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ABSTRACT

This study investigated the use of terrestrial haulout sites in the
eastern Bering Sea by four species of pinnipeds, northern fur seal, northern
sea lion, harbor seal and Pacific walrus. Historical infornation on the use of
each site was summari zed. For a few sites there was little or no information

about the nunber of animals present and consistency of use of the site, so we
were unable to properly eval uate these.

Avail able information on the effects of airborne and waterborne noise,
and human di sturbance (from stationary and noving sources) was reviewed. W
al so conducted a detailed analysis of the acoustic environment of eight
haulout sites. These eight sites were representative of others used by each of
the four species studied. The analyses included investigations of (1)
characteristics of airborne and underwater anbient noise, (2) characteristics
of industrial noise sources, including aircraft, small boats, fishing trawers
and comercial cargo traffic, and (3) sound transmission loss in air, water
and through the air-water surface.

Inter-site Population Sensitivity |ndex (IPSI)

As a nmeans to evaluate the potential vulnerability of each haulout site
to noi se and di sturbance, we devel oped a quantitative rating system (IPSI)
whereby an index of sensitivity was assigned to each site. 1IPSI values were
conmputed from rank scores assigned to eight categories associated with each
site occupied by each of the four pinniped species. The eight categories were
(1) the peak count of a particular species of pinniped recorded at a site
since 1980, (2) the mean maxi mum nunmber of animals recorded at a site during
t he past three decades and during the npst recent count at the site, (3) the
proportion of the current total estinmated Bering Sea popul ation present at a
particular site, (4) the age and sex composition, and the kinds of behaviora
activities that have been recorded at a site, (5) the duration of use of a
haulout site, (6) consistency of use of a haulout site, (7) various physica
characteristics of the site, including substrate type, local relief, water
depth and proximty to airports, shipping lanes, human settlenents, and (8)

species characteristics, i.e. susceptibility of animals of this species to



Abstract Xi

noi se and di sturbance and the potential for nortality. Sites that rated high
had high IPSI scores and were considered nost sensitive.

Norton Basin Planning Area

There are 14 haulout sites in this planning area; they are used by two of
the four species of pinnipeds studied. No northern fur seals or harbor seals
haul out in significant nunbers here. Twelve of the 14 sites are used by

Paci fic walrus. Tw haulout sites, the one on North Punuk Island, and the one
on King Island ranked high in our IPSI evaluation schene. Northern sea liouns
have occasional |y hauled out at Southwest Cape on St. Lawence |sland and on
near by South Punuk |sland. However, there is no current information concerning

the use of these sites by sea lions.

St. Matthew Hall Planning Area

In this planning area 24 haulout sites are used by three of the four
pinnipeds studied; there are no northern fur seal haulout Sites in this area.
Most of the sites (11) are used by northern sea lions, however none ranked
high in the overall IPSI evaluation schene. Pacific walrus sites were second
i n abundance (8) and four of these, all on St. Matthew or Hall islands, ranked
hi gh. Harbor seal sites were |east abundant (5) ia this planning area, but the
site(s) in Kuskokwi m Bay ranked relatively high. This area, and the areas to
the east near Avinof Point, may be the nost northerly nmgjor harbor seal
pupping areas in the eastern Bering Sea.

North Al eutian Basin Pl anni ng Area

This planning area contains 44 haulout sites used by three of the four
species studied;, no northern fur seals haul out in this planning area. Harbor
seals used 22 of the sites including 9 (20% that rated high in our IPSI
eval uation schene. Twelve sites were occupied by northern sea lions, and at
least six (14% of these were ranked high. Ten sites are occupied by Pacific

wal rus, and five (11% of these were ranked very high.
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St. CGeorge Basin Planning Area

This planning area has 54 haulout sites used by three species; this is
the largest nunmber of haulout sites in any of the four planning areas in the
eastern Bering Sea. There are no consistently used Pacific walrus haulout
sites, but all 22 northern fur seal haulout sites in the eastern Bering Sea
are found here (Pribilof |slands and Bogoslof Island). Seventeen sites are
occupi ed by northern sea lions, and 6 (11% of these were ranked very high in
our IPSI evaluation schene. At |least 15 sites are used by harbor seals, and
three (699 of these (two in the Fox Islands and one on Oter Island) were
ranked very high.

Overall, we evaluated 120 of 136 terrestrial haulout sites in four
different OCS Planning Areas in the eastern Bering Sea. O the 44 sites in the
North Al eutian Basin Planning Area, alnost half (20 sites; 45% ranked high in
our IPSI evaluation schenme. This nunber represents alnost half of the total 41
most highly rated sites in the study area. O the 54 sites in the St. Ceorge
Basin Planning Area, 19 (35% were rated high; this nunmber was strongly
i nfluenced by 10 highly ranked northern fur seal sites on the Pribilof
Islands. O the 24 sites in the St. MatthewHall Planning Area, 5 (21% rated
high in our IPSI evaluation, and nost (4 of 5 80% were sites occupied by
Pacific walrus. O the 14 sites in the Norton Basin Planning Area, only 2
rated high in our IPSI evaluation; both of these sites were occupi ed by
Pacific walrus.
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| NTRODUCTI ON

Backgr ound

In Alaska four species of pinnipeds congregate, often by the thousands or
tens of thousands, at specific terrestrial haulout sites along island and
mai nl and coasts of the eastern Bering Sea. These species are the northern fur
seal (Callorhinus ursinus), northern or Steller sea |ion (Eumatopias jubatus),

har bor seal (Phoca vitulina richardsi) and Pacific walrus (Odobenus rosmarus
divergent). Except for the walrus, these species may occupy terrestrial
haulout sites during pupping, nursing, mating and nolting, which are all

potentially times of elevated stress. (Mating, pupping and nursing by Pacific
wal ruses occurs during January through June in the pack-ice rather than at
terrestrial sites.) Consequently, acoustic and/or visual disturbance of
animals at terrestrial haulout sites could adversely affect these and other
functions, or could further decrease resistance to parasitic infection

thernmoregulatory inpairment, disease and other stress factors.

In recent years, the northern fur seal , northern sea lion and harbor sea
popul ations in the North Pacific region including Bering Sea have experienced
significant declines. These declines have been attributed to a variety of
causes, e.g., entanglement in abandoned or discarded fishing gear, disease and
parasitic infections, and reductions (principally through overfishing) in the
abundance of principal prey species. However, there have been few studies of
the potential sensitivity of these pinniped species to industrial disturbance
near haulout sites. Additionally, although the Bering Sea popul ation of the
Pacific walrus has increased markedly in the past decades, nass nortality has
occurred at sone locations, and it has been suggested that this species nay be
sensitive to certain vessel and aircraft traffic.

Literature exists which identifies Bering Sea haulout | ocations for the
four pinniped species. However, site-specific population infornmation has not
been conbi ned with known behavi oral and acoustic information to describe the
potential for disturbance of these four pinniped species by oil and gas
devel opnent activities in the Bering Sea. The present study was conducted on
behal f of the U S. Departnment of Interior, M nerals Minagenent Service, in



[ ntroduction 2

anticipation of eventual oil and gas exploration and devel opnent on the Quter
Continental Shelf of the eastern Bering Sea. The purpose of this study was to
provide an up-to-date and conprehensive synthesis of available information of
t he known and expected effects of (1) underwater noise, (2) nearby vessel
traffic, (3) lowflying aircraft and (4) other associated hunman disturbances
on maj or concentrations of northern fur seals, northern sea lions, harbor

seal s and walruses at rookeries and haulouts in the eastern Bering Sea.

Obj ectives

The principal objectives of this investigation. were as follows:

1. Summarize the literature and conpare the year-round utilization of
maj or Bering Sea haulout sites by northern fur seals, northern sea
lions, harbor seals and Pacific walruses. This objective included (a)
a review of available literature on the distribution of the four
pi nni ped species in the Bering Sea adjacent to Alaska, (b) the
identification of the major haulout sites for these species, (C) an
anal ysis of the use of major haulout sites by different age and sex
cohorts, and (d) a summarization and estimation Of the year-round use
and relative biological wvalue of each major haulout site to each
speci es.

2, Summarize and quantify available information on the effects of
i ndustrial disturbances on the four nmjor species being studied. This
objective included (a) a summary and conparison of available
information on the imediate and |long-term effects of acoustic and
visual disturbance on individuals and on concentrations (haulout
sites) of the four species of pinnipeds, (b) a discussion of the
applicability of information available for other pinniped species, and
(c) a review of responses of marine manmals to various acoustic
stinuli.

3. Based on data obtained in 1 and 2 above, estimate the relative
vulnerability of the nmgjor haulout sites to industrial disturbances.

4. Assess whether disturbance to specific haulouts may have
popul ation-level effects on the above mentioned four species.

5. Conduct an analysis of the acoustic environnent of representative
pi nni ped haulout sites.
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Study Area

The study area for this project is the Bering Sea adjacent to Al aska
(Fig. 1) including the mainland coast from Cape Prince of Wales in the north
to Cape Krenitzin at the tip of the Alaska Peninsula, in the south. It also
includes all of the islands in the Bering Sea fromLittle Diomede Island in
the north (in Bering Strait) to Unimak Island and the Fox Islands in the
eastern Aleutian chain. Umak Island is the nost westerly island considered in

detail in this review

Some information from haulout sites on the Pacific Ocean sides of sone of
the Fox Islands (i.e., Ugamek I., Aiktak |.) are also considered. In general,
however, we have restricted our investigations to haulout sites on the Bering
Sea sides of the eastern Al eutian Islands.
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METHODS

Ter m nol ogy

Throughout this report we use the terns 'haulout site’, ‘rookery’, and
“hauling ground’ or 'haulout'., These terns refer to any site where pinnipeds
traditionally haul thenselves out of the water; however, the ternms are not
used synonynously. Haulout sites are conposed of ‘rookeries’ and ‘hauling
grounds’ (or 'haulouts'), which serve different biological functions for

northern fur seals, northern sea lions, and other eared seals.

For northern fur seals, rookeries are areas generally near the water
where fenales have their pups, where nales and femal es congregate to breed,
and where pups are raised. Hauling grounds are generally located near the
rookeries but are nore inland, and are occupied by non-breedi ng individuals
during the breeding season. Sone adult males may nove to hauling grounds after
the breeding season.

Simlar to northern fur seals, northern sea lions give birth, nurture
their pups, and breed at traditional, well established rookeries. Hauling
grounds are often adjacent to the rookeries and are occupi ed by non-breeding
or “bachelor” males (3+ years of age), and later by harem bulls. Bachel or bull
northern sea |ions aggregate at hauling grounds and spend nuch of their tine
nmock-fighting or making occasional trips into the rookeries where they are
chased by resident males. Unlike fur seals, northern sea |lions haul out
t hroughout the year, rather than only during the breeding season. 1In the
present report we make a distinction between northern sea lion rookeries
(breedi ng/ puppi ng areas) and haulouts,

Har bor seals often congregate to feed and give birth at traditiona
sites, but these sites do not fit the definition of a rookery as described
above, i.e. , where nmales have well established territories in which fenales

are defended and bred, and pups are born.
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Walrus (mainly males in the present study) haul out at traditional
terrestrial sites in the study area, but these sites are not rookeries; few
femal es are present at terrestrial sites in the Bering Sea except im the far
north during late fall. During this period, males may fight over females, but
virtually all breeding and pupping occurs in the pack-ice during late winter
through spring. The ‘dossary’ provided in Appendix 9 gives nore details and

docunentation of termnology used in this report.

Revi ew and Summary of Infornmation on

Pinniped Popul ati ons and Di sturbance

Initially we conducted a search of data bases such as ASFA (Aquatic
Sciences and Fisheries Abstracts), ASTIS (Arctic Science and Technol ogy
Information Service), BIOSIS Previews (Biological Abstracts) and NTIS
(National Technical Information Service). W also conducted thorough searches
for relevant information in libraries at (1) the U. S, National Marine Mammal
Laboratory (Nat. Mar. Fish. Serv., NOAA Seattle, WA, (2) the Pacific
Bi ol ogical Station (Dept. Fish. and Cceans,Nanaimo, B.C.), (3) the University
of British Colunmbia, Vancouver, B.C., (4) the various offices of LGL Limted
(King City, Ontario; Sidney, B.C ) and LGL Alaska Research Associates
(Anchorage and Fairbanks, Alaska), (5) office and staff libraries of the U §.
Fish and Wldlife Service in Al aska (Anchorage, Fairbanks, King Sal mon, cCold
Bay, Dillingham) and (6) office and staff libraries of the A aska Dept. of
Fish and Gane (Anchorage, Fairbanks, King Sal non, Dillingham, Nome). Important
sources of valuable information for this study have been personal
comuni cati ons from people who are currently working or have in the past
wor ked extensively with pinnipeds in the Bering Sea and el sewhere.

We summarized pinniped population information for each najor haul out
site, i.e. with a few exceptions, a site where at least 1% of the total
popul ati on had been recorded since 1950. Since popul ations of some species
have fluctuated greatly in the past 2-3 decades, and no doubt will continue to
do so in future years, we decided that it was not justifiable to exclude a

haulout site because it had not been used in the past 10 years.
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Counts at haulout sites may be influenced by a |large nunber of factors,
e.g., time of year, tinme of day, weather conditions, visibility, type O
observation platform (aircraft, ship, boat, |land), count procedure, observer
ability, disturbance levels at sites, and nature of survey (opportunistic or
otherwi se). Counts at some sites on the same day may fluctuate from severa
t housands (or tens of thousands) of individuals to virtually none. As noted in
most summary tables in this report, counts of northern sea lions, harbor seals
and Pacific walruses are frommany different sources, and nmany data have not
been collected in a systematic or consistent manner (data for the northern fur
seal are an exception). For this reason, in our nain sunmary tables we present
peak counts at each site for each of the four decades since the 1950's (Frost
et al. 1983 used a simlar approach), as well as the nmost current count and
year of npbst current count for each site; details of all other individua
counts are given in Appendices 6 through 8. In nany cases, the nobst current
count is often significantly |ower than the peak count for the 1980's (because
of recent regional population declines). When available, we give a breakdown
by age and sex.

Inter-site Population Sensitivity Index (IPSI)

The inportance and vulnerability to disturbance, i.e. the sensitivity of
each haulout site used by each of the four species, was conputed and an Inter-
site Popul ation Sensitivity Index (IPSI) was generated for each site using a
series of variables or factors related to (1) the location and major physical
characteristics of the haulout site being considered, (2) the status
conposition and trend in nunbers of the population being considered, and (3)
t he species being considered and its general response to disturbance (based on
the literature). These variable factors and the way they fit into the Ianter-
site Population Sensitivity Index (IPSI) are described in nore detail below

The eight variables associated with each species and each site were
ranked on an integer scale (1 through n) according to the total numnber of
sites (n) considered for the species in question. Were variables (or factors)
at two or nore sites were of equal inportance, they were treated as ties
(ranked equally). In instances where two factors were highly interdependent,
they were pooled into a single conplex factor in order to reduce bias. It
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shoul d be pointed-out, however, that nost of the variables considered in this
analysis were to sonme degree dependent on one or nore of the other variables

it was not possible to elimnate all redundancy and/or bias in this ranking
procedure. Thus, because of inherent unavoi dabl e biases, the evaluation
procedures that we used should not be considered a rigorous statistical

treat nent.

A mean rank was conmputed fromthe rank scores for each site. These neans
were then ranked again to determine the overall Inter-site Population
Sensitivity Index (IPSI) for each site considered. For exanple, if there were
25 haulout sites described for a particular species of pinniped, then the site
with the | owest overall mean rank (based on currently available infornation)
had the highest IPSI score--i.e., Was considered a site where severe

di sturbance could cause popul ation-level effects.

I mportant variables or factors considered in evaluating each site were as

fol | ows:

1, The peak count of a particular species of pinniped recorded at. a site
since 1980. This peak enphasizes the nbst current counts (1980's count
and the nost current count) at a particular site. Peak count data for
northern fur seal, northern sea lion, harbor seal and Pacific walrus
are from Tables 3, 5, 6 and 7, respectively.

2. The nean nmaxi mum nunber of animals recorded at a site during the past
three decades and during the npbst recent count at the site. This
provides an indication (but only an indication) of the degree of use
of the site over the past 30 years. The values given in Tables 8
through 11 are based on the average of peak counts for each of the
1960's, 1970’s, 1980's, and the nost current count at the sites given
in Tables 3, 5, 6 and 7. Data fromthe 1950’s, although presented in
many of the review tables in order to provide historical perspective,
have not been included in the eval uation schene.

3. The proportion of the current total estinmated Bering Sea popul ation
present at a particular site. A site that supports a |arge percentage
of the population is considered nore inportant than a site that
supports only a small percentage. The values given in Tables 8 through
11 are the proportions based on current counts, i.e., the nost current
count recorded since 1980 and the nost recent popul ation estimate
given in Tables 3, 5, 6 and 7, respectively.
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4. Age and sex conposition, and the kinds and anmount of behavi oral
activities that have been recorded at a site. A large and conplex site
that is used for pupping and nursing, and for breeding was considered
to be nore inportant to a species and potentially more sensitive than
a small site or a site used only for resting, or only by subadults.
This factor therefore actually includes several inportant variables--
(1) age/sex conposition and conplexity of the site, and (2) behavior--
and both are highly interdependent. Information on the age/sex
conposition (and thus behavior), and conplexity (nunber of
subdi visions and areal extent) of the site are given in Tables 3, 5, 6
and 7, and in Figures 13, 14, 15 and 16, respectively

5. Duration of use of a haulout site. A site that is used for a |arge
part of the year is considered to be nobre inportant and nore
vul nerable than a site used only intermttently (e.g., only during
mgration) . Since sites that are used for a large part of the year
often are the rookeries, where various age and sex classes and a
variety of different behaviors are exhibited, this variable is
obviously related to several of the other variables. Duration of use
was conputed for each species using information given in the
literature; e.g., Table 2 for northern fur seal where virtually al
sites have rookeries and are occupied for about seven nonths (0.583
yr). Only sone northern sea lion sites are rookeries or are near
rookeries , which are occupied for an extensive period (0.500 yr, Table
3). Oher southern Bering Sea sites may be used for about 0.250 yr and
nore northerly sites are used for only 0.167 yr (see Table 9). Harbor
seal sites are also occupied for various durations depending on their
geographic location and the average position of the ice front during
winter. Southern sites are occupied by seals all year while the
northerly sites are occupied for only about six nonths (0.500 yr,
Table 10). Simlarly, Pacific walrus occupy sites for various periods
dependi ng on the sex and age conposition of the animals and the
location of the site (Table 11). Southern sites are used al nost
exclusively by males for periods ranging from2 to 7 nonths (0.167 to
0.580 yr). Northerly sites may be used by all ages and sexes for
periods ranging from2 to 4 nmonths (0.167 to 0.333 yr).

6. Consi stency of use of a haulout site. A site that is used every year
is considered to be nore inportant and nore vulnerable than a site
that is used only sporadically. Rookeries are used nobst consistently
fromone year to the next; thus, there is a strong relationship
between consistency of use of a site and the age/sex classes,
behaviors and duration of use of a site. Consistency of use of a site
is determ ned by the frequency with which aninmals are recorded at
sites during different surveys over a period of years.

7. Site characteristics, i.e., the physiography and associated
susceptibility of the site to disturbance. This factor is based on the
maj or physical characteristics of the site, e.g., the substrate,
vertical relief, bathymetry, etc., in the imediate vicinity of the
site, and its proximty to sources of disturbance. Any site |ocated
within 5 km of a source of noise or disturbance (shipping |anes
airports and/or air traffic lanes, settlements, etc.) was ranked high
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in our evaluation schene. Oher sites not |ocated close to noise or
di sturbance sources were ranked in accordance with the physica

characteristics of the site.

8. Species characteristics “L.e., susceptibility of a species to
di sturbance. This factor is based on how the species responds to
di sturbances of different types (based largely on the literature
presented in this report). It is dependent to a degree on the
conposition (age/sex, behavior) of the animals present at the site,
how that segnent of the population is affected by disturbances, and
whether or not there is a high, nediumor |ow probability of nortality
as a direct or indirect result of noise/disturbance. Species that are
known to have suffered nortality as a result of noise/disturbance
(e.g., Pacific walrus, northern sea lion, harbor seal) were ranked
high, and others (e.g., northern fur seal) were ranked lower (Tables 8

t hrough 11).

Anal ysis of the Acoustic Environnment

We al so conducted a separate analysis of the acoustic environnment of
ei ght haulout sites (see Appendix 1). These sites were considered to be
representative of those used by each of the four pinniped species considered
in the present study. The physical conditions (location in the study area,
proximty to noise sources, site substrate, slope of beach and sea bottom,
bottom type), and pinni ped use of these eight sites were included in our
selection criteria. The analyses included investigations of the follow ng

t opi cs:

1. Characteristics of airborne and underwater anbient noise.

2. Characteristics of industrial noise sources, including aircraft, small
boats, fishing trawlers and conmmercial cargo traffic.

3. Sound transmssion loss in air, water and through the air-water
surf ace.

The anbient noise characteristics of the sites were estinated using data
obtained from studies of simlar areas. The noise source characteristics were
obtained from data reported in the literature and data in the archives of BBN
Systens and Technol ogi es Corporation. Transm ssion |oss characteristics for
ai rborne and underwater sound were estimated using standard anal ytical
procedures and conmputer nodels (see Appendix 1). An analytical procedure was
devel oped for prediction of transm ssion of sound fromaircraft into shall ow
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water, since an existing procedure was not available. Procedures are described
for using the information obtained in this study to predict
level s and to devel op ‘zone-of-influence

noi se exposure

estimates for the various species of
concern. Al of these procedures are described and discussed in detail in
Appendi x 1.
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RESULTS

The following results are presented in several sections, in accordance
with the general objectives of the study. The first sections give descriptions
of inmportant background life-history information about each of the four
species, information about patterns of occupancy and history of use of key

haulout sites, and information about the |ocation and status of haulout sites
for each of the four species in the eastern Bering Sea. Later sections (1)

review information on the effects of disturbance and noise on pinnipeds, and

(2) review information on acoustic processes that may be relevant to OCS
devel opnent near pinniped haulout sites in the eastern Bering Sea (Appendix
1). Specific descriptions of the physical characteristics and maps of each
mej or haulout Site are given in Appendices 2 through 5.

Northern Fur Seal (Callorhinus ursinus L.)

Background

The northern fur seal belongs to the family of eared seals (Otariidae);
it is a nediumsized pinniped with adult bulls ia prine condition on their
breeding territories measuring about 2-3 min leagth and wei ghi ng between 135
and 280 kg. Northern fur seals remain at sea for nost of the year, often far
from shore along the continental shelf and slope. The distribution of northern
fur seals in the Pacific is fromthe Bering Sea to Southern California and
Japan (Fowler 1985, In press). Figure 2 shows the general distribution of this

species in the eastern Bering Sea.

No individual fur seal older than a neonate spends |onger than 60-70 days
of the year on shore (Gentry 1981). Males reach sexual maturity by about 6
years of age and females by 4-5 years of age; they give birth to a single pup
(very rarely twins) weighing 4.5-5,5 kg each year. Adults may live to be
al nost 25 years of age (Fowler 1985, In press).

Northern fur seals are the nost abundant nmarine mammal in the Bering Sea,
but recent declines have occurred throughout its range. The current worldw de

popul ation of 1,173,000 is significantly less than the” 1,765,000 individuals
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reported in the md 1970's by Lander and Kajimura (1982). Simlarly, the
nunber of fur seals estinated on the Pribilof |slands has declined from1.3
mllion in the md-1970"s (Lander and Kajimura 1982), to 0.9 million in the
m d-1980's (North Pacific Fur Seal Conmission 1984, cited in Bigg 1986:383),
to the current estimate of about 0.8 nmillion individuals. This represents a

decline since the mid- to late 1970's of about 4-8% per year (average = 6.1%;

Fowler 1985). Recent studies indicate that the decline may in part be the
result of increased nortality of younger age classes through entanglenent in

abandoned and lost fishing gear arid other debris (Fowler 1984, 1985, 1987, In
press; Yoshida and Baba 1985). Because of the decline, the National Marine
Fisheries Service recently (May 1988) listed the Pribilof Islands popul ation
of northern fur seals as a ‘depleted species' under terns of the Marine Mammal
Protection Act of 1972 (MMPA).

Fur seals cone ashore at several inportant locations in the North
Pacific, Bering Sea and Sea of Okhotsk, though mainly during and after the
breedi ng season (May-Novenber). The distribution of northern fur seal haulout
sites (rookeries and hauling grounds) in the eastern Bering Sea is limted to
the Pribilof Islands including Sivutch (also known as Sea Lioan Rock) and
Bogoslof Island (Fig. 3 and Appendix 2) which are used by about 70-74% of the
world popul ation of this species. This relatively restricted distribution of
haulout sites is thought to be related to nearby oceanographic features. Lloyd
et al. (1981) speculated that the feeding habitats of all fur seals, not just
those in the Bering Sea (Perez 1979, Perez -and Bigg 1980), consist of the
outer continental shelf and oceanic domains, and that "only islands in or
i medi ately adjacent to the [very productive and food-rich] outer shelf

domains are suitable for fur seal rookeries.”

Patterns of QOccupancy at Haulout Sites

Bi gg (1986) conducted a detailed investigation of the rather complex
patterns of arrival and departure of northern fur seals at haulout Sites on
St. Paul Island in the Pribilofs (see discussion above). Arrival and departure
patterns on St. Paul probably are also representative of arrival and departure
patterns on St. George Island, also in the Pribilofs (M Bigg, pers. comm.
1987). Northern fur seals occupy haulout sites at different tinmes depending on
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their sex and age. In general, the oldest and strongest bulls return first,
foll oned by younger bulls and adult fenales, followed by even younger bulls
and females (Table 1), The first bulls begin arriving at Pribilof Island
rookeries in early to md-May and usually abandon their territories by
m d- August. Pregnant females begin arriving in md-June. Fenales usually give
birth within a day of arriving at the rookery, but it is not unusual for sone
females to give birth up to three days after arriving. The peak of pupping is
in early July (Fiscus 1986). Pups are nursed until the female breeds 5-6 days
after giving birth (Gentry and Holt 1986). Females then return to sea to feed
for several days (nmean 3.5 days, Loughlin et al. 1987). This is the first
period of feeding by females after their arrival at the rookery. The female
continues to come and go to and fromthe rookery for about 120 days (Gentry
and Holt 1986). She travels to sea for periods averaging 5.7 days in July and
7.3 days in August; each feeding period is followed by tw days of nursing

(mean 1.9-2.2 days according to Loughlin et al. 1987 and Gentry and Holt 1986,

Table 1, Summary of the timng of arrival of hauling grounds and rookeries by
northern fur seals of different ages and sexes, St. Paul |sland,
Bering Sea, Alaska (from Bigg 1986).

Sex Site*  State** Age Date of Last Arrival*** Abundance
Male R 1 Late Sep to early Ot Few
HG 2 Md-to late Aug 2 yr >1 yr
HG 3 Late Jul 3 yr >2 yr
HG 4 Mid~Jul all
HG 5 Late Jun to early Jul al |
HG 6 Late Jun all
R >7 Late Jun al |
Femal e R NP | Ot to early Nov Few
HG,R NP 2 Md-to late Sep 2 yr >lyr
HG NP >3 Mid-Aug 3 yr >2 yr
HG P >4 Mid-Aug al |
R P >4 Mid-Jul all

* R = rookery; HG = hauling ground.
*% NP = not pregnant; P = pregnant.
#x%* Date when essentially all seals have arrived.
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respectively). This process continues until the pups are weaned. Adult females
start to | eave the rookeries in early Cctober (Gentry 1981) and departure
continues into Novenber (Table 2). Pups first enter the sea at about 4-6 weeks
of age, but may remain at the rookery until early Novenber (Fiscus 1986).

Table 2. A summary of the occupancy of haulout sites on the
Pribilof Islands, Bering Sea, Al aska, by different age
and sex classes of northern fur seals.

May Jun Jul Aug Sep Ot Nov Dec

Breeding Bulls 1* 2 3
Adul t Femal es 1 3
Subadult Mal es 1 3
Subadult Femnml es 1 3 —
Pups | 3=

* ‘1 in the time line indicates the approxinate earliest dates
of arrival, ‘2’ indicates the approximate date of abandonnent
of territories by adult bulls and breakdown of the social
structure of the rookery, and ‘3’ indicates the beginning of
the departure of fur seals fromthe islands and the start of
the southbound migration.

The 3 to 5-year-old nales begin to haul out on the hauling grounds in
late June, and younger aninmals continue to arrive well into Septenber. The
| atest arrivals include many Z-year-olds. Although nost yearlings remain at
sea and do not return to haulout sites, a few yearling fenmales may nake brief
visits to the periphery of rookeries or hauling grounds as late as early
Novenber

Location and Status of Northern Fur Seal Haulout Sites

Pribilof | sl ands

St. Paul Island. There are 14 distinct haulout sites (rookeries with
associ ated hauling grounds) on St. Paul Island (Table 3; Appendix 2; Kozloff
1985). The history of use of these haulout sites (Table 3) shows a general
decline in the nunber of breeding bulls and pups since the 1950’s. The nost
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Tabl e 3, Peak nunbers of northern fur seals at mjor hasow Sites (all are rookeries) in the Bering Sea, Alskad

19 50' St 19 60’ s* 19 70' & 19 SO St* Cw rent
Haulout Site --------- ----------  ooeeeeeees e -
(Rookery) Breed.  Pups  Breed. Live Breed. Live  Breed. Pups Breed.  Pups
Bulls  Bom Bulls Pups Bulls Pups Bul K (Est)} Bulls (Est.)}
St. Geor ge Island 1958* 1961* 1966* 1979* 1973*  1984** 1984** 1986* * 1286**
Zapadni 370 363 8970 182 6821 157 5393 140 809
South 276 335 7574 210 11164 247 8484 200 6870
North 985 No 1235 26507 674 19987 593 20370 599 20576
East Reef 212 Data 169 2645 132 2922 96 3298 92 3160
East Cliffs 350 366 10208 282 10290 279 9584 282 9687
Staraya-Artil 426 375 8854 236 6540 101 3469 81 2782
SUBTOTAL 2619 2843 64758 1716 57724 1473 50598 1394 47884
$t. Paul Island 1959*  1955*  1961* 1961* 1978* 1975%  1984** 1984%* 1987+* 1987**
Lukanin 219 231 wfKitovi 120 5704 119 4088 76 2611
Kit ovi 600 609 24005 282 12965 236 8107 219 7523
Gorbatch 856 842 17103 810 17038 358 12297 280 9618
Ardiguen 119 No 153 w/Reef 93 2774 55 1889 57 1958
Reef 1663 1825 69246 455 27561 526 18068 427 14667
Morjovi 791 878 27628 518 21284 361 12400 245 8416
Vostochni 1568 Specific 1898 19899 1093 41356 811 27858 570 19579
Little Polovina 331 341 8794 107 3415 46 1580 19 653
Polovina Cliffs 740 870  w/Polovina 569 24870 404 13877 318 10923
Polovina 291 Data 356 21663 126 4355 70 2405 56 1924
Tolstoi 973 1149 34885 719 31108 614 21091 483 16591
Zapadni Reef 258 27 5850 203 7223 210 7213 145 4981
Linle Zapadni 583 666 13294 519 21168 367 12606 280 9618
Zapadni 1011 1068 42102 882 36815 626 21503 443 15561
SUBTOTAL 10003 461000 11163 284469 6496 257636 4803 164982 3618 124623
Sivutch 1968* 1966* 1979 1970'st{ 1980'se 1980'stt 1980'se 1980's}+
166 17922 470 20000 582 20000 582 20000
Bogoslov No Data No Data No Data No Data No Data No Data 1980%* 1980%* 1084%+* ]1984%*
Island l 2 7 14

GRANDTOTAL 12622 461000 14172 367149 8682 335360 6859 235582 5601 192521

# Note: data in this uble are fom many different years md may mot have been eollected in a Systematic manner.

* 19505,1960 and 19'70's data are from Lander (1980). ,

¥* 1980's and ‘Current data are fom Lloyd et al. (19813, Kozloff (1986) and NMES fries.

t Estinates of pup production are based on the ratio--Breeding Bulls: Pups= 1:34.35 (Kozbff 19861 1).

1t Recent annual Pup production on Siuch (Lander and Kajimua 1982322).

o Est. of recent annual Breeding Bul | S on Sivuch are based on the ratio - Breeding BullsPups =1:34. 35 (Kozloff 1986:1 1).
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current estimates indicate that about 124,500 pups (plus at l|east the sane
nunber of adult fenales) and about 3600 harem bulls used these 14 haulout
sites during 1987 (NMFS file data).

Sivutch. This haulout site is located on a small island about 0.5 km S of
St. Paul Island (S of the rookery at Reef; Appendix 2). Jordan and d ark
(1898) reported about 6000 fur seals during investigations there late in the
last century, and Lander and Kajimura (1982) indicated that the rookery at

this haulout site produces about 20,000 pups each year.

St. George Island. There are six distinct haulout sites on St. George
Island (Appendix 2; Kozloff 1985). A decline in the nunmber of breeding bulls
and pups simlar to that recorded on St. Paul Island is also evident on St.
Ceorge Island (Table 3). The npbst current estinmates indicate that about 48,000

pups (plus at |east the sane nunber of adult fermales) and about 1400 harem
bulls used these 6 haulout sites during 1986 (NMFS file data).

Bogoslof | sl and

Bogoslof Island is volcanic in origin; it rose fromthe sea about 65 km
north of Umak Island in the eastern Aleutians on 18 May 1796 (Orth 1967, Byrd
et al. 1980; see Appendix 2). Today it is about 1.5 kmlong, and supports a
very small nunber of reproductively active northern fur seals (Table 3).
Neverthel ess, the nunmber of fur seals using this haulout site has grown since
1980 (Lloyd et al. 1981). The nost current estimates indicate that 14 northern
fur seal pups (plus the sanme nunber of adult fenales) and 7 harem bulls used
this site during 1984 (NMFS file data)

Northern Sea Lion (Eumatopias jubatus Schreber)

Backgr ound

The northern or Steller sea lion belongs to the fanmly of eared seals
(Otariidae), The northern sea lion is the largest of the eared seals, wth
sone bulls exceeding 3 min length and 1000 kg in weight. This species breeds
al ong the west coast of North Amrerica fromthe southeastern Bering Sea and the
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Al eutian Islands to southern California. It also breeds in Asia on the Rurile
Islands, in the Sea of Okhotsk and on the Kamchatka Peninsula (Gentry and
Withrow 1986, Loughlin et al. 1987; Hoover 1988a). Major breeding concentra-
tions of this species in North America occur mainly in the northwest @Qulf of
Alaska and the Aleutian Islands; Forrester Island, off SE Alaska, is also a
major rookery. Figure 4 shows the general distribution of this species in the

eastern Bering Sea.

Simlar to fur seals, the birth and the nurturing of pups and breeding by
northern sea lions occurs on traditional, well established rookeries. As
mentioned earlier, however, northern sea lions nmay haul out throughout the
year (at different sites), rather than oanly during the breeding season.
Nevertheless , there are definite seasonal peaks in haulout activity.

The annual distribution of northern sea liomns is such that nore males are
seen along the north coast of North Anerica during winter than during summer;
individuals from California mgrate northward during winter and return south
in sumrer. Simlarly, juvenile males from haulout sites in the A eutian and
Pribilof islands mgrate north into the central and northern Bering Sea in
late summer, then return south as ice begins to form

The maxi mum size of the northern sea lion population for the 1974-1980
period was estimted to be about 290,000 individuals (some pups included);
nore than 196,000 (67.6% of this total were counted in Al aska (Loughlin et
al. 1984). The nunbers of northern sea lions counted in Alaska during
1974-1980 apparently was unchanged siance surveys in 1956-1960 by Kenyon and
Rice (1961) and Mathisen and Lopp (1963). However, there had been a
significant shift in their distribution. Fewer sea |ions were using haulout
sites in the eastern Al eutians (Braham et al. 1980), and nore were using
haulout sites in the central and western Al eutians (Fiscus et al. 1981). Since
1980 there have been further significant declines in the nunber of northern

sea lions at nost sites in Al aska.

The area fromthe central Aleutian Islands (Xiska Island eastward) to the
central Qulf of Alaska (Sugarloaf and Marnot islands, north of Afognak Island)
has been studied nore systematically than nost other areas of Al aska (see
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Merrick et al. 1987), and best shows the recent declines in nunbers. About
140,000 northern sea lions were counted in this area in 1958. Several
different indicators confirmed that by 1985 the nunber had declined to |ess
than 68,000; this represents a reduction of about 52% in 27 years or about

~-2.7% per yr (Merrick et al. 1987).

It is suspected that these declines may have occurred in two phases. The
first decline probably was confined to the eastern Aleutian I|slands and
western @ulf of Alaska, and likely began in the early 1970s; it has not been
possible to determine rates of decline earlier than 1969. Neverthel ess, counts
in the Central Aleutians to the Central @ulf of Alaska region as a whole
declined by about 25% (-1.6% per yr) between 1958 and 1977 (Merrick et al.
1987). The second phase of the decline has occurred since 1977; all areas were
apparently affected and the overall reduction in nunbers was about 36% (-5.2%
per yr) during this 8-yr period (Merrick et al. 1987). Results of counts at
major haulout sites indicate that reductions may still be occurring in the
sout heastern Bering Sea as well as in the eastern Aleutian Islands and Gulf of

Al aska.

Conmpared to the information available for northern sea lions in the
Al eutian Islands and Gulf of Al aska, records for Bering Sea rookeries and
haulout sites are |ess conprehensive. However,data given in Frost et al.
(1983) indicate that significant declines in the '"nunbers of northern sea lions
also have occurred at Walrus Island and Dalnoi Pt. in the Pribilofs, and at
Sea Lion Rock near Amak Island (North Al eutian Shelf).

