Sampled'
density='Density COtters/km-2),
popsize='Population Size'
popvar='Population Variance'
pstderr='Population Standard Error'
pcv='Population Coefficient of Variation';

run;

********************************************************************­,

* Print unadjusted population estimates *;

title1 'U.S. Fish and Wi ldl ife Service';
title2 'Marine Mammals Management';
title4 '1995 Yakutat Sea Otter Aerial Survey';
titleS 'Unadjusted Population Estimates for Replicate 1 (Complete)';
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proc print data=unadjpop noobs label;
var stratum num totcount samparea density popsize

popvar pstderr pcv;
format popsize 6.;

run;

********************************************************************­,
* Calculate Sightability Correction Factor from tsu data *;
********************************************************************­,

* Drop first group for each ISU *;

data isu;
set yak.isu;

by isu;
ifCfirst.isu=1 Or replicat ne 1)then delete;

run;

********************************************************************­,

* Summarize strip and circle counts by ISU *;

proc sort data=isu;
by isu;

proc summary sum data=isu;
by isu;

var stripc circlec;
output out=isusum1 sum=stot1 ctot1;

run;

********************************************************************­,

* Summarize strip and circle counts over All ISU's *;

proc summary n sum data=isusum1;
var stot1 ctot1;

output out=isusum2 n=num sum=stot2 ctot2;
run;

********************************************************************.,

* Then, a Miracle Occurs *;

data factor1;
set isusum2;

factor=ctot2/stot2;

do i = 1 to num; .
output;

end;

riJn;

********************************************************************­,

* Calculate variance and standard error of estimate *;

data factor2;
merge isusum1. factor1;

sumsq+CCctot1-stot1*factor)**2);
sumsptstot1;
grpsize='S';
put sumsq ctot1 stot1 factor;

if( n =num)then do;
factvar=sumsq/«sumsp**2/num)*(num-1»;
fstderr=sqrt(factvar);
fcv=fstderr/factor;
output;
sumsq=O;
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sumsp=O;
end;

LabeL num='Number of ISUs'
stotZ='TotaL Strip Count'
ctotZ='TotaL CircLe Count'
factor='Correction Factor (CF)'
factvar='CF Variance'
fstderr='CF Standard Error'
fcv='CF Coefficient of Variation';

run;

********************************************************************.,

* Print Correction Factor Information *;

titLeS 'SightabiLity Correction Factor for RepLicate 1 (CompLete)';

proc print data=factorZ noobs LabeL;
var num stotZ ctotZ factor factvar fstderr fcv;

run;

********************************************************************­,
* AppLy Correction Factor to PopuLation Estimate *;
********************************************************************.,

data yak.popest1;
merge factorZ unadjpop;

by grpsize;
apopsize=popsize*factor;
apopvar=(popsize**Z)*factvar+(factor**Z)*popvar-(popvar*factvar);
apopstd=sqrt(apopvar);
acv=~popstd/apopsize;

LabeL apopsize='Adjusted PopuLation Size'
apopvar='Adjusted PopuLation Variance'
apopstd='Adjusted PopuLation Standard Error'
acv='Adjusted PopuLation CV';

run;

********************************************************************­,

* Print Adjusted PopuLation Size Estimate *;

titLeS 'Adjusted PopuLation Estimates for RepLicate 1 (CompLete)';

proc print data=yak.popest1 noobs labeL;
var stratum popsize factor apopsize apopvar apopstd acv;

format popsize apopsize 6.;
run;
********************************************************************
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****************************************~***************************

* survey4c.sas * *
********************************************************************
* Douglas M. Burn * *
* US Fish &Wildlife Service * Origin Date: 10/20/94 *
* Marine MammaLs Management * *
* 1011 East Tudor Road * Revision Date: 02/01/95 *
* Anchorage, AK 99503 * *
* (907)786-3807 * *
********************************************************************
*
*
*
*

Adds adjusted population estimates from SURVEY2c.SAS for
replicate 1 (Complete).