The ultimate causes Of the decline in the northern sea lion population in
Al aska are unknown (Merrick et al. 1987). However, it has been postul ated that
di sease (possibly Leptospira), changes in prey resources, nortality through
shooting, and possible entanglement in nets and other debris may all be
contributing factors. Some evidence suggests that changes in the quantity and
size of walleye pollock (Theragra chalcogramma), the principal prey of

northern sea lions, may be a significant factor in the decline (Frost and
Lowy 1986, Loughlin 1987, Bakkala et al. 1987).
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Patterns of Qccupancy at Haulout Sites

Northern sea lions occupy haulout sites at different tines depending on
their sex and age. In general, the oldest and strongest bulls return to
rookeries first, followed by adult females. The first bulls begin arriving at
Al eutian Island rookeries in md-My. They usually begin to abandon their
territories in md-July and nove to nearby hauling grounds by m d-August
(Table 4). Sone pregnant females also begin arriving at rookeries in md-Muy;
puppi ng usually occurs within 2-3 days of arrival. Although pups are born at
Al askan rookeries from md-My through nmid-July, the peak of pupping is during
the 10-20 June period (Calkins 1985).

Table 4. A sunmary of the occupancy of haulout sites on the
Eastern Aleutian Islands and SE Bering Sea, Alaska, by
different age and sex classes of northern sea |lions.

May Jun  Jul Aug Sep Ot Nov Dec

Np

Breeding Bulls 1*
Adult Femml es 1
Subadult Ml es 1
Subadult Fenal es 1
Pups 1

W W P ww

*¥* '1' in the time line indicates the approxi nate dates of
arrival at rookeries, ‘2’ indicates the approximate date of
abandonment of territories by adult bulls and breakdown of the
social structure of the rookery, and ‘3" indicates the
begi nning of the departure of sea lions from their haulout
sites in the study area

Pups begin nursing alnmost imediately after birth, and are nursed until
the female breeds again, wusually within two weeks of pupping. Fenales stay
ashore with their pups for an average of 6.7 days (+ 2 days) before naking
their first feeding trip to the sea (Higgins et al. 1988). This is the first
period of feeding by fermales after they arrive at the rookery. They assune a
schedul e of feeding at night and suckling their young during the day. At about

14 days of age pups first enter the sea; for about two weeks they restrict



Results 24

their swinmming activity to littoral zone pools (Sandegren 1970). Each day they
spend nore time in the water, and eventually join their mthers on ‘tours’ of
deeper waters adjacent to the rookery. Pups are usually able to swim and dive

quite well after about 28 days in pelagic waters with their nothers.

The number of sea lions at rookeries during the breeding season show diel
fluctuations, with early morning lows and late afternoon highs resulting from
the nmovenent of fermales to and fromthe sea to feed (mostly nocturnally). The
nunbers of sea lions in some |ocations are also affected by tide and weat her
(Sandegren 1970; Wthrow 1982). Calkins (1985) indicated that the areas over
which sea lions forage are very broad, extending from the intertidal zone to

the continental shelf break.

Mal es | eave the rookeries imediately after the breedi ng aggregation
breaks down in md-July to August. Mbst adult ferales and young have left
their rookeries by md Cctober, However, in the eastern Aleutian |Islands the
majority of the breeding population is still present at haulout sites through
the end of Cctober. As mentioned above, there is a general northward novement
of sea lions (primarily immture bulls) into the central and northern Bering
Sea. They usually occur in |argest nunbers on St. Lawence |sland (63°30'N)
during Septenber. In the central Bering Sea region, sea lions also nay haul

out on sea ice when it is present during winter and spring.

Location and Status of Northern Sea Lion Haulout Sites

There are approxi mately 15 rookeries and associ ated haul i ng grounds used
by large numbers of northern sea lions in the eastern Bering Sea, and there
are about 30additional sites where smaller nunbers have haul ed out (Table 5;
Fig. 5, Appendix 3). Only six of the total nunber of haulout sites are
rookeries where nore than one or two pups are born, and all but one of these
sites are in the eastern Al eutian Islands or extrenme southwestern part of
Bristol Bay. The exception is Walrus Island, in the Pribilof |slands group
(Table 5). Simlar to the situation described for the northern fur seal (LI oyd
et al. 1981), the locations of key northern sea lion haulout sites, especially

the rookeries, may in part be deternmined by inportant oceanographic features
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Table 5. Peak counts Of northem sea lions at major haulout sites in the Bering Sea, Alaska.{

Haulout Sites 1950's  1960s 1970's 1980'S Current Year of
Estimate Curr. Est.

Bogoslof Island*
ﬁ,dults/Subads. 3707 %3@@ 3300 1379 1287 1985
ups 3106 2328 1985
Fire Island . 100 4
Unalaska Islend
Spiny Cape 200 2 161 20 1985
Cape Starichkof . 100 244 - - -
Bishop Point - 300 501 549 549 1985
Cape Tebenkof . 200 8
Akutan Island®
Cape Morgan*
Adults/Subads. - 9000 5925 2840 1338 1936
Pups 1735 . 1130 1985
Akun Island*
Billings Hind*
Adults/Subads. e - 2641 760 435 1985
Pups I - 60 1985
Akun Head 2000 10 -
Tanginak Isiand . 600 470 61 1985
Tigalda Island 103 650 314 - - -
Rocks NE of Tigalda L 750 190 225 82 1985
Ugamak Island Group*
Adults/Subads. 14536 19400 5408 2033 1684 1936
Pups 1466 - 1635 1386 1936
Aiktak Island . 600 1 0 0 1985
Unimak Island
Cape Sarichef - 200 4 40 128 1985
Cape Mondvinof Area 500 4000 2 - -
Amak Island 3016 2000 2316 2400 599 1986
Unnamed Rocks .. . 355 250 218 1986
Sea Lion Rock*
ﬁaiusltslSubads. 4?;:1 4100 2530 1298 527 1936
Rigtt Hsrrd Point - 50 50 1981
Hagemeister Island . . 150 0 1985
Twm
WN g 45 e 308
- -- 15 - -
N &7§m‘\ Tl\i\d N Iiands 300 400 - - -
Round Istant . 0 500 1000 1000 1987
Cape Peirce - - present 450 450 1981
Cape Newenham 250 - 800 1500 950 1987
Nunivak Island
RBinajoaksmiut Bay . 49
Nabangoyak Rock - 35 - -
Cape Mendenhall . 50 50 1981
St Matthew Island
Sugarioaf Min . e 50 50 1982
Cape Upright . 100 90 90 1982
Rocks at Lunda Pr. - e 52 600 1933
Hall |sland
Arrs Rock 150 150 1982
North Cove . 75 4000 1983
S. Elephart Rock 35 e - -
Pinnacle Island . 100 257 257 1985
Gull Islands - - 159 550 550 1936
St. George Island . 1200 138 86 86 1980
St Paul Island
Northeast Point 493 71 50
Sivutch 500 500 100 - -
Onter Island 1000 160 800 29 11 1984
‘Walrus Island*®
ﬁdults/Subads. 3000 5000 1529 868 459 1987
Ups 3000 3000 - 304 114 1987
St Lawrence Island
Southwest Cape . 1000
South Punuk L . 200

GRAND TOTAL 42322 60782 31613 19131 18371

t Note: data in this table are from msny different SOUrces snd years; they have not been collected
systematically or consistently. Peak counts at different SiteS Car the same island may be from
different censuses; ONly COUNLS Of adults/subadults Mrd pups at a rookery may be from the Same
census and May be SUMMed. Unless otherwise indicated, counts are Of adults/subaduits.

Peak count data were taken from Kenyon and Rice (1961), Kenyon (1962;1965), Mathisen
and Lopp O8), Brahamer SL (1930), Frost etal. (1983), Loughlinetal. (1984),
Calkms (198.5), Merrick eral. (1987), O'Neil and Haggblom (1987), Sherbume ard Lipchak
(1987), Envirosphere Co. file data, NMFS file data, USFWS file data, ADFG file data.”

* Signifies that thiShaulout Site iS{or hasbeen) amajor rookery (breeding area
where a significant number Of PUPS are (were) born. The Ugamak |. JI OUP mcluda Round L

“-" signifies thsr no data are available.
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which effect the distribution and abundance of principal prey (see earlier
di scussion of northern fur seal).

Sea lions occur irregularly and in small nunbers (usually as singles)
along the mainland coast of Alaska north of Cape Newenham there are no known
rookeries or haulouts used on a regular basis in this area. General conmments
of long-time residents indicate that single aninals are known to have occurred
on Besboro |sland, Cape Denbi gh, Cape Darby, Rocky Point, Cape Nome, Sledge
Island and Cape Prince of Wales. During summer and autumm Nunivak Island is
also regularly visited by relatively small nunbers of northern sea |ions, nost
of which are presuned to be -juvenile males. The |argest number that has been
reported at any of these sites was 50(Frost et al. 1983; Table 6.9). Lantis
(in Kenyon and Rice 1961) indicated that sea lions were fanmiliar to all of the
Nuni vak |sland hunters, though they were not considered by them to be
nunmerous. The sites near Cape Mendenhall and Cape Mbhican are used nost
frequently (E Shavings, pers. comm.).

At St. Lawence Island, sea lions usually occur in small nunbers (I-6
animal s) in the autum (Kenyon and Rice 1961). Reportedly sea lions are
nolting when they haul out on St. Lawence Island. The two main haulout
| ocations are at Sout hwest Cape and on South Punuk |sland (F.H. Fay i.n Kenyon
and Rice 1961). In one exceptional case, on 25 Septenber 1953, Fay recorded
about 1000 northern sea |ions haul ed out on the rocks and beach at Sout hwest
Cape; three or four days later there were about 200 ani nmal s haul ed out on
South Punuk Island. Aside fromthis report, there have been no other sightings
of more than 100 aninals at haulouts in the St. Lawence Island area. Farther
north, at King and Little Dionede islands, sea lions occur irregularly, nostly
as single aninmals during late summer and autumm.

Har bor Seal (Phoca vitulina L.)

Backgr ound

The harbor seal belongs to the family of true or earless seals

(Phocidae). The distribution of the Pacific form (Phoca vitulina richardsi)

extends as far south as the coast of Baja California and north to the Gulf of
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Al aska, along the entire Aleutian Islands, and into the Bering Sea (Jeffries
and Newby 1986; Hoover 1988b). Harbor seals are regularly found as far north
in the Bering Sea as the Kuskokwim River nmouth and Nunivak |sland,and as far
of fshore as the Pribilof |slands where they are year-round residents (Frost et
al. 1983). On the other hand, Ilarge-scale seasonal novenments apparently occur
in Kuskokwim Bay and northern Bristol Bay where many harbor seals are found in
sumrer but few are found in winter when the area is largely covered with ice
(Pitcher 1980; J.J. Burns, pers. comm. 1988). In general, the harbor seal is
replaced north of WNunivak Island by the ice-breeding spotted seal (Phoca

largha), whose pups are born much earlier and with white coats. Figure 6 shows

the general distribution of the harbor seal in the eastern Beaufort Sea.

An interesting situation exists in the Pribilof |slands area where harbor
seal s occur in snall nunbers in all areas (especially when conpared with the
northern fur seals) except on Otter |sland. Johnson (1974) estimated that
about 1300 harbor seals were hauled out on Otter Island in 1974; Fiscus (cited
in Johnson 1974) estimated that there were about 1500 harbor seal s throughout
the Pribilof |slands area. It should also be noted that the ice-associated
spotted seal (Phoca largha) i s abundant on the pack ice in heavy ice years

when it extends as far south as the Pribilof Islands; a few of these seals,

maei nly pups, occasionally cone ashore.

Har bor seals are nore-or-less restricted to the coastal zone. Although
they do not undertake regul ar seasonal mgrations on a large scale, they are
known to nove considerable distances. One radio-tagged individual crossed a 75
km stretch of open water between two islands in the Gulf of Alaska. O her
i ndi vidual s have been seen up to 80 km from shore. Tagging studies have shown
t hat young harbor seals nmove up to 250 kmfromtheir place of birth (Pitcher
1980). During the 1960's when the seals (primarily pups) were killed for the
fur trade, hunters active at haulout sites on the Al aska Peninsul a recogni zed
t hat seals harassed and di spl aced fromone site would nove to another (e.g.
from Port Heiden to the Seal Islands). Al so, sone harbor seals nove northward
along the Al aska maminland during summer and early autum.
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In general, nost harbor seals haul out of the water to rest, give birth,
and suckle their pups. However, it is not necessary for themto be haul ed out
to give birth; occasionally a pup is born and suckled in the water (J.J.
Burns, pers. conm 1988). Sand and gravel beaches, sand and mud bars, reefs,
low lying rocks and | edges and pieces of ice are used as haulout areas. It is
probably inmportant for harbor seals to haul out during the nolt period. The

peak of the adult molt period on Otter Island (in the Pribilof Islands) was in
| ate August (Johnson 1974); this period is probably the same throughout nost

of the Bering Sea. Access to food, freedom from disturbance, ready access to
water, and protection fromw nd and wave action are anmong inportant criteria

for haulout site selection by harbor seals.

Har bor seals reach sexual maturity at about 6 years of age, and may live
for 30 years (Jeffries and Newby 1986; Hoover 1988b). In the Bering Sea mating
takes place (in the water) mainly frommd-July to early August. As with other
phocids, there is a period of arrested enbryonic growmh and delayed
inplantation wth inplantation occurring in late Cctober to early Novenber
(Burns and Gol'tsev 1984). Most pups are born during the early June to
mid-July period. As a rule, pups are born on land. They enter the water
shortly after birth, as nobst preferred haulout sites in the study area are
awash during the twice-daily high tides. According to Lawson and Renouf
(1987), prior to weaning, pups spend as nmuch time in the water as out of it.
They al so found that the highly defensive behavior of nothers, together with
the maternal bonding inmediately after birth (especially during the first five
mnutes after birth), was responsible for maintaining early nother-pup
contact. After that short tine, pups followed their mthers. Mther-pup pairs
went into the water about 50 minutes after birth. Some pups apparently remain
with their nothers after weaning. In areas such as estuaries, where haulout
habitat is limited, they nmy segregate into nursery groups conposed al nost

exclusively of females with pups.

The popul ation of harbor seals along the Pacific coast of North America
is conposed of about 330,000 individuals, of which alnmpst 80% or 260,000
individuals are found in Al aska (Jeffries and Newby 1986). The size of the
eastern Bering Sea popul ation was conservatively estinmated to be about 30,000
in 1973. However, it was estimated that about 29,000 were present on sand and
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nud bars in the large estuaries on the north side of the Al aska Peninsula
(Izembek Lagoon, Port Moller, Seal |slands, Cinder River, Port Heiden and
Ugashik Bay) during the period 1975-1977 (Everitt and Braham 1980). Thus the
overal | estimate for the Bering Sea nay have been in excess of 30,000. Harbor
seals are difficult to census since the only tinme when they can be counted
with any degree of accuracy is when they are haul ed out. Al though they haul

out by the thousands ia some |locations, the proportion of the total popul ation
that may be hauled out at any one time is unknown, thus repeated counts

usual Iy represent trends in abundance rather than precise censuses.

Har bor seals and spotted seals reach the greatest degree of synmpatry in
the coastal zone fromnorthern Bristol Bay (Nanvak Bay) to Kuskokw m Bay.
Spotted seals occur in greatest numbers when the seasonal sea ice is present.
Thus they nove farthest south in greatest nunbers during |late w nter and
spring, although sonme occur in the coastal zone during sumrer and autumm;
their abundance in this area increases fromsouth to north. Arvey (1973)
initiated a field study of synpatry in these seals and found that in summer, a
smal | proportion of the seals hauled out in Nanvak Bay were spotted seals; the
majority were harbor seals. Based on seals killed by subsistence hunters in
Kuskokwim Bay duriag May and July, Arvey also found that one species repl aced
the other as the season progressed. All of the seals he exami ned in May were
spotted seals, whereas those taken in July were harbor seals. The relative
abundance of seals also showed a seasonal trend; seals were very abundant in
May through early June and were nuch | ess abundant by July. These finding
suggest that in the northern part of their range harbor seals are probably
mgratory; they occupy northern coastal areas in summer that are vacated by
spotted seals in late spring after the ice disappears.

Har bor and spotted seals are also synpatric on coastal areas of the
mai nl and from northern Bristol Bay northward, and around the central and
northern Bering Sea islands. The actual nunber of harbor seals in this area is
smal | and there are no known nmjor haulout sites (i.e. , where nore than 100
have been reported to haul out). Nunivak Island seens to support the greatest
nunber, and they may occur there year-round; the |argest nunbers of harbor
seal s recorded on Nunivak Island are at |kookstakswak Cove, 5 km NE of Cape
Mohican, at the west end of the island (<45 seals), in the bays around Ikook
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Point at the extreme western end of the island (up to 70), and im the vicinity
of Cape Mendenhall on the southern tip of the island (up to 80). They are
present on islands of the St, Mtthew group, though in small nunbers, and they
probably occur infrequently in the St. Lawmence Island area.

Burns (J.J. Burns and ??. H. Fay, unpubl. data) was able to confirmthe
presence of harbor seals on St. Mitthew Island based on definitive photographs
taken by R. Johnson (Univ. of Al aska) on 20 August 1986. However, spotted
seal s are nore abundant and they haul out in relatively |arge nunbers (nore
than 100 in a herd) at several locations in this island group, as suggested in
Frost et al. (1983). According to L.F. Lowmy (ADFG, Fairbanks, AK) only the
spotted seal was seen during observations on St. Matthew Island in md-June
1986 when sea ice was still present. Few harbor seal pups are born on St.
Matthew I sl and and St. Law ence Island, and the few that biologists and native
hunters have reported there are probably oualy seasonal residents during late

summer through early autum.

Records of harbor seals north of Kuskokwi m Bay are particularly poor,
al t hough they are known to coastal residents as far north as St. Mchael, on
the southern shore of Norton Sound. They are usually referred to as “sunmer”

seal s or freshwater seals.

Patterns of Occupancy at Haulout Sites

Pitcher (1980) nentioned that studies in Washington State and San
Franci sco Bay have shown that harbor seals may adapt the tim ng of haulout to
avoi d human di sturbance in sone situations. Autum haulout patterns by harbor
seals on San Mguel Island, California, indicated that the |argest proportion
of individuals under observation haul ed out between 13:00 and 15:00 h (Yochem
et al. 1987). Mst seals renmni ned hauled out less than 12 h, and nost seals
were haul ed out on fewer than 51% of the days sanpled. Only about 40% of a
sanmpl e of tagged seals haul ed out each day; only 19% of tagged seals were
haul ed out during peak afternoon hours.
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Renouf et al. (1981) found no recogni zable diurnal pattern to harbor sea
novenents where harbor seals hauled out in a shallow bay on the French island
of Michelom, in the Qulf of Saint Lawence, Canada. They also found no
rel ationship between the direction and intensity of seal traffic and various
weat her factors.

Johnson (1974, 1977) found nmore harbor seals hauled out on Qtter |sland,
Al aska during his norning census (09:00 h) than during his evening census
(21:00 h). In the southeastern Bering Sea, on the other hand, Everitt and
Braham (1980:285) found a strong inverse correlation between the nunber of
harbor seals hauled out and tide level. Significantly nore seals were seen at
| oner tides than higher tides, regardless of whether the tides were rising or
falling. This relationship has also been reported el sewhere (Scheffer and
Slipp 1944, Fisher 1952, Bishop 1967, Newby 1971; all seen in Everitt and
Braham 1980).

Repeat counts of harbor seals hauled out at Port Heiden in 1971 (data
from Pitcher, in Frost et al. 1983; and Pitcher 1986) and on Oter Island in
1974 (data from Johnson 1974) illustrate the magnitude of day-to-day and
week-to-week fluctuations in the nunber of individuals recorded at haulout
sites (Fig. 7).

Location and Status of Harbor Seal Haulout Sites

Unlike the situation described for the northern fur seal and northern sea
lion, births of harbor seal pups apparently are not restricted to a select few
rookeries. As indicated by their broad distribution and occupation of habitats
with many different physical characteristics, harbor seals are quite
adaptable. It is thought that areas with adequate prey, especially in large
expanses of shallow water, are necessary to support |arge harbor seal
popul ati ons.

The nunber of harbor seals recorded at haulout sites in the Bering Sea,
especially at sone sites in the southeastern Bering Sea, has apparently
declined dramatically during the recent decade (Pitcher 1986). Nunbers of
harbor seals may have been bel ow carrying capacity during the early to md
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1960’ s when as many as 50,000 individuals were harvested in Alaska in 1965
(Pitcher 1980). The harvest declined until the early 1970's when the Marine
Manmmal Protection Act of 1972 (MMPA) was passed. Currently, nost of the
harvest is taken by Al askan Natives under the Native Exenption to the MWPA.

Al t hough several reasons have been given for the apparent recent decline of
harbor seals (e.g., disease, over-exploitation in earlier years, increased
predation, increased fouling in fishing gear, supposed reductions in principa

prey [walleye pollock]), none of these suggestions have been clearly
docunent ed

W have identified about 33 haulout sites that are or have been inportant
for harbor seals in the Bering Sea and 9 other sites for which there is |ess
complete information (Table 6; Fig. 8; Appendix 4). Except for the recent
counts at several mmjor haulout sites along the north side of the Al aska
Peninsula, there is little current published information for several sites
that were | ast censused and considered to be inmportant in the 1970's. In
general, the largest proportion of harbor seals in the Bering Sea occur along
the north side of the Al aska Peninsula and in Bristol Bay (25,000-29,000), in
Nanvak Bay (3,000), and at OQtter Island (1,300; see Table 6). Snmaller nunbers
are scattered along the coast of the Bering Sea, but no other nsgjor

concentration areas have been recorded.

Wl rus (Odobenus rosmarus (L.))

Backgr ound

The Walrus shares sone characteristics with both the otariid or eared
seals (fur seals and sea lions) and the phocids or earless seals (harbor seal
spotted seal, ringed seal and relatives). However, because of several distinct
characteristics, such as its skin, nethod of sleeping at sea and feeding, and
its distinctive tusks, it is placed in a separate taxonomic fam|y--Cdobenidae
(RKenyon 1986). The walrus is anobng the |argest of pinnipeds, with some nal es
wei ghing al nost 1600 kg; only the el ephant seal (Mirounga angustirostris) is

| arger. The species has a discontinuous holarctic distribution; the w dest gap
is between the eastern Chukchi Sea and the central Canadian Arctic (Fay 1985).
The range of the Pacific Walrus (Odobenus rosmarus divergens) i s generally
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Haulout current Yearof
Ste 1950's  1960's  1970's 1980's Estimate Cum. Est.

Umnak Island - - 415 - --
Bogoslof | sl and - - 56 - - --
Unalaska | sl and - 40 612 . -
Akutan | s and - 0 99 6 6 1980
Alm | sland (incl. Tangik 1) - - 179 23 23 1980
Tanginak | sl and - - X - -
Avat anak Island - 0 135 -
Tigdda | S| and 8 - . - - -
Kaligagan & iSlets NE of Tigalda I - 60 437 245 245 1980
Ugamak | sl and 50 30 - - -
Aikizk | sl and 150 149 94 94 1980
Unalga, Babi €s& rocksfislets 200 430 125 125 1980
Cape Lapin (Unimsk |.) 200 40 - - -
North Creek (Unimak 1) 70 - - - -
Unimsk 1. (all of N side) 550 125 - --
Bechevin Bay 1500 -- -~
Cape Krenitzin 1500 - - - -
Isanotski Islands - - 511 - -- -
IzembekMoffet Lagoons 1142 1000 5000 1974 325 1987
Amak Island o 13 61 2 2 1981
Cape Lieskof 100 199 - -- -
Cape Seniavin ¥ - n - - -
Port Moller 431 8000 7968 4010 4010 1985
Seal |slands (ncl Iinik) - 3200 1600 1521 75 1988
Port Heiden 1295 10000 10548 6196 800 1986
Cinder River ¥ 3000 4503 350 300 1988
Ugashik Bay - 438 - 1000 1988
Egigik R. Flats - 300 -- - z
Deadman Sands 150 150 150 1988
Cape Constantine - . 100 100 1981
Tvaiivak Bay - - 17 77 1981
Hagemeister | Sl and : 200 100 100 1980
Black Rock - 300 300 1981
Nemvak Bay* - 3000 3100 221 1987
Cape Newenham - -- 50 - ” -
Chagvan Bay (Mouth) 150 . - -
Quinhagek (M ddl e Bar) - 3000
Kongiganak ( Sout h Bar) 50 -
Kuskokwim Bay** 2000 - - -
Nunivak I (Cape Mendenhall) -- - 80 80 1981
St. George L (Dalnoi Pt. area) 289 50 50 1982
otter Island - 1210 119 119 1981

TOTAL 2876 29633 44005 18622 8202

t Note data in this uble are from many different sources and years and have not been collected in a
paak count data sre Kenyon (1960, 1965; Matisen

systematic or consistent fashion, Sources of
and Lopp E1963); Johnson (1977); Everit and Braham (1979, 1980) Frost et al. (1983);
986} NVFS file dats; USFWS file daa; J. J. Burns field notes.

Pitcher ~

* The Nawak Bay halow Site is reported to be the nost northerly pupping col ony
of harbor seals in the Berng Sea (Clarence Rhode Na. Wildl. Refuge Ren. 1981,

in Frost et al1983). °

¥* Adult harbor seals, many with pUpS, Were Seen on sandbars tithe mouth
of the Kuskokwii River on 4 July 1972 (R Baxter pers. comm, in Frost et al.
1983). Hence, haulout Sites in Kttskokwim Bay, rather than Nanvak Bay, actually may be te
most northerly pupping colony of harbor seals w the Bering Sea.

“* simifis that no data are available.
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confined to the Bering aand Chukehi seas. Aerial surveys conducted during
1960- 1972 showed that when the Bering Sea ice pack is at its nmaxi num walruses
though widely distributed were concentrated in two principal locations in the
Bering Sea: north and south of St. Lawence I|sland, and in southeastern
Bristol Bay (Keanyon 1986; Sease and Chapnan 1988). Figure 9 shows the general

annual distribution of the species in the eastern Bering Sea.

Mal e wal ruses reach sexual maturity at 8-10 years but do not reach
physical maturity (i.e. are not able to successfully conpete for mates) until
about 15 years of age. Femml es reach sexual maturity at about 6-8 years of age
and may give birth to a single calf about every 2 years. Calves are born on
the ice in April or Muy after a gestation period of 14=15 nonths. Wl ruses may

live to be 35-40 years of age (Fay 1985).

Wal ruses feed primarily on bivalve molluscs which they obtain from bottom
sedinents in the shallow continental shelf waters of the Bering and Chukchi
seas (Fay 1985, Nelson and Johnson 1987). The distribution and abundance of
the walrus is thought to be closely tied to the availability of large vol unes
of molluscan crustaceans; captive walruses consune up to almost 30 kg of

bi val ves daily (Kenyon 1986).

The size of the Pacific walrus population was greatly reduced during the
last half of the 19th century and again during the 1950's. The first of those
maj or reductions “resulted in the virtual extirpation of walruses from haulout
sites in southeastern Bering Sea and the Pribilof Islands. Elliot (1882)
i ndicated that wal ruses had fornerly hauled out on the Pribilofs in | arge
nunbers, and he referred to the acquisition of considerable amunts of ivory
fromthere (by early Russian hunters and traders) as proof of the fornmer
abundance. Jordon and C ark (1898) considered that wal ruses were practically
extinct on the Pribilofs and True (1899) said that they had been externinated

t here.

Pacific wal ruses have increased greatly since the 1950's; the popul ation
was estinmated to be 250,000 aninmals in 1980 (Fay et al. 1984; Sease and
Chapman 1988) and nmany experts believed that the walrus popul ation had reached

or exceeded the long-termcarrying capacity of the habitat. The increase
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resulted in the reoccupation of nany forner hauling grounds; so far, however,
the Pribilof Islands remain a notable exception.

Patterns of QOccupancy at Haulout Sites

The distribution of Pacific walruses varies considerably throughout the
year. Males and feral es aggregate together in the pack ice as far north as St
Lawence Island during |ate winter and early spring, which is when mating
occurs; during sonme mild winters, nmany walrus may remain in the northern
Bering Sea throughout the winter. As the ice pack breaks up and begins to nove
north (May-July), the population of walruses segregates; females with young
stay with the ice and drift north through the Bering Strait into the Chukchi
Sea. Virtually all males nobve toward the coast and south into Bristol Bay
where they aggregate in large nunbers at traditional haulout locations,
principally along the north coast of Bristol Bay (Kenyon 1986; Sease and
Chapman 1988). The largest and nost regularly used summer haulout sites for
these bull wal ruses are on the Walrus Islands (Round Island, N. Twin Island,

H gh Island) and at nearby Cape Peirce (Fig. 10).

Bulls remain at these coastal haulout | ocations throughout the summer-
early fall period, after which they begin moving west and north to rendezvous
with the fenal es and young that have drifted south with the advanci ng pack
ice. Large nunbers of walruses sonetines aggregate on St. Law ence Island and
regularly on the nearby Punuk |slands during Cctober through December

Wl ruses are known to be synchronous in their arrival at and departure
from haulout sites on land and ice (Mazzone 1987; O Neil and Haggblom 1987).
To date that phenomenon, although inportant to the issue of protecting haulout
sites, has not been adequately studied. All observations at haulout sites on
land show general ly alternate peaks of high and | ow nunbers. At Cape Peirce,
Mazzone (1987) reported that during the summer of 1985 and 1986 wal ruses were
ashore for an average of 2,54 days and were away (presumably at sea) for an
average of 8.5 days. 0'Neil and Haggblom (1987) found that the mean duration
of time ashore at Cape Peirce was 2.97 days and the time away from the haulout
sites was 7.87 days. Counts of walruses haul ed out at Cape Seniavin in 1987
and 1988 (data fromS. Hlls, USFWS pers. comm. 1988) illustrate the magnitude
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of day-to-day and week-to-week fluctuations in occupancy at haulout sites

(Fig. 11).

Freedom from disturbance, particularly that associated with hunting and
other types of harassment of hauled out walruses is required before
reoccupancy of abandoned haulout sites is possible. Although wal ruses have
been attenpting to use former haulout sites and have been reported at nany
| ocations, relatively few places are protected from undue disturbance by man.
An interesting conparison of successful vs. unsuccessful reoccupancy has
occurred on the Dionede Islands. Big and Little Dionede islands are very
simlar to each other and are only 4 km apart. WAalrus haulout sites were
re-established on Big Dionede Island starting in about 1968. That island is
now regul arly used every year by several thousand walruses. In contrast, snall
nunbers of aninmals have repeatedly attenpted to haul out on Little Di onede
Island, but are usually hunted and frightened away when discovered. As yet,

there is no regularly used haulout site on that island.

Location and Status of Pacific Wil rus Haulout Sites

Data from Frost et al. (1983) indicated that only 12 of 39 specific
| ocations where walrus had been reported to haul out in the eastern Bering Sea
were regularly used by substantial numbers of animals. Six of these major
| ocations were in the North Al eutian Basin (Amak |sland, Port Moller, Cape
Seniavin, Big Twin Island, Round I|sland, Cape Newenham, one was in the St.
Matt hew |sland-Hall Island area, and five were in Norton Basin (Besboro
Island, St. Lawrence I|sland, Punuk Islands, King Island and Big Dionede Island
(USSR)). Except for the addition of Cape Peirce, which is currently used by a
| arge proportion of the walrus that historically have haul ed out in the Walrus
I'slands area, we found the general trend given in Frost et al. (1983) to be
generally consistent with our current review (Table 7; Fig. 10; Appendi x 5);
we eval uated about 30 different haulout sites for Pacific walrus.

It is noteworthy that the reoccupancy by significant nunbers of walruses
of haulout sites in the southern Bristol Bay area, and some sites in northern

Bristol Bay (e.g., Cape Peirce), is a relatively recent event. It is thought
that these sites were abandoned earlier in the century when wal rus nunbers
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Table ‘7. Peak counts of Pacific walruses at major terrestrial hasout sites in the Bering
Sea, Alaskat (This table does not include walruses that do not haut out in terrestrial
habitats, i . e., many females and young.)

Current Date of

Haulow Site 1950" s 1960's 1970’ s 1980’ s Estimate  Curr. Est.
Amek |sland* - 120 500 0 0 1982
Port Moller* - 1000 4000 3250 3250 1983
Cape Seniavin* - - 140 3500 1800 1988
Port Hei den* - - 60 - - -
Egegik Bay* - ¥ - 1000 1000 1983
H gh |sland* 250 . ¥ - ¥
North Twin |s|and* 1000 - 1000 - - -
Round Island* 3076 2000 10000 12400 5300 1087
Cape Peirce* - - . 12500 6300 1987
Cape Newenhat n* y - 500 700 70 1987
Security Cove* - ¥ 30 10000 10000 1983
Goodnews Bay* - - 250 - - -
Kwigillingok* - 500 iy iy - -
Nunivak | sl and*

Cape Etolii* . . 200 on - e
Mekoryuk* 200 -- - ¥
St. Matthew Island*

Cape upright* ¥ » - 160 160 1982
Cape Gory of Russia* ¥ - 80 80 1980
Lunda Bay* ¥ ¥ - 180 180 1982
Hall [sland* - ¥ - 550 130 1986
Egg |sland* ¥ 300 oo .
Besboro Island* - 400 - 100 1981
Cape Dar by* - ¥ 7 50 ‘2 1981
Sledge |sland ¥ » 1050 3 3 1981
King Island ¥ 1000 5000 1000 1985
Punuk | sl ands

North Island 100 1500 32000 15000 15000 1981
Mddle Island - » 14000 - -
South |sland - 11000 - =
St. Lawrence Island

Chibukak Pt.. 5 100 100 100 100 1988
Salghat - - 19000 - - ¥
- - ¥ 35000 -

Kialegak Pt. Area - - 37000 -- -

TOTAL 4431 5620 167337 64573 44523

t Note: data in this table are frommny different sources and have
not been collected in a consistent or systematic mer. Peak counts were taken from
the following sources: Kenyon (1960); Fay and Kelly (1980) Kelly (1980);
Fay (1982); Frost et al. (1983); Mazzone (1986) O'Neil and Haggblom (1987);
Sherburne and Lipchak (1987); S. H | |s (USFWS, pers. comm. 1988); ADFG files;
Izembek NVR files; NVFS files; USFWS fil es.

* An asterisk indicates that this haou site is occupied nostly by adult
mles. All other haulouwt sites (those without asterisks) are occupied mostly by
male and female adults, subadults and cal ves.

" signifies that no data are available.
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were considerably reduced. Some of the first relatively recent sightings in
the southern Bristol Bay region were on Anek Island in spring 1962 (J.J. Burns
files), near Ugashik Bay in spring 1962 and 1963 (Fay and Lowy 1981), and on
ice in Herendeen Bay (Port Moller area) in late winter-early spring 1968
(Frost et al. 1983). Cape Seniavin apparently was reoccupied in the late
1970's. The | argest nunber of wal ruses recorded along the north coast of the

Al aska Peninsula was 6,750 individuals on 26 April 1983. About 3,500 of these
were haul ed out at Cape Seniavin and 3,250 were in the Port Moller area,

i ncl uding Herendeen Bay (USFWS file data).

Reactions of Pinnipeds to Disturbance

The followi ng section of the report describes docunented reactions of
northern fur seal, northern sea lion, harbor seal and Pacific walrus to
various types of noises and disturbances similar to those that may result from
OCS devel opment in the eastern Bering Sea. As nentioned in the ‘Methods’
Section, we have used published information as nmuch as possible, but also have
relied on relevant personal conmmunications from experienced and know edgeabl e
bi ol ogi sts. W have al so used rel evant published and unpublished infornation
concerning species or subspecies closely related to the four pinnipeds

considered in this study, e.g., Quadalupe and Cape fur seals (Arctocephalus

townsendi and A pusillus), respectively, California sea lion (Zalophus

californianus) , spotted seal (Phoca largha), ringed seal (P. hispida), bearded

seal (Erignathus barbatus), harp seal (P. groenlandica) , and Atlantic walrus

(Odobenus rosmarus rosmarus).

Qur discussion of the effects of noise and disturbance is organized by
the four species, but is further broken down into three additional categories,
nanely: airborne noise and disturbance (mainly aircraft), underwater noise and
di sturbance (mainly ships and boats), and human presence and di sturbance.
Ai rborne and underwater noises and disturbances are further subdivided into
stationary sources and noving sources. Several recent observations suggest
that animals are nmore likely to accommpdate to stationary noise sources than

nmovi ng sources (see Richardson et al. 1983 for review).
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Nort hern Fur Seal

Ai rborne Noi se and Di sturbance

Movi ng Sources. A well docunented exanple of aircraft disturbance to
northern fur seals occurred at the Gorbatch hauling grounds on St. Paul Island
(Pribilof Islands) in Septenber 1981 (S. Swibold, pers. comm. 1988). Swibold
was photographing from a blind near thousands of resting bachelor bull fur
seals. As a large twin-engine aircraft passed overhead (at 300-500 feet
altitude), the seals panicked and stanpeded toward the water. Her film
apparently shows the seals looking up (toward the lowflying aircraft) as they
stampeded. No nortality was recorded as a result of this disturbance.

In contrast to the above observation, was an observation during July of a
group of sleeping subadult male northern fur seals at a hauling ground
adj acent to East Rookery, on St. George Island in the Pribilofs. As a
twin-engine cargo plane flew directly overhead at low altitude (S. Zi nmernan,
NMFS,pers.comm, 1988), the seals responded by awakening and lifting their
heads, but there was no mass noverment, no milling behavior, nor any other

obvi ous overt reaction to the aircraft.

In the opinion of C. Fowler (NMFS, pers. comm. 1988), the Little Polovina
rookery/ hauling ground may be the next fur seal haulout site to be abandoned
in the Pribilof Islands--possibly within the next several years. This haulout
site is within 5 kmof the airport runway on St. Paul Island, and one fur seal
bi ol ogi st (A York, NMS, pers. comm. 1988) specul ated that the decline in
nunbers of fur seals at the Polovina Conpl ex (Polovina, Little Polovina and
Polovina Ciffs; see Fig. 15, Appendix 2) of rookeries may be related to their

close proximty to the St. Paul airport.

York tried to document the nunber of commercial aircraft using the St.
Paul airport each year since its construction during Www Il (1941-1943) in
relation to the steady decline in the nunber of fur seals using the Polovina
Conpl ex of rookeries. Al though the airport records showed a general increase
over the years in the nunber of commercial flights to and from St. Paul, there
were nmany nore unrecorded military and charter flights that she was unable to
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docunent. Although her investigation was inconclusive, York felt there was no
basis to conpletely discount the possible relationship between the |evel of
aircraft overflights and the decline in use of the Polovina conplex of
rookeries/ hauling grounds, especially at Polovina and Little Polovina,

York said that on several occasions during the past few years she has

observed large helicopters flying over her study area at the Kitovi rookery on
St. Paul Island. However, she has never noticed a stanpede as a result of
these overflLights.

In the opinion of A Antonelis (NMFS, pers. comm. 1988), fur seals
respond differently to different types of aircraft. Wen he conducted
phot o- censuses using a single-engine, fixed-wing aircraft flying at 100-175 m
over the fur seals, he saw no overt reaction by the seals to his aircraft.
However, he was aware of severe disturbances caused by larger nulti-engine
aircraft flying |ow over rookeries/hauling grounds. Antonelis has seen the
filmby Swibold and noted that it is a clear exanple of severe aircraft
di sturbance to northern fur seals. He further pointed out that fur seals seem
to be nore easily disturbed (i.e., are nore inclined to stanpede) on hot
rather than cool days. Antonelis reiterated that he was not aware of any
i nstance where nortality has resulted froma lowlevel aircraft overflight.

Stationary Sources. A. Antounelis (NMFS, pers. comm., 1988) is currently
conducting research and synthesizing information on the effects of sonic boons
on fur seals at San Mguel Island, California. His research is primarily
related to possible hearing inmpairnent in the seals caused by sonic boons
associated with activities at the nearby Pacific Mssile Range (Vandenberg Air
Force Base) in California. He has found no exanple in a fur seal of hearing
i npai rment  caused by a sonic boom Based on his observations, fur seals
usual |y respond to sonic boons by assumi ng an upright posture (they appear
startled), and they sonetimes stanpede from the beach into the water.
Antonelis has never seen a case where nortality has resulted from such
di st ur bance.
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Under wat er Noi se and Di sturbance

Moving Sources, During his pelagic studies of northern fur seals, H.
Kajimura (NMFS, pers. comm. 1988), has found themto be quite tane when first
encountered at sea; they are curious and often approach the research vessel
However, after one or two days of collecting (hunting) northern fur seals in
one area, it is often very difficult to maneuver the ship close to the seals
In some instances, sleeping fur seals were seen to respond to the approaching
ship at distances up to about a mile; the seals apparently were awakened by
the noise of the ship, and then rapidly swam away. Kajimura said that he
t hought the seals were responding to the sounds of the ships propellers and
engi ne, He thought they could hear the prop and engi ne sounds, and that they
associ ated those sounds with earlier collecting activities and fled away from
t he source of the ship sounds. However, such a response could also, in part,

be an artifact of removing (hunting) the least wary seals from an area.

Stationary Sources. Shaughnessy et al. (1981) reported on attempts to
scare cape fur seals away from fishing nets in waters off southern Africa. The
seals disturb shoals of fish and pursue fish into nets, causing damage to the
nets. Fur seals remained in an area where they were subjected to
‘firecrackers’ , killer whale playbacks, rifle shots and an arc-discharge
transducer. The arc-discharge transducer produced pulses at 10-second
intervals with a peak source level of 132 dB//l yPa at 1 m. Fur seals did not

appear to be deterred by any of the devices used in this study.

Human Presence and Di sturbance

According to C. Fowler (NMFS, pers. comm. 1988), the abandonment of the
‘Lagoon’ rookery on St. Paul Island in the late 1940's may have been due to
increased activities at the village of St. Paul, which is situated directly
across the bay fromthe ‘Lagoon’ rookery. Fowler specul ated that increased
hunting, as well as increased general activity at the village of St. Paul,
i ncluding the operation of the fur seal by-products processing plant, nay have

been responsible for the abandonnent of this rookery.



Resul ts 49

A.  York (NMFS,pers.comm. 1988) said that people (including biologists)
wal king near or through fur seal rookeries/hauling grounds also nmay cause
maj or di sturbances. In sonme cases, such disturbances nmay be as severe as
aircraft overflights. According to York, one reason why there is so little
docunentation of nortal effects of aircraft overflights or other disturbances
and consequent stanpedes in breeding rookeries, is because observers are often

too far away fromthe rookeries to be able to see dead or dying pups that may
have been crushed during stanpedes. Myst of the observation blinds at the

rookeries on the Pribilof Islands are far enough away to greatly reduce the
possibility of human di sturbance. Blinds near the hauling grounds may be
closer to concentrations of seals, so there is a greater risk to the
non- breedi ng ani mal s concentrated at those |ocations.

Nort hern Sea Lion

Ai rborne Noise and Di sturbance

Moving Sources. Calkins (1983) indicated that different types of aircraft
appear to have substantially different effects on marine nanmmals. Reactions of
northern sea lions to aircraft is varied and depends on several factors. At
haulout sites where sea lions are not breeding and not pupping, approaching
aircraft will usually cause sone disturbance, frightening at |east sone
animals into the water. On sonme occasions at haulouts (not rookeries),
approaching aircraft can cause conplete panic and stanpede all sea lioams to
the water. The variability in reaction at haulouts (as opposed to rookeries)
appears to depend on environnental conditions (weather, tide, etc.) as well as
the type, speed and altitude of the approaching aircraft.

Wien sea lions are at rookeries during the breeding and pupping season
their reaction to aircraft is altered and appears to depend nore upon the sex,
age and reproductive status of the individual (R Merrick, NVFS, pers. comm.
1988). Immatures and pregnant fenales may enter the water when aircraft
approach, but territorial males and fenales with small pups generally remain
haul ed out, but nay vocalize during the disturbance. In general, aircraft

di sturbance to sea lions appears to cause at |east sone pani c stanpedes into
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the water on npbst occasions. Merrick knew of very few exanples of serious

di sturbance to northern sea lions in the Bering Sea by aircraft flying within

several hundred neters.

Stationary Sources. Stewart (1981) reported that breeding California sea
lioans and el ephant seals exposed to intense inpulsive airborne noise froma

carbi de pest control cannon apparently were not greatly affected, although the
details of this study are not available. Apparently ‘Habitat use, population

growth, and pup survival of both species were unaffected by periodic exposure

to carbide cannon inpulse noise (Stewart 1981).

Under wat er Noi se and Di sturbance

Moving Sources. Northern and California sea |ions have been hauling out
since 1978 on the Steveston jetty, adjacent to the middle arm of the Fraser
River where it flows into Georgia Strait, in southwestern British Colunbia (M.
Bigg, DFO, pers., comm. 1987). They aggregate in this area in April and May to
feed on smelt which nove into the Fraser River. The haulout site is
i medi ately adjacent (<500 m) to the mmin shipping channel |eading from
Georgia Strait to New Westminister, British Colunbia. Bigg said there is no
evidence that these seal |ions have been affected by nearby heavy ship traffic

or by tour boats that approach close to the hauled out sea lions.

Simlarly, at Race Rocks, in Jaun de Fuca Strait, British Colunbia, up to
800 California and northern sea |ions haul out near a busy shipping |ane
leading to ports in Puget Sound, Washington, and Georgia Strait, British
Colunbia (M Bigg, DFO, pers. comm 1987). This haulout site has been heavily
used by sea lions in spite of increasingly heavy ship traffic over the past
two decades. Bigg knows of no mmjor disturbance to sea lions at the Race Rocks

haulout site.

Bigg mentioned that northern and California sea |lions aggregate (nmjor
“rafting area”) in Active Pass, British Colunmbia a narrow and heavily used
shipping lane through the southern Gulf Islands of British Colunbia. He is not
aware of any disturbance to sea lions in this area, even though such shipping
has been going on near “rafting” sea lions for many decades. J.J. Burns has
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observed northern sea lions actively congregating around and follow ng vessels
engaged in fishing and processing of fish in the Gulf of Al aska and the Bering
Sea.

Human Presence and Di sturbance

Lewis (1987) studied the effects of human di sturbance on sea lions at
rookeries in the northeast @lf of Alaska. Here census procedures (by
bi ol ogi sts) involved purposely flushing all aninmals except pups fromthe
rookeries. Results indicated that there was little pup nortality as a result
of this procedure, but that aggressive behavior and territorial behavior by
breeding fermal es increased significantly, and the rookery was much nore easily
di sturbed (nore stanpedes) by natural events after such a disturbance. There
was some abandonnment of the rookery by non-pup sea lions imrediately after the
di sturbance. The significant finding, however, was that there was markedly
| ower naintenance of female-pup contact (49% vs. 71% in the year of
di sturbance conpared to a year of no such disturbance. The fenal e-pup bond
during the early stages of pup developnent is critical to the survival of the
pup; if this bond is broken, the pup is likely to die. It should be noted that
natural nortality of pups during the first year of life may reach 50% (ADF&G
1973). The variety of natural nortality factors is not clearly understood, but
young pups washed to sea during storms are presunmed to drown.

Northern sea lions are generally less easily disturbed at rookeries early
in the breeding season (June) during nating and pupping, and generally nore
sensitive later, after the breeding season (August), when nost of the adult
mal es and non-breeding femal es are hauled out at |ocations away from rookeries
(R Merrick, NWFS, pers. comm 1988). During August, only the pups and
productive fenmales would still be present near rookeries; Merrick said that
this is the period when sea lions are nost reactive to disturbance.

According to Merrick (NMFS, pers. comm. 1988), the shooting of northern
sea lions has caused severe disturbance in the Uninak Pass area of the Bering

Sea. In the past, sea lion neat apparently was used as bait ia certain
comercial fishing operations (e.g., crab fishery, long-line halibut fishery);

sea lion rookeries near fishing grounds traditionally were hardest hit by such
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activities. Although this practice is no |onger commoun, the |arge rookery on
Ugamak |sland recently was affected by such a shooting. Simlarly, Kenyon

(1962) suggested that the large northern sea lion rookery near Northeast Point
on St. Paul Island was abandoned because of excessive harvesting. Formerly,

this was the largest sea liom rookery in the Pribilof Islands; no pups have
been recorded there since 1957,

Har bor Seal

Ai rborne Noi se and Di sturbance

Movi ng Sources. Pinnipeds that haul out for nolting or pupping probably
are the nost susceptible to adverse effects resulting from di sturbance by
aircraft. Johnson (1977) gave evidence that harbor seals may tenporarily |eave
puppi ng beaches when aircraft fly over. Since harbor seals may not always haul
out at the same site when returning to the beach, pups left behind at one site
may be permanently separated fromtheir nmothers and may die. Lowflying
aircraft may have been responsible for the deaths of nore than 10% of the
approxi mately 2000 pups born on Tugidak Island, Alaska, in 1976 (Johnson
1977). All types of aircraft flying below 400 ft (122 n) nearly al ways caused
seals to vacate the beaches, sonmetimes for 2 h or more, With helicopters being
particularly disturbing. Responses of harbor seals to overflights at altitudes
between 400 and 1000 ft varied with weather, frequency of disturbance,
altitude and aircraft type. Aircraft were more disturbing on calm days, after
recent disturbance, and at |lower altitudes. According to Johnson (1977),
helicopters and large planes were nore disturbing to harbor seals than snal

ai rpl anes.

Pitcher and Calkins (1979) reported that harbor seals are susceptible to
di sturbance fromlowflying aircraft and are noted for their nmass exodus
(stanpedes) from hauling areas in the event of such disturbance. As nentioned
earlier, Johnson (1977) has warned that one of the nmjor negative consequences
of such stanpedes is the separation of nother-pup pairs, and the coasequent

reduction in pup survival
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Several thousand harbor seals haul out during May through Cctober on the
sand and nud bars at the entrance to Nanvak Bay, near Cape Peirce, Al aska
(Johnson 1975; USFWS file data; LGL file data). Single-engine float planes and
less frequently small anphibious aircraft |and and take off near the beach
about 2-3 tinmes each nonth during this same period. During these aircraft
activities, the seals appear to |eave the beach as soon as the aircraft either

| and or take off.

M Bigg (DFO, pers. comm. 1988) said that there are two mgjor haulout

sites for harbor seals on the sand bars and shoals near the entrance to the
Sea Island Arm of the Fraser River, in British Columbia. One of these haulout
sites (the northernnost) is fairly close to the main E-Wrunway at Vancouver
International Airport. Aircraft frequently fly low over this haulout site with
little or no reaction by the harbor seals, which Bigg thinks have habituated
to the noise/disturbance. Hovercraft, on the other hand, do frighten these
seals into the water. Bigg speculated that the noise from a hovercraft was
“probably 10 times greater than the aircraft flying overhead”. Since the
hovercraft operates on the water, it is possible that the seals perceive it as
more of a ‘threat’ than the nore nunmerous aircraft overhead.

Spotted seals are closely related to harbor seals, and also haul out on
beaches along the Bering Sea coast (Burns 1970). Burns and Harbo (1977, in
Cowles et al. 1981) reported that spotted seals react to aircraft at rather
great distances by ‘erratically racing across [ice] floes and eventually
diving off’. This type of ‘panic’ reaction also may be comon during summrer
when spotted seals are haul ed out on beaches. However, disturbance by aircraft
at terrestrial haulout sites is unlikely to cause pup nortality because
spotted seal pups are usually independent by summer when they mght be haul ed
out at terrestrial sites. Nevertheless, Eley and Lowy (1978) specul ated that
spotted seals may abandon summer haulout sites if disturbed frequently.

Burns and Harbo (1977) found that reactions by ringed seals on fast ice
to an aerial survey aircraft were variable depending on proximty to high
headl ands, position of the aircraft in relation to seals, and weather
conditions. When transects were within 2 mles of a rock cliff, mostseals

haul ed out adjacent to the cliffs dived through nearby holes and ice cracks as
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the aircraft came abreast or over them Seals under the aircraft dived even
when those to the side did not. Reactions on nice days were |ess severe than
on margi nal days for surveying, and seals overflown during optinmal haulout
conditions often shifted positions and | ooked upward at the aircraft but did

not dive.

Burns and Frost (1983) reported that “Bearded seals usually react mldly
to an airplane even at close range. They alnobst always raise their heads,
frequently ook Up at the plane and usualyremain on the ice unless the plane
passes directly over them “ “On a warm cal m spring day when they are basking,
they often show little concern for a lowflying aircraft.” “Lowflying
aircraft, especially helicopters frighten seals resting on the ice. This kind
of disturbance can be ninimzed by requiring normal flight altitudes higher
than 2,000 feet, by short clinbs and descents frominstallations in bearded
seal habitat and by use of the shortest, nost direct flight routes.”" In
general, bearded seals appear to be only mildly affected by aircraft

overflights, wusually showing sone reaction only at very low altitudes,

Stationary Sources. A small popul ation of harbor seals resides in upper
Kachemak Bay, Al aska, near where the Bradley Lake Hydroelectric Project is
under construction. During 22 May to 17 June 1987, before construction
activity had begun at the site, asnmany as 150-200 seal s have been seenhauled
out in groups of 50-75 on bars in the upper bay near the construction site
(Roseneau 1988). The seals typically haul out at a |ocation about 1.6 km from
the project powerhouse site and permanent construction facilities. During
construction activities in the area (late June through Cctober) the seals
appeared to ignore nmost project activities, and no marked changes in overall
nunbers or patterns of use were noted during construction activities or after
project activities ceased during 1987 (D. Trugden, pers. comm., i n Roseneau

1988)..

Under wat er Noi se and Di sturbance

Moving Sources. Ugashik Bay in upper Bristol Bay, Al aska, supports a

relatively large population of harbor seals (about 400-500). The seals occupy
the bay along with nany diesel-powered comercial fishing boats and
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noi ses emanate fromthe processor, including noises fromlarge conpressors.
Smal | out board-powered skiffs from Pilot Point, Alaska, also operate
throughout the bay. Harbor seals remain in Ugashik Bay despite these
activities (R G|, USFWS, pers, comm, 1987).

J.J. Burns (pers. ohs. 1988) observed two groups of harbor seals (200 to
400 seals in each group), many of which were pups haul ed out during daytinme
low tides on 9, 11, 13 and 14 July 1988 in Ugashi k Bay. This was during the
peak of fishing operations in the area and nunerous fishing boats continuously
passed relatively close to the animals. Fishing activity had been going on
since about md-June. It was noted that the seals paid little attention to
nmoving boats that were at |least 200 m away. The seals becane alert and
agitated when boats stopped at that same distance and some aninmals slowy (not
in a stanpede) entered the water when boats approached cl oser than 150 to 200
m Al seals vacated the haulout site when boats approached closer than about
60 m The haulouts were subnerged at high tide and the seals becane broadly

scattered through the fishing fleet, occasionally feeding on salnon hanging in
gill nets.

Thousands of harbor seals haul out near Port Moller (Pitcher 1986), on
the north side of the Alaska Peninsula. In this area, a large fish-processing
vessel is stationed for nost of the summer fishing season; many fishing boats
deliver catches to the processor vessel each day (R GII, USFW5, pers. comm.
1987). During these deliveries, the fishing boats, including outboard-powered
skiffs and tenders, notor through a channel close to the hauled out seals,
apparently causing little if any disturbance to the resting aninals.

M Bigg (DFO, pers. comm. 1988) said that there are two maj or haulout
sites for harbor seals on the sand bars and shoals near the entrance to the
Steveston Arm of the Fraser River, in British Colunbia. According to Bigg,
harbor seals at these sites have becone habituated (do not respond) to nearby
fishing boats that pass quite close to the haul out sites.

Few aut hors have described responses of seals to ships or boats. Kapel

(1975) noted that hunters in one part of Geenland are opposed to the use of
out board notors because they think that they frighten seals away. |In fact
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pi nni peds nay associ ate the boat noise with being hunted (H Kajimura, NMFS,
pers. comm., 1988), and thus they may be reacting to the threat of being hunted
rather than the noise of the ship or boat.

Murphy and Hoover (1981) noted that "DPisturbance may have considerable
i pact where haulout space is limted, since seals frightened from haulouts

tend to search for new sites rather than use those they abandoned. ..”.

I n Bonner's (1982) review of human-rel ated i npacts on seals, he states
that "Drescher (1978) has drawn attention to the need of harbor seals for an
undi sturbed nursing period. Disturbance by passing sailboats or power craft

can seriously reduce the survival of pups".

Terhune et al. (1979) obtained qualitative information about the amount
of harp seal vocalization before and after a 36.5 mstern traw er approached
within 2 km of a pupping area in the offshore pack ice. There was little
evidence of a decrease in vocalizations the first night after the ship
arrived, but many fewer vocalizations were recorded after that. It was not
known whether sonme seals noved away from the pupping area, or whether all
remai ned but vocalized less often. The results were anbi guous because of
tenporal variation in vocalizations and varying |evels of other disturbance,
such as seal hunting. Ship sounds often were so intense that harp seal

vocal i zations (if any) were totally nasked

Brodie (1981a, 1981b) has pointed out that harp and hooded seals continue
to return to traditional breeding and molting areas in the noving pack ice off
Newf oundl and each year despite centuries of disturbance by vessels and sea
hunting. It should be pointed out that the seals have few options short of
changing their habitat. Al so, there are never any hunters present when the
seals coal esce into the breeding herds on the ice in early March. The hunters
wait until the herds have fornmed and pupping has begun before traveling to
the floes for the hunt.

Stationary Sources. Anderson and Hawkins (1978) conducted a series of
trials to study the effects of sound as a deterrent to predatory seals at an

Atlantic salnon netting station. A feasibility trial and foll ow up experinent
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were conducted on a captive harbor seal. A variety of sounds were used in the
trials; pure tones, killer whale calls, and |loud noises were transmtted and
responses were recorded on videotape. Although one sound appeared to cause an
alarm reaction, the seal appeared to accommodate rapidly. Further field trials
were conducted where grey seals were eating salnmon at a river netting station.
Al t hough abroad range of sounds were played, none was consistently effective
in scaring seals from the nets. The results of this study led to the
conclusion that an acoustic deterrent for feeding seals is not effective.
Thus , it is probable that harbor seals and sonme other phocids are quite
tolerant to underwater sounds, especially when they are feeding in areas where
prey are abundant. This conclusion is supported by a variety of recent studies
that are summari zed in the proceedings of a synposium on acoustical deterrents
in marine manmal (al nost solely pinniped) conflicts with fisheries (Mate and
Harvey 1987).

Cummi ngs et al. (1986) broadcast nman-nade noi ses associated with on-ice
seismc (Vibroseis) activity to ringed seals on two occasions during haulout
periods in March and April. On two occasions early in the season, sound
production by seals before and after the broadcasts were not significantly
different. During two broadcasts later in the season, sound production by
seals was higher than recorded earlier. However, this increase was thought to
be related to the timng of the breeding cycle in ringed seals rather than the
sound broadcasts. In general, sound production by ringed seals was probably
not affected by seismc activity noise.

Human Presence and Di sturbance

Al'len et al. (1984) studied the effects of various types of disturbance
on harbor seal haulout behavior in Bolinas Lagoon, California. Their results

i ndi cated that harbor seals were disturbed on 71% of days nonitored; people in
canoes were the principle source of disturbance. Human activities closer than
100 m caused seals to | eave haulout sites nore than activities at greater
distances. On average, it took harbor seals 28 + 21 minutes to haulout again
after they were disturbed. After disturbances, the nunber of seals that haul ed

out again was |ower than the original nunber. Based on results of other
studies on the effects of human di sturbance on harbor and nonk seals, the
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aut hors specul ated that disturbances near Marin County haulout sites could
cause harbor seals to switch to nocturnal haulout behavior, increase pup

mortality, and/or cause the haulout site tobe abandoned.

Gsborne (1985) studied the effects of disturbance on a |ocal population
of harbor seals that haul out in Elkhorn Sl ough, California. She found that
recreational boating, primarily canoes and power boats, were the single
| argest source of disturbance to haul ed-out seals. Boating caused two-thirds
of the seal flight reactions; nost of the disturbance was in sumer when
recreational activity was greatest. All flight reactions occurred when the
boats were within 100 m of the haulout site; 74% were when the boats were less

than 30 m.

Laursen (1982) reported that coastal areas of the Dutch Wadden Sea where
har bor seals haul out were receiving increasing recreational pressures. As
nunbers of people using beach and water areas increased, nore harbor seals
were being displaced from loafing areas. Analysis of data on the distribution
of humans and seals showed that the first disturbing event of the day
determ ned where seals were or were not found. Loafing harbor seals were
present only in areas where they had not been disturbed earlier in the day,
indicating it may take only one such disturbance to keep seals away from
ot herwi se adequate |oafing habitat for that day. This indicates that the
timng and frequency of disturbance nay be an inportant aspect of short-term

di spl acenent.

Reijnders (1984) reported that “Direct effects of disturbance on
reproductive success of pinnipeds are unlikely to occur, as only very dramatic
events-- such as collisions or injuries--wll cause intrauterine nortality or
abortion. This is concluded from reports on heavily-hunted seal populations in
which any differences between the rate of ovulating and pregnant females, and
the differences between nunbers of half-termpregnant and parturient aninals,
were neglectable [sic] (Bigg, 1969; Smith, 1973; Boulva, 1974). “ Reijnders
(1984)goesontostate that “This is not unexpected, because hunting of seals
mainly takes place between birth and weaning, and stress involved with those
activities is of short duration. It is assuned, however, that nore frequent
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di sturbance throughout the whole year mght act indirectly to depress
reproductive success through inpairing reproductive perfornmance.”

During the daylight hours from 14-27 June 1980, Renouf et al. (1981)
wat ched nmovements of harbor seals (and grey seals) through a narrow channel
connecting their haulout sites with the sea. Seals used this channel to cone
and go fromthe sea after being forced fromtheir haulout sites on nearby sand
flatrs exposed at low tide. Before the study it was presumed that the seals
returned to the sea to feed and/or to avoid disturbance. There was only a
slight increase in seaward travel by seals after they were disturbed by hunmans
at their haulout sites (autonobile and boat traffic; tourists wal king nearby
and touching pups), and the seals did not always go to sea when the sand flats
where they haul ed out were flooded by the high tide.

It has been reported that hunting in the Shetland Islands (Scotland) has,
in at |east one place retarded the onset of the pupping season (Tickell 1970).
However, even t hose stocks which were heavily hunted continued to pup on their
traditional hauling grounds rather than nove to anew area (Boanner et al.
1973).

Terhune (1985) noted that “The seals readily enter the water in response
to a wide variety of disturbances. They react in essentially the same nmanner
when shot at, approached by humans or dogs wal king along a beach, or
approached by boats or light aircraft.”

Wal rus

Ai rborne Noi se and Di sturbance

Movi ng Sources. Walruses at terrestrial haulout sites may show responses
to aircraft disturbance that vary with distance, aircraft type, flight pattern
and age-sex class of the animals. Brooks (1954) noted that wal ruses onshore
were disturbed by an aircraft passing overhead at 300 m In a nore extensive
study, Salter (1979) found that, at horizontal distances beyond 2.5 km the
only response elicited by aircraft was raising of the head by sone of the
haul ed out animals. A Bell 206 helicopter 1.3 km from a haulout site and
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flying at an altitude of less than 150 m pronpted orientation toward the water
by 31 of 47 animals. Wen the helicopter veered suddenly causing aan abrupt
change in the pitch of the noise, 26 of 47 walruses rushed into the water
(Salter 1979). Another flight by a Bell 206 helicopter at the same altitude
but at a range less than 1 kmelicited head raising and orientation toward the
wat er by sone animals but no escape reactions-- presumably because there were
no sudden changes in the flight pattern or noise. DeHavilland Otter aircraft,
whi ch have apiston-driven single engine, caused escape reactions by walruses
at horizontal distances less than 1 km during overflights at altitudes of 1000
and 1500 m (Salter 1979). Disturbance observed by Salter never caused escape
reactions in all the walruses at the haul out site. Adult females, calves and
immatures were nore likely than adult nmales to enter the water during
di sturbance. However, severe disturbance may cause stanpedes into the water by

all the walruses at a haulout site.

Loughrey (1959) reported that walruses started to scranmble towards the
wat er when an aircraft was still nore than 400 m away, and had all reached the
water by the tinme the aircraft passed overhead. The wal ruses were nost
di sturbed by the noise of the aircraft when it flew overhead at low rather
than high altitudes; he noted that sone calves were crushed to death by
wal ruses stanpeding fromlowflying aircraft. Tomilin and Kibal'chich (1975 in
Fay 1981) reported that an overflight at 150 m by an IL-14 twin piston engine
aircraft caused a stanpede by walruses that resulted in 21 calves being

crushed to death and two aborted fetuses.

Burns and Harbo (1977) found that wal ruses hauled out on ice floes at the
Bering Sea ice front responded ia a variable manner to aircraft overflights,
depending on weather. Apparently the walrus were npbst sensitive to aircraft
di sturbance on cold, overcast days. They speculated that in general, aircraft
di sturbance was not anticipated to affect pup survival in the eastern Bering
Sea, except under specific conditions at terrestrial sites on the Punuk

Islands (J.J. Burns).

Salter (1979) observed no detectable response to six approaches by

out board- powered inflatable boats at distances of 1.8-7.7 km from wal ruses
haul ed out at a terrestrial site. Simlarly, Brooks (cited in Fay 1981) said
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t hat wal ruses haul ed out on ice floes appeared not to be disturbed by the
sound of outboard engines on snall boats at distances of 400 m

Frost et al. (1986) reported that "Fay observed instances when wal ruses
at Cape Seniavin were stanpeded into the water by lowflying aircraft. Wen
animals flee fromthe hauling areas sone nortality of animals. ..will occur
through injury or abandonment and subsequent starvation. . . . Regular human
di sturbance has prevented the long-term use of haulouts at Cape Newenham
Sledge Island, and to sone extent King |sland (ADF&G, unpub. data)”. The
‘regular human disturbance’ at Cape Newenham was not specified in Frost et al
(1986), nor were any data presented. However, Wwe presune they were referring
to disturbance associated with regular activities at the U S A r Force Radar
Station at Cape Newenham Disturbances at King and Sl edge islands were
probably associated with boat and aircraft traffic from nearby Nome, Al aska.

Fay et al . (1986) reported on a series of disturbances to a herd of about
1,000 mal e wal ruses that had been under observation at a terrestrial haulout
site at Cape Seniavin, in southern Bristol Bay. In one day (8 April 1981),
over the course of 8hours, three fixed-wing aircraft and one helicopter
passed the haulout site at altitudes of 60-80 m and flushed all of the animals
into the water. The nunber of animals remaining at the site after each of
these overflights was not nentioned. However, by early norning of the
followi ng day (9 April) about 100 animals had returned to the haulout Site,
but about half of themleft when another fixed-wing aircraft passed them at
less than 100 m About 100 wal rus were present when observations started on
the following day (10 April), but those were stanpeded into the water about an
hour later by another passing aircraft.

Fay et al. (1986)reported on another aircraft disturbance to walruses
haul ed out on a beach on the Punuk Islands (near St. Lawence Island) on 8
Novenber 1981. During that episode a twin-engine aircraft (type unspecified)
made three passes at an altitude of about 60 m over about 4,500 wal ruses.
About 1,000 of the animals raised their heads when the aircraft passed, but
fewer than 100 of themwent into the water. Two other aircraft passed within
hearing range of the Punuk |slands that same day, but caused no apparent
response anong the walruses.
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Simlarly, Roseneau (1988) reported that wal ruses haul ed out along rocky
beaches near the Air Force Station at Cape Lisburne often ignored |owflying
aircraft. In one case, a group of about 50 sleeping walruses were not
di sturbed (did not respond) when a 4-engine Hercules C 130 cargo aircraft took
off fromthe Air Force station and flew within 0.8 km of the resting animals.
According to Roseneau (1988), “Noise fromthe clinbing, departing aircraft
fl ushed many seabirds, but the walruses did not respond to the disturbaace."
Roseneau al so notes that “Some aircraft-related disturbances of walruses have
almost certainly occurred at Cape Lisburne over the years, Site personnel have
related several incidents...of groups flushing fromlanding aircraft when
ani mal s have been hauled out near the western end of the runway.. . . However,
the arrival of varying numbers of sunmering and migrating walruses renains an

annual event.”

The consequences of aircraft disturbances to walruses is discussed by Fay
et al. (1986), but nost of their discussion relates to disturbances of females
and cal ves haul ed out on ice, or of disturbances to wintering or breeding
animals. They do not discuss the consequences of disturbance to walruses
haul ed out at terrestrial sites. However, Fay and Kelly (1980) recorded a case
of mass natural nortality apparently caused through injury during a stanpede
of several thousand walruses during late autum 1978 at terrestrial haulout
sites on eastern St. Lawence Island and on the Punuk |slands (located
sout heast of St. Lawrence Island). Fay and Kelly (1980) estinated that about
148, 000 wal ruses had hauled out at six major sites on St. Lawrence Island and
t he Punuk Islands during autumm 1978. They estimated the follow ng spring
(June 1979) that about 411-1134 walrus carcasses (range; based on aeria
survey results) were present on the coast of st. Lawence |sland; nost of the
carcasses had apparently drifted away from the haulout sites and had washed up

at  ‘non haulouts'.

The details of the above incident are best quoted from Fay and Kelly
(1980:227-228). w. ..At the time when these events occurred, the weather was
very stormy, With high wi nds and heavy seas fromthe south. The wal ruses,
mainly adult fenales and young, were arriving fromthe northwest, presunmably
having swm from the edge of the pack ice which was then just north of Bering
Strait, some 300 km away. The Eskinobs renarked that the aninmals com ng ashore
appeared weak and physically exhausted, sleeping so soundly that it was
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possible to wal k up and touch them w thout waking them Observers on the Punuk
Islands in early Novenmber estimated that there were at |east 6000 wal ruses on
the beach at one tine. Hunters canped at Kialegak Point [about 40 km Wof the
Punuk Islands; on St. Lawence Island] stated that the aninmals covered about

2.5 km of beach and, ia sone places, extended inland onto the tundra.

According to the reports from Eski nbs canped on Punuk, a few adult bulls
were present anong the fenales. These bulls were extrenmely belligerent,
rushing through the resting herd to engage other bulls in battle. On one
occasion, two bulls fought with such vigour that one appeared to have nortally
wounded the other. In their rushes through the herd, the bulls tranpled and
struck at other animals with their tusks, and sone cal ves (about 6 nonths ol d)
were believed to have been killed by them One night, an entire herd stanpeded
off the beach into the sea, |eaving behind about 25 dead and disabled aninals
at the water’s edge, below a wave-cut terrace. ..."

According to biologists worrking at the Cape Peirce haulout sites since
1983 (D. Fisher, USFW5, pers. comm, 1988) lowflying (<500 ft ASL) single
engi ned aircraft have disturbed walrus hauled out on the beach near the
entrance to Nanvak Bay on several occasions. During one incident in summer
1986, an aircraft flew |low (<500 ft ASL) over 4000-5000 haul ed out aninmals
several times and caused a stanpede into the water that resulted in 2-3

animal s being tranmpled and killed.

Human Presence and Di sturbance

Frost et al. (1983) nentioned that “W have noted that . . . walruses
alnost invariably flee into the water when approached by humans. . . .*
Simlarly, Kelly (1980) reported that walruses will |eave haulout areas in
response to the presence of man, and speculated that continued harassment nay
prevent recol onization.

Shooting of walrus at Cape Peirce by passing boaters and aircraft has
been a chronic problemat this site (D. Fisher, USFW5, pers. comm. 1988).
During summer 1983 at |east 20-23 wal ruses were shot and killed on the beach
near the entrance to Nanvak Bay by a passing boater or a lowflying aircraft
(D. Fisher, USFW5, pers. comm. 1988).
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DI SCUSSI ON

We have eval uated haulout sites used by fur seals, sea lions, harbor
seals and wal ruses in the eastern Bering Sea in an objective and quantitative
manner in an attenpt to determ ne which sites appear to be nost sensitive to
di sturbance. Qur IPSI evaluations were based on eight different (but sometinmnes

related) criteria (see ‘'Methods’) for each haulout site, and are presented and
di scussed here onaspeci es-by-speci es basis.

Nort hern Fur Seal

This species differs from the other three pinnipeds considered because
virtually all aninmals haulout in the study area at sites on the Pribilof
I sl ands, although there is a relatively new and small haulout site on Bogoslof
Island, in the eastern Aleutians. Lloyd et al. (1981) speculated that the
feeding habitat of fur seals consists of outer continental shelf and oceanic
domains, and that "only islands in or inmmediately adjacent to the [very

productive] outer shelf donmamins are suitable for fur seal rookeries.”

In addition, virtually all haulout sites are used by all age and sex
classes of northern fur seals that haul out on an annual basis, even though
these classes may be segregated in different sections of the site (see
Appendi x 2 for maps of haulout sites on the Pribilof |Islands). The northern
fur seal is also unique because it does not haul *“out except during the
breedi ng and post breeding season; it is pelagic throughout nost of the year.

There is considerable evidence that northern fur seals respond to various
forms of disturbance in different ways (see ‘RESULTS ). However, there is no
direct evidence that significant nortality has resulted from any of the recent
di sturbances that have occurred at haulout sites. Mst of the recent
di sturbances are simlar to those that may acconpany OCS devel opnent (e.g.,
aircraft overflights at altitudes <500 m nearby ship traffic, hunman
presence). It should be noted, however, that this subject has riot been
thoroughly investigated through field experinments (R Gentry, NMFS, pers.
comm. 1987).
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There is circunstantial evidence that sone fornerly used historic sites
wer e abandoned because of proximty to man. Overharvesting-overshooting and
ot her chronic disturbances may have been significant factors in the
abandonnent of the Lagoon rookery on St. Paul Island and the Little Eastern
rookery on St. George Island. Both of these haulouts were close to village
sites (Jordan and Cark 1898). Also, some workers are concerned that there may
be a relationship between |owlevel (<500 m) aircraft flights on St. Paul
Island and the declining nunbers of northern fur seals at the Polovina conpl ex
of rookeries which are located near the airport (A Yorke, NWS, pers. comm.
1988).

Based on all criteria considered in this study, including the general
sensitivity of this species, and the susceptibility of the 22 haulout sites to
di sturbance, North Rookery on St. George |Island, Vostochni, Zapadni, Tolstoi,
Reef, Polovina Cliffs and Gorbatch rookeries on St. Paul Island, and Sivutch
Rookery south of St. Paul Island rated highest in our IPSI evaluation scheme
(Table 8). In particular, the Polovina Ciffs rookery is thought by sone
wor kers (C. Fowler, NMFS, pers. comm. 1988) to be a likely candidate for
abandonnent in the near future.

As nentioned earlier, there is sone evidence that nortality of younger
age classes at sea, through entanglenent in abandoned fishing nets and other
debris, is an inportant cause of the recent severe declines in nunbers of
northern fur seals (Fowler In press; 1985). Because of this decline, the
Nati onal Marine Fisheries Service recently (May 1988) listed the Pribilof
I slands popul ation of northern fur seal as ‘depleted under terns of the
Marine Manmal Protection Act of 1972.

Northern Sea Lion

Unli ke northern fur seals, northern sea lions may haul out at terrestrial
sites throughout the year. Nevertheless, there are definite seasonal peaks in
haulout activity in the Bering Sea, especially at the breeding sites, or
rookeries. Virtually all of the inportant rookeries in the study area, with
the exception of Walrus Island in the Pribilofs, are in the eastern Al eutian
I'sl ands or southeastern Bristol Bay. Similar to northern fur seals (Lloyd et



Table 8. Inter-site Population Sensitivity Index (IPSI) for northern fur seal haulout Sites Inthe Bering Sea, Alaska.