*
*
*
*

********************************************************************
* *
* Input File(s): NONE *
* Output File(s): NONE *
* *• * Input SAS data set(s): popest1, popest2 *
* Output SAS data set(s): popest3 *
* *********************************************************************.,

options Linesize=132;

********************************************************************.,

* Rename variables in POPEST1 *;

data popest1;
set yak.popest1;

popsize=apopsize;
popvar=apopvar;

keep popsize popvar stratum grpsize;
run;

********************************************************************.,

* AmazingLy enough, another miracle is about to occur *;

proc summary sum data=popest1;
class stratum;

var popsize popvar;
outputout=yak.popest3 sum=;

run;

********************************************************************.,

* CaLculate Standard Errors and CV's for Population Estimates *;

data yak.popest3;
set yak.popest3;

stderr=sqrt(popvar);
popcv=stderr/popsize;

labeL popsize='Population Size'
popvar='popuLation Variance'
stderr='PopuLation Standard Error'
popcv='Population Coefficient of Variation'
stratum='Survey Stratum'
grpsize='Group Size';

run;

********************************************************************.,

* Print OveraLL Population Size Estimate *i



I '

•

•

•

, '

I
•

,
i

I
I

I

•
I
I
j

!

I
I

•
I
I
I

I
)

•



•

•

•

•

•

••

title1 'u.s. Fish and Wildl ife Service';
title2 'Marine Mammals Management';

title4 '199S Yakutat Sea Otter Aerial Survey';
titleS 'OVerall Population Estimate for Replicate 1 (Complete)';

proc format;
value $strat I '='ALL'

'H'='High'
'L'='Low' ;

run;

proc sort data=yak.popest3;
by descending _type_;

run;

proc print data=yak.popest3 noobs label;
var stratum popsize popvar stderr popcv;

by descending _type_;
format popsize 6. stratum $strat.;

run;
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APPENDIX B: Marine mammal distribution and minimum counts

Concurrent with the distribution surveys for sea otters, we recorded observations of any other

marine mammals encountered in the Gulf of Alaska coast during August 1995 and 1996. The

distribution surveys were designed to maximize the opportunity to observe sea otters and

therefore were not optimum for detecting other marine mammal species. We likely missed
1

species that inhabit off...;shore areas. Haul~out areas and rookeries were not specifically

surveyed unless they occurred within the survey boundries set for sea otters. Interpretation of

these incidental sightings is difficult because we did not follow a standardized, species-specific

survey protocol. However, the information provides an index to marine mammal numbers in

the near~shore areas between Cape Hinchinbrook and Cape Spencer during August of 1995 and

1996.

The following maps show the distribution and minimum counts of: Steller's sea lion

(Eumetopias jubatus) n = 575, harbor seals (Phoca vitulina) n == 246, harbor porpoise

(Phocoena phocoena) n = 84, and unidentified marine mammals n= 2.

45
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Figure B-1. The distribution and minimum counts of Steller's sea lions (Eumetopias jubatys) observed from Cape Hinchinbrook to Cape
Spencer, Alaska, during aerial surveys conducted in 1995 and 1996. Each marker represents a sighting of one or more sea lions.
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Figure B-2. The distribution and minimum counts of harbor seals (fb.QwI vitulina) observed from Cape Hinchinbrook to Cape
Spencer, Alaska, during aerial surveys conducted in 1995 and 1996. Each marker represents a sighting of one or more seals.
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Figure B-3. The distribution and minimum counts of harbor porpoise (Phocoena phocoena) observed from Cape Hinchinbrook to Cape
Spencer, Alaska, during aerial surveys conducted in 1995 and 1996. Each marker represents a sighting of one or more porpoise,
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Figure 8-4. The distribution and minimum counts of unidentified marine mammals observed from Cape Hinchinbrook to Cape Spencer,
Alaska, during aerial surveys conducted in 1995 and 1996. Each marker represents a sighting of one or more animals.
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