Haulout Max. Rank Mean Rank PropOr. Rank Age/Sex Rank Duration Rank Consist. Rank Site Rank Species Rank Mean Ipsi

Ste Count Max. Pop. Comp. of Use of Wse Char. Char. Rank Rating
Count XACtivity (n=8)
St. George 1.
Zapadni 157 15 211 14 0.025 15 3 145 0583 115 1 1m 4 18 2 1.5 14.6 18
South 247 12 248 13 0. 336 13 3 14.5 0.583 115 1 1n 4 18 2 11.5 13.6 15
North 593 4 775 3 0107 1 2 45 0583 115 1 11 1 3 2 1.5 4.4 i
East Reef 96 18 122 20 o0.016 16 3 145 0.583 115 1 1 4 18 2 1.5 16.3 21
Bast Qiffs 282 11 302 12 0.050 9 3 14.5 0.583 115 1 nn 3115 2 1.5 1.5 1
Staraya-Artil 101 17 198 150014 17.5 3 145 0583 1.5 1 1t 1 3 2 1.5 13.0 14
St. Paul L
Lukanin 119 16 137 18 0.014 175 3 14.5 0.583 115 1 1mn 2 15 2 1.5 11 17
Kitovi 236 13 337 11 0.039 12 3 145 0583 115 1 11 3 115 2 15 12.2 12
Gorbaich 358 10 573 6 0050 9 3 145 0.583 1.5 1 11 2 15 2 15 9.7 8
Ardiguen 57 20 90 21 0.010 19.5 3 145 0583 115 1 11 2 1.5 2 11.5 15.6 20
Reef 526 6 808 2 0076 6 2 45 0.583 115 1 11 4 18 2 15 7.9 5
Morjovi 361 9 501 8§ 004 1n 2 45 0.583 115 1 11 4 18 2 1.5 10.3 9
Vostochni 811 1 1093 1 0.102 3 1 1.5 0583 115 1 11 4 18 2 1.5 5.9 2
Lile Polovina 46 21 128 19 0.003 21 3 145 0.583 115 1 1 1 3 2 1.5 14.9 19
Polovina cliffs 404 7 540 7 0,057 7 3 145 0,583 115 1 1 1 3 2 115 8.3 6
Polovina 70 19 152 17 0.010 19.5 3 145 0583 115 1 1 1 3 2 11.5 14,0 16
Tolstoi 614 3 4 5 0.086 4 3 145 0583 11,5 1 11 2 15 2 1.5 1.5 4
Zapadni Reef 210 14 209 15 0.026 14 2 45 0.583 115 1 1 4 18 2 115 128 13
Litle Zapadni 367 8 4S8 9 0.050 9 3 145 0583 115 1 1n 3 15 2 115 105 10
Zapadni 626 2 755 4 00719 5 1 15 0.583 1.5 1 1m 4 18 2 115 6.9 3
Sivutch 582 5 450 10 0.104 2 3 145 0.583 115 1 11 3 115 2 1.5 9.0 7
Bogosiof 1. 17 22 2 22 0.001 22 3 145 0.583 115 2 2 4 18 2 115 2.1 22

Max. Countsare Breed. Bulls only fromeither “1980's" or "Cam ESt.” columns in Taie 3.
Mean Ma. Counts are Breed. Buls only from“1960's"9 “1970's", “1980's” and "Cor. Est.” colums in Table 3.
Proportion of Population is calculated from "Cum. Est" column i N Table 3.
Agel Sex Composition x Activity values are based on whether all age/sex classes are present md whether breeding occurs regularly at the site
fall=1, ad=2, mbad=3), and the mmber Of different locations at the site where fur seals hui out (Ismany, Zeseveral, 3=few).
Duration of Use of site is the approximate proportion of the year that the site is occupied.
Consistency of Use categories areas follows :1 = annual and consistent, and 2 = inconsistent.
Site Characteristic vauws wee based on tepography and proximity to noise/disturb. near the balow Site
(I=any site Near noise/disturbance, 2=cliffs, 3=bluffs/siopes, 4=1ow or no relief).
Species Characteristics values were assigned based on the degree of sensitivity of the spedes
and potential for nortality as a result of noise/disturbance (i=high 2= medim 3=low).
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al . 1981), it may be possible that the locations of northern sea lion
rookeries in part are determined by the distribution and abundance of their
principal prey, walleye pollock (Frost and Lowy 1986; Loughlin 1987; Bakkala
et al. 1987), which in turn my be affected by overfishing and/or

oceanogr aphi ¢ characteristics.

Consi stently used haulout sites are generally located in the southern
hal f of the Bering Sea, south of Cape Newenham and the Pribilof I sl ands.
Haulout sites farther north are generally used for shorter durations and |ess

consistently fromone year to the next (J.J. Burns, pers. ohs. 1988).

Northern sea lions respond to noise and human di sturbance in a variety of
ways. There have been instances where human di sturbance at northern sea lion
rookeries has caused nortality (Lewis 1987; R Merrick, NWMFS, pers. comm.
1988). Thus, human disturbance has the potential to significantly affect the
health of the Bering Sea population. Qur evaluation of the sensitivity of
northern sea lion: at their 26 terrestrial haulout sites in the study area has
been influenced by the fact that nortality associated with disturbance is
known to occur. Based on all criteria considered in this study (IPSI
evaluation) , including the general susceptibility of this species, and the
susceptibility of the 26 haulout sites to disturbance, we determned that the
rookeries and associated hauling grounds on Ugamak |sland and nearby rocks and
islets (incl. Round 1.), at Cape Mdrgan on Akutan |sland, on Sea Lion Rock
near Amek Island, on Walrus Island in the Pribilofs, on Bogoslof |sland, and
at Billings Head on Akun Island rated the highest in our IPSI eval uation
scheme (Table 9). Recent severe disturbances at the Ugamak |sland rookery, and
i ncreased chronic disturbances fromaircraft and ship traffic near Sea Lion
Rock (close to the airport at Cold Bay, AK) and Bogoslof Island (increased
fishing activity nearby) are of particular concern

The history of use and disuse of haulout sites in the Pribilof Islands is
of particular interest, considering that these islands are likely to be the
focus of activity during possible OCS developnent in the St. George Basin. O
the eight historically used sea |ion haulout sites in the Pribilofs (4 on St.
George, 1 on St. Paul, and 3 on smaller surrounding islets), there is current
information (1980's) for only 3 sites (Walrus 1., Oter I. and Dalmoi Pt.



Table 9. | Nter-site Population Sensitivity Index (APSK) for northern sea lion haulout sites in the Bering Sea, Alaska.

Haulout Max. Rank Mean Rank Propor. Rank Age/Sex Rank Duration Rank CONSI ST. Rank Site Rank Species Rank Mean ~ IPSI
Site Count Max. Pop. Comp. of Use of use char. char. Rank Rating
Count X_Activity (n=8)
Bogoslof Island* 1379 5 2133 4 0083 4 6 3.5 0.500 5 i 45 4 26 1 35 69 5
Unalaska Island

Spray Cape 161 17 96 22 0.001 255 4 12 0.250 145 2 135 2 14 2 165 169 18

Bishop Point 549 12 415 11 0035 95 4 12 0250 14.5 2 135 2 14 2 165 129 11
Akutan Island*

Cape Morgan* 2840 2 2 0110 2 i 3.5 0.500 5 1 45 2 14 1 35 46 2
Akttrr Island*

Billings Head* 760 9 1459 7 0028 13 1 3.5 0.500 5 1 45 2 14 1 35 74 6
Tanginak Island 61 22 377 14 0004 21 4 12 0.250 145 2 135 2 14 2 165 159 16
Rocks NE of Tigaldal. 225 155 312 16 0.005 20 4 12 0.250 14.5 2 135 2 14 2 165 153 15
Ugamak Istand Group* 2033 3 7131 1 0.109 3 i 3.5 0.500 5 1 45 1 4 1 35 34 1
Unimak Island

Cape Sarichef 128 19 115 21 0008 17 4 12 0.250 145 2 135 1 4 2 165 147 1
Amak Istand 509 i1 1379 8 0039 75 4 12 0500 5 1 45 1 4 2 165 86 7
Unnamed Rocks 225 155 266 17 0014 15 4 12 0500 5 1 45 1 4 2 165 112 9
Sea Lion Rock* 1296 6 197 6 0035 95 i 3.5 0.500 5 i 45 1 4 1 35 53 3
Right Hand Point 50 24 50 25 0003 23 4 12 0.167 23 2 135 2 14 2 165 189 21
Round Island 1000 7 833 10 0064 5 4 12 0.167 23 2 135 2 14 2 165 126 10
Cape Peirce 450 13 450 12 0029 12 4 12 0167 23 2 135 1 4 2 165 133 12.5
CapeNewenham 1500 4 1083 9 0.061 6 4 12 0.167 23 2 135 i 4 2 165 110 8
Nunivak Island

Cape Mendenhall 50 24 50 25 0003 23 6 2 3 0.167 23 3 225 3 23 2 165 225 26
St Matthew Island

Sugarloaf Mtn, 50 24 50 25 0003 23 6 23 0.250 14.5 3 25 2 14 2 165 203 25

Cape Upright 90 20 93 23 0006 18.5 6 23 0.250 14.5 3 25 2 14 2 165 190 22

East of Lunda Pt. 600 10 326 15 0039 75 6 23 0.250 145 3 225 3 23 2 165 165 17
Hall Island 16.5

Arre Rock 150 18 150 20 0010 16 6 23 0.250 145 3 25 3 23 2 165 192 23

North Cove 000 1 2038 5 0258 1 6 23 0.250 145 3 225 3 23 2 165 133  12.5
Pinnacle Mend 257 14 205 18 0017 14 6 23 0.167 23 3 225 2 14 2 165 181 20
S. Georgelsland 8 21 378 13 0.006 185 6 23 0.167 23 3 25 3 23 2 165 201 24
Walrus Island* 868 8 2392 3 0031 1 1 3.5 0.500 5 1 45 2 14 1 35 6.6 4
Otter Island 26 200 19 0.000 255 6 23 0.500 5 2 135 2 14 2 165 178 19

Max. Counts are Ads./Subads. only from either “1980's’ or "Cumr. Est.” (whichever islarger) in Table 5.

Mean Max. Counts are Ads./Subads. only from * 1960's”,” 1970%", “1980's” and "Curr. Est.” columnsin Table 5.

Proportion of Population is calculated fron”"Curr. Est.” column in Table 5.

Age/Sex Composition x Activity values are based on whether all age/sex classes are present aod whether breeding took place et the site (all=1, adults and subad.=2),
and the number of different locationat the sitewhere sea jions haul out (1=many, 2=several, 3=10r 2).

Duration of Useisthe approximate proportionof the year tbe site is occupied.

Consistency of Use categor ies ar eas follows 1=annual and continuous,2=annual but discontinuous, and3=inconsistent.

Site characteristic values were based on topography and proximity to noise/disturb. near the haulout site (1=any site near noise/disturbance,
2=cliffs, 3=bluffs/slopes, 4=low or norelief).

Species characteristics values were assigned based on the degr ee of sensitivity of she species and potential for mortality
as a result of noise/disturbance (high=1, medium=2, Jow=3).

* Asterisksindicate that the haulout siteis arookery.
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area). Formerly there were four rookeries on the Pribilofs: Walrus |sl and;
near Northeast Point; near East Rookery; and near Tolstoi Point. Currently
only the site on Walrus Island is an active rookery. Kenyon (1962) noted that
t he haulout site near Northeast Point on St. Paul Island was fornerly the
| argest rookery in the Pribilof Islands, however, no pups have been seen there
since 1957, which is about when major declines in the nunbers of northern sea
lions apparently began.

The ultinmate causes of the decline in the northern sea lion population in
Al aska are unknown (Merrick et al. 1987). However, it has been postul ated that
di sease (possibly Leptospira), changes in prey resources, increased nortality

t hrough shooting, and possible entanglenent in nets and other debris may al
be contributing factors.

Sone evi dence suggests that changes in the quantity and size of walleye
pollock (Theragra chalcogramma), the principal prey of northern sea lions, my
be a factor in their decline (Bakkala et al. 1987; Fowler In press; Loughlin

1987; Frost and Lowy 1986). It is also possible that increased nortality of
pups that becone separated fromtheir nothers during sone types of censuses at
rookeries (Lewis 1987) may be a factor contributing to the decline. Away from
the haulout sites, there is little evidence that noise fromeither airborne or
underwat er sources has serious detrinmental effects on northern sea lions. In
fact, some studies show that sea lions habituate well to some severe forns of
noi se (Shaughnessy et al. 1981, Mte and Harvey 1987).

Har bor Sea

Har bor seals are distributed throughout the portion of the study area
sout h of Nunivak and the Pribilof islands. Harbor seals do not necessarily

aggregate at large rookeries to breed, pup and suckle their young. Aside from
the resident population on Oter Island in the Pribilofs, nost harbor seals in

the northern part of the study area probably nove south (away from advanci ng
ice) during winter. O the 41 terrestrial haulout sites considered in detail

in our study area, only about 6-8 appear to have consistently supported |arge
fractions of the total eastern Bering Seapopul ation of this species--npst of

these inportant sites are on the Al aska Peninsul a.
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Har bor seals respond to noise and human di sturbance in a variety of ways.
In some situations it is not possible to disperse them even using severe forns
of disturbance; i.e., they appear to acconmpdate to noi se and di sturbance in
some instances when they are actively feeding. However, there have been
i nstances where human di sturbance at harbor seal haulout sites have caused the
sites to be abandoned and pups to be separated fromtheir mothers, thereby
causing nortality (Johnson 1977; see ‘Results’ section for details). Thus, our
evaluation of the inportance and vulnerability of harbor seals at 41
terrestrial haulout sites has been influenced by the fact that abandonnent of
sites and consequent nortality of pups has been shown to be associated with
some kinds of noise and disturbance near such sites. Based on all criteria
considered in this study, including the general susceptibility of this
speci es, and the susceptibility of the 41 haulout sites to disturbance we
determ ned that the sites in Izembek/Moffet Lagoon, Port Heiden, Port Moller,
Cnder River, Seal Islands and Ilnik (all on the Al aska Peninsula), and in
Nanvak Bay near Cape Peirce, Ugashik Bay, and on Otter Island in the Pribilofs
to be the nost inportant and potentially nobst vulnerable to noise and
di st urbance associated with 0CS devel opnent (Table 10).

The number of harbor seals recorded at haulout sites in the Bering Sea,
especially at sonme sites in the southeastern Bering Sea, has apparently
declined dramatically during the recent decade (Pitcher 1986). Although
several reasons have been given for the apparent recent decline of harbor
seals (e.g., disease, over-exploitation in earlier years, increased predation
increased fouling in fishing gear, reductions iam principal prey [walleye
pollock]), none of these suggestions have been clearly documented. At present,
the sites that appear to have been nost significantly reduced in size (fewer
seal s counted recently) are the Seal Islands, C nder River, and Izembek/
Moffet Lagoon, on the Al aska Peninsula. However, as noted in the ‘Results’
counts at any one of these sites may be greatly influenced by such factors as
the time of day, time of year, tide, weather, availability of prey, etc.
Recomended prograns designed to nore carefully monitor the nunber of harbor
seal s at haulout sites in Bristol Bay could provide nore of the data needed to
determ ne the status of this species in the study area, prior to 0CS
devel opnent (Hoover 1988b).



‘fable 10. Inter-site Population Sensitivity Index (IPSI) for harbor seal haulout sites in tbe Bering Sea, Alaska.

Haulout Max. Rank Mean  Rank Propor. Rank Age/Sex Rank Duration Rank Consist. Rank Site Rank Species Rank Mean  IPSI
Site Count Max. Pop. Comp. of use of use char. char. Rank Rating
Count X Activity
Umnak Island 31 415 14 - 315 1 5 1000 15.9 Z 295 7 175 73 3227 28
Bogoslof Island 31 56 ? 4 - 35 1 5 100155 3 41 4 3 3 33 202 4
Unalaska Island 31 326 15 — 35 1 15 1000 155 2 295 2 175 3 3B 24 20
Akutan Island 6213 28 38 0.001 20 1 15 1000 155 2 205 2 175 3 3 21 23
Akun Island @incl. Tangik |.) 23 19 75 30 0.003 19 1 15 1e00 155 2 205 2 175 3 33 199 25
Tanginak |sland 3l 41 - 315 1 1 1.000 155 2 295 2 175 3 33 261 31
Avatanak Island 3l 68 3 - 315 1 15 1000 155 2 295 2 175 3 33 249 3
Tigalda |sland 3l ) 4 0 - 315 1 15 1000 155 2 2905 2 175 3 33 259 3
Kaligagan & islets NE of Tigalda |. 245 9 17 18 0030 7 1 1 1,000 155 2 295 2 175 3 33 172 12
Ugamak |sland 3l 40 37 - 315 1 $h 1000 155 2 295 1 5 3 3 237 29
Aiktak Island 94 15 122 2s 0012 12 1 15 100 15.5 2 2095 1 5 3 33 173 Bs
Unalga, Babies, rocks& Mets 125 11 220 19 0.015 105 1 15 100 15,5 2 205 2 175 3 33 176 1s
Cape Lapin (Unimak |.) 31 120 26 - 35 1y 3l5wwl155 2 295 1 5 3 33 245 I
North Creek (Unimak |.) 31 70 32 - 35 Ly 315w 155 2 205 1 5 3 1 284 %
Bechevin Bay 31 150 95 - 315 Ly 315100015 1 95 1 5 2 165169 1. §
Cape Keenitzin 1 150 95 - 35 Ly 3l.5ww 155 1 95 1 5 2 165 169 0. §
Isanoiski Islands 31 511 12 - 35 1Y 315w 155 1 95 1 5 2 165173 B3
Lzembek/Moffet Lagoon 1974 4 1888 7 0040 4 o5 35 1000 165 1 95 1 5 1 45 61 1
Amak Island 2 A 20 39 0.000 21 15 3151000 155 2 295 1 5 2 165 19.8 19
cape Leiskof 0 31 150 21 - 35 15 31.5100 155 2 295 3 27 2 165246 .S
Cape Seniavin 3 il 31 - 35 15 3L.51w0015.5 2 205 2 175 2 165246 36
Port Moller 2 4884 2 0488 1 05 35 1000 155 1 95 4 35 1 45 91 3
Seal Islands (incl. Iinik) 1521 5 1599 8 0009165 05 3.5 1o0co 15.5 1 95 4 35 1 4s 101 S
Pont Heiden 6196 1 5768 1 0098 3 o5 35 .Gt 155 1 95 4 35 1 45 88 2
Cinder River 350 7 2038 5 003755 05 35 100 15.5 1 95 4 35 1 4s 100 4
Ugashik Bay 1000 6 719 11 0121 2 1 5 1000 155 1 95 4 35 2 165136 6,5
Egigik R. Flats 0 A 300 165 - 315 1 $h 1o 15.5 1 95 4 35 2 165 199 1S
Deadman Sands 10 150 21 0018 9 1 1 1.000 155 1 95 4 35 2 165 1S3 9
Cape Constantine 100 14 100 27 0.012 13 15 31.5 00755315 2 295 2 175 2 165209 22
Tvativak Bay 17 n 29 0009 165 15 315 0075 315 2 295 3 27 2 165228 [
Hagemeister |sland 100 14 133 23 0012 13 15 315 0580 335 | 95 2 175 2 16S 181 16
Black Rock 300 8 300 16.5 0.037 5.5 15 3150580 335 2 295 2 175 2 16S 191 18
Nanvak Bay (Mouth) 3100 3 2107 4 0027 8 1 15 0500 38 1 95 4 3 1 45 136 6.5
Cape Newenham 0 3 5 355 - 315 15 315 0500 38 2 295 2 175 2 165 285 40
Chagvan Bay (Mouth) 31 50 21 - 315 15 315 0500 38 1 95 4 35 1 4s 244 30
Quinhagak (Middle Bar) 31 3mo 3 - 35 15 315 0500 38 ! 95 4 3 2 16523S 28
Kongiganak (South Bar) 31 5 35 - 315 15 315 0500 38 I 95 4 3 2 16S 281
Kuskokwim Bay 31 2000 6 - 315 05 35 0500 38 1 95 4 35 1 4s 182 17
Nunivak L (Cape Mendenhall) 16 80 28 0.010 15 2 405 0500 38 2 295 3 27 3 33 25 B
St. George |. (Dalnoi Pt. areq) 50 18  -130 24 0.006 18 2 405 1.000 155 2 295 2 175 3 33 23 25
Otter Island 119 12 483 13 0.015 105 1 5 1000155 | 95 2 175 3 33 144 3

Max. Count is from either “1980'a” or "Curr. Est.” columns (whichever ia greater) in Table 6.
Mean Max. Count isfrom “190s’, “ 1970's-, “1980s" and “Cur. Est.” columnsin Table 6.
Proportion of Populationis cal culated from "Curm. Est.” column in Table 6.
Age/Sex Composition X Activity values are based on whether sff age/sex classes arc present and whether pupping occurs regularly at er near the sitefall=0.5, Ad. only=1),
and the number of different locations where harbnr seals haul out (1 =many, 2=several, 3=few) associated with the site.
Duration of Use is based on the approximate proportion of the year that the site iSused.
Consistency of Use categories areas follows: 1 =annual and relatively consistent, and 2=inconsistent.
Site Characteristics values were based on topography and proximity to noise/disturb. source near the haulout site
(1=any Site nsar noise/diatmb., 2=cliffs, 3=bluffs/slopes, 4=low or no relief).
Species Characteristics values were assigned based on the sensitivity of the species and associated potential for mortality as aresult of disturbance (1=high, 2=medium, 3=1ow).
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Paci fic Wal rus

Only nale Pacific walruses haul out at terrestrial sites in the southern
part of the study area, i.e., at island and mainl and sitessouth of the St.
Mat t hew- Hal | |slands area (south of about 60°N). During fall, as the pack-ice
advances south through Bering Strait, females with calves return to the

northern part of the study area, where they are joined by males that have
nmoved northward from southern sites. Haulout sites oa St. Lawence Island and

on the nearby Punuk |Islands are particularly inportant at this tinme of year
(autum); all age and sex classes may be found hauled out at these terrestrial
sites in sone years. Breeding occurs on the pack-ice in late winter-early
spring and calves are born on the ice in spring, Females and newborn cal ves
remain with the pack-ice as it retreats north out of the study area in early
sumer, whereas nany nales remain south and utilize haulout sites in Bristol

Bay.

There is only a relatively small body of information concerning the
effects on walruses of various kinds of noise and disturbance however, sone
of this information is particularly relevant to this study. In general
wal ruses respond to noise and human di sturbance by tenporarily |eaving the
haulout site; 1if the disturbance persists, the site may be abandoned (Fay et
al, 1986; for nore details see ‘RESULTS ). Natural mass nortality of walruses
has occurred at a Punuk Island haulout site in at least one year, 1978 (Fay
and Kelly 1980). Although it is unclear how nortality of this type has
occurred, it does indicate the magnitude of such nortality (many hundreds of
animal s died) that can occur when |arge nunmbers of animals (tens of thousands)
are haul ed out at one site. At other sites (Cape Peirce), shooting and other
types of harassnent such as by aircraft and boats have caused severe

di st urbances.

Based on all criteria considered in this study, including the genera
susceptibility of this species, and the susceptibility of the 31 haulout sites
to disturbance, we determined that the sites at (1) Port Moller and Cape
Seniavin in southern Bristol Bay, (2) at Round I|sland, Cape Peirce and Cape
Newenham in northern Bristol Bay, and (3) at St. Matthew and Hall i sl ands,
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King Island, eastern St. Lawence Island and North Punuk Island in the centra
and northern Bering Sea rate high in our IPSI evaluation scheme (Table 11).

Both the Amak Island and Cape Seniavin haulout sites have been disturbed
in recent years by fishing boats and lowflying aircraft and beachconbers
landing at the site; poachers have also frequently disturbed the Cape Seniavin
site (J.J. Burns, pers. comm. 1988). It is probable that many of the walruses
recorded in the Port Moller area have been displaced (through disturbance)
from nearby Cape Seniavin (details given earlier in ‘Results’). Further, there
is evidence that walruses using the Cape Seniavin site are al so associated
with the Round Island site in northern Bristol Bay. At |east one male walrus

tagged at Round Island was recovered (dead) on the beach at Cape Seniavin.

The Cape Peirce haulout site has been reoccupied since the early 1980's.
Significant nunmbers hauled out at this site in 1983, but shooting and ot her
di sturbances prevented a sustained reoccupancy that year (D. Fisher, USFW5
pers. comm. 1988). Large nunbers of walrus (about 4,000-6,000 nales) again
reoccupied this site in 1984. Very large nunmbers of walrus (12,000 mal es) have
been recorded at Cape Peirce in recent years, even though shooting of sone
animals has occurred at this site every year since 1986 (D. Fisher, USFWS,
pers. comm, 1988). Daily surveillance at Cape Peirce during the sumer haul out
period began in 1984 and currently there is careful docunentation of hunting

and other disturbances.



Table 11. Inter-site Population Sensitivity Index (IPSI) for Pacific walrus haulout sites In the Bering Sea, Alaska.

HaulOut Max. Rank Mean Rank Propor, Rank Age/Sex Rank Duration Rank Consist. Rank Site Rauk Species Rank Mean IPSK
Sire Count Max, Pop. Comp. of Use of Use Char. Char. Rank  Rating
Count X Activity (n=8)

AMXK Island* 0 18 155 26 0000 145 3 255  0.580 22 1 2 16 159 18
Port Moller* 3250 7 2875 10 0.073 5 2 195 0417 45 2 2 1 4 2 16 110 5
Cape Seniavin* 3500 6 1813 12 0.040 95 3 255 0417 45 1 65 1 4 2 16 105 4
Port Heiden* 25 60 2 9 - 25 3 255 0.333 125 2 2 1 4 2 16 199 2
Egegk Bay* 1000 8 1000 14 0022 8 3 26 0333 125 2 2 1 4 3 27 152 135
High Istand* 2s 0 31-25 3 255 0.333 125 1 65 2 135 3 27 208 28
Norh  Twin - 25 1000 13- 265 3 25,5 0.333 125 1 65 2 135 3 n 18.5 23
Round Island* 12400 3 7425 8 0119 4 1 9 0333 125 ! 65 2 135 3 2] 10.4 3
Cape Peirce* 12500 2 9400 7 0141 3 1 9 0333 125 1 65 2 135 3 2 10.1 2
Cape Newenham* 700 9 423 16 0.002 13.5 2 19.5 0.333 125 1 65 2 135 2 16 133 8
security Cove* 10000 4 6677 9 0225 2 3 255 0.167 245 2 2 323 2 16 158 17
Goodnews Bay* % 250 20 - 25 3 2550167 24.5 2 2 323 2 16 22 3
Kwigillingok* % 50 15 - 25 3 2S5 0.167 245 2 2 323 2 16 20 30
Nunivak |sland*
Cape Etolin* % W 22 - 25 3 25.5 0.167 245 2 2 1 35 2 16 204 27
Mekoryuk* s 200 22 - 25 3 25.5 0.167 245 2 2 1 35 2 16 194 2s
. Matthew Island*
caps upri ght” 160 12 160 25 0004 95 1 9 041745 1 65 2 135 3 27 134 9
Cape Glory of Russia® 80 15 80 28 6002 13.5 1 9 0417 45 1 65 2 135 3 n 14.6 12
Lunda Bay* 180 11 180 24 0004 95 1 9 0417 45 1 65 323 3 27 143 10
Hall Island* 550 10 340 18 0003 11 1 9 0417 45 1 65 2 135 3 271 124 6
Egg folsnd* % 30 19 -25 15 16 0167 245 2 2 323 2 16 213 29
Besboro Island” 100 14 200 22 0002 135 15 16 0.167 245 2 2 2 135 2 16 117 20
Cape Darby* 50 16 3% 30 0001 16 15 16 0167 245 2 2 2 135 2 16 193 24
Sledge idand 3 17 352 17 0000 175 15 16 0167 245 2 2 2 135 1 5 16.6 19
King |gand 5000 5 2333 11 0.022 7.5 15 16 0.167 245 2 2 2 135 1 5 131 7
Punuk [slands
North |slend 15000 1 15875 4 0337 1 05 25 0167 245 1 65 429 1 5 9.2 1
Middle 1sland 2% 14000 5 - 2 5 1 9 0167 245 2 2 4 2 1 5 18.1 21
South Island 2s 11000 6 - 2 5 1 9 0167 245 2 2 429 i 5 182 2
St. Lawrence island
Chibukak Pt. 100 13 100 27 0.002 135 1 9 0167 245 1 65 323 1 5 15.2 13.5
Salghat 25 19000 3 - 2 s 05 25 0333 125 2 2 4 29 1 5 155 16
Maknik 25 35000 2 - 2 5 05 25 0333 125 2 2 429 1 5 15.4 15
Kialegak Pt. 25 37000 1 - 25 05 25 0333 125 2 2 3 23 1 5 145 11

Max. Count isfrom either “1980s” or "Curr. Est.” columns (Whichever isgreater) in Table. 7
Mean Max. Count is from “1960's’, “1970's", ‘1980's" and “Cum. Est."columns in Table 7.

Proportion of Populatien is calculated from "Curr. ESt.” column in Table 7.

Age/Sex Competition x Activity vaiues are based on Whether all age/sex classes sre present at the site(all=0.5, ad. males only=1 ),
and the number of different Jocations at the Site where walruses haul Out (1 =many, 2=several, 3. few),

Duration 0f Use is the approximate proportion of the year that the Site is occupied.

Consistency Of Use categories areas follows: 1 = annual and consistent, and 2. inconsistent.
Site characteristic values were based on topography and proximity to noise/disturb. near rhe haulow site (1 = any sitenear noise/disturb.,
2 = cliffs, 3 = bluffs/slopes, 4 = low or no relief),
Species Characteristics values were assigned based on the degree of sensitivity of the species
and associated potential for mortality as a result of noise/disturbance (high-l, medium=2, low=3),

* An asterisk indicates that thishaulow Site iSoccupied mostly by adult
males. All other haulowt Sites (those without asterisks) are occupied by
male and female adults, subadults and calves.

#/ WoIssndsIQg
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SUMVARY AND CONCLUSI ONS

The follow ng summary and concluding renarks are presented in relation to
the four broadly defined 0CS Planning Areas (Norton Basin, St. Mtthew Hall,
North Aleutian Basin, and St. CGeorge Basin) in our study area (see Fig. 1).
Each of these four planning areas contain haulout Sites that are inportant to

nore than one of the pinniped species considered in this report. Many of these
sites ranked high in our Inter-site Population Sensitivity Index (IPSI)

eval uati ons.

Norton Basin Planning Area

There are 14 haulout sites in the Norton Basin Planning Area used by two
of the four species of pinnipeds considered in this study; no northern fur
seals or harbor seals haul out in significant nunbers in this planning area
However, 86% (12) of the 14 sites in this planning area are used by one
species, the Pacific walrus (Fig. 12). Two (14% of these haulout sites, the
one on North Punuk Island, and the one on King Island had high IPSI ratings
(see Table 11). Northern sea |ions have occasionally haul ed out at Sout hwest
Cape on St. Lawence Island and on South Punuk Island; however, there is no
current information concerning the use of these sites Dby this species,
consequently, there was insufficient information to assign an IPSI val ue
(conpare Table 5 with Table 9).

St. Matthew Hall Planning Area

In the St. MatthewHall OCS Pl anning Area 24 haulout sites have been used
by three of the four pinniped species considered in this study; there are no
northern fur seal haulout sites. The mpjority of the sites are used by
northern sea lions (11 sites, 46%; however none of these 11 sites ranked high
in the overall evaluation of inportance or potential vulnerability (Table 9).
Pacific walrus sites were second in abundance (8 sites; 33% and four of
these, all on St. Matthew or Hall islands, ranked high in our IPSI rating
system (Table 11). Harbor seal sites were |east abundant (5 sites; 21% in
this planning area. Nevertheless, the site(s) in Kuskokwim Bay had relatively

high 1PSI values (Table 10); this area , and the areas to the east near Avinof
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Figure 12. Summary of haulout sites in various OCS Planning Areas in the
Bering Sea, Al aska. The nunber of sites that rated high in our IPSI
evaluations are shown in parent heses.
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Pt., may be the nost northerly major harbor seal pupping areas in the eastern
Bering Sea, and probably this is the |east studied harbor seal habitat in the
study area.

North Al eutian Basin Planning Area

The North Aleutian Basin Planning Area contains 44 haulout sites used by
three of the four pinniped species considered in this study (Fig. 12). Harbor
seal s use 22 (50% of these sites including 9 of the 13 sites that had the
hi ghest IPSI ratings for harbor seals in this study (see Table 10). Twelve
(27%) siteswere occupied by northern sea lions, and at least six (14% of
these sites had high IPSI ratings. Ten sites (23% in the North Al eutian
Pl anning Area are occupied by Pacific walrus; five (11% of these sites had
very high IPSI values (Table 11).

St. Ceorge Basin Planning Area

The St. CGeorge Basin Planning Area supports the |argest nunber of haulout
sites for the species considered in this study--a total of at |least 54 sites
for three species. There are no consistently used Pacific wal rus haulout sites
in the St. George Basin Planning Area. On the other hand, all 22 (100% of the
northern fur seal haulout sites in the eastern Bering Sea are in this planning
area (Pribilof Islands and Bogoslof Island); these 22 sites represent about
40% of the total 54 sites used by the four species studied in this planning
area (Table 10). Seventeen sites (32% in this planning area are occupied by
northern sea lions, and 6 (11% of these had high IPSI ratings (Table 9). It
was not possible for some sites to be evaluated (conmpare Table 5 with Table 9)
because there was insufficient information on their current use. At |least 15
sites (28% in the St. CGeorge Basin Planning Area are used by harbor seals,
and three (6% of these sites (two in the Fox Islands and OQter |sland) had
very high IPSI ratings.

It should be renenbered that we have not discussed rookeries/haul outs
used by very small nunbers of pinnipeds. Wth the exception of northern fur
seals (which use only the Pribilofs and Bogoslof |sland), hundreds of such
sites are used by small groups (1-10 individuals) of Pacific walruses,
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northern sea lions, and especially harbor seals. The degree of fidelity to
specific haulout sites (from greatest to least) by the four species we studied
are: northern fur seal, walrus, northern sea |lion and harbor seal. The last
two species are nost likely to haul out at sites not considered significant
(far lessthanlZ of the study area popul ation) and not considered in this
study. This is especially true for harbor seals which are ubiquitous inmost

of the study area and hauloutat hundreds of sites not considered here.

In summary, we evaluated 120 of 136 major terrestrial haulout sites in
four different OCS Planning Areas todetermne their overall inmportance and
potential vulnerability i.e. their sensitivity to possible OCS activities. It
was not possible twwevaluate sonme sites nmentioned in the text and tables
because of insufficient information on the nunber of animals currently using
the sites and uncertainly about teconsistency of use of the sites. O the 44
sites in the North Aleutian Basin Planning Area, almost half (20 sites; 45%)
were ranked high in our |PSI evaluations; this nunber represents al nost half
of the total 41 nobst highly rated sites for all four species in the study
area. O the 54 sites in the St. George Basin Planning Area,l19 (35% were

rated high; this nunber is strongly influenced by the 10 most highly rated
northern fur seal sites on the Pribilof Islands. OF the 24 sites in the St.

Matthew Hal | Planning Area, 5 (21% were ranked high in our IPSI eval uations,
and nost (4 of 5; 80% were sites occupied by Pacific walrus. Simlarly, of
the 14 sites in the Norton Basin Planning Area, only2were rated high in our

IPSI eval uations; both of these sites were occupied by Pacific wal rus.
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APPENDI CES

Appendi x 1 gives details of an investigation of the acoustic environnent
at eight representative pinniped haulout sites in the eastern Bering Sea. Two
sites were selected for each of the four pinniped species; sites were selected
on the basis of their inportance and vulnerability and the extent to which
they represent different characteristics.

Appendi ces 2 through 5 give detail ed descriptions and show | ocati ons of

each maj or haulout site for the four species of pinnipeds considered in this
study. Mst descriptions are based (1) on information provided in the
literature (e.g., Jordan and Cark 1898), (2) from avail able topographic maps,
(3) fromresource agency habitat maps (e.g. , Sowls et al. 1978; ADFG 1973),
(4) from NOAA hydrographic charts. Bathynetric and topographic information in
the text and on the maps are approxi mate and should by no neans be used for
navi gati onal purposes.

Appendi ces 6 through 8 provide detailed tabulations of all available
informati on concerning the nunber of northern sea lions, harbor seals and
Pacific walrus hauled out at different times at various sites in the study
area. Most of the detailed information in Appendices 6-8 is not provided
el sewhere in the report, but it has been used to produce the summary tables
given in the ‘Results’ section of this report. W have not tabul ated the
masses of northern fur seal data collected over the last century in the
Pribilof Islands area; virtually all of this information is available in the
form of technical reports fromthe National Mrine Manmmal Laboratory, Seattle,
VWA,
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APPENDI X 1. ANALYSIS OF ACOUSTI C ENVI RONVENT OF SELECTED
PINNIPED HAULOUT SI TES IN THE ALASKAN BERING SEA

| NTRODUCTI ON

Thi s investigation exam nes aspects of the acoustic environnent at eight

mej or pinni ped haulout sites in the A askan Bering Sea. These sites are:

1, Sivutch on the south coast of St. Paul I|sland; northern fur seal.
2. Polovina on the east coast of St. Paul Island; northern fur seal.

3. Zapadni on the southwest coast of St. Georgelsland; northern sea
lion.

4, Ugamak Island (SE end) south of Unimak Pass; northern sea lion.

5. Port Moller on the north shore of the Al aska Peninsula; harbor seal.
6. OQter Island south of St. Paul Island; harbor seal.

7. Cape Peirce in northern Bristol Bay; Pacific wal rus.

8. Cape Seniavin NE of Port Moller; Pacific wal rus.
The aspects of the acoustic environment that were studied are:

Anbi ent Noise - Both airborne and underwater noise characteristics

I ndustrial Noise Source Characteristics - Aircraft, small-craft,
fishing traw ers and commercial cargo traffic

Sound Transm ssion Loss - Airborne, underwater, and transm ssion
t hrough the water surface

The anbi ent noise characteristics for the sites were estinmated using data
obtained from studies of simlar areas. The noise source characteristics were
obtained from data reported in the literature and from BBN archives.
Transni ssion | oss characteristics for airborne and underwater sound were
estimated using standard anal ytical procedures and computer nodels. An
analytical procedure was devel oped for prediction of transmission of sound
from aircraft ianto shallow water, since an existing procedure was not

avai |l abl e. Procedures are described for using the infornation obtained in this
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study to predict noise exposure levels and develop zone-of-influence
determ nations for the various species of concern in this project.

RESULTS AND DI SCUSSI ON

Anbi ent Noi se Characteristics

Pi nni ped haulout sites are influenced by both underwater and airborne
ambi ent noise. In the area near the beach, surf noise is the dom nant
contributor. The overall airborne noise |evel and spectrum shape are rel ated
not only to the local wi nd speed but also to the height of the swell which may
be influenced by distant storns at sea. Beyond 100 to 200 m offshore the
airborne noise level is influenced primarily by local breaking wave crests and
may become quite low during calm sea conditions. Sone surf noise data reported
for noderate wi nd speed conditions (about 10 kts) are shown in Fig. |'. The
surf noise spectra reported for two different areas can be seen to be sinmlar
except at 50 Hz where the BBN data show a considerably higher level. This may
be the result of higher swell conditions (swell height was not reported). The
spectrum | abel ed “offshore” was measured for the same sea conditions as the
surf noise spectrumbut at a point about 200 mfromthe beach. The sea state
was given as “choppy with some breaking crests”. The band |evels shown for the
of f shore spectrum correspond to those neasured on land in rural areas and thus
represent relatively quiet airborne noise conditions.

Several sources of data are available for anmbient noise in shallow water.
Wenz (1962) has conpiled data from several shallow water regions. An exanple
spectrumis shown in Fig. 2 for water depths less than 40 m and a wi nd speed
of about 10 kt., The area had some contribution at |ow frequencies from distant
shi ppi ng, producing a spectrum peak at 100 Hz. Data reported by Malme et al
(1986) for neasurenents near St. Lawence Island in water depths of 12 mare

also shown in Fig. 2. The wind speed during these neasurements was about 10

Lyt is customary to use 20 pPa as the reference for airborne sound
levels since this results in a O dB sound pressure |evel for the nornal
human mini mum threshold of hearing. We will use the underwater sound
reference level of 1 uPa in this report for both airborne and
underwat er sound to avoid confusion and sinplify spectrum conparisons.
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kt . Distant shipping did not evidently influence the anmbient spectrum during
this measurenment since the levels at |ow frequencies do not show any increase
over those at mid-band. No data were found for underwater ambient noise levels
near the surf zone; however, at |ow frequencies in very shallow water the
levels underwater are expected to be similar to those in air. This will be
shown by an analysis presented in the section on Transm ssion Loss (p. 103).

The range of underwater anbient noise |evels expected in shal | ow water
where shipping noise is not an importantfactorisindicated in the figure by
the percentile spectra. These spectra are based on data and estimates obtained
for shallow (15 m Beaufort Sea regions by Mles et al. (1987). The percentile
levels shown woul d be expected to be relevant also for Bering Sea regions
where shipping noise is not significant. However, for the Ugamak |Island site
near Uni mak Pass shipping woul d be expected to contribute a noderate peak near

100 Hz simlar to that shown in the Wenz spectrum

I ndustrial Noise Source Characteristics

At the study sites selected, single-engine and tw n-engine aircraft,
helicopters, small-craft, fishing vessels and conmercial cargo vessels are
expected to be the dom nant types of industrial noise sources. These sources
are all nobile and contribute noise to a pinniped haulout site over a tine
interval related to their speed and distance fromthe site. A small aircraft
traveling at a low altitude will produce high levels for a relatively short
period of tine at a point on the ground under itsflight path, whereas a | arge
aircraft traveling at a high altitude may produce conparable levels for a
| onger period of time. The rate of increase in noise level on the ground is
| ess abrupt for the large aircraft but the noise remains at high level for a
| onger period of time. Thus both startle and avoi dance types of reactions nay
occur for aircraft overflights near haulout areas. Simlar reactions may occur
when hi gh speed boats and larger cargo vessel s pass near areas where aninals
are engaged in underwater activity. Mst of the tine the mgjority of the
animals at a haulout site are out of the water so aircraft noise is

potentially nore likely to cause disturbance than boat traffic.
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Information on the acoustic output of aircraft and vessels that may pass
by the study sites is presented in the form of standardized 1/3 octave spectra
to facilitate comparison of the noise | evels produced by the various sources
and provide source |evel spectra needed for estimating the noise exposure at
various ranges. It is customary to present aircraft noise spectra as neasured
for an overflight at a reference altitude of 1000 ft (300 m) rather than a
reference distance of 1 mas is usual for underwater sources. This is done
because of the strong dependence of atnospheric absorption at high frequencies
on tenperature and humidity conditions. |If aircraft radiated noise spectra
were required to be corrected to a reference distance of 1 mit would be
necessary to have very accurate neasurenents of tenperature and humdity as a
function of altitude in order to mnimze errors in the corrected source |eve
spectrum Since nmpost applications of radiated noise data are for predictions
of levels at slant ranges of 300 mor greater, it isS not necessary to correct
neasured levels to a reference distance of 1 m |Instead, flyover data are
generally corrected to represent the received noise level on the ground for an

overflight at 300 maltitude for “Standard Day” conditions of 15°C and 70%
relative humdity.

Aircraft Noise Spectra

Figure 3 shows 1/3 Cctave radiated noise data for representative |-engine
and 2-engi ne propeller and turboprop aircraft. These data were obtai ned from
overflights of Cessna 172, Piper Archer, Piper Navaho, Beech Baron, and CGulf
stream Commander types of aircraft. Figure 3A presents data for a take-off
power setting and Fig. 3B presents data for an approach power setting. (Note
the 10 dB difference in band |evel between the two figures. ) The 2-engine
turboprop aircraft can be seen to be noisier than the two types of piston
engine aircraft, however it is also the largest of the types represented in
t hese data

Radi at ed noi se data for helicopters are presented in Fig. 4. Data are
presented for those craft which mght be expected to fly near the study sites
such as the Bell 206B, 205, and 222 and the Sikorsky 61 (simlar to the Hughes
369D). Figure 4A presents spectra for cruise and takeoff conditions. Spectra
for |oaded and approach power settings are shown in Fig. 4B. The Bell 205 can
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be seen to produce the highest noise levels for’ both conditions. If the
radi ated noise data for the helicopters are conpared with the data for the
fixed wing aircraft (Fig. 3) the |-engine and 2-engine aircraft considered
here can be seen to be |ouder than the helicopters (except the Bell 205)
during takeoff. However, during approach the helicopters are conparable to the
2-engine aircraft. Both areconsiderably noisier than the |-engine aircraft
(Cessna 172), If the maxi mum band levels at low frequencies for the Bell 205
and the 2-engine turbojet were corrected to an equivalent 1 m source |evel
correspondi ng to underwater source procedure, levels of about 160 dB would be

obt ai ned.

Smal |l Craft and Conmmercial Vessel Noise Spectra

Underwater radi ated noise data for small craft are shown in Fig. 5A
These data from Malme et al. (1982) are based on neasurenments during full
power operation of a 20 HP outboard notor on a 13 ft (4 m ‘'Boston Waler” and
a l6 ft (5 m inflatable “Zodiac”. The 24 ft (7.5 m outdrive was powered by
twin 80 HP engines and the spectrum shown represents full power operation.
Underwat er radi ated noi se spectra fromlarger vessels are presented in Fig.
5B. If the spectrumfor the 65 £t (20 m) twin diesel vessel is conpared with
the spectra shown in Fig. 5A for the outboard powered boats, the tw n diesel
operating at 10 kts can be seen to be quieter than the outboards at full power
and very much quieter than the twin outdrive. The spectra shown in Fig. 5B for
the tug and barge and for the fishing trawer are representative of noise
produced by mediumsized cargo vessels wth fully cavitating propellers.
During these conditions the narrow band noi se conponents produced at | ow
frequencies by engine and machinery operation are often overwhel ned by the
br oadband hi gh frequency noise of cavitation bubbles. The tug and traw er
represent vessels in the 2000 HP range which probably are the |argest type of
commerci al vessel operating near shore in pinniped haulout areas. The maxi mum
band levels at 1 mfor the radiated noise fromthese vessels can be seen to be
about 160 dB. This was also the maxi mum | ow frequency band | evel produced by

the larger aircraft considered in this study.
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Transm ssion Loss

A discussion of the transmission of airborne sound is presented first
since aircraft are the nost probable source of industrial noise near haulout
areas. This is followed by a discussion of underwater sound transmission and
transm ssion of sound through the water surface.

Sound Transmi ssion in the Atnopsphere

Sound transm ssion froma source in aa unbounded atnosphere is attenuated
only by geonetrical spreading of the sound energy and by absorption of sound
energy by air nolecules. Sound transmission from a source near a non-rigid or
per neabl e boundary is also influenced by reflection and refraction losses and
by wave transmi ssion along the boundary surface. Fortunately the nost
significant sound transmssion from an aircraft to a point on the ground
involves a direct path from the source to receiver which is elevated well
above the refracting and scattering effects of near-surface transni ssion.
Because of this, it is necessary to consider only spherical spreading,
atnospheric absorption, and ground reflection effects in the transm ssion |oss
(TL) equation for estimating the received |level on the ground froman aircraft
passi ng nearby. The relationship can be stated as:

Lr =Ls- 20 Log(R - a R+ Rg dB re 1 uPa (1)
wher e: Lr = Received | evel spectrum near the ground
Ls = Source Level spectrumat 1 mfromthe source
R= Slant range in m
a = Atnospheric absorption spectrumin dB/'m
Ry = Gound reflection spectrum dB

Since for nost aircraft noise transm ssion calculations, a reference sound
level at 300 m is used rather than a 1 m source level, Eqn (1) can be
rewritten as:

Lr = Lref - 20 Log (R/Rref) - a R + a(SD) Rref (2)

wher e: Lref

Reference source spectrum at 300 m for
standard day conditions

300 m

At mospheric absorption spectrum for standard
day conditions

Rr ef
a(sD)
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The procedure for neasuring Lref utilizes m crophones near the ground so the
ground reflection effect is included in the neasured |evel. Equation (2) is to
be applied successively to each spectrum band in calculation of the Lr
spectrum i.e., the 50 Hz band level of the Lref spectrum would be used with
the 50 Hz band levels of the absorption spectra to determine the 50 Hz band
l evel of Lr, etc. Since the spreading loss termis not frequency dependent, it

is calculated once and used repeatedly.

At mospheric absorption at | ow frequencies below 30 kHz is produced by
nol ecul ar absorption by oxygen and nitrogen nolecules. The anmount of
absorption is dependent on frequency, tenperature, relative humidity, and to a
smal | degree on atnospheric pressure. The physical rel ationship between these
paraneters 1is not easily expressed im mathematical relationships but an
empirical conmputer al gorithm has been devel oped for closed-formcalculation of
absorption coefficients frominput of the four atnospheric paraneters (ANSI
S1.26-1978). Exami nation of the climatic atlas data show ng tenperature and
hum dity wvalues for the Bering Sea region of interest to thisstudy during the
pinniped haulout season disclosed that the expected range of variation was not
large. A table of absorption coefficients was prepared using excerpts fromthe
ANS| Standard. The results are shown in Table 1 which presents atnospheric
absorption coefficients estimated for spring and summrer conditions in the
study areas. Values are presented show ng attenuation per 100 m Attenuation
values at 150 m (500 ft) are also given to facilitate correction of reference
spectra to 150 mand 450 m altitudes. For flyovers at 300 mthe corrections to
the standard day conditions can be used to estimate aircraft noise spectra at

the Bering Sea sites.

Under wat er Sound Transm SSion

I n unbounded deep water sound transmi ssion characteristics are determ ned
by geonetric spreading |oss and nol ecul ar absorption of the sound energy in
the sane manner as in atnospheric transmssion. Molecular absorption |osses
are much | ess underwater, however, and are not significant for frequencies
less than 5 kHz and ranges less than 5km Sound transmission in shallow water
is influenced by reflection |losses from the bottom and surface, refraction
from sound speed gradients, refraction from sub-bottom |ayers, and scattering



Table 1. Atmospheric Actenuat 1on for Representative Southern Bering Sea Condit ions (Estimated USi Ng ANSI S1 .26- 1978, Method for the Calculation of the Absorption of Sound
by the Acmosphere)

Temp. /Hum. Freq. (Hz) 50 63 80 100 125 160 200 250 315400 500 630 8001000 1250 1600 2000 2500 3150 4000 5000 6300 8000 10000
Attenuation

0°C, a,dB/100 m 0.01 0.01 0.02 0.03 0.0$ 0.05 0.06 0.08 0.10 0.12 0.15 0.20 0.27 0.38 0.54 0.83 1.24 1.87 2.87 4.43 6.58 9.72 14.10 19.26
8% R.H.  a @150 miw) 0.02 0.02 0.03 0.05 0.6 0.08 0.09 0.12 0.15 0.18 0.23 0.30 0.41 0.58 0.82 1.26 1.88 2.84 4.36 6.73 10.CO 14.7721.4329. 28
5C, a dB/100 m 0010010020. 02 0.0 0.05 0.07 0.09 0.11 0.14 0.17 0.21 0.27 0.34 0.46 0.67 0.97 1.44 2.18 3.39 5.12 7.82 11.97 17.48
80%&RH. a@150m(a) 0.02 0.02 0.03 0.03 0.06 0.08 0.11 0.14 0.17 0.21 0.26 0.32 0.41 0.52 0.70 1.02 1.47 219 33t 5.15 7.78 11.89 18.1926.57
10°c, a, d/100 m 0.01 0.01 0.01 0.02 0.03 0.4 0.06 0.09 0.12 0.17 0.21 0.26 0.32 0.38 0.46 0.61 0.81 1.13 1.63 2.45 3.66 5.60 8.73 13.19
90% R.H. a@150m(aB) 0.02 0.02 0.02 0.03 0.05 0.6 0.09 0.14 0.18 0.26 0.32 0.40 0.49 0.58 0.70 0.93 1.23 1.72 2.48 3.72 5.56 8.51 13.27 20.05

“Standard pay"
15°C & dB/100 m 0010.01 0.01 0.02 0.03 0.05 0.07 0.10 0.14 0.19 0.24 0.30 0.37 0.4 0.
70% RH. a815m(dB) 0.02 0.02 0.02 0.03 0.05 0.08 0.11 0.15 0.21 0.29 0.36 0.45 0.56 0.65 0.

.69 2.51 3.71 5.64 8.77 13.27

30 1 2
1 2.54 3.76 5.57 8.46 13.16 19.91

53 0.68 0.
80 1.02 1

88 1.19
.32 1.79
Corrections fOr Bering Sea conditions

add to data reprted fOr “Standard Day” conditions

Oc, ¢, B/10mM 0.00 0.00-0.01-0.01-0.01 0.00 0.01 0.02 0.4 0.0
0.1

7 0.09 0.10 0.10 0.06-0.01-0.15-0.36-0.68 -1.18-1.92-2.87-4.08 -5.33-5.99
80%R H ¢ & 150 w () -0.00-0.08 -0.02 -0.02 -0.02 -0.00 0.01 0.03 0.6 0.10 O 0

.13 0.15 0.14 0.08 -0.03 -0.24 -0.56-1.06-1.83-2.97 <. -6.31 -8.28 -9.37

5“C, C, dB/100 m 0.00 0.00 -0.0t 0.00 -0.01 0.00 0.00 0.01 0.03 0.05 0.07 0.09 0.10 0.10 0.07 0.01-0.09-0.25-0.49-0.88 -1.41-2.18-3.20-4.21
8% R.H. € & 150 m(a) -0.00 -0.00 -0.02 -0.00 -0.02 -0.,00 -0.00 0.01 0.04 0.07 0.10 0.13 0.14 0.14 0.10 0.00 -0.15 -0.40-0.78-1.39 -2.22 -3.43 -5.04 -6.66
0°¢, ¢, @&/10m 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.02 0.02 0.03 0.04 0.05 0.06 0.07 0.07 0.07 0.06 0.06 0.06 0.05 0.04 0.04 0.08
90%RrH C2 15 Om () -0.00 -0. 60 -0.00 -0. 00 ~0.00 0.01 0.01 0.01 0.03 0.03 0.4 0.05 0.07 0.08 0.10 0.09 0.09 0.07 0.06 0.04 0.02-0.05 -0.i1 -0.14

‘1 x1puaddy
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from rough surfaces. Al these effects nmust be considered aloag with geonetric
spreading loss to obtain estimates of the received level at sone distance from
asource. In the present study, sound transmssion is further nodified by the
bottom slope present in nost beach areas. Wen sound is transnitted upslope,
as is the case for a source passing near a haulout area, two effects occur. If
the bottomreflection loss is low, sound levels tend to be higher than those
predicted by geonetric spreading because the sound energy becones concentrated
in a smaller water volune as it travels upslope. However if bottomloss is
high, sound levels are reduced at a greater rate than expected from geonetric
spreadi ng since sound undergoes nore bottom contact than would occur for
transmission over a constant depth bottom These effects are further
conplicated by sound transm ssion and refraction in bottom material which
often is an inportant means of sound transmi ssion in very shallow water.

For a rigid, i nperneable bottomtheory predicts that sound transm ssion
is not possible at frequencies for which the depth of water is less than 1/4
wavel ength. Thus for sound transm ssion upslope from a broadband source, the
low frequencies will be cut off or attenuated heavily at shorter ranges than
the high frequencies. However, since nost bottom naterial is not rigid and
i mpermeable, this frequency-selective cut of f characteristic is not al ways
observed. The presence of water-saturated sedinents often permits significant

sound transmi ssion to occur up into the surf zone.

The haulout sites selected for this study have several types of bottom
material as well as differences in bottom slopes. After examining the charted
dept hs near these sites and review ng information about bottom conditions we
were able to divide the 8 sites into two general categories based on bottom

conposition and beach slope as follows:

Site Sl ope Bot t om Conposition
Port Moller -0.003 silt and sand
Cape Seniavin -0 .0045 silt and sand
Cape Peirce -0. 0036 sand and rock
Ugamak | sl and -0.09 sand and rock
Sivutch (St. Paul) -0.01 rocky
Polovina (St. Paul) -0. 009 rocky
Zapadni (St. CGeorge) -0.01 rocky

Oter Island -0.012 rocky
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Ugamak | sl and was considered asa special case since it has a steeper beach
than the other sites.

Sound Propagation Modeling

The nost appropriate type of sound propagation nodel to use for
prediction of transm ssion characteristics at these sites is a nodel based on
a solution of the parabolic wave equation for acoustic waves in a
range- dependent nmedium This type of nodel can accommpbdate changes in
transm ssion properties with range such as sl oping bottons and variations in
sound speed profiles and bottom | ayer materials. It also devel ops a solution
for the sound field as a function of depth and is appropriate for sound
transm ssion froma shall ow source to a shallow receiver - as required by this
study. The depth-averaged type of transm ssion nmobdels such as the Weston/Snith
nodel (Mles et al., 1987) are not appropriate for shallow source - shallow
receiver transmssion and do not provide for sound transmission in bottom
layers (unless special modifications are made to the input paraneters).
Fortunately a nodel based on an inplicit finite difference solution of the
parabolic wave equation has becone avail able. This "IFD Model" was devel oped
by Lee and Botseas (1982) at the U.S. Naval Underwater Systens center, New
London. It has been adapted to run on |IBM AT conpatible conmputers and was used
for the nodeling required by this study.

The geonetry used for the nmodel in this study is shown in Fig. 6. This
geonetry features a beach profile which has a constant slope connecting aflat
region offshore with a small flat region near shore. There are also two
sl opi ng bottom laerswhi ch have range-dependent thickness. To represent
transm ssion fromsnaller vessels to pinnipeds swming in the surf zone, a
source depth of 1 mand an average receiver depth of 2 mwas used. In shallow
water with a sloping bottomthe transmi ssion characteristics fromthe source
becone range-dependent because the water depth changes with source position
along the transnission path. Tonodel this dependence, two source |ocations
were used as shown in Fig. 6.



|
BEACH DETAIL | Hater {

TRANSMISSION PATH PROFILE

(Vertical Scale Exaggerated)

Figure 6. Beach geonetry for IFD Model calculation of underwater sound transm ssion from an offshore source to
a receiver near the shoreline.
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Table 2 lists the paraneter values wused in nodeling the sound
transmssion for three different bottom types. Bottom Type 1 represents
conditions at Port Moller, Cape Seniavin and Cape Peirce and features a
relatively thick layer of fine sand over a deep |l ayer of coarser sand and
gravel. Information for this nodel is based on data obtained from a NOAA
survey made by Ertec Western Inc. (1983) and sand properties data reported by
Stoll and Bryan (1970). Wiile the Cape Peirce site matches the two other sites
with a simlar slope of -0.004, it may have a harder bottom because of rock
outcrops. As a result, the TL predictions of the nodel for the Type 2 rocky
bottom may be nore appropriate for this site.

Bottom Type 2 represents conditions at the four Pribilof Island sites and
features a thin layer of silty, very fine sand over a basalt rock sub-bottom
The nodel is based on data reported for Bering Sea regions by MacKensie
(1973). A bottom slope of -0.01 was used. To determine the influence of the
thin sedinent |ayer on sound propagation, a variation of Bottom Type 2 was
al so used in the nodel study. This was called Bottom Type 3 and differed from
Type 2 by having a very thin, light sand | ayer over the underlying basalt.

The special case of the site near Ugamak |sland was consi dered by using
nodel results which had been obtained previously for another MVB-sponsored
project. These results were obtained for a study of sound propagation
conditions near Uninmak Island for a uniformwater depth of 70 m The results
for this previous study are considered to be relevant since, at a distance of
200 m off the beach, the bottom slope levels off at a depth of 70 m

The sound speed profile used for all of the modelling work in this study
was representative of Bering Sea conditions in spring before the warm summer
surface layer has developed. The profile used was nearly neutral with a slight
upward refraction effect.

The results of the IFD Mbdel study using the Type 1 Bottom paraneters are
shown in Figures 7A through 7D. Figure 7D presents the TL characteristics for
the two source positions plotted to show TL versus distance fromthe beach.
This is presented as a nore relevant format than the usual TL plot show ng TL
versus range fromthe source position. The nodel provides for transnmssion of
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only one frequency for each set of calculations. As a result, the calculated
values shown in Fig. 7A for 100 Hz incorporate considerable fluctuations in
level caused by multipath interference patterns. The results have been
snmoot hed sonewhat by averagi ng the nodel -cal cul ated TL over a depth range from
1 to 3 mto derive the solid curves shown in the figure. The dashed lines are
the estimated rns-averaged TL characteristics which would be obtained by
averagi ng several nodel calculations using closely-spaced tones to smoth out
the interference pattern

Figure 7A shows that for a source |located 10 km from the beach, the TL
becones greater than 100 dB at range of 6 kmfromthe source or 4kmfromthe
beach. This is essentially the acoustic cutoff for sound at this frequency.
For a source located 3.3 kmfromthe beach the cutoff is reached within a few
hundred neters of the beach. Note the TL at very short ranges from the source
position is about 60 dB. This high value at short ranges is the result of the
shal |l ow source (1 m and shallow receiver depths (2 m) selected for use in the
study. This geonetry was selected to represent the operating depth of the
propellers of small and medi umsized vessels and the swi nming depth of
pi nni peds near the haul -out sites.

Figure 7B presents the TL characteristics of the Type 1 bottom for 315
Hz. At this frequency the bottom | osses are not as severe and transm ssion
froma source at 10 kmis not cut off until it gets very near the beach. For a
source range of 3.3 km transmission up to the beach region can be seen to
occur. Wiile attenuation rates near the source can be seen tobe high as a
result of the shallow geonetry, a TL plateau is reached wherein a constant
level is maintained or the |level decreases slowy with increasing distance
fromthe source. This is probably the result of sound transmi ssion within the
bottom layers and reflection and refraction out of the layers to reinforce
sound in the water colum. The TL characteristics showmn in Fig 7C for 1 kHz
are simlar to those obtained at 315Hz with somewhat | ower val ues of |oss
bei ng observed.

The TL characteristics obtained from the nodel calculations for the Type
1 Bottom were interpolated to obtain a set of curves for predicting the TL
froma shallow source to a shallow receiver near the beach as a function of
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the distance of the source from the shoreline. The results, shown in Fig. 7D
are presented to facilitate the estimation of received |evel near shore for a
vessel operating directly offshore. The received |evel may be estimated as:

Lr =Ls - TL dB re 1 pPa (3)
where: Lr = Received level in a selected 1/3 octave band

Ls = Source level at 1 min the selected 1/3 octave band
for a specific source (from source |evel tables)

TL = The transmission loss fromFig. 7D for the 1/3 octave
band at the range of interest (this may have to be
i nterpol at ed)

The transm ssion |oss characteristics calculated using the nodel with the
Bottom Type 2 paraneters are shown in Figs. 8A through 8c. Very few
differences were found when conparing these characteristics with those for
Bottom Type 3 shown in Figs. 9A through 9D. The difference between these two
bottom types is a thinner sand layer with less internal damping for Bottom
Type 3. The influence of the change in this layer is evident only in sone
m nor details of the transmi ssion characteristics at 1lkHz. Therefore the
basalt sub-bottom | ayer is apparently the controlling acoustic influence in
determining the TL characteristics for Bottom Types 2 and 3. As a result, the
di scussion is focussed on the information shown in Figs. 9A through 9D for the
Type 3 bottom

When the TL characteristics at 100 Hz for the rocky bottom (Fig. 9A) are
conpared with those for the sandy bottom (Fig 7A), the propagation fromthe
source at 10 km offshore can be seen to fall off nore rapidly for the rocky
bottom than for the sandy bottom Normally sound transm ssion over a rocky
bott om woul d be expected to be better than that over a sandy bottom However
in this case, because of the shallow source and receiver positions, nost of
the sound energy travels between the source and receiver by downward directed
ray paths which incur a large nunber of bottom reflections in the case of the
rocky bottom For the sandy bottom rmuch nore sound energy is able to penetrate
the bottom and eventually reflect and refract back out into the water layer to
reinforce sound transmission at the longer ranges. The TL characteristics at
315 Hz (Fig. 9B) and at 1 kHz (Fig 9C) are similar to those at 100 Hz in that
they all show a cutoff at a range offshore of 5 to 6 kmfor the 10 km source

position. For the 3.3 km source position, the differences in TL
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characteristics between the Type 1 bottom and the Type 3 bottomare small. The
TL near the beach is sonewhat less for the rocky bottom than for the sandy
bot t om

Figure 9D was devel oped by interpolation of the nodel results to obtain
curves of TL versus source distance directly offshore for the Type 3 bottom
Comparison of the results for a rocky bottom (Fig. 9D) with those for a sandy
bottom (Fig. 7D) shows that, while the TL is high at 100 Hz for both types of
bottom, it is sonmewhat |ower for the rocky bottom At 315 Hz the TL for the
rocky bottomis less than that for the sandy bottom for source distances |ess
than 7 km of fshore. For 1 kHz the TL values are simlar for source distances
less than 4 km beyond which the TL for the sandy bottom condition is smaller
Thus the nodel results indicate that for the bottom geonetries and paraneter
val ues used in the study, a rocky beach has |ess TL for nearby offshore
sources than a sandy beach. Wile the transmi ssion properties of a sandy beach
provide less TL for the nore distant offshore sources (>5 kn) than a rocky
beach, the relatively high | osses for both types of beaches at these ranges
probably makes the difference academic for nost of the sources of concern

The TL characteristics shown in Figs. 10A and 10B were obtai ned using the
| FD Mbdel with a Type 1 Bottom and the layer geonmetry shown in Table 2 for the
10 km source position. A uniform water depth of 70 m was used. These results
were originally obtained to represent conditions near Unimak |sland and are
believed to also be appropriate for conditions offshore from the haulout site
on Ugamak |sland, which is directly south of Unimak. Figure 10A shows the TL
detail for ranges out to 10 kmfrom a source position with Fig. 10B giving the
TL characteristics out to a range of 50 km Wile the TL characteristics shown
in Fig. 10A for 315 Hz and 1 kHz at ranges greater than 5 km appear to be
nearly flat, with little additional TL for increase in range, the |onger range
characteristics of Fig. 10B show that this is part of a broad peak produced by
a multipath transmi ssion pattern in the TL characteristic. The general trend
of the TL characteristics over the entire range out to 50 kmfollows the
general 15 Log (Range) slope expected for shallow water propagation. The
characteristic for 100 Hz transmission is sonewhat |ower because of the
i ncreased bottom | oss at this frequency.
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Air-To-Water Transni ssion

O the several papers available in the literature concerning transm ssion
of sound fromair into water, nost do not consider the effect of shallow water
conditions. Urick (1972) presents a discussion of the effect and reports data
showing the difference in the underwater signature of an aircraft overflight
for deep and shallow conditions. No analysis is presented which would permt
estimation of the effective TL underwater for shallow water multipath
transni ssion conditions. Young (1973) presents an analysis which, while
directed at deep water applications, derives an equivalent underwater source
for an aircraft overflight which can be used for direct path underwater
received |level estimates. Unfortunately, for the aircraft - pinniped encounter
geonetry relevant to this study, the usual source - receiver geonetry involves
transm ssion by both direct and bottomreflected paths. Because of this, it
was necessary to develop an analytical nodel to help predict the tota
acoustic exposure level for pinnipeds in shallow water near the path of an
aircraft overflight.

The nodel which was devel oped provides for calculation of the acoustic
energy at an underwater receiver contributed by both the direct sound field
and a depth-averaged reverberant sound field. The direct sound field is
produced by sound transmitted into the water along a direct refracted path
from the airborne source to the underwater receiver. The reverberant sound
field is produced by sound reflecting from the bottom and surface as it
travels outward fromthe region directly under the aircraft. An analysis
devel oped by P.W. Smith, Jr. based on an earlier study of shallow water sound
propagation (Smith 1974) is used to predict the horizontally propagati ng sound
field produced by the reflected sound energy.

Figure 11 shows the geonetry and paraneters used in developing the
air-water transmssion nodel. The details of the analysis are included in
Appendi x A with a summary of the general results and an explanation of the use
of the nodel presented in the followi ng discussion. As depicted in the figure,
sound from an el evated source in air is refracted upon transm ssion into water
because of the difference in sound speeds in the two nmedia. A virtual source
location is formed which is the apparent [ocation of the source for the sound
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path in water. Because of the large difference in sound speeds between air and
water (a ratio of about 0.23) the direct sound path is totally reflected for
grazing angles less than 77 degrees. For snaller grazing angles sound reaches
an underwat er observation point only by scattering from wave crests on the
surface, by non-acoustic (hydrostatic)Z? pressure transmission from the surface
and frombottomreflections in shallow water. As a result, nost of the
acoustic energy transnmitted into the water from a source in air arrives
through a cone with a 26 degree apex angle which intersects the surface and

traces a “footprint” directly beneath the path of the source.

For underwat er observation points in shallow water within this cone the
directly transmitted sound energy is generally greater than the energy
contribution frombottom reflected paths. At horizontal distances greater than
1 water depth fromthe boundary of the acoustic intercept cone on the surface,
the energy transmtted by reflected paths beconmes dominant and is an inportant
feature of air-to-water transmission in shallow water. Thus two ternms becone
necessary in the air-water transnission nodel to predict underwater received
levels for the full range of expected source-receiver geonetries. The
theoretical analysis used to develop these terms is presented in Appendix A
The results of this analysis are presented in a normalized, logarithmc form

Let A = (hy+d)/D where hv = nh and n = cj/cgy, the normalized
effective source altitude.
x = x/'D, the normalized horizontal range,
L = the underwater sound level, dB re 1 pPa.

r

Line - the sound level in free air at a distance h fromthe
source (excluding boundary effects), re 1 uPa.

Then

L, = Line + 20Log(h/D)~7 + 10Log[T4(A,X)+kT4(b,X)]

r

(4)

where Tq(A,X) = [A/(A2+%2]2 (the direct field

transm ssion factor) (5)
T,(b,X) = I/X for Beta < 5 (6A)
T,(b,X) = (pi/2b3%3)1/2 for Beta => 5 (the channel
transm ssion factor) (6B)
Beta = bX/2, a depth-averaged sound field paraneter

( See Apgfndix A) (7)
k= 1/(A2/x%1), a weighting factor for T

a

*This has been called “evanescent wave” transmi ssion by Urick and
others. It is inportant for transm ssion at |ow frequencies to receiver
| ocations near the surface
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bottom | oss factor (see Appendix A)
Rever berant energy sunmmation factor (see Appendix A)

The relationship shown in (4) suggests that there is a 7 dB drop in | eve
which occurs as sound passes through the water surface, in addition to the
spreading loss. This is correct for the radiated pressure conponent at some
di stance fromthe surface, however close to the surface near field effects
occur which cause the underwater pressure to become equal to the pressure in
air just above the surface (Urick 1972). This pressure is double that in the
free field at the sane range from the source because of the high acoustic

i npedance of water relative tothat of air.

To facilitate conputation of TL, the field transmssion factors Td and Ta
have been calculated for the normal range of values for A, X, and b as shown
in Figs. 12A and 12B. The procedure for calculation of TL using Eqn (4) would
proceed as follows:

Given the aircraft altitude (h), receiver depth (d), water depth (D)
hori zontal distance between the aircraft CPA and the receiver (x,), and the
bottom | oss factor (b);

Calculate the nornalized height (A), nornalized horizontal distance (X)

the weighting factor k, and the paraneter Beta;

Enter Fig. 12A with values of A and X todetermine the direct field
conmponent, Td

If k <0.1the direct field is domnant, the T,conponent can be ignored,
and only the last step of this procedure is needed.

If Beta < 5 enter Fig. 12B with values of b and X to determ ne the
dept h- averaged field conmponent, Ta; If Beta >= 5, calculate Ta using Eqn
(6B);

Then enter Eqa (4) with Td, Ta, A and X and calculate either the
transm ssion | oss between the incident sound | evel and the sound level in
water or the sound level in water if the incident |evel is known.

The procedure for estimating the received |evel underwater using the
calculated TL value requires either measured aircraft signature infornation or
published data from standard flyover tests. |f standard flyover data, referred
to asound pressure of 20 wPa and a height of 300 m are used it is necessary
to correct these data to 1pPa (add 26 dB). |If the tenperature and relative
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hum dity for the calculation conditions are greatly different from Standard
Day conditions, the corrections given in Table 1 can be applied to the
aircraft flyover spectrum to obtain better received |evel estimates at high
frequency. These corrections are applied to obtain the correct sound level
value for the high frequency bands at the water surface if the actual flyover
altitude is greatly different fromthe standard test height. The additi onal
absorption loss incurred in the underwater path is generally negligible for
the short range transmission considered in this application.

Conparison of Airborne and Underwater Aircraft Noise Spectra

Very few data are available from nmeasurenents of aircraft noise in
shal | ow water. Radi ated noi se spectra obtained fromoverflights of a Cessna
185 float plane are shown in Fig. 13 (Malme et al. 1982). O special interest
here is the conparison of the airborne and underwater spectra for the
overflight at an altitude of 150 m The water depth at the neasurenent
| ocation was about 40 m For these measurenments the air nicrophone was nounted
on a boat mast about 5 m above the water with the hydrophore |ocated nearby at
a depth of 10 m bel ow the surface. The airborne spectra are sonewhat higher in
[ evel than the underwater spectra at |ow frequencies, but at high frequencies,
the underwater sound |levels are significantly higher - possibly as a result of
underwat er reverberation. The underwater spectrum for a takeoff of this
aircraft is also shown for a CPA at a horizontal range of about 100 mwith an
altitude of about 10 m The |low frequency levels of this spectrum agree well
with the takeoff power setting spectrum shown in Fig. 3A for propeller type
aircraft. The high frequency spectrum|evels for the Cessna 185 underwat er
data are much higher than those shown in Fig. 3A because of its low altitude,
and possibly also as a result of underwater bottomreflection effects.

Underwat er radi ated noise data reported by Geene (1982) are shown in
Fig. 14. These data were neasured using a hydrophore depth of 9 m for
overflights at an altitude of 150 mof a Twin Otter, an Islander and a Bell
222 helicopter. The data for the two twin engine aircraft nay be conpared to

the reference spectra shown in Fig. 3B. The helicopter data may be conpared to
the reference data for the Bell 222 presented in Fig. 4A. The results for all
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aircraft show good agreement when a 6 dB correction is nade for the difference
in altitude between the neasured data and the reference data.

CONCLUSI ONS

The usual | ocation of pinniped rookeries on beaches and rocky shorelines
results in this habitat having levels of ambient noise that are closely
related to the sea state. Both airborne and underwater anbient noise spectrum
levels are expected to be simlar because the airborne surf noise is

transmtted directly into the water.

The noi se sources which may affect pinniped behavior in rookeries are
| -engine and 2-engine aircraft, helicopters, snmall boats, fishing vessels and
cargo vessels. Thesound source levels produced by these types of aircraft
and vessel s have a naxi mum of about 160 dB at 1 min a 1/3 octave band. Al of
t hese sources present a transient, rise and fall type of noise signature to
ther ookery area, the rate of which maybeaninportant factor in determning

the level of disturbance.

The underwat er acoustic transm ssion properties of the sloping beach
found at nost rookery sites provide high attenuation of sound arriving from
seaward. Rocky sites provide somewhat greater attenuation for distant (>6 km
noi se sources than do sandy beaches. Noise sources operating close to shore
(<3 km over a rocky beach are attenuated less than over a sandy beach at the
same di stance. Frequencies less than 200 Hz are attenuated nore rapidly than

hi gh frequenci es.

The underwat er sound | evel s produced by direct aircraft overflight of
shal l ow water areas are conparable to the |levels produced in air near the
wat er surface. There appears to be some enhancenent of high frequency sound
energy which may be produced by bottom reflection effects. asignificant
amount of underwater sound energy is transmtted away fromthe regi on bel ow
the direct path of an aircraft by bottom and surface reflections. Sound
transm ssion characteristics for this propagation have been shown by analysis
to follow a 25 Log Range slope which is appropriate for transm ssion in
shal l ow water from a source |ocated near the surface
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Usi ng several propagation nodels we determned the characteristics of
sound transmission fromdifferent potential industrial noise sources in air
and water under conditions simlar to those at pinniped haulout sites. Sound
transmssion |loss curves, i.e., sound attenuation with increasing distance
from the source, were conputed for situations prevalent at various pinniped
haulout sites (e.g., various bottomtypes, water depths, source types and
di stances from sources; Figs. 7-10). Gven the appropriate source sound
|l evels, actual received sound levels at different distances fromthe source
(i.e. at the haulout site) may be conputed directly fromthe transm ssion |oss
curves. For exanple, considering sound near 100 Hz, at an of fshore | ocation
with a specific bottomtype, a 160 dB source sound level, which is the maxi mum
expected from nost individual sources, attenuates by 90 dB at a distance of 2
kmfromthe source (Fig. 7D).

One may conmpute actual received sound |evels at pinniped haulout sites
based on our transmission |oss curves. By taking into account typical anbient
noise levels (p. 91-93), one can also calculate the distance at which a
received |evel drops below anbient and becone inaudible. Unfortunately,
however, there is no quantitative information describing threshold sound
| evel s which cause disturbance in pinnipeds. This limtation prevents a
guantitative determ nation of the actual zones-of-influence of different
sounds produced near haulout sites. Attenpts to conpute zones-of-influence
based on qualitative or anecdotal information would be nisleading. Carefully
desi gned studi ed that sinultaneously neasure sounds (noise) and behavior at
active pinniped haulout sites are needed to provide the kind of quantitative
data necessary to nmake zone-of-influence conmputations. Such studies have been
conducted or are in progress for some cetaceans, but to our know edge none
have been conducted for pinnipeds.

Thus , without more information, we are unable to take the final step in
predicting disturbance responses in pinnipeds from received noise |evels at
haulout sites. It is surprising that this type of information is not available
for pinnipeds; however, once it is available, it would be relatively straight-
forward to apply the information presented in this report to estimte the
actual zones-of-influence near pinniped haul out sites.
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APPENDI X 1-A. TRANSM SSI ON oF SOUND FROM A SOURCE IN AIR | NTO SHALLOW WATER

A.1 Source Strength in Water of am Air Source and Subsequent
Response of an Isospeed Channel®

0: origin
S: source pe,
V: virtual source (vertiecal plane)
P: observation point SUIEACE
P,: surface-breaking point £
Snell's law: L
cose cos®
2 1
= (1a)
¢ ¢,
de, c,; sins,
—_ — — (1b)
de, ~ ¢, sin§,
geometrical relations:
r, = h/sing, (2)
X = h cot8, (3)
dx h
a8, = sin%g, ° (4)

Assuming pressure doubling at surface, continuity of pressure acrosS surface:
QPO: p,(2=0) = 2pinc(r1’al) (p,e; << pye,) (5)

differential area'on surface associated with annulus,de,; using (3) (4):

00891

dA =2%x dx = 2th? mdel . (6)

*By P.W. Smth, Jr.



differential of power into water, associated with da:

p3(2=0)
dP = singe ,dA
P2Cy 2
p3(2=0) coss |
- — 2 crcm—
= 525, sine, 27th sin391 de .

Same dP evaluated as r/IR + 1, r =~ «:

pi(r,e,) ) 4
dP = pz—cz X 2nr 00392 92

or, using (Ib):

p%(r,ez) c, Sinﬁ1

P = —— x 2ar? coss

—_— 48
P2C,H 2 c, Sl ne,

1

Equating (7b) and (7e), using (5):

51n62 00591 ¢, 51n62

in2 = 2 2
ripg(r,8,) = 4h?p.  2(r,,8,) sin3e, c, sine,coss,

and, using (la):

_, sin2s,
r2p3(r,8,) = 4h?p, 2(r,,8,) ~°sin*ey
where n = ¢,/c,
Now, using (2) to elimnate h:
sin2g

2
2 =
2(ry,8,)n sin<9,

r2pg(r,8,) = brip. .

or taking the square root, we get far-field pressure in water

San2

rp,(r,8,) = 2 (r,,8,) N

rlpinc sine,l'

Since (air/water) sine, > 0.97, it may be neglected
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(7a)

(7o)

(Te)

(8)

(9)
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Range- Aver aged Response in Isospeed, Range-| ndependent Channel

We adapt the analysis of Smth (1974)by (i) making the source Strength
v (m.s. pressure at a unit range) vary wth. D/E angle [Smith (1974), Eq. (2)];
(ii) specializing to a range independent medium (iii) specializing to an
isospeed channel .

Making changes (i) and (ii), Eg. (&) of Smith(1974)forthe response
pressure at horizontal range x becomes

/2 -5(x,8)
1 ' 2¥(e)e !
2(x) = = de (10)
p2(x) =y _aso X(8) tan|o| ’
where 8 = depression angle (radians)
i .
¥(e) = sourcestrength = Pfg [r2p2(r,s) ], r bei ng slant range from
source
X(8) = bounce distance
S(x,8) = integrated attenuation factor due t0 boundary reflection loss and

volunetric attenuation {Smith (1974), Eq. (7)].

For an isospeed channel, where the rays are straight, we have a bounce
di stance

x(€) = 2D/tan|o] (1)

where D is the water depth. The value of s, calculated from nunber of bounces
In range X times a | 0SS per bounce in the form

42 lossper bounce = 4 353 b sinfe| dB , (12)

S(e) = (bx/2D) sin|e]|tan|e]| . (13)
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For a source in air injecting sound into the channel, the directional
source strength has been found to be [Eg. (9)]

¥e) = 4 v, ) n2sin2e, 8 >0; 0, 86 <0, (14)

‘air
where ¥, is the source strength (m.s. pressure at unit range) of the sound
inair incident upon the surface at a depression angle given by Snell's |aw

coseair = N cosé . (15)

Hereafter we assunme an omidirectional source in ajr:

‘l’~(")=t

inc' ‘air a Const ant . (16)

ai .,

Finally we note that, for x >5D,sis so large atlarge & that it is a
reasonabl e approxinmation to take sing ~ tang = 13 and also to extend the upper
limt of integrationin (1) to infinity. Wth these approxi mations, Egs. (10)

through (16) conbine to

pZ(x) = X_D " de . (17)

The integral is found in standard tables. The final result has the form

L /2
air ,{8s0% !

x- n~\b3x; : (1%

p2(x) =

Note that the first factor is the squared-pressure in air at the same range x,

assumng spherical spreading. The remaining factors are typically less than
unity.
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A.2 Conbining Direct Path Transm ssion and Channel Response to Obtain a
General Mbdel of Air to Shal | ow Water Transm ssion

For underwater receiving points near the source, the far field pressure
relationship given previously by Eq. (9) nust be nodified. The exact solution
for the sound field in water near a source in air is a conplicated relation-
ship which has been discussed by Uriek (1972), Young (1973) and others.  For
our purposes, a sufficiently accurate formcan be derived by rewiting £q.(9)
as

L
pi(r,8,) = Un2 :;r sinZsg, (19)

where ¢ . = rfp? , source strength in air. Let

ine
ri = (hv-rci)2 + XPZ (20)
(1ed ) 2
sin?s, =7 (21)

Combi ning (19), (20), and {21), the direct pressure field is

hv + d 2
alr (hv-t-d)2 * xé)

b1 % (22)
The direct field intensity and the depth-averaged sound channel intensity

are conbined to obtain a general model for air to shallow Wat er

transmssion. The depth-averaged transmssion given by Eq. (18) was obtai ned

for far-field conditions. To adapt this relationship for conditions closer to

the source, it is necessary tO solve the integral of Eg. (10) at ranges closer

thar x 7 SD.  The exact integral becomes

v n/2
02(x) - in2 .:Br f sinZeE-Bsmetane de (23)
0
_ bx
where 8 = 55 O
wair
p2(x) = Un2 === I(8) (24)

xD
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The integral 1(s) was integrated by conputer summation with results as shown
below. The integral solution for the depth-averaged path (24) should be used
for 8 25. For the region near the source, x s(h +d), inclusion of the

dept h-average channel response is not appropriate and the contribution from
the direct path should be considered to represent the total acoustic field.

tntegral Summation ve. dx/2D

90

(3\49\4n

(JI
€ 010 \\
(/)]

o 01 + $ — it - + ¢ + + + st
LICH .02 T s o.10 0.2 . 0.~ t no 2 s 10.00

Using the above considerations, it is possitle to obtain the power sum of
the shzllow water pressure field by combining Egs. (22) and (24) or (22) and
(18). For & < 5, we have
hv+d

2
— v I
PZ - unz"’air{[(hv»,d)z-rxz'] + k;ﬁ} : (25)
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Forsz 5, we have

hv+d 2 D 1/2 (26)
pvzz = unZwaiP{[(hv_,_d)z - X2] + k[—2b3x5) } ’

where

i

K = 2
(hv+d)2/x2+1 ‘ (27)

a weighting factor to automatically reduce the depth-averaged channel
conponent in the region where it is not valid.

Equati ons (25) and (26) were normalized by the water depth, D and
converted to logarithmc form to facilitate plotting. The resulting conbined
air to shallow water transm SSion model is:

lLet & = (hv+d)/D where hV =« nh

X = %/D T, (b.X)
L. = L, +20Log(h/D)=T + 1010g[T,(A,X) + r37zreyy) GB re TuPa (28)

where T,4(4,X) = [ 4/(A%X2) | 2 (the direct field Transnission factor)

T,(b,X) = I/X for 8 < 5

1/2

T,(b,X) = (n/2b3XS) for 8 2 5 (the channel transm ssion factor)

L, = The underwater sound level re 1 wPa

Line - The sound level in free air at a distance h from the source

(exciuding boundary effectz), re i uPa.

Plotted val ues of T4(4,X) and T,(b,X) have been presented previously in
Fig 12
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APPENDI X 2. DESCRI PTIONS AND MAPS OF NORTHERN FUR SEAL HAULOUT SITES IN THE
EASTERN BERI NG SEA (taken from Jordon and Cl ark 1898, Byrd et al
1980, Kosloff 1985, NMML files).

Table 2.1. Descriptions of northern fur seal haulout sites in the eastern

Bering Sea.

Rookery

Physi cal Characteristics

St. Paul 1sland

Vost ochni

Mor jovi

Polovina

Lukanin

Kitovi

Reef

Ar di guen

Gorbatch

Situated on a coarse boul der beach with occasional harens
on flat ground above. Intermttent sand beaches are not
used as rookeries, but as runways by the bachelor bulls
toreach the hauling grounds.

This site is alnpst continuous with the Vostochni
rookery. It is situated nostly on a boul der beach and
rocky point extending back fromthe sea, Bachel or runways
are on the intermttent sand beaches.

This conplex includes Polovina, Little Polovina and
Polovina Cliffs rookeries. It is situated partly along a
boul der beach and partly on the flats above a series of
low cliffs; sonme scattered harens are along a narrow
gravel beach. The Little Polovina portion of this rookery
is on a rocky sl ope.

This site is situated on a rocky slope and at the foot of
a series of cliffs.

This site is situated on a rocky beach bel ow col umar
basaltic cliffs and on slopes of cinder and |ava.

This site is situated on an irregular beach. The centra

portion of the rookery extends back from the beach (in a
wedge shape) for a considerable distance over a gentle
slope strewn with large boul ders

This site is situated on a rocky beach and rock-slide;
the rookery extends to the flat area above and along a
narrow beach at the foot of cliffs.

This site is situated on a boul der beach and at the foot

of a slope that extends along a narrow beach at the base
of cliffs.

Conti nued.
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Rookery

Physical Characteristics

Tolstoi

Zapadni

Little Zapadn

Zapadni Reef

Sivutch

St. George Island

Staraya-Artil

Nort h

East

Zapadni

Bogoslof | sl and

Tolstoi rookery is situated on a narrow beach at
the foot of cliffs that nerge with a long slope
strewn with angular boulders; it extends onto a
broad, flat sandy beach. This is the nost diverse
of the St. Paul Island rookeries.

Zapadni rookery is situated on a boul der beach and
on a gently sloping upland.

This site is situated on an extrenely rugged and
broken boul der beach and sl ope.

This site is situated on a narrow, rocky reef and
on a beach of boul ders.

Sivutch (al so known as SealLion Rock) is situated
on a small crescent shaped islet less than 1 km S
of the southern tip of St. Paul Island. It has an
abrupt cliff on its southern side that gradually
slopes to the north, toward the water. The rookery
is on a rocky slope on the north side of the
i sl and.

This site is situated along a narrow belt against
steep cliffs. The rookery extends up-slope as far
asthe seals can climb.

This site is situated primarily on a narrow beach
at the foot of perpendicular cliffs; sone seals
nove up-slope onto the intermttent rock-slides.

This area includes East Reef and East diff
rookeries. To the west (East Reef) the rookery is
situated on arocky beach, and to the east (East
aiffs) it extends up arocky sl ope.

This area includes both Zapadni and South
rookeries. They are both situated on a rocky beach
that extends up-slope on a long hill.

The rookery at this “site is situated on a
gravel - boul der beach i nmredi ately south of Kenyon
Done (about 10 m high) on the NW side of the
i sl and.
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Figure 15. Maps of northern fur seal haulout Sites on Bogoslof Island, and od

St. Ceorge and St. Paul islands and Sivutch in the Pribilof
Islands. Scale is 1:250,000 for the index map of the Pribilofs;
| arger scale maps of Pribilof sites are about 1:34,000. (Maps of
the Pribilof |Islands are courtesy of the National Marine Manmal
Lab. , National Marine Fisheries Service, Seattle, WA.)
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APPENDI X 3. DESCRI PTI ONS AND MAPS OF NORTHBERN SEA LI ON BAULOUT SI TES IN THE
EASTERN BERI NG SEA (Sources are maay; see APPENDI X 6 for details).

Table 3.1. Descriptions of northern sea lion haulout sites in the eastern

Beri ng- Sea.

Rookery

Physi cal Characteristics

Bogoslof | sl and

Unalaska Island

Spray Cape

Cape Starichkof

Bi shop Point/
Cape Tebenkof

Akutan | sl and

Cape Morgan

Thi s hauloutsiteis a rookery situated on sand/

gravel beaches on the NW end of the island near

Kenyon Dome; extensive gravel beaches on the SE side
of the island and nearby Fire Island (about 1 km NW
of Bogoslof I.) also may be used. Vertical relief is

no greater than 12 m at Kenyon Done or at Castle
Rock. Waters are very deep near Bogoslef I. The 18 m
isobath s about 500 m from the hauloutsite, the
180misobath is about 1 km fromthe site, and the
1800 m isobath i s only about 10 km NE of the site.

This site is on a point of land along the Wside of
Unalaska I., just Wof Skan Bay. Vertical relief
behi nd the haulout site rises steeply to over 300 m
The 18 m isobath is about 400 m offshore fromthe
site.

This site is located about 10 km NE of Spray Cape.
Haulout sites are on rocks and ledges with steep
cliffs rising to over 500 mimmediately to the se of
the site. The 18 misobath i S Within 400 m of shore;
the 90 m isobath is about 1-2 km from shore.

These two haulout sites are located several km apart
along the N side of the island. Sea lions haul out
on rocks and |edges backed by 70 mcliffs at Bishop
Pt. and 200 mcliffs at Pt. Tebenkof. The 18 m
isobath is within 400 m of shore and the 90 and 180
m isobaths are within about 1.5 and 5 km from shore,
respectively

Thi s haulout site is a rookery situated on a point
at the SWend of the island. The Wside of the point
is composed of a 10 m wi de cobble beach backed by
200-300 mhigh cliffs. The eastside of the point

Conti nued. .
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Rookery

Physi cal Characteristics

Reef Bight/
Lava Bight

North Head

Akun 1|sl and

Billings Head

Akun Head

Tangi nak |sl and

(separated from the W side by Triple Rock) is
conposed of rocky |edges and islets backed by 200-300
m high cliffs. The 18 misobath is within 1 kmfrom
shore; nost of the area near the site is shallower
than 100 m deep.

This conplex of sites is |ocated about 10-15 km NW of
Cape Morgan in an area of recent lava flow, there are
no beaches. Sea lions haul out oun rocky basalt |edges
that are backed by 20-30 m high bluffs. The 18 m
isobath is within 400-800 m from shore; the 90 m
iscbath is about 8 km of fshore.

This site is situated on the north side of Akutan
I sl and about 12-15 km NE of the site at Lava Bight.
Sea lions haul outton the islets, rocky |edges, and
boul der beaches at this exposed site; it is backed by
high bluffs and cliffs. The 18 misobath is about 1
km from shore and the 90 m isobath is about 5 km from
shore.

Thi s haulout site is a rookery; it is situated at the
NE end of Akun |I. Sea lions haul out nostly at the E
end of a 10 mw de and 5 km | ong cobbl e/ gravel beach,
and on boul ders and rock | edges backed by 300-350 m
high cliffs. The 18 m isobath is within about 200 m
from shore; the 100 m isobath is about 1.5-2.0 kmto
the E. Most of the surrounding area is less than 90 m
deep.

The haulout site is situated at the NWend of the
island, about 8 km Wof Billings Head. Sea |ions haul
out along a 1 km section of coast on rock |edges and
boul ders backed by 100-150 m high cliffs. The 18 m
isobath is within 100 mfrom shore; the 90 m isobath
is 6-7 kmto the N

Tanginak is a small island l|ocated about 5 km E of
Akun 1. Sea lions haul out at N end of the island on
boul ders and rock | edges backed by 50 m high cliffs.
The island is situated within 400 mof the 90 m depth
contour.

Conti nued. .
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Rookery

Physical Characteristics

Tigalda Island

Kaligagan |. and
rocks NE of
Tigalda I.

Ugamak Island G oup

Ugamak Island

Round Island

Al kt ak Island

Unimak | sl and

Cape Sarichef

Tigalda I. isS about 15 km SE of Tanginak I. Sea
'ions haul out on rocks, boulders and |edges on the
W end of the island (adjacent to Derbin Strait).
Vertical relief at the Wend is about 30-100 m. The
18 m isobath is within 200 m of shore.

Sealions haul out on rocky ledges primarily on the
2 nmost northwesterly rocks in this group; vertical
relief is no greater than 20 m. The 18 m isobath
extends to 200-400 m from nost rocks and islets in
this group.

Thi s haulout site is an inportant rookery; it is
currently the largest sea lion rookery in the
Al askan Bering Sea. 1t is situated on the SE end of
the island along a gravel/sand beach about 10 m
wide and 10 km long. Vertical relief behind the
rookery is about 100 m The 18 m isobath is within
200 m of shore; nost of the area is less than 90 m
deep. Sites on rocky beaches and boul der/cobbl e
beaches farther E and N on the island are also
used, especially by subadult aninmals and adults
later in the season, after breeding territories at
the rookery disintegrate.

Consi dered part of the Ugamak I. rookery. This
small island is situated about 1 km S of Ugamak
Island. Sea lions haul out on rocks and | edges
nostly on the S side of the island. This island is
situated in waters 18-30 m deep.

This island is about I km S of Ugamak Island; it is
about 3.5 kmlong and 1 kmw de, with grassy sl opes
on N side rising to 100-150 m cliffsonSside. sea
lions haul out on rocks, |edges and beaches, nostly
on the N side of island.

Sea |ions haul out on rocks, boulders, inshore
islets and cobble beaches that are backed by 20-30

Cont i nued.
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Rookery

Physi cal Characteristics

Oksenof Point/
Cape Mordvi nof

Amak | sl and

Sea Lion Rock

Unnamed Rocks
SE of Sea Lion Rock

Ri ght Hand Poi nt

Twi n | sl ands

m high ecliffs and bluffs. The 18 misobath i s about
1.5 km from shore.

These two points of land are |ocated about 8-10 km
apart along the N side of the island, about half

way between Cape Sarichef and Bechevan Bay. Sea
lions haul out on rocks, boulders and inshore
islets that are backed by 20-50 m high bluffs that
rise to a steep headl and over 00 1 high, The 18 m
isobath is about 1.5 km from shore, and the 90 m
isobath is nore than 20 kmto the NW

Sea lions haul out on the rocks and | edges on the
north and east sides of the island. Approxinate
vertical relief is 10-25 m rising steeply to
250-300 m Boul der beaches adjacent to this area
al so are used occasionally. The 18 m isobath is
within 500 mof the island; the 90 m isobath is
about 50 kmfarther offshore to the NW

This site is an inportant rookery. The rock is
| arge--approxi mately 150 mlong, 50 mw de and 15 m
high, with sloping access on E, Wand S sides. Sea
lions mainly haul out on the |ower one-third
(smooth portion) of the S side of the rock; on sone
occasions higher levels are occupied. The 18 m
isobath is within 500 m of the rock; the 90 m
isobath is about 50 kmto the NW

This haulout site is situated on a cluster of
islets and rocks SE of Sea Lion Rock and north of
Amek Island. Relief varies from3-10 m Bathymetry
is simlar to Sea Lion Rock.

Thi s haulout site is located in northern Bristol
Bay. Sea lions haul out on rock |edges and boul der
beaches at the point of l|land, which is backed by
steep cliffs rising to 80 m Wters are shallow in
the vicinity of the site; the 5.5 m isobath is
1.5-2.0 km from shore.

These are the southernnost in the Walrus |slands
group, which are |ocated Eof Hageneister Island

Continued. . .



Table 3.1. Conti nued.

Appendix 3. Northern Sea Lion, 156

Rookery

Physi cal Characteristics

Round Island

Hagemeister Island

Cape Peirce

Cape Newenham

Nunivak Island

Cape Mendenhall

and S of Togiak Bay. Sea lions npst consistently
haul out on rocky |edges and boulders on South Tw n
Island. Vertical relief is about 75 = and water
depth is over 30 m <2 km of fshore from the site.
Sea lions also occasionally haul out on the

sout hern ends of nearby Crooked Island and High
Island. Both of these sites are also adjacent to
steep cliffs (>150 m) and deep water (>30 m),

Sea lions haul out on the southern tip of Round
Island, which is also one of the islands in the
Walrus Islands group. Vertical relief oa Round
Island is near 500 m and waters are 30 m deep
i medi ately offshore from the site. Although sea
lions also haul out on High Island and on the
Crooked |slands, theexact |ocations areunknown to
us and therefore are not indicated on the nmap.

Sealions haul outoun rocks, boulders and ledges at
the south end of the island, near Clam Point.
Vertical relief behind the site is over 500 m, and
the water is deep (over 30 n) imrediately offshore
(within200m) fromthe site.

Sea lionshaulout along 2-4 km of rocky shoreline
both N and S of Cape Peirce, and on several rocks
about 3 km offshore the entrance to Nanvak Bay.
Vertical relief behind nost of these sites is from
20-100 m and the 18 m isobath is about 5 km from
shore.

Sea lioms haul out on the rocks, boulders and
| edges on the Cape Newenham peninsula, and at the
cape itself and on nearby islets. Vertical relief
near the site on the south side of the peninsula is
about 200 m and at the cape is about 20 m (| ow
bluffs) . The 18 m isobath is about 3-5 km from
shore at these sites,

A small nunber of sea lions haul out on the rocks
and islets |ocated about 6km Wof Cape Mendenhall.,
Vertical relief is less than 10-15 m and the 18m
isobath is | ocated about 3kmto the south.

Conti nued. . .
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Rookery

Physi cal Characteristics

Binajoaksmiut Bay

Nabangoyak Rock

Cape Mohi can

Cape Manning, Cape
Corwin, Dat heekook
Poi nt

St. George Island

Dalnoi Pt. Area

St. Paul |sland

Nort heast Poi nt

A few sea lions haul out on several small rocky
islets (<10 m high) at the mouth of Binajoaksmiut
Bay, which is about 25 km NW of Cape Mendenhall,
along the S coast of Nunivak Island. The site is

about 100 m from shore and water depth within 1
km of the site is less than 10 m the 18 m
isobath is about 8 km offshore to the S

A few sea lions haul out on a rocky islet (<10 m
hi gh) about 10 km SE of Cape Mbhican, near the W
end of Nunivak Island. The 18 m isobath is
| ocated about 3.5 km Wof the site.

Thi s haulout site is located at the extrene west
end of Nunivak Island; sea lions haul out on the
| edges, rocky islets and boul der beaches.

Vertical relief at the cape is about *%**¥ m The
18 misobath is about 2 km S of this site.

Cape Corwin is the SE tip of Nunivak Island; Cape
Manning is the NE tip (not shown on nmaps).
However, the exact |ocations and nunbers of
animals is unknown, so no maps have been
prepared. According to local residents, sea |lions
al so haul out at these sites and at Dat heekook
Poi nt .

This haulout site is conposed of rock |edges,
boul ders and gravel beaches. Vertical relief
i medi ately behind the site is less than 20 m
and nearshore waters at the site are less than 18
mw thin 2 kmfrom shore.

This haulout site is situated on a relatively
low, rocky, gravel and boul der strewn point of
land on the extrene NE end of St. Paul Island.
Vertical relief is less than 5 m and water depth
adjacent to the site is very shallow, the 40 m
isobath is over 10 kmfrom shore and waters 2 km
N of the site are | ess than 2 m deep.

Cont i nued.
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Rookery

Physical Characteristics

Sivutch

Otter Island

Walrus Island

St.

Mat t hew | sl and

Sugarloaf Mn.

Cape Upri ght

Near Lunda Poi nt

Pi nnacl e | sLand/

cul |

| sl ands

Thi s haulout site (also known as Sea Lion Rock)
is situated on a small crescent shaped islet
several hundred nmeters S of the southern tip of
St. Paul Island. The islet has an abrupt cliff on

its south side that gradually slopes to the
north, toward the water. The sea lions haul out

on a rocky slope on the north side. Water depth
wi thin 500 moff the haulout site on Sivutch is
generally less than 5 m,

This small island is |ocated about 8 km SWof St.
Paul Island. Vertical relief on the island is
over 80 mat its Wend, and water depth within 2
km of the site is less than 40 m.

This small island is an inportant rookery for
northern sea lions. It is located about 12 km E
of St. Paul Island; wvertical relief behind the
site is almst 90 m and water depth within 500 m
of shore is generally less than 30 m. The 40 m
isobath is |ocated about 1 km E of the site.

This haulout site is situated on rocky |edges and
boul ders at the foot of 300-400 m cliffs and
sl opes on the southern end of St, Matthew Island.
Water depth is less than 18 m along a reef that
extends SW of the site as far as Pinnacle 1I.

(about 15 knm). Of this reef, water depth
increases to 30+ mwithin a few hundred neters.

This site is located at the extreme SE end of St.
Matt hew |sland, on rocks, boulders and on |edges
at the base of 500 m high cliffs. The 18 m
isobath is within 200 m from shore at this
haulout site.

Sea lions haul out on a series of |ow rocks and

islets situated 150-200 m of fshore from Lunda
Point. The 18 m isobath extends about 8-10 km

from shore to the NE

This haulout site is located on a series of
inshore rocks along the southern shore of

Cont i nued.
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Rookery

Physi cal Characteristics

Hall Island

Arre Rock

North Cove

El ephant Rocks

St. Lawrence Island

Sout hwest

Punuk | sl ands

Cape

Pinnacle Island, which is about 30 km SW of
Sugarloaf M., and on an island cluster (Qill Rocks)
about 0.75 km Wof the south end of Pinnacle Island.
Vertical relief is great on Pinnacle |I. (about 380
m) and the 18 m isobath extends W about 1 km
Vertical relief on @Qull Rocks varies from 3-15 m
and the 18 m isobath is within 200 m from shore at
this site.

This site is conposed of several clusters of snall
rocky islets about 1.5 km offshore from the SW side
of Hall Island. Rocks vary in size; vertical relief

is from3-15 m The 18 m isobath is about 2 kmfrom
shore (to the W.

The haulout site is located on a nmediumsized rock
| ocated inshore about 2 km SSE of Cape BHall, at the
N end of North Cove; vertical relief about 10-15 m
The 18 m isobath is close (about 1 kn) to shore in
this area, and the 60misobath is within about 5 km
from shore.

Sea lions haul out on mainly on a snall islet (S
El ephant Rock) in a cluster of inshore islands north
of Cape Hall; wvertical relief of the rocks is about

3-15 m The 18 misobath is less than 1 km from
shore fromthe site; the 60 m isobath is within
about 5 km from shore.

This haulout site is characterized by gravel and
boul der beaches backed by low bluffs up to 15-20 m
high. Nunmerous rocky inshore islets up to 5-10 m
hi gh are nmost consistently used by sea lions. Wt er
depth within 400 mof this site is generally |ess
than 18 m

Sea lions haul out on the rocky, boul der beaches
along the SE sides of the Punuk |slands, but nost
regularly only on South Punuk I|sland. Vertical
relief near the haulout site is no greater than 5-10
m and the 18 mdepth contour is about 5 km from
shore to the S and extends uninterrupted 20 km N to
St. Lawrence Island.
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Figure 16. Maps of inportant northern sea |ion haulout sites in the eastern
Bering Sea. Bogoslof and Fire islands are shown at a scale of
1:25,000. A1l other maps are at scal es of 1:250,000.
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APPENDI X 4. DESCRIPTIONS AND MAPS OF HARBOR SEAL HAULOUT SITES IN THE EASTERN
BERING SEA ( Sources are many; see APPENDI X 7 for details].

Table 4.1. Descriptions of harbor seal haulout sites in the eastern Bering

Sea.

Rookery

Physi cal Characteristics

Fox |slands

Unimak Island

Cape Lapin

North Creek

Har bor seals haul out at |ow to noderate densities at a
nunber of |ocations in the Fox Islands, especially at
low tide when nore available haulout habitat is
exposed. Small nunmbers of harbor seals may be seen
haul ed out at virtually any locatiom in the Fox Islands
and on Bogoslof Island, therefore, maps show ng
specific haulout sites have not been prepared. Recent
reports include seals haul ed out on rocks and ledges at
the E end of Umnak I., on Bogoslof I., Unalaska I.,
Unalga I. (including The Babies), Akutan I., Akun I.
(incl. Tangik 1.), Tanginak 1I., Avatanak I., Tigalda
| ,1 Kaligagan I. and other rocks NE of Tigalda I., and
on Ugamak and adjacent Round and Ai ktak i sl ands.
Vertical relief at these sites varies considerably, but
general ly nobst sites on the larger islands are backed
by bluffs and cliffs rising from®60 to over 500 m in
height. Oher sites on rocks and smaller islets are
considerably lower in relief (1-10 m). Waters are very
deep throughout the Fox Islands. The 200 m isobath is
only 2-3 km N of Umak, Unalaska and Akutan i sl ands.
Bogoslof 1. lies within 10 km of the 2000 m isobath.
The only relatively shallow areas (<18 m deep) in the
Fox Islands are very nearshore (<1-2 km on the N side
of Umnak I., N of Avatanak I, around the rocks NE of
Tigalda |., and S of Ugamak and Ai ktak island. Most
other areas are in waters nuch deeper than 60 m.

Har bor seals haul out on the rocks, |edges and islets

(especially at low tide) at the Cape and inmediately
offshore from there. Vertical relief at the sites
varies from1-30 m and the 18 m isobath is about 3 km

fromshore to the N

Seal s haul out on rocks and |edges, especially at low
tide. Vertical relief imrediately behind this site
varies from 3-30 m and waters are relatively shallow
(<18 m) out to at least 5-7 km offshore.

Cont i nued.



Table 4.1. Continued.

Appendix 4, Harbor Seal, 179

Rookery

Physi cal Characteristics

Cape Krenitzin

Isanotski | sl ands

Izembek Lagoon and
Moffett Lagoon

Amak |sland and
Sea Lion Rock

Cape Lei skof

Port Moller

Har bor seals haul out on the extensive beaches and
sandbars at Cape Krenitzin and nearby islands at the
entrance to Bechevin Bay. Vertical relief in this area
general |y does not exceed 1-5 mand the waters within 6
km are generally less than 10 n the 18 m isobath i s
about 7 km offshore (N) fromthis site.

This site is situated on several very snall islands
| ocated deep within Bechevin Bay, imediately E of
Unimak |Island. Vertical relief at the site is generally
less than 1 m depending on the condition of the tide

Water depth also varies with the tide, but is generally
less than 1-3 mnear the islands, also depending on the
proximty to drai nage channels.

This is an inportant haulout area for harbor seals in
the Alaskan Bering Sea. Haulout Sites in Izembek Lagoon
(and contiguous Moffett Lagoon) are conposed of a
variety of nmud and sand bars scattered throughout the
area. One of the nost heavily used areas is in the
Mof fett Point-Newmann |sland area, at the NE entrance
to Izembek Lagoon. Vertical relief at this |ocation
varies from1-3 mand water depth varies (1-4 m with
tide conditions.

Har bor seals haul out primarily on a broad flat area of
boul ders and rocks on the S and E sides of the island

whi ch are exposed at |ow tide. Nearby boul der beaches
with intermttent gravel and sand also are used.
Vertical relief varies from1-3 mon the S side and up
020-30 mon the E side. Water depth varies with tide
condition (1-10 m. Harbor seals al so haulout on nearhy
Sea Lion Rock, at the periphery of the rookery when
northern sea lions are present and nore wi despread when
sea lions are absent.

This site is located about 55 km NE of Moffet Pt
Har bor seals haul out on rocks and |edges and sand and
gravel bars exposed at low tide. Vertical relief behind
this site is generally less than 5-10 m and the 18 m
isobath is relatively close to shore imediately
of fshore fromthis site (about 1-2 kmj.

This is amgjor haulout site for harbor seals in the
Al askan Bering Sea. They haul out on sand, nud and
gravel bars primarily south and west of the entrance to

Conti nued.
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Rookery

Physi cal Characteristics

Cape Seniavin

Seal | sl ands
( Ilnik)

Port Heiden

Ci nder River

this embayment. Broad expanses of nmud and sand flats
exposed at low tide around the (1) Kudobin Islands,(2)
at the entrance to nearby Nelson Lagoon, and (3) on the
exposed tide flats around Deer Island (adjacent to
Hagus Channel) are used extensively by harbor seals.
Very little vertical relief is present atthese sites
(-2 except near Deer Island (5-10 M, and water
depth varies greatly with tide conditions and proximty
tomaj or drainage channels (1-10 nj.

This site is conposed of rocks and boul ders, nmany of
which are exposed at |ow tide, and are backed by 30 m
high cliffs. Narrow gravel and sand beaches on both
sides of the Cape, backed by 30 mhigh cliffs, also are
used ashaulout sites by harbor seals. The 18misobath
is located about 7 kmfrom shore at this |ocation.

This is a major haulout site for harbor seals in the
Al askan Bering Sea. The site is conposed of a long
stretch (over 25 kn) of low sand and gravel barrier
islands, and sand, gravel and mud flats and bars
exposed at low tide. There is very little vertical
relief in the general area (l-5 m)., The 18 m isobath IS
quite close to shore on the seaward side of the islands
(<1.5 km. Water depth varies greatly inshore (about
1-5 m), depending on tide conditions and proximty to
drai nage channels.

This is a mjor haulout site for harbor seals in the
Al askan Bering Sea. They haul out on the sand bars and
spits and exposed nmud and sand flats from Strogonof Pt.
to Chistiakof |. and adjacent areas. Vertical relief is
very lowin this area--generally less than 1-3 m and
water depth varies from less than 1 mto over 3 m,
depending on tide condition and proximty to drainage
channel s. The 18 m isobath is 5-6 km offshore fromthe
entrance to the Port Heiden estuary.

This had been a nmaj or haulout site for harbor seals in
the eastern Bering Sea. The npbst extensively used areas
were the tidal flats offshore fromthe nouth of the
river. Vertical relief in the area is generally |ess
than 2 m and water is shallow (<18 n) out to about 20
km from shore.

Conti nued.
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Rookery

Physi cal Characteristics

Ugashi k Bay

Egegi k Bay

Deadman Sands

Cape Constantine

Tvativak Bay

Bl ack Rock

This is an inmportant haulout area for harbor seals. The
shal |l ow sand and rmud bars in the estuary south of South
Spit and Smokey Pt., as well as the shallow bars and
spits offshore fromthe estuary that are exposed at |ow
tide are used extensively by harbor seals. Vertical
relief in the area is generally less than 1-3 m and
the 18 m isobath is about 20 km of fshore.

This series of sites is situated on the sand, nud and
gravel bars, spits and flats in and imediately
of fshore from the Egegik River estuary at the mouth of
the King Sal mon and Egegik rivers. Vertical relief near
nost sites generally varies from 1-3 m and water depth
is generally less than 10 mthroughout the area. The 18
misobath is at |east 20 km from shore in this area.

This site is located m dway along the north coast of
Kvichak Bay, in NE Bristol Bay near the mouth of the
Kvichak River. Harbor seals haul out on the sand, nud
and gravel bars and beaches, especially at |ow tide
when extensive areas are exposed. Vertical relief in
the area is generally less than 1-3 m and water depth
varies generally between 1-3 m depending on tida

conditions and proximty to drainage channels.

Har bor seals haul out on sand, mud and gravel flats and
beaches generally Wand N of Cape Constantine. Vertica
relief in the area is generally less than 10 m
imedi ately along the coast and nuch less (<I-2 m
farther from shore, depending on tidal conditions,
Waters are generally less than 1-3 m deep for severa
km away from shore; the 18 m isobath is about 10 km
of fshore all along this section of coast.

Har bor seals haul out on the sand and nud flats in the
bay and on the sand and nmud flats SE of the bay al ong
the coastline. Vertical relief near the entrance to the
bay varies from 3-15mwith a high point (300 m about
1 kminland E of the bay, alongthe coastline SE of the
bay, vertical relief is around 3-5 m The 6 m depth
contour is probably no nore than 2-3 km from shore and
the 18 mcontour is 25 km SW of this site.

Harbor seals haul out on the gravel beaches and rocks
around the perinmeter of this snmall island. Vertical
relief is about 40 mat this site and the 6 m depth

Cont i nued
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Rookery

Physical Characteristics

Hagemeister | sl and

Nanvak Bay

Cape Newenham

Chagvan Bay

Quinhagak

contour is about 1-2 kmfrom shore. Small nunbers of
harbor seals (2-38) also haul out on nearby High
Island, Round Island, Crooked |Island, The Twi ns and
Summit |sland. However, the exact |ocations and numbers
at each site are unknown, therefore no maps were
prepared for these sites (see p. 167 for locations of

t hese islands).

Harbor seals haul out on the gravel beaches and rocks
in the Clam Point area at the south end of the island.
Vertical relief behind the site is over 500 m, and the
water is deep (over 30 m) immediately offshore (within
200 m fromthe site.

This is an inportant hauloutareafor harbor seals in
the Al askan Bering Sea, and is one of the northernnost
puppi ng areas for this species in the Bering Sea. They
haul out on a series of |ow sand and nud bars exposed
during low tide in the nmain channel |eading from Naavak
Bay. Vertical relief is normally less than 1 m and
water depth wvaries (1-3 n) depending on tide
conditions. Early in the season spotted seals al so haul
out at this site; a small proportion of seals at this
site during summer also are spotted seals.

Har bor seal s haul out on the rocks, |edges and beaches
at Cape Newenham and on nearby islets. Vertical relief
at the Cape is about 20 m (low bluffs) and water depth
i s over 30m about 3 km from shore.

Har bor seals (and spotted seals in spring) haul out on
sand, rnmud and gravel bars at the entrance to Chagvan
Bay, and along tidal channels in the bay itself.
Vertical relief in the area is generally less than 2 m
and water depth in the bay and nearshore is very
shallow (1-3 m, depending on tidal conditions and
proximty to drainage channels. The 18 m isobath is
about 16-18 km (W from shore. Harbor seals have al so
been reported to haul out off the mouth of Goodnews
bay. However, the exact proportion of harbor vs.
Spotted seals is unknown. No map of Goodnews Bay has
been prepared.

Har bor seal s haul out on beaches and sand and mud flats
exposed at low tide at the nouth of the Kanektok River.
Vertical relief in this area is generally less than

Cont i nued.
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Rookery

Physi cal Characteristics

Kuskokwi m Bay

I sl ands of f Cape Avi nof

Kongiganik/
Kwigillingok

Nuni vak 1sl and

Cape Mendenhall

1-10 m depending on distance from shore and
tidal conditions. Wter depth near shore is
generally less than 3 m the 18 m isobath is over
40 km from shore at this site.

This is an inportant haulout area for harbor
seals in the Alaskan Bering Sea. The seals
haulout on a series of sand/nmud bars at the nouth
of the Kuskokwim R, especially at low tide.
During spring, virtually all seals at this site
at spotted seals; during July through freeze-up
harbor seals are at this site. Vertical relief is
normally less than 1 m and water depth varies
with the tide (I-3 m. This is thought to be the
nost northerly haulout site in the eastern Bering
Sea where harbor seal pups are born.

The | ow sand and gravel islands and associ at ed
bars and mudflats of f Cape Avinof (about 60 km W
of Kwigillingok) are used by both spotted seals
(spring) and harbor seals (summer). In
particular, the Rwigluk |slands, Pingurbek
Island, Kikegtek Island and Krekatok |sland are
used by harbor seals from July to freeze-up
However, the exact numbers of animals using these
sites and sites farther north off Baird Inlet are
unknown.

Theses haulout sites are |ocated nmidway al ong the
north coast of Kuskokwim Bay. Seals haul out on
sand, mud and gravel beaches and flats exposed at
low tide. Vertical relief in the area is
generally less than 10 m along the coast. VWater
depth is variable depending on tidal conditions
(I-5 m nearshore); the 18 misobath is over 40 km
(S) from shore.

This haulout site is located on the rocks, islets
and protected beaches in the vicinity of Cape
Mendenhall. Vertical relief at the Cape is about
75 m adjacent to this area relief is generally
| ess than about 20-30 m The 18 m isobath is
| ocated about 2-5 km from shore to the S and W

Continued. . .
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Rookery

Physi cal Characteristics

St. George Island

Qter

Near Dalnoi Pt.

Island

but the area to the E is considerably shall ower
(<18 m throughout).

Har bor seals haul out ou rocks, ledges and beaches
all around the Pribilof Islands, however, the site
near Dalnoi Pt., at the extreme Wend of St. George
Island, often supports nore than just a few
animals. Vertical relief in this area is generally
less than 10 m and waters are generally deep; the
18 m isobath is less than 100 m from shore at
Dalnoi Pt.

Virtually all of the perineter of this small rocky
island (0.08 knf) is used by harbor seals for
haul ing out. Boulder beaches, reefs and offshore
rocks are domi nant substrates. The E end of the
islet is generally of lowrelief (<3-5 m), with the
exception of a pinnacle rising to about 45 m. The W
end of the islet rises to about 80 m and water
depth within 2 km of the island i s less than 40 m.
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APPENDI X 5. DESCRI PTIONS AND MAPS OF PACI FI C WALRUS HAULQUT SITES IN THE
EASTERN BERI NG SEA (Sources are many; see APPENDI X 8 for details).

Table 5.1. Descriptions of Pacific walrus haulout sitesinteeastern Bering

Sea.

Rookery

Physi cal Characteristics

Amak | sl and

Port Moller

Cape Seni avin

Port Hei den

Egegi k Bay

Hi gh Island

Wal ruses haul out on the coarse gravel and rocky
beaches on the NE side of this island. The beaches are
relatively narrow (3-10 m, the vertical relief behind
the site is over 500 mand the 18 m isobath i s about
7.5 kmoffshore fromthe site.

In the past walruses have consistently hauled out on
t he beach near Wl f Pt. on Walrus Island, at Entrance
Pt., Bear River (about 15 kmup the coast from Entrance
Pt.), Harbor Pt., on Deer Island and Point Divide.
Vertical relief is these areas varies from 1-5 m except
in major channels, depending on tide conditions, and
water depth is generally less than 5 m the 18 m

isobath is over 7 km N of Walrus |. and over25 km N of
Har bor Pt.

Wal ruses haul out on the gravel and sand beaches at
this site. Vertical relief behind the 3 to 10-mw de
beaches varies from 5-20 m and the 18 m isobath is
about 4 km of f shore.

Wal ruses occasionally haul out on the beach near
Strogonof Pt., at the western entrance to the Port
Hei den estuary. Vertical relief in this area is about
1-3 m and water depth offshore is generally |ess than
6 mout to about 1.5 kmp the 18 misobath is about 5 km
of f shore.

WAl ruses have hauled out in recent years on the sand
and gravel spits and bars at the entrance to Egegik
Bay. Vertical relief near these sites generally varies
from1-3 m and water depth is generally less than 10 m
throughout the area. The 18 m isobath is at least 20 km
from shore in this area.

WAl ruses haul out on the rocky boul der strewn beaches
on this relatively large island in the Walrus 1|sland
group. Vertical relief inmediately behind the haulout
sites is generally 10-50 m however maxinmumrelief is
over 300 m at sonme sites on the island. Waters are
shallow around this island (-5 mout to 2 km from

Continued. . .
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Rookery

Physi cal Characteristics

North Twin Island

Round Island

Cape Peirce

Cape Newenham

Security Cove

shore); the X8 m isobath is almost 40 km to the S of
this site.

North Twin Island is the northernnbst of the Twin

I slands, the southernnost of the Walrus |slands group
in northern Bristol Bay. Walruses haul out on the

gravel beaches and rocky slopes all around these
islands. Vertical relief is 145 m The 18 m isobath i s
<1 km north of the island and the 30 misobath is <3 km
from the island.

This is a nmajor terrestrial haulout site for walruses
in the Alaskan Bering Sea. They haul out on the rocky
beaches around the island. Vertical relief at nost
sites rises to about 300 m; the highest point on the
island i s about 400 m. Round Island is the farthest E
of the Walrus Island group, which is generally situated
in fairly shallow water (generally less than 10 n); the
18 m isobath is about 7 km E of the island.

In recent years, this site has regained promnence as a
very inportant terrestrial haulout site for walruses.
They haul out intwodistinctly different habitats in
the Cape Peirce area. along 2-4 km of extensive gravel
and rocky beaches both N and S of Cape Peirce, and on
the beaches and in the dunes near the entrance to
Nanvak Bay. The rocky beaches vary inwidth from 3-20
m vertical relief behind nmost of these sites is from
20-100mand the 18 misobath is about 5 km from shore.
Vertical relief on the beaches and in the dunes near
the entrance to Nanvak Bay varies from 2-10 m and
waters are generally very shallow adjacent to the site,
1.e., <2 mexcept in the main channel that drains the
Bay.

Wal ruses haul out on the rocky gravel beaches on the
south side of the Cape Newenham peninsula, and at the
cape itself. Vertical relief at the site generally
varies from10 to 50 mwith maximumrelief in this area
being over 200 m Water depth is less than 18 mout to
about 4-5 km from shore around the Cape.

Wal ruses haul out on the w de gravel and sand beaches
in Security Cove. Vertical relief behind the site is
generally less than 5 m near the shoreline;, waters are

Cont i nued.
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Rookery

Physi cal Characteristics

Goodnews Bay

Kwigillingok

Nuni vak Island

Mekor yuk

Cape Etolin

St. Matthew I sl and

Cape Upri ght

Lunda Bay

less than 5 min the Cove and the 18 m isobath is
about 18 km offshore to the NW

WAl ruses haul out on the gravel and sand beaches on
the spits at the entrance to CGoodnews Bay. Verti cal
relief at these sites is generally less than 3 m and
waters are very shallow (<5 m out to 2-3 km from
shore; the 18 m isobath is about 35 km offshore to the
W,

WAl ruses haul out on the gravel and sand beaches at

this site. Vertical relief behind the site is
generally less than 10 m and water depth is variable,

depending on tidal conditions. In general, waters are
only 1-5 mdeep within 10-15 km from shore; the 18 m
isobath is over 40 km (S) from shore.

Wal ruses occasionally haul out on the beaches and
shoal s adjacent to the village of Mekoryuk on the N
side of Nunivak I. Vertical relief in the area varies
from1-10 mand the 18 misobath is over 15 kmto the
NW

This haulout site is located about 6 km N of the
village of Mekoryuk, on the far N side of Nunivak |.
Wal rus haul out on the gravel and sand beaches and
rocky shores on and adjacent to the Cape itself.
Vertical relief in the area varies from 1-10 m
depending on the exact |ocation where the aninals are
hauled out. Waters are relatively shallow throughout
the area N of Nunivak 1. The 18 m isobath is over 10
kmto the Wand about 4 kmto the E of this site.

This site is located at the extrenme SE end of St.
Matthew | sl and, along gravel and rocky beaches at the
base of 500 mhigh cliffs. The 18 misobath is within
200 mfrom shore at this haulout site.

Wal ruses haul out along the narrow gravel beaches and
rocky slopes at this series of sites. Vertical relief
varies considerably (30-250 m depending on the exact
| ocation along this section of coast where the

Cont i nued.
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Rookery

Physi cal Characteristics

Cape Gory of Russia

Hall 1 sl and

Egg |sland

Besboro | sl and

wal ruses have hauled out. Nearshore water depth is
generally deep at this site; the 18 m isobath is
about 1-2 km from shore to the N. However,the area
tothe E of Lunda, near Lunda Pt., is relatively
shallow, the 18 m isobath in this area is about 6
km of f shore. Some wal ruses occasionally haul out 10
km W of Lunda Bay, along a section of beach that
separates a large freshwater lake from the sea;
relief in this area is less than 5 m and the 18 m
isobathisonly about 1 km offshore at this
| ocati on.

WAl ruses haul out on gravel and rough rocky beaches
at this site. Vertical relief behind the site is
generally less than 50 mbut rises to over 400 m
about 8 km S of the Cape along the E side of
island. Waters are relatively shallow NW of the
Cape, between St. Matthew I. and Hall I., but the
18 mi sobath is only about 1 km NE of the Cape and
wat ers deepen rapidly to over 40 mless than 3 km
NE from the site.

Wal ruses haul out on the gravel and rocky beaches
primarily on the N and E side of Hall Island, which
lies imediately N of St. Matthew Island. Verti cal
relief behind these sites is generally 200-250 m
and the 18 misobath is about 1 km offshore to the
E.

WAl ruses haul out on the rocky |edges and the few
stretch of narrow gravel beach on this small islet
in SE Norton Sound. Vertical relief on the islet is
about *** m The 9 m isobath is about 500 m from
shore, and the 18 m isobath is over 60 kmto the
NW. Waters throughout Norton Sound are generally
| ess than 18 m

Wal ruses haul out on the rocky ledges and gravel
and rock beaches around this small island in E
Norton Sound. Vertical relief varies from75 mto
nmore than 300 mon the island, and the 9 m isobath
is about 2-5 km from shore. The 18 m isobath is

about 15 km Wof this island.

Conti nued.
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Rookery

Physi cal Characteristics

Cape Darby

St. Lawrence | sl and

Chi bukak Pt.

Kialegak Pt.

Makni k

Salghat

Punuk |s| ands

Cape Darby is at the tip of a sharp peninsula that
extends into northern Norton Sound. Walruses haul out
along on gravel and rocky beaches on both sides and at
the tip of the Cape. Bluffs and cliffs rising to over

300 m back nobst of the sites in this area. Waters are
relatively deep (>18 m) within 1.5 km from shore.

This site is used by several hundred walruses,
primarily in the autum. It is located about 3 km E of
the village of Gambell (Northwest Cape). Walruses haul
out on the rocks and boulders along a steep beach
backed by a slope leading uphill to 300 m-high
Sevuokuk Mn. The 18 m isobath is only about 3 km
of fshore (to the north) at this site.

This site is used by large nunbers of walruses,
primarily in the autum. It is located NE of Sout heast
Cape. Walruses haul out on the gravel and rocky
beaches that are backed by tundra flats and | ow bluffs
(2-5 m high). The 18 m isobath is ounly 1-3 km
of fshore. Walruses also haul out on the spit adjacent
to Sekinak Lagoon, which is situated about 15 km NW of
SE Cape.

This site is situated along a stretch of sand and
gravel beach on a spit adjacent to Makni k Lagoon, at
the E end of St. Lawence | Vertical relief is |ow,
generally less than 2-3 m and the 18 m isobath is
about 2-3 km (S) offshore.

Thi s haulout site is located on a stretch of gravel
and sand beach at the NE end of St. Lawence I.
Vertical relief behind the site is generally low (2-5
m, and the 18 misobath is about 2-3 km (N) offshore.

VWl ruses haul out on gravel, sand and rocky beaches on
all three of the Punuk Islands, but North Punuk |. is
used nost regularly. An exceptionally large nunber of
wal ruses haul ed out in autum 1978 all along the N, Nw
and Wsides of North Punuk |, all of Mddle Punuk I.,

and over nost of the north end of South Punuk | (Fay
and Kelly 1980). On such occasi ons wal ruses no doubt

haul out far back from the beach, on |Iow and tundra
habitats. Vertical relief is generally less than 2-8 m

Continued. . .
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Rookery

Physical Characteristics

Sl edge Island

King Island

on all three islands. One hill at the extreme Wend of
North Punuk I.is about 70 m high; this is the highest

point on the islands. Water depth around all three of
the Punuk |slands is generally less than 18 m 2-3 km
to the E and Wand 5-6 kmto the S; waters are very
shallow, generally less than 10 m along a shelf 6-8
km wi de that extends N all the wayto St. Lawence I.

This site is located about 50 km W of None, in

relatively shallow waters (<18 m deep) about 10 km
of fshore from the mainland. Vertical relief of this

island is about 230 m Walruses haulout on the narrow
gravel and rocky beach on theNE side of the island.

WAl ruses haul out on gravel and rocky beaches at this
site. Vertical relief is over 350 mat sone |ocations
and the 18 m isobath is about 25 kmto the NW,
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Appendi x 6. Northern Sea Lions, 234

PENDIX 6. DETAILED QOUNTS OF NORHTERN SFA LIONS AT TERRESTRIAL HAULOUT SITES IN THE FASTERN BERING SEA,

ble 6.1. Selected counts of northern sea lions at the Walrus Island rookery (Pribilof |slands group), 1872-

1981,
No. No. Non- Tot al Time of
ar Pups pups Nunber Survey Information Source
372 A few Summer Elliot (1875) i N Kenyon (1962)
13 0 100 100 Summer Lembkey (1914) in Renyon (1962)
122 0 0 0 Summer Hanna (MS 1923) in Renyon (1962)
140 1500 Surmer Scheffer (M 1940) in Kenyon (1962)
%8 1258 Summer Kenyon (1962)
153 1340 Sumer Wilke (M5 1953) in Kenyon (1962)
154 3000 3000 6-7000 Surmer Kenyon (1962&
158 2500 Summer Wilke and Pike (notes) inKenyon (1962)
160 3000 4-5000 7-8000 Summer Renyon (1962) -
175 1529 9 Aug Toughlin et al . (1984)
177 2000 22 Apr Frost et al. (1983)
179 1996 13 Apr Calkins (Pers, Comn. ) in Laughlin et al. (1984)
8L 304 868 1172 4 Aug Antonelis (NOtes) in Loughlin et al. (1984)
182 600 Summer Merrick et al. (193)
187 114 459 573 Summer NVES files

Table 6.2. Selected counts of northern sea lions at Akutan Island (Cape Morgan rookery
only), 1957-1985.

No. No. Non- Tot al Tine of
Year Pups pups Number Survey I nformation Source
1957 994* 13-14 Aug Mathisen and Lopp (1963)
1735% 30 SeP-1 Oct "
1960 7000 3-4 Mar Kenyon and Rice (1961)
1965 9000 May Braham et al . (1980)
1968 6700 Jun "
1975 3200 Jun "
3585 Aug "
1976 3145 Jun "
5925 Aug "
1977 2967 Jun "
1984 2533 7-12 Jul Merrick et al. (1987)
1985 1130* 1710 2840 Jun "
1986 1288- 1338 10 Jul Envirosphere Co., files

* Based on the assunption that all (or most) of the pups recorded by Mathisen and LQOpp
(1963) and Merrick et al. (1987) were at the Cape Mbrgan rookery.



Appendi x 6. Northern Sea Lions,

Table 6.3. Selected counts of northern sea lions at Akutan Island (all sites, including the

Cape Morgan rookery), 1957-1977.

No. No. Non- Tot al Tine

Year pups pups Nurber of Survey Information Source

1957 994 7675 8669 13-14 Aug Mathisen and Lopp (1963)
1735 9275 11,010 30 Sep-1 Ot "

1957+ - 719 30 Sep-1 Oct "

1960 15,720 3-4 Mar Kenyon and Rice (1961)

1968 - 10, 316 Jun-Jul Fiscus and Johnson (1968) in

Merrick et al. (1987) ~

1975 - 3958 Aug Braham et al. (1980)

1976 - 6227 Aug "

1977 3272 Jun "

% Mathisen and Lopp (1963) reported this count for North Head separately from that of Akutan

I'sland, on which North Head is |ocated.

Tabl e 6.4. Selected counts of northern sea
group), 1956- 1985.

lions at the Sea Lion Rock rookery (4mak |sland

No. No. Non- Tot al Time of

Year [ 2Ups pups Number survey I nformation Source
1956 1035 3780 4815 28 Jul-9 Aug Mat hi senand Lopp (1963)
1957 424 4694 5118 28 Aug-2 Oct "
1960 2000 3-4 Mar Kenyon and Rice (1961)
1962 3500 8 Apr J.J Bums, field notes
1965 4100 8 May Kenyon (1965)
1975 2126 Aug Braham et al . (1980)
1976 2530 Aug "
1977 2130 Jun "
1980 - 1300 2 Jul Frost et al. (1983)
1981 - 1500- 1600 11 Ot J. Burns, Notes

1100 16 Ot K. Frost, Notes
1982 1350 13 Jul Frost et al. (1983)
1984 - 1298 7-12 Jul Merrick et al. (1987)
1985 - 538 23 Jun-15 Jul "
1986 466- 527 29 Jun Envi rosphere Co., files

235
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Table 6.5. Selected counts of northern sea lions at the Ugamak Island rookery (all sites),

1957- 1986.
No. No. Nou~ Total Ti me
Year pups pups Number of Survey I nformation Source
1957 1466 14, 536 16,002 30 SeP-1 Ot t Mathisen and Lopp (1963)
1960 - 13,400 3~4 Mar Renyon and Rice (1961)
1965 - 10,975 May Braham et al. (1980)
1968 - 13,553 JunJul Fiscus and Johnson (1968) in
Merrick et al. (1987) -
1969 - 10, 295 Jun Fiscus (1970) in Merrick
et al. (1987)
1975 - 2500 Jun Braham et al. (1980)
4569 Aug "
1976 - 4760 Jun "
1977 - 5106 Jun "
3577 19-28 Jum Merrick et al . (1987)
1985 1635 2033 3668 20 Jun "
1986 1386 1684 3070 20 Jun "

Table 6.6. Sel ected counts of northern sea lions at the Bogoslof Island rookery, 1938-1985.

No. No. Non- Tot al Time

Year pups pups Number of Survey Information Source

1938 800 ? Mirie (1959)

1957 3106 3707 6813 13-14 Aug Mathisen and Lopp (1963)

1960 1000 3 Mar Kenyon and Rice (1961)

1962 3000 7 Apr Kenyon (1962) in Fiscus
et al. (1981)

1962 2385 2566 4951 26 Aug Fi scus etal. (1981)

1973 2328 3300 5628 29 Jun Byrdet al, (1980) in
Fiscus et al.(1981)

1976 291 3599 14-20 Jun Fiscus et al. (1981)

1977 2328 29 Jun Braham et al. (1980)

1978 1000 31 May Day et al. (1979) in
Fiscus et al. (1981)

1979 914 1463 23717 15 Jul Fiscus et al. (1981)

1985 1109 1287 2396 25 Jun-15 Jul Merrick et al. (1987)




animal s have been recorded are not included.l

Haulout Number of Time of
Island Site Y ear Sea Lions Survey Informati on Source
Fire 1sland (Al Sites) 1960 100 3-4 Ma Kenyon and Rice (1961)
1978 0 31 May Day et al. (1979) in Fiscus et al. (1981)
1979 4 15 Jul Fiscus et al. (1981)
Unalaska |sland Spray Cape 1960 200 3-4 Mar Kenyon and Rice (1961)
1975 0 Aug Braham et al . (1980)
1976 0 Aug "
1977 2 Jun "
Cape Starichkof 1960 100 3-4 Mar Kenyon and Rice (1961)
1975 101 Jun Braham et al. (1980)
1976 78 J um "
1977 244 Jun "
Bi shop Poi nt 1975 172 Jun "
13 Aug "
1976 304 J un "
0 Aug "
136 at "
1977 501 Jun "
Poi nt Tebenkof 1960 200 3-4 Mar Kenyon and Rice (1961)
1975 0 Jun/Aug Braham et al. (1980)
1976 0 Jun "
8 Aug "
1977 0 Jun "
Akutan Island (Al sites) 1957 8699 13-14 Aug Mathisen and Lopp (1963)
11,729 30 Sep-1 Ot "
1960 15,720 3-4 Mar Kenyon and Rice (1961)
1968 10, 316 Jun~-Jul Fiscus and Johnson (1968) in Merrick et al. (1987)
1975 3958 Aug Braham et al. (1990) -~
1976 6227 Aug "
1977 3272 Jun "
1984 2533 +pups 7-12 Jul Merrick et al. (1987)
1985 2840 9-13 Jun "
Fl at Bight 1960 2000 3-4 Mar Kenyon and Rice (1961)
Reef Puint to 6720 3-4 Mar "
Lava Point (incl. 1975 365 Jun Braham et al. (1980)
Re2f and Lava 366 Aug "
bi ght s) 1976 874 J "
300 Aug "
278 Ot "
1977 302 Jun "
1980 360 6 Jun USFWS Catal og of Seabird Col onies

Continued. . .
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Haulout Number of Time oOf

island Site Y ear Sea Lions Survey information Sour ce
Akutan (Cont,) North Head 1957 719 30 Sep-1 Ot Mathisen and Lopp (1963)
1975 0 Jun/Aug Braham et al. (1980)
1976 0 Jun "
1 Ot w
1977 3 Jun "
Akun 1sland South Side 1965 9000 8 My Kenyon (1965)
(Al sites) 1957 1361 13-14 Aug Mathisenand Lopp (1963)
1960 2100 3 Mar Kenyon and Rice(1961)
Akun Head 1960 2000 3 Mar Kenyon and Rice (1961)
1975 0 Jun Braham et al . (1980)
3 Aug "
1976 0 Jun "
2 Oc t "
1977 0 Jun w
Bi | i ngs Head/Bi ght 1960 100 3 Mar Kenyon and Rice (1961)
1975 748 Jun Braham 2t al. (1980)
2641 Aug "
1976 1050 Jun "
2032 Aug "
1133 Oc t "
1977 1166 Jun .
1984 760 +pups 7-12 Jun Merrick et al. (1987)
1985 435 + 60 pups Jun "
Tanginak Island (A1l Sites) 1960 600 3 Mar Kenyon and Rice (1961)
1975 470 Jun Braham et al. (1980)
4 Aug "
1976 358 Jun "
20 Aug "
60 Oc t "
1977 79 Jun "
1985 61 Summer NMFS files
Tigalda Island (All Sites) 1957 103 30 Sep-l Oct Mathisen and Lopp (1963)
1965 650 8 My Kenyon (1955)
1975 2 » Aug Braham et al. (1980)
1976 314 Jun "
19 Aug "
65 Oct o

Cont i nued.
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Table 6.7. Concluded.

Haulout Nunber of Ti me of
I'sland Site Year Sea Lions Survey Informati on Source
Unnnamed rock off NE end 1960 750 3 Mar Kenyon and Rice (1961)
of Tigalda Island 1975 80 Jun Braham etal. (1980)
6 Aug "
1976 190 Jun "
6 Aug "
75 ot »
1977 84 Jun "
1985 82 Sumer NVFS files
Aiktak Island All Sites 1960 600 3 Mar Kenyon and Rice (1961)
1975 1 Jun Braham et al. (1980)
O AU g "
1976 0 Jun "
0 AU g "
0 xt "
1977 1 Jun "
1985 0 Sunmer NWVFS filea
North Side 1965 100 8 May Kenyon (1965)
Round Island’ 1960 6000 3 Mar Kenvon and Rice (1961)
(Unimak Pass) 1975 175 Aug Braham et al. (1980)
1976 246 Jun "
134 Au g "
158 Oct "
1977 302 Jun "
1980 119 28 Jun USFWS Catal og of Seabird Col oni es
Unimak |sland Cape Sari chef 1960 200 3 Mar Kenyon and R ce (1961)
1975 0 Jun Brahamet a | (1980)
0 Aug "
1976 0 Jun "
3 Aug "
1977 4 Jun "
1981 40 26 May Izembek NWR, files
Oksenof Poi nt 1960 4000 3 Mar Kenyon and Rice (1961)
1975 0 Jun Braham et al. (1980)
0 Au g "
1976 2 Jun "
0 ot "
1977 0 Jun "
Cape Mordvinof 1958 500 Mar Aleutian 1sl. NWR Rep. (1958) in Frost et al. (1983)

1 Counts reported in the literature were sometimes for an entire island and sometines for specific sites on an island, as indicated.
Braham et al. (1980)suggestthata mnor rookery exists on Round Island; they pooled counts from Round Island with those from the

| arge rookery on Ugamak |sland.
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Tabl e 6.8. Reported counts of northern sea lions at haulout Sites in the southern Bristol Bay region. Haulout Sites at

whi ch <100 ani mal s have been recorded are not

i ncl uded.

Haulout Number  of Time Of
Island Site Year Sea Lions Survey I nformation Source
Amak (Al Sites) 1956 253 28 Jul-9Aug Mathisen and Lopp (1963)
1957 3016 28-30 Jun "
570 6-14 Aug "
683 28 Aug-2 Ott "
1401 4 Dec "
1960 350 3-4 Mar Kenyon and Rice (1961)
1962 2000 8 Apr J.J. Burns, field notes
1965 4100 Sunmmer NMML, files
1967 500 + 14 Mar Izembek WWR files in Frost et al. (1982)
1973 418 - Jul USFWS Cat al og of Seabird Col onies
1975 927 Jun Braham et al. (1980)
2316 Aug "
1976 1777 Jun "
1381 Aug "
905 Oct ]
1977 1315 Jun "
1978 688 Sunmer NMML, files
1980 1350 7 May Izembek NVR, files
2400 6 Jun "
1045 2 Jul "
1981 475 9 Mar "
300 11 Ot Frost et al, (1982)
300 1s Ot "
1982 700 i- 13 Jul "
1984 353 - Sunmer ML, filea
1985 302 Summer "
1986 486-599 + 20% 29 Jun Envirosphere Co., file data
Unnamed rock
(Approx. 2 km ¥ of Amak I.) 1975 108 Jun Braham et al. (1980)
234 Aug n
1976 132 Jun "
355 Aug "
110 Qt "
1977 97 Jun "
1980 250 6 Jun Izembek NWR, files
15 .2 Jul "
1982 225 + 13 Jul Frost et al. (1982)
1986 218 - 29 Jun Envirosphere Co., file data

‘suo1q BOg§ UILY3aON °9 xT1puaddy

o%t



Table 6.9. Reported counts of

northern sea lions at

haulout sites in the northern Bristol Bay region. Mst haulout Sites
‘where <100 animal s have been recorded are not included.

Number of Time of
I sl and Year Sea Lions Survey I nformati on Source
Round I sl and 1960 0 Feb-Mar Kenyon and Rice (1961)
0 Late Apr "
1970 50 11 Nov J. Faro in Frost et al. (1983)
1973 400-500 12 Jul K. Pitcher in Frost et al. (1983)
1975 325 Jun Braham et al, (1977) in_Frost et al. (1983)
244 Aug "
1976 296 Jun "
1980 400-500 Sunmer K. Taylor in Frost et al. (1983)
1981 200 + 14 Apr F. Fay in Frost et al. (1983)
200-250 Sunmer K. Taylor in Frost et al. (1983)
200-300 7 ot J. Burns, notes; Frost et al. (1983)
1982
1983 Info for mssing dates supposedly coming from ADF&5, Dillingham
1984
1985 1000+ Sunmer Sherburne (1985)
1986 560 Jun Sherburne (1986)
1987 1000 + May Sherburne and Lipchak (1987)
100 20F Aug "
The Twi ns 1956 (U) 300 26 Jul-4 Aug Mathisen and Lopp (1963)
(two islands, 1957 (u) 147 10 Sep "
u = unspecified, 1958 (9) 45 20 Jun Kenyon (1958)
N = North and 1958 () 66 Late Jun Kenyon and Rice (1961)
s = Sout h) 1960 () 400 27 Apr Y
1573 (N) 100-150 12 Jul K. Pitcher in Frost et al. (1983)
1973 (s) 200-300 12 Jul o
1975 (u) 30-50 Sunmer Braham et al, (1977) in Frost et al. (1983)
1975 (s) 1 7-14 Jun R. Baxter _in Frost et al. (1983)
1977 (s) 9 26 Jun USFWS Catalog of Seabird Colonies (1978)
High |sland Unspeci fied 50 Sumer ADF&G (1973)
1960 0 Late Feb-Early May Kenyon and Rice (1961)
1977 1 10 Jul USFW5s Catal og of Seabird Col onies (1978)
Crooked |sland Unspeci fied 50 Sunmer ADF&G (1973)
1960 0 Lat e Feb-Early May Kenyon and Rice (1960)

Continued. . .
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Tabl e 6.9. Concl uded.

Number of Time of
Island Year Sea Lions Survey | nf or mati on Source
Hagemeister Island Unspecified 150 Summer ADF&G (1973)
Clam Poi nt 1985 0 24 Jan AK. Maritime NWR (files)
0 6 Feb "
Cape Peirce 1976 Present Summer USFWS Catal og of Seabird Col oni es (1978)
1981 450 26 Jun D. Calkins in Frost et al.(1982)
1985 Few? Summer Mazzone (1987)
1986 Few?Z Summer "
1987 Few? May-Jun O Nei |l and Baggblom(1987)
Cape Newenham3 1956 250 26 Jul-4 Aug Mathisen and Lopp (1963)
1957 30 10 Sep "
1971 250 + 24-28 Sep Togiak NWR (file)
1975 75 30 May R. Baxter in Frost et al. (1982)
1977 80 20 My L. Barton in Frost et al. (1982)
100+ 27 May "
1978 800 17 may D. Joarowe in Frost et al. (1982)
500 + 20 May "
1979 600 - 8 May L. Barton in Frost et al. (1982)
1981 150 8 May L. Lowy_in Frost et al. (1982)
1982 135 4 Aug L. Hotchkiss in_Frost et al. (1982)
1987 950 May 0'Neil and Haggblom (1987)
130 Dec "
Nuni vak Island
Binajoaksmiut Bay 1979 49 5 Jun USFWS in Frost et al. (1983)
Nabangoyak Rock 1978 35 1t Jul Ritchie (1978) in Frost et al. (1983)
Cape Mendenhall 1981 50 4-3 Ott Frost et al. (1983)

(32 kmW

'Sea lions are abundant

schools of herring that spawn at thattime. A

L. Hotchkiss(inFrostet al, 1982)

in waters of N. Bristol

reported sea lions hauled out

Bay duringMay/June, and are foundin associationwiththe huge

t parentlyv only a small fraction of these sea lions haul out,
2 These sightings (Cape Peirce 1985-1987) were mostly of animals in the water that were swimmin g north.

1981 and 1982, with numbers ranging from 100- 1500,

at Cape Newenham during the summers of 1980,

ZhT ‘suo1l BOg uisyjzaoN *9 xrpueddy



Table 6.10, Reported counts of northern sea lions at haulout Sites (not rookeries) on the Pribilof |slands.

Haulout Nunber  of Time of
I'sl and Site Year Sea Lions Survey I nformation Source
otter Islandl 1872 Pr esent Summer(?) Elliot (1882)
1955 1000 9 Apr Kenyon and Rice (1961)
1960 160 Summer "
1974 200 Jun Johnson (1974)
1977 200 22 Apr Frost et al. (1983)
1978 800 2 May "
34 10 Jul Kelly (1978)
1979 400 13 Apr Frost et al. (1983)
1981 29 26 Jun NVES in Frost et al, (1983)
1984 11 3 Jul USFWS Catalog Of Seabird Col onies
St. Paul Near Northeast Point2 1872 10,000 Sunmer Elliot (1884) in Kenyon (1962)
1904 230 Summer Osgood et al. (1915) in Kenyon (1962)
1914 120 Summer "
1916 400 Summer Hanna (1923) E Kenyon (1962)
1922 1000 Summer "
1940 1100- 1400 Summer Scheffer (1940) in Kenyon (1962)
1944 300- 500 Epups; Summer Scheffer (notes) in Kenyon (1962)
1947 100- 200 (pups Summer Kenyon (1962) -
1949 252 (pups) Summer "
1950 490+ Summer "
1951 485 Summer "
1954 65 Summer "
1956 ? (0 pups) Summer "
1957 15 (pups) S umme r "
1960 71 (o0 pups) Summer "
Sivutch 1872 1000" s Summer(?) Elliot (1882)
1940’s & 1950's 200- 500 Summers Kenyon (1962)
1960 300 Summer Kenyon and Rice (1961)
St. Ceorge Near East Rookery 1913 75 Summer Kenyon (1962)
Near Garden Cove 1872 4000- 5000 Summer Elliot (1882)
Near Tolstoi Poi nt 1872 4000- 5000 Summer Elliot (1885) in Kenyon (1962)
1960's 100 Summer ADF&G (1973) -
Near South Rookery 1960's 500 Summer "
Near Dalnoi Point3 1960’ s -1200 Summer "
1980 86 Summer NMFS files

1 otter Island i S mainly used in wnter

spring than ia summer.

*According to Kenyon (1962) the last pups born near Northeast Point were in 1957.

having been born there in recent years, | ?h it is ﬂo
A report of 2500-3000 gea lions pear Dalnoi pornt in th,1960's is n

(Kenyon 1962).

t hou

ssible that

some have been. . . .
ot In agreement with the statenment in Kenyon (1962) that “In the

This is reflected in the reported counts (above) that indicate higher numbersin

There are no indications in the literature of pups

summer of 1960, Riley estimated that about 1200 aea lions hauled out on St. George Island" (Kenyon and Rice 1961).
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Table 6.11. Reported counts of northern sea lions at haulout Sites intheSt.Matthew| Sl and area.

Haulout Nunber of Time of
Island Site Year Sea Lions Survey I nformation Source
St. Matthew a1 1916 0 8-14 Jul Hanna (1920)
Cape Upri ght 1960 100 2 Aug Kenyon and Rice (1961)
1982 90 + 8 Jun USFWS Catal og of Seabird Colonies (1978),
andFrost et al. (1983)
Lunda Poi nt 1982 52 23 Jul "
1983 600 Summer USFWS files
Split Rock 1982 20 28 Jul USFWS Catal og of Seabird Col onies (1978),
and Frost et al. (1983)
Rock of f wes Point 1982 13 28 Jul "
Gull | sl ands 1986 500+ 10 Jun L. Lowy, field notes
Hal I |sland At 1916 0 8-14 Jul Hanna (1920)
S. of Elephant Rock 1957 350 9 Aug Kiein (1959) in Kenyon and Rice (1961)
Three Rivers 1977 3 9 Jul Frost et al. (1983)
Arre Rocks 1982 150 16 Jul "
North Cove (rocks) 1981 75 2 Aug b
1983 4000 usFus files
Pi nnacl e Island 1976 0 26 Jul Frost et al. (1983}
1979 100 16 Mar B. Kelly in Frost et al. (1983)
1980 150- 200 22-23 Sep USFW5 walrus survey and Frost et al, (1983)
1985 257 11 Jul USFWS Cat al og of Seabird Col oni es
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APPENDI X 7.

Table 7.1. Locations of reported harbor seal

haulout sites in the eastern Al eutian I|slands.

DETAI LED COURTS OF HARBOR SEALS AT TERRESTRIAL HAULOUT SITES 1N THE EASTERN BERI NG SEA

1

Number of

Island2 Location Year Seals Date Information Source
Bogoslof 1890’ s Present Unspeci fied Merriam (1901)
1968 Present 3 Jun J.J, Burns, field notes
1970' s Present Unspeci fied Everitt and Braham (1980)
1979 Present 15 Jul Fiscus et al. (1981)
Unalaska 1965 Present 8 May Kenyon (1965)
1968 Present (all Lots.) 4 Mar J.J. Burns, field rotes
1975 612 Jun Everitt and Braham (1980)
483 Aug "
1976 156 Jun "
173 Aug "
1977 262 Jun "
Cape Kalekta 1968 35-40 4 Mar J.J Burns, field notes
Akutan 1965 0 8 My Kenyon (1965)
1975 0 Jun Everitt and Braham (1980)
24 Aug "
1976 57 Jun "
99 Aug "
1977 13 Jun "
Cape Morgan 1980 6 6 Jun usrws Catal og of Seabird Col onies (1978)
Akun 1975 20 Jun Everitt and Braham (1980)
146 Aug "
1976 71 Jun "
179 Aug "
1977 35 Jun "
Tangi k 1980 23 13 Jun USFWS Catal og of Seabird Col onies (1978)
Avat anak 1965 0 8 May Kenyon (1965)
1975 44 Jun Everitt and Braham (1980)
135 Aug "
1976 78 Jun Everitt and Braham (1980)
107 Aug "
1977 6 Jun "

Cont i nued.
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Table 7.1. Concl uded.

Nurmber of
Island? Location Year Seals Dat e I nformation Source
Tigal da & Adjacent Rocks 1957 8 Sep/Oct Mat hi sen and Lopp (1963)
1965 60 8 May Kenyon (1965)
1975 1 Jun Everitt and Braham (1980)
116 Aug "
1976 103 Jun o
437 Aug "
1977 130 Jun "
Kaligagan & Adj acent Rocks 1975 75 Jun Everitt and Braham (1980)
50 Aug "
1976 308 Aug "
1977 94 Jun "
1980 245 20 Jun USFWS Cat al og of Seabird Col onies (1978)
Adj acent Rocks 1980 109 + 13 + 3 22 Jun—-2 Jul "
Aiktak 1965 150 8 May Kenyon (1965)
1975 50 Jun Everitt and Braham (1980)
62 Aug "
1976 100 Aug "
1977 149 Jun "
1980 94 25 Jun USFWS Catal og of Seabird Col onies (1978)
Ugamak 1965 50 8 May Kenyon (1965)
1975 30 Aug Everitt and Braham (1980)
1977 0 Jun "
I Harbor seals are ubiquitous around all islands, thoughin relatively low nunbers. They can be expected to haul out at

i nnumerabl e locations not included in this table. This regi on has never been intensively sanpled throughout the year.
2 Reported locations are those facing the Bering Sea or Unimak Pass.
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Table 7.2. Harbor seal haulout sites,

Uni mak |sland to Kvichak Bay.

Nurber  of
Location Year Seal s Date I nformation Source
Unimak |.-Mainly N side 1960 550 3-4 Mar Kenyon (1960) in Frost et al. (1983)
1965 0 8 May Kenyon (1965)
1975 125 Jun Everitt and Braham (1980)
0 Aug "
1976 5 Jun "
0 Aug "
1977 0 Jun "
Sea Lion pt. 1977 Present 13 May Frost et al, (1983)
Cape Lapin area 1967 200 23 Jun Izembek NWR files in Frost et al. (1983)
1976 40 26 My Frost et al. (1983)
Bechevin Bay- Muth 1965 1500 21 Apr Kenyon (1965)
1500 8 My "
Cape Krenitzin 1967 500- 1000 3 My Izembek NVWR files in_Frost et al. (1983)
1500 19 Jul "
500 17 Aug "
Isanotski |s. 1975 368 Jun Everitt and Braham (1980)
414 Aug "
1976 99 Jun "
511 Aug "
1977 422 Jun "
Amak Island 1960 13 3-4 Mar Kenyon (1960) in Frost et al. (1983)
1965 0 8 May Kenyon (1965)
1975 14 Jun Everitt and Braham (1980)
61 Aug v
1976 46 Jun "
14 Aug "
1977 12 Jun "
1981 2 16 Ot Frost et al, (1983)
Sea Lion Rock 1965 0 8 My Kenyon (1965)
Cape Leontovich area 1965 20 4 Jul Izembek NWAR files in Frost et al. (1983)
Cape Lieskof area 1965 100 29 ott Izembek NWR, files in Frost et al. (1983)
1975 125 Jun Everitt and Braham (1980)
89 Aug "
1976 199 Jun "
1 Aug "
1977 1 Jun "

Continued. . .
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Tabl e 7.2. Concl uded.

Number of
Location Y ear Seals Date Information Source
Bear River 1965 6 18 Jul Izembek NWR files in Frost et al.
Cape Seniavin area 1973 40 11 Jul K. pitcher inFrost et al. (1983)
1975 10 Jun Everitt and Braham (1980)
0 Aug "
1976 71 Jun "
0 Aug "
1977 2 Jun "
Ugashi k Bay area 1973 40 11 Jul K. Pitcher in Frost etal. (1983)
1975 196 Jun Everitt and Braham (1980)
2 Aug "
1976 163 Jun "
438 Aug "
1977 215 Jun "
1988 1000+ 13 Jul J.J. Burns, field notes
Cape Greig area 1975 0 Jun Everitt and Braham (1980)
0 Aug "
1976 1 Jun "
0 Aug u
1977 2 Jun "
Egegik Bay area 1973 300 11 Jul K. Pitcher in Frost et al. (1983)
1975 50 Jun Everitt and Braham (1980)
0 Aug .
1976 70 Jun "
0 Aug "
Naknek River area Present Burns
Kvichak Bay Present Burns
Al aska Peninsula (general)
Bechevin Bay to Ugashik Bay 1984 5294 28 Apr-4 May Izembek NwR Rep. (1984)
1985 1595 12-16 May Izembek NWR Rep. (1985)
Bechevin Bay to Port Moller 1965 1860 8 May Kenyon (1965)
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Table 7.3. Harbor seal nunbers at the five major haulout sites in the southern Bristol Bay area.

Nunber of
Location Year Seals Dat e I nformation Source
1zembek/Moffet Lagoons 1956 620 May Mathisen and Lopp (1963)
(All Areas) 1957 1142 Aug "
1975 4000- 5000 Sunmer Izembek NVWR files (1982)
2034 Jun Everitt and Braham (1980)
208 Au g "
1976 559 Jun "
1204 Aug "
1977 874 Jun "
1981 150 27 Apr Izembek NVR in Frost et al. (1983)
1982 1971 7 Jul Izembek NWR files (1982)
1983 995 10 Jun Izembek NVR files (1983)
1974 11 Jul "
Norma Bay 1967 20 23 Jun Izembek NVR I_ﬂ Frost et al. (1983)
85 9 Jul "
200 26 Jul "
Applegate Cove 1968 100 13 Jul Izembek NWR in Frost et al. (1983)
Moffet Point 1966 250 21 Ot Izembek NWR in Frost et al. (1983)
1967 800- 1000 18 Ot "
1982 400+ 13 Jul Frost et al. (1983)
Barrier islands 1965 350 19 Apr Kenyon (1965)
350 8 My "
1981 150 27 Apr Izembek NWR files, Goose surveya
1982 190 4 May "
1983 125 28 Apr "
1984 649 30 Apr "
1985 105 15 My "
1986 40 5 My "
1987 325 3 My "
Port Moller area 1957 431 8 Dec Mathisen and Lopp (1963)
(incl. Nelson Lagoon) 1965 1400 18 Jul Frost et al. (1983)
1965 1500 9 Ot "
1966 8000 6 Jul Pitcher (1986)
1968 1250 10 Jul "
1969 3300 14 Jul "
1970 2500 2 Jul »
1971 4100 18 Jun "
1973 1675 11 Jul "
1975 6078 20 Jun Everitt and Braham (1980); Pitcher (1986)
1740 Aug Everitt and Braham (1980)

Continued. . .
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Table 7.3. Continued.

number of
Location Y ear Seals Date Information Source
Port Moller area (Cont.) 1976 7968 20 Jun Everitt and Braham (1980); Pitcher (1986)
1701 Aug Everitt and Braham (1980)
1977 4335 28 Jun Everitt and Braham (1980); Pitcher (1986)
1981 500- 600 10 Ott Frost et al, (1983)
1985 4010 17 Jun Pi t cher (19868
Seal islands/IInik 1966 3200 6 Jul Pitcher (1986) °
250 2 Aug X, pitcher in Frost et al. (1983)
1967 200 5 May K. Pitcher, &brec file .
330 1 Jun "
500 18 Jul "
1968 300 2 Jul "
350 10 Jul Pitcher (1986)
300 17 Jul K. Pitcher, ADF&G file
400 23 Jul K. Pitcher in Frost et al. (1983)
400 31 Jul K. Pitcher, Aprac file
450 4 Aug K. Pitcher in Frost et al. (1983)
1969 900 30 Jun Pitcher (1986)
1000 17 Jul K. Pitcher in Frost et al.(1983)
1970 1000 21 Jun Pitcher (1986)
1600 25 Jul K. Pitcher in Frost etal. (1983)
1971 400 5 Jun K. Pitcher, apFas file
1000 18 Jun "
860 6 Jul "
1550 14 Jul Pitcher (1986)
1350 2 Aug K. Pitcher, ADF&G file
1973 374 i1 Jul K. Pitcherin Frost €t al, (1983)
1975 1137 18 Jun Everitt and™Braham (1980); Pitcher (1986)
75 Aug Everitt and Braham (1980)
1976 786 20 Jun Everitt and Braham (1980); Pitcher (1986)
241 Aug Everitt and Braham (1980)
1977 497 28 Jun Everitt and Braham (1980): Pitcher (1986)
1984 600 29 Apr Izembek NWR file, Goose surveys
1985 1521 14 Jun Pitcher (1986)
1986 650 5 My Izembek NWR file, GOOse surveys
1988 75 ¢ 30 Apr S. Hills, USFWS (Pers. Comm.)
Ilnik Only 1971 3200 5 Jun K. Pitcher in Frost et al, (1983)
Port Heiden 1965 2500- 3000 19 May K.Pitcherin Frostetal. (1983)
8000- 10, 000 1 Jul "
2500- 3000 I Aug "
1966 800 7 Jun "
1500 24 Jun Pitcher (1986)
2500 30 Jun "
1500 4 Jul "
2500 6 Jul "
750 2 Aug K.Pitcher in Frost et al. (1983)

Cont i nued.
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Number of

Location Year Seals Date Information SOUTr Ce
Port Heiden (Cont.) 1967 800 5 My K. Pitcher in Frost et al, (1983)
350 1 Jun "
2300 18 Jul "
1968 1200 2 Jul Pi tcher (1986)
2500 10 Jul "
3000 17 Jul K. Pitcher in Frost et al. (1983)
800 4 Aug =
1969 1400 27 Jun Pitcher (1986)
2100 29 Jun "
2100 4 Jul "
1300 8 Jul "
2050 17 Jul K. Pitcher in_Frost et al. (1983)
1970 4000 20 Jun Pitcher (1986)
3100 21 Jun "
2400 27 Jun K. Pitcher in Frost et al. (1983)
6500 2 Jul Pitcher (1986)
2100 18 Jul "
1971 1000 5 Jun K. Pitcher in Frost et al. (1983)
5900 18 Jun Pi tcher (1986)
2000 2 Jul K. Pitcher in Frost et al. (1983)
1600 14 Jul Pitcher (1986)
1700 2 Aug K. Pitcher in Frost et al. (1983)
1973 4298 11 Jul Pitcher (1986)
1975 4774 18 Jun "
5273 20 Jun Everitt and Braham (1980); Pitcher (1986)
4776 15 Jun Pitcher (1986)
1975 3453 Aug Everitt and Braham (1980)
1976 10,548 20 Jun Everitt and Braham (1980); Pitcher (1986)
4782 Aug Everiit and Braham (1980)
1977 6222 28 Jun Everitt and Braham (1980); Pitcher (1986)
1981 1100 9 Ot Frost et al. (1983)
1984 1000 10 May ADF&G, King Sal non
1985 4700 17 Jun Pitcher (1986)
6196 18 Jun "
4405 19 Jun "
6035 20 Jun "
5782 21 Jun "
1986 800 5 My Izembek NWR files, Goose survey
Strogonof Poi nt 1956 100 Jul/Aug Mathisen and Lopp (1963)
1957 1295 Dec "
G nder River 1965 1000 19 May K. pitcher in Frost et al. (1983)
1966 1500 13 Jun Pitcher (1986)
1000 24 Jun "
950 6 Jul "
2000 2 Aug K. Pitcher in Frost et al. (1983)
2000 5 Aug "

Continued. . .
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Table 7.3. Concl uded.

Number of
Location Year Seals Date I nformation Source
Cinder River (Cont.) 1967 3000 18 Jul K.Pitcher in Frostet al. (1983)
1968 600 2 Jul Pitcher (1986)
800 10 Jul "
700 17 Jul R. Pitcher in Frost eta.(1983)
800 23 Jul "
200 31 Jul "
200 2 Aug "
1969 500 27 Jun Pitcher (1986)
1970 3400 2 Jul "
1500 5 Jun K. Pitcher in Frost etal. (1983)
350 14 Jul Pitcher (1986)
1973 875 11 Jul "
1975 925 18 Jun Pitcher (1986)
2867 20 Jun Everitt and Braham (1980); Pitcher (1986)
113 Aug Everitt and Braham (1980)
1976 3062 15 Jun Pitcher (1986)
4503 20 Jun Everitt and Braham (1980); Pitcher (1986)
1008 Aug Everitt and Braham (1980)
1977 1530 28 Jun Everitt and Braham (1980); Pitcher (1986)
1981 350 8 ott Frost et al, (1983)
1985 | 14 Jun Pitcher (1986)
0 15-21 Jun Pitcher (1986)
1988 300 + 30 Apr S. Hills, USFWS (Pers. Comm.,)
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Table 7.4. Harbor seal haulout Sites,

northern Bristol

Bay to Yukon River,

Location

Number of

Year Seals Date Information SOUr Ce
Kvichak Bay (incl.
Sal non Flats, Halfmoon Bay 1973 150 11 Jun K. Pitcher in Frost et al. (1983)
and Deadman Sands 1988 150+ 5 Jul J. Burns, notes
Nushagak Peninsula
East Side 1974 Present Au g Frost et al. (1983)
1975 Present 30 May-15 Jun "
cape Const anti ne 1981 75- 100 29 Jul D. Calkins in Frost et al. (1983)
Tvakivak Bay area 1981 77 8 May L. Lowy in Frost et al. (1983)
Sunmit Island 1977 5 11 Jul Frost et al. (1983)
1980 30 23 Ssep "
Hagemeister |sland 1974 Present Aug Frost et al. (1983)
1975 150 + 30 May "
Present 30 May-15 Jun "
20- 200 Jun & Aug Everitt and Braham (1980)
1977 70 + 9-10 Jul Frost et al. (1983)
1980 100 - 23 Sep "
High Island Vari ous Present Vari ous J. Brooks (Pers, Comm.)
East Side Unspeci fied 12+ 5 & 10 Jul Frost et al. (1983)
West Side Unspeci fi ed 25+ 5 & 10 Jul "
North End 1973 20 12 Jul K, Pitcher in Frost et al. (1983)
South End 2 12 Jul "
1977 38 +pups Jul ADF&G files, Fairbanks
Crooked Island 1973 30 12 Jul K. Pitcher in Frost et al. (1983)
1977 10’s + pups 16 Jun-17 Jul Frost et al, (1983)
Round 1Isl and 1981 2 7 Ot Frost et al. (1983)
Bl ack Rock 1973 20-30 12 Jul K. Pitcher in Frost et al. (1983
1981 300 7 Ot Frost et al. (1983)
The Twi ns Vari ous Present Various Burns (Pers, Comm.)
Cape Peirce 1981 30 + 6 Ot Frost et al. (1983)
Vari ous Present Vari ous Burns (Pera. Comm.)

Continued. . .
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Table 7.4. Continued.

Nunber of
Location Year Seal s Dat e I nformati on Source
Nanvak Bay* 1966 1000-2000 Vari ous ADF&G files, Fairbanks
1970 1000 + 25 Jul Frost et al. (1983)
1971 458 24 Sep "
900 + 28 Sep "
1973 250-300 Late Jun-early Jul "
1975 2918 31 Aug (max. count) Johnson (1975)
1979 2000 13-25 Sep Frost et al. (1983)
1980 200 5 My "
500 6 Ot "
1981 200 4dpr/May H
3100 31 Aug "
3000 end Sep "
1983 2500 26 Sep K. Taylor, ADF&G files
450 12 Ot "
1986 70 + My (nonthly max.) Mazzone (1987)
250 - Jun “ o
540 + Jul " w
460 - Aug L "
500 Sep [}] 88
1987 180 + May " 0'Neil and Haggblom (1987)
100 + Jun " "
150 + Jul " "
205 t Aug ot o
221 Sep " "

Cape Newenham area

Security Cove

Chagvan Bay

Goodnews Bay

Various years and dates. Present in |ow nunbers. Maxinmum reported count was 50 on
30 May 1975, as reported in Frost et al. (1983).

Various years and dates. Present in |ow numbers. Frost et al. (1983),

Various years and dates. Present. Maxinmum reported count 150 (% harbor seals
unknown) on 17 June 1977, as reported by Frost et al. (1983).

Various years and dates. Present. Maxinmum reported count 25 (% hacbor seal s
unknown) on 17 June 1977, as reported by Freost et al. (1983).

Continued. . .
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Table 7.4. Concl uded.

Nurmber of
Locati on Year Seal s Dat e I nformati on Source

Kuskokwim Bay

Numerous bars and flats (Note: Spotted seals in late spring, early summer, replaced by harbor
seals in sumer to autumm. Seasonal proportions not well known).
Sanpling in May showed 100% spotted seals and sanpling in July showed
mai nl'y harbor seals (ADF&G files) - selected counts are:

1972 2000 + 4 Jul Frost etal. (1983)
1977 2000 + 17 Jun "
1978 5650 + 17 May "
6000 + 20 May "
Islands off Cape Avi nof area
andNorth, i ncl udi ng:
Kwigluk |slands Vari ous Numer ous Summ .r Burns (Pers. Comm, )
Pingurbek |sland (probably spotted seals in late spring-early sumrer and harbor seals
Kikegtek |sland during July freeze-up, Proportions unknown. Numbers unknown but reported
Krekatok |sland by locals as numerous).
Nunivax | sl and
Cape Mendenhall 1981 80 4 Ott Burns (Pers. Comm.)
20 50t "

* Arvey (1973) recognized the presence of both harbor and spotted seals in Nanvak Bay. Johnson (1975)
found that on 31 August 1975, the date of his highest sumrer count, 90%of 2918 seal s hauled out weare
harbor seals and 10% were spotted seals.
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Table7.5. Harbor

seal haulout siteson the Pribilof Islands.

Rookery/
Haulout Nunber Time of
Island Site Year of Seals Survey I nformation Source
St. Paul All 1870's Present Year round Elliot (1882)
1895 Present Summer True (1899)
Currently Present Y ear round This study
Gorbatch 1870's Present Year round Elliot (1882)
1895 Few Sumrer True (1899)
Sout hwest Bay 1895 Present Summer True (1899)
North Shore 1895 Present Sunmmer True (1899)
St. George Al 1870's Present Year round Elliot (1882)
Currently Present Year round This study
near Dalumoi Pt. 1982 40-50 Summer Frost et al. (1983)
VWl rus Island Al Currently Few Year r ound This study
Sivutch or A1 Currently Few Year round This study
Sea Lion Rock
Oter Island Al 1870's Present Year r ound Elliot (1882)
1953 Present 14 Jul Scheffer (1977)
1973 500 + 12 Aug Frost et al. (1983)
1974 425 + 7 Jul Johnson (1974)
1080 + 9 Jul "
1175 + 17 Jul "
340 ¥ 27 Jul "
1050 + 29 Jul "
1190 + 2 Aug "
610 + 7 Aug u
1075 + 9 Aug "
375 + .12 Aug "
495 ¥ 20 Aug "
1210 ~ 24 Aug "
700 + 25 Aug "
1975 200 + 16 Jul ‘Frost et al, (1983)
1978 300 2 May "
707 16 May Kelly (1978)
1979 250 + 13 Apr Frost et al. (1983)
1981 119 - 26 Jun Prib. 1s1. Ann. Rep. (1981) in Frost et al. (1983)

967 ‘sTeag zoqaeq *; xipuaddy



APPENDI X 8. DETAILED COUNTS OF PACI FI C WALRUSES AT TERRESTRI AL HAULOUT SITES IN THE EASTERN BERING SEA.

Table 8.1. Reported counts of Pacific walruses at haulout sites in the southern Bristol Bay region
Haulout Number of Time of
Locati on Site Year Val ruses Survey I nformation Source
Unimak Isiand Otter Point 1967 Present 11 wmay Izembek NVR files
Amak |sland Anak |sland 1962 100-120 8 Apr J. Burns, field notes
1969 100 15 apr Frost et al. (1983)
1979 500 28 Jun "
400 15 Jul "
50 28 Jul "
0 26 Aug "
20 29 Aug "
4-5 1 Sep "
5 5 Sep Izembek NVR files
9 6 Se, Frost et al, (1983)
0 11 ott "
Many Autum-1 Nov "
1980 0 7 May "
0 6 Jun "
0 23 Jun "
0 2 Jul "
1981 0 9 Mr "
0 1 Apr "
0 11 Ot "
0 16 Ot "
1982 0 13 Jul "
Port Holler areal Her endeen Bay 1968 up to 1000 20 Apr Frost et al. (1983)
Port Moller (incl. 1969 200 + Jan/Feb Fay and Lowy (1981)
Harbor Pt.) 1976 1000's (offshore) Sunmer Frost et al. (1983)
Present Sunmer Fay and Lowry (1981)
1979 2000- 4000 Apr/May Frost et al. (1983)
400 Mid May "
1980 750- 1000 6 May "
800 + 27 May Izembek NWR files
up to 1000 Late May "
Pt. Divide 1982 4 21 Apr Izembek NWR files
0 27 Apr "
Bear River 1978 140 23 Apr Tzembek NWR files
1979 100 17 Apr ADF&G, Fairbanks
Port Moller to Herendeen Bay 1983 3250 26 Apr Izembek NVR files

Conti nued.
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Table 8.1. Conti nued.

Number of Time of
Location Year V@l ruses Survey Information Source
Cape Seniavin 1978 140 23 Apr J. Sarvis, Aleutian Islands NVR
Many Ap r Fay and Lowy (1981)
1979 Many Apr/May "
1980 Many Lace Mr "
600 5 Apr "
500- 600 7 Apr "
50 10 Apr "
0 13 Apr "
0 14 Apr "
1000- 1500 16 Apr "
1000 17 Apr 4DF8G , King Sol onon
383 18 Apr Fay and Lowy (1981)
200 15 May "
l 20 ,\my "
2 21 May "
100 22 May "
130 23 May "
Departed 25 May lzembek BWR files
1981 1500- 2000 7 Apr Fay and Lowy (1981)
250 + 8 Apr lzembek WWR files
60- 100 9 Apr Fay and Lowy (1981)
100 10 Apr "
40 11 Apr "
34 12 Apr "
0 23 Apr "
0 7 May "
1982 Few, if any Apr/May izembek, NWR files
1983 2500 31 Mar "
1000 + 9 Apr "
3500 26 Apr "
75 7 May "
250 1% Jun u
1000 + 13 Apr Izembek NVR files
150~-200 28 May ADF&G, King Sol onobn
500 + 14 Jun "
1984 +0-350 24 Apr R. Wilk, USFWS Ki ng Sal non
625 29 Apr lzembek NWR files
156-170 9-18 May R. Wilk, USFWS King Sal non
1985 0 3 Apr Izembek NWR files
0 12-16 May "
1986 132 25 Apr R. Wilk, USFSW King Sal non
1987 200 16 Mar S. Hills, USFWS (Pers. Comm.)
3000 26 Mar "
2500 2 Apr "
3300 5 Apr "

Continued. . .
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Table 8.1. Concluded.

Nunber of Time of
Location Year VMl ruses Survey | nformation Source
Cape Sen avin (Cont.) 1987 2000 6 Apr S, Hills, USFWS Pers., Comm.)
1200 7 Apr "
50 24 Apr "
200 9 Jun "
25 13 Jun "
5 14 Nov "
1988 50-60 23 Apr "
200 27 Apr "
100 28 Apr "
300 1 Nay "
350 2 My "
500 3 My "
100 4 May "
200 + 4 My Izembek NWR files
150 5 May S. Hills, USFWS (Pers. Comm.)
50 6 My "
30 7 May "
60 8 May "
120 9 May "
100 10 May "
0 11 May "
1800 12 May "
1500 13 My "
1000 14 May "
1000 15 May "
Port Heiden 1979 Present Jun/Jul Fay and Lowry (1981)
40 30 Jun Frost et al. (1983)
50- 60 15 Jul "
1 2 Ot "
G nder River 1962 Present May Fay and Lowy (1981)
A few Frost and Lowy (1983)
1963 Present May Fay and Lowy (1981)
1971 1 Early Ot Frost et al. (1983)
1973 1 Late May "
Egegik Bay 1983 1000 + 1 Apr ADF§G, King Sol onon
200-270 2 Apr "
1 An unknown number 0of wal ruses are reported to haul out on Deer Island, which is in the narrows

between Port Moller and Herendeen Bay.
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Table 8.2. Pacific walrus haulout sites,

northern Bristol

Bay to Bering Strait.

Nunber of Time of
Locati on Year Walruses Survey I nformation Source
H gh Island 1953 0 29 May F. Fay, notes
250 + 22 Jul J. Brooks in Frost et al. (1983)
1958 o - 12 May F. Fay, notes
North Twin Island 1953 600 + 29 May Frost et al. (1983)
850 + 22 Jul "
1957 899-1000 Jun "
1958 300 12 May "
2 25 Jun "
1959 10 Aug "
197.4 Present Aug "
1975 Present 30 May-15 Jun "
1976 1000 + 12 Jun "
Crooked |sland 1957 -20 Jun F. Fay, notes
Round | sl and 1953 400 + May Frost et al. (1983)
1954 500 + May "
1955 Some May "
1957 500 Aug "
1958 2-3000 May/Jun "
1959 3076 Jun "
1960 1-2000 Aug "
1966 200 Jul Lowy et al. (unpubl.)
1968 1000 At Frost et al, (1983)
1970 500 + Nov "
1672 3000 Summer ADF&G files
1973 1000 Jul "
1974 3000 + Jul "
1975 10,000 Sunmer "
1976 8-10,000 23 Aug "
5210 Sep Taggart and Zabel in Frost et al. (1983)
1977 10,000 + Jun/Jul Taggart and Zabel (1975)
1980 1500 + Late Mar ADF&G, Dillingham
4000 + 17 apr ADF&G, King Sol onon
11,600 Jun Taggart and Zabel in Frost et al. (1983)
1981 5000 Apr/May Frost et al. (1983)
10-12,000 S unme T ADF&G files
1982 10-12,000 Sunmer "
1983 2000 Aug "
1984 80-100 16 Jan ADF&G, Dillingham
6000 + Jul ADR&G files
1985 6112 + 29 Jun "
1986 12,400 Sunmer Sherburne and Lipchak (1987)

Cont i nued.
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Table 8.2. Continued.

Haulout Number Of Time of
Location Site Year Vil ruses Survey Information Source
Hagemeister Island 1935 8 Jun Frost et al. (1983)
1953 0 29 May "
0 22 Jul "
1958 0 12 May "
1974 Present Aug "
1975 Present 30 May-15 Jdun "
Cape Peirce araal 1981 2800 Sep Frost et al. (1983)
1683 150 8 Apr K. Tayl or, ADF&G,Dillingham
4 21 Apr "
0 1 Jun "
3800 9 Aug "
6000-7000 17 Alg " )
7000 23 Aug Taggart and zabel (1985) in ADF&G files
5000 22 Sep K. Taylor, aprez Dil ingham
0 26 Sep "
900 12 Ott "
1984 650 18 Jan K. Taylor, ADF&G Dii ingham
125 + 19 Jan "
8600 Summer 0'Neil and Haggb om ( 987)
1985 150 + 1 Jun ADF&G, Fairbaaks
12,500 Jul Mazzone (1986)
1986 11, 600 Summer O Neil and Haggb om ( 987)
1987 6300 Summer "
Cape Newenham area 1978 500 + Jun Frost et al. (1983)
1979 up to 400 Spring/Summer "
1980 up to 400 Spring "
1981 up w 400 Spring "
1986 700 Sumrer O Nei|l and Haggblom (1987)
1987 70 Sumrer "
Security Cove area 1978 25-30 May Frost et al. (1983)
1983 10,000 1-4 May ADF&G files, Bethel
Goodnews Bay area 1978 1 17 May Frost et al. (1983)
200- 250 Nov "
Kwigillingok area 1968 500 +_ Jun "
Nuni vak Island
North Side 1978 200+ Oct-Nov Frost et al. (1983)
Near Cape Etolin 1978 200+ Nov-De ¢ "
Cape Mhican Vari ous Present Summer-Autumn Local Informants

Cont i nued; . .
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Table 8.2. Continued.

Haulout Number of Time of
Location Site Year VAl ruses Survey I nformation Source
Cape Vancouver (W Cip 1978 Present Oct Frost et al. (1983)
of Nelson Island)
Egg Island 1971 200-300 Jun "
Besboro Island 1961 200 15 Aug Frost et al. (1983)
1963 200-400 Jun/Jul "
1964 0 7 Jul "
1971 A few Jun/Jul ®
1980 100+ Summer "
1981 100+ Summer "
Cape Darby area 1979 7 22 Jun "
1981 50 2Jun "
1 4 Jun "
1 5 . 3un »
Sledge Island 1971 1000 + 16 Jul "
1976 A faw Summer "
1980 2-3 Summer "
1981 2-3 Summer v
Pribilof | sl ands 1899 "Exterminated” True (1899)
st. Paul 1898 Abandoned Jordan and clark (1898)
st. George 1898 Abandoned I
WAl rus Island 1870°s A few Sumrer Elliot (1882)
1874 Present Summer "
1898 Abandoned Jordan and C ark (1898)
1979 1 13 apr Frost et al. (1983)
Otter Island 1898 Abandoned Jordan and Cark (1898)
1979 1 13 apr Frost et al. (1983)
St. Matthew Island 1874 0 5-13 Aug Elliot (1882)
1916 500 8-12 Jul Hanna (1920)
1957 0 Jul~Aug Klein (1959)
1986 0 10~19 Jun L. Lowry, notes
North Side 1978 2 27 May Frost et al. (1983)
near Gory or Russia Cape 1980 80 22-23 Sap Frost et al. (1983)
near Cape Upright 1981 110 Aut um "
1982 160 Summer "
Lunda Bay 1982 180 Summer e

Cont i nued.
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Table 8.2. Continued.

Haulout Number of Tires of
Locat i on Site Year V@l ruses Survey Informat | ON Source
Hal | fsland Ciren. 1915 F-resent Summer Hanna ( 1920)
1980 550 + 22-23 sep Frost et al. (1983)
1982 80 Jul-Aug "
1986 130 15 Jun L. Lowry, notes
St. Lawrence Is land and Gr:)up2
Regularly used hauloutsitesd
st. Lawrence Island Chibukak Pt. 1956 5 Oct Frost et al. (1983)
1962 Few (First reported reoccurrance) Autum Fay and Kelly ( 1980)
100's NOv Frost et al. (1583)
1963-1980 Up to several 100's Autum Fsy and Keily ( 1980)
1981 -Present Variable Antum R Silook (Pers. Cam)
Punuk Islands North Punuk IS land 1900-1950's Up to several 100's Autum General Accounts of locals
1930-1932 Large mabers Autum Fay and Kelly (1980)
1959 100's Autumn Burns ( 19%05)
1960 101YS Antum "
1961 100's Autum "
1962 1500 (estimate) Oct "
1963 20-25 Late Oct-Nov "
1965 60+ 24 ot Frost et al. (1983)
1966 Many 6 Dec "
1975 6000 18 et Ray in_Fay (1978)
1978 32,000 + Oct/Nov Fay and Kelly (1980)
1981 15,000 + 16 Nov Kelly in Frost et al. (1983)
Middle Punuk Island 1978 14,000 + Autum Fayand Kelly (1980)
South Punuk Island 1978 11,(XSl + Autum "
Irregularly used haulout sites ]
St. Lawrence Island Salghat 1978 19,000 + Autism Fay and Kelly (1980)
Makmik 1978 35,030 + Autum "
Kialagak 1970 Few (“for first cime") Dec Frost et al. ( 1983)
1978 37,000 + Autum Fay and Kelly ( 1980)

Continued. ..
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Tabl e 8.2. Concl uded.

Haulout Number of Time of
Location Site Year Walruses Survey Information Source
King Island 1979 1000 + 19 Jul Frost etal.(1983)
1980 5000 + Jun—-Sep "
1981 1000 + Jun-Sep "
1982 800 + Jul "
1983 2000 + Summer R. Koezuna (Pers. Comm,)
1984 2000 + Jul-Aug "
1985 1000 + Jul-Aug "
Little Diomede Isl.% 1974 Numerous Summer-Autumn Frost et al. (1983)
1980 Numerous Summer-Autumn "

I According t o 0'Neil aud Haggblom, significant reoccupation of hauling grounds in the Cape Peirce area
did not occur prior to 1983. However, Frost et al. reported significant use starting in 1981,

2 We have distinguished, arbitrarily between haulout sites that are regularly used (A)andthose used
irregularly (B). Walruses of both sexes andall ages use haulout sites in the St. Lawrence Island as
they are migrating southward, primarily during autumn, ahead of the seasonally advanci ng sea ice. Dead
and dying animals are commonly found.

3 Murie(1936)inGeistandRainey (1936) discusses the presence of a former haulout site at East Cape,
and stated . . . “ It is a wellknown fact thatinolder days walruses hauled up in great numbers at both
of these places [Punuk Istand and East Cape] . ..". We further indicated that wal ruses frequented East
Cape annually, "though in small numbers”. The site referred to as East Cape is unknown to us; it might
be Northeast CapeorSoutheastCape(=Kialegak).

4 Walruses, coming from the large, established haulout sites on BigDiomedeIsland, 2.7 miles from Little
Diomedeé Island, have repeatedly tried to againestablish havlout sites onLittle Diomede. T o date, those
pioneering efforts havebeen unsuccessful due tohuntingaud other sources of disturbance by people and
dogs .
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Appendi x 9. dossary of Scientific Ternms 265

APPENDI X 9. GLOSSARY OF SCI ENTI FI C TERMS

Definitions of the following terns are based on standard usage in the
scientific literature. In the case of pinnipeds, termnology is not consistent
in the scientific literature; as noted in Hoover (1988a: 161),'’'. ..Criteria used
to distinguish rookeries and haul outs are unclear and different between

regions. In this report, we have used term nology that is appropriate and

nost relevant to the four species of pinnipeds considered in this study.

1. Pinni ped Term nol ogy

Haulout Site A specific location on |and oricewhere pinnipeds (and
sea otters) clinb fromthe water (i.e. haul out) to rest,
breed, give birth, care for their young, molt, and/or

thermoregulate (Bigg 1985; Hoover 1988a, 1988b; Sease and
Chapman 1988).

Rookery Atermused to define specific terrestrial haulout sites
where adult male sea lions and fur seals rest, defend
territories around fenales, and where breeding, pupping
and nursing of young by females occurs (Fiscus 1986;
Hoover 1988a). These sites are usually along beaches or
rocky slopes near the water (Calkins and Pitcher 1983;
Bi gg 1985; Loughlin et al. 1984, 1986, 1987). In general
rookeries are located far fromcontinental |and nasses
(Bigg 1985).

Haul ing G ound A termused to define sites where subadult nale and sone
subadult fenmal e northern sea lions and northern fur seals
congregate during the mating season (Gentry and Kooyman
1986; Merrick 1987). These sites are associated wth
rookeries but, especially in the case of northern fur
seals, are wusually inland and farther from the shoreline
t han rookeries (Kozloff 1986).

Haulouts Atermused to define sites where northern sea |ions haul
out , generally to rest, during the non-breedi ng season
(Hoover 1988a). This termis also used in a nore genera
sense to designate any pinni ped haulout site that is not a
rookery (Bigg 1985; Hoover 1988a, 1988b; Sease and Chapnan
1988) .
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2. ACCUSTI C TERM NOLOGY

Sound Level or Received Level, Lr,

The sound pressure at an observation position expressed in
| ogarithmc terns

L. - 20 log,y P/pr (dB)

where the reference pressure, P = 1 microPascal (uPa)

Source Level, L _ o .
The sound 'pressure at an observation position t mfroman acoustic
source (dB re 1ypa at 1 m

Transmi ssion Loss, TL _ _ _ .
The reduction in sound level with distance along a given acoustic
path caused by spreading | oss and absorption loss conponents

TL:LS-LI._ dB re 1 m
Source Direetivity,D _
The change in acoustic output of asource as a function of aspect
angle in both the horizontal and vertical plane. Generally
expressed as a logarithmc ratio

D = 20 log,y, P/P,dB

where p is the pressure in a given direction and Py is the maxi num
source pressure i N a reference direction.

Sound Wavelength. » (m)
A = c/f, where ¢ isthesEIZeed of sound (m'see) and f
is the frequency (Hz).

Spreading Loss
The reduction in sound |evel caused by geonetric spreading of sound
energy, generally expressed as cylindrical spreading (10 log,,
range{ or spherical spreading (20 log,, range).

Absorption Loss, A _ _
The reduction in sound |evel caused by volunetric absorption of
sound energy by the transm ssion nedium
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Reflection Loss (RL) . .
The reduction in sound level after reflection froman absorptive
surface, expressed in logarithmc terns

RL = Ler Line (dB)
where L, g]and L- . are the reflected and incident sound |evels at

1 m fromthe reflection poi nt .

Sound Sﬁeed Profile

The variation of the speed of sound as a function of water depth.
Grazing Angle

Thefangle bet ween the sound propagation direction and a reflecting

surface

Critical Angle _ _ o
The reflection loss is Ofor grazing angles | ess than the critica
angl e.

Shear \Mve
A nmethod of wave propagation in solid nmedia wherein the particle
motion is transverse to the direction of propagation. (In an
acoustic wave the particle motion is aligned wth the direction of
propagation.)

Acoustic Ray Theory
A solution to the acoustic wave equation which considers sound
propagating as uniform phase wavefronts along a path (ray) deter-
mned by the initial radiation direction fromthe source and the
refractive properties of the nmedium (simlar to optical theory for
light) useful for deep water and high frequencies.

Acoustic Normal Mbde Theory
A solution to the acoustic wave equation which considers sound
propagation as a series of acoustic standing waves (normal nodes)
whi ch mateh the boundary and source conditions specified. The
pressure contributions froma series of nodes are added to give the
total acoustic pressure at a selected observation point (simlar to
room acoustic theory) ; useful for shallow water and | ow
f requenci es.
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