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ABSTRACT

Results are presented for three years of study on marine mammals and
their interactions with commercial and sport flsherleq of the Columbia
River and adjacent waters.

Abundance and distribution research documented a minimum of 6000 to
7000 harbor seals using 78 sites within the study area. Harbor seal
populations in the study area have increased at an annual rate of 10.77%
since 1976. Pup counts for Grays Harbor, Willapa Bay, and the Columbia
River showed a higher annual increase rate of 19.17 since 1976, with a
maximum count of 1481 pups in 1982, Maximum counts of 150-200 California
sea lions and 350-400 northern sea lions were observed in the study area
during the non-breeding period.

A total of 96 harbor seal were live-captured and tagged, with 59
fitted with radio transmitters. Results indicated: (1) daily movements
between haulout sites in the spring; (2) seasonal use of specific haulout
sites in the Columbia; (3) interchange of seals between the Columbia
River and haulout sites in Willapa Bay, Grays Harbor, and Tillamook Bay;
and (4) seasonal movement of parous females from the Columbia River to
nursery areas 'in Tillamook Bay, Willapa Bay and Grays Harbor for
parturition and lactation.

Marine mammal interactions (primarily with harbor seals) were
reported by salmon gillnet fishermen for 627 of fishing trips, and damage
to fish, gear, or marine mammals was documented for 367% of trips. Bitten
salmon in nets represented 5% of the coho catch and 47 of the chinook
catch in 1980. This was valued at $136,800, or 3% of the value of the
fishery. A higher proportion of the chinook catch was damaged in Grays
Harbor (34%) and Willapa Bay (12%), but a greater number of coho were
bitten in Willapa Bay (4053) and the Columbia River (5110 in 1980, 6127
in 1981). A significant increase in fish damage rates (from 3% to 12%)
was shown for the Columbia River between 1980 and 1981.

Gillnet gear damages, caused mainly by harbor seals, were valued at
$4880 for 550 cases in 1980. The estimate for the Columbia River in 1981
was $13,000 for 576 cases, caused primarily by California sea lions. An
estimated 335 harbor seals and 45 California sea lions were killed
annually incidental to gillnetting fishing. This take did not appear to
reduce population levels of either species.

Analyses of harbor seal feeding habits were based on 1088 scats
collected June 1980 to May 1982 between Grays Harbor, WA and Netarts Bay,
OR. Area harbor seals ate a minimum of 52 species of bony fish, 3
species of jawless fish, 3 specles of decapod crustaceans, 2 species of
cephalopods, and possibly other miscellaneous invertebrates.

The most frequent prey otoliths occurred for the following families
of bony fish: Engraulidae, Osmeridae, Gadidae, Embiotocidae, Cottidae,
and Pleuronectidae. Northern anchovy was a leading prey fish in summer.
Seasonal predation upon spawning runs of eulachon smelt was the apparent
cause for an annual shift in harbor seal population into the Columbia
River from other estuaries. Harbor seals frequently ate steelhead trout



at various times of year; however, otoliths from salmon species were not
often found in scats. Lampreys were eaten frequently by area harbor
seals.

A total of 237 marine mammals representing 16 species were recovered
dead in the study area between 4 March 1980 and 12 August 1982. A sample
of 37 harbor seals known to have died as a direct result of the salmon
gillnet fishery (367 of 104 collected) is described.

ii
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GENERAL INTRODUCTION

Marine mammals have been . perceived by many as competitors for
fishery resources in the Pacific Northwest. Interactions between marine
mammals and commercial fisheries’include reports of damage to fish in nets,
damage to fishing gear, and accidental or intentional killing of pinnipeds
on the fishing grounds. The Marine Mammal Commission sponsored a workshop
in 1977 (Mate 1980) in which the Columbia Rivér and adjacent waters were
identified as an area requiring intensive research on marine mammal-fishery

interactions.

Goals and Objectives

A three-year program of research was initiated in 1980, the major

goals of which were as follows:

15 Detefmine how marine mammals affect, and are affected by, sport and
commercial fisheries in the Columbia River and adjacent waters;

2)° Continue recent efforts to monitor marine mammal populations along
portions of the coasts of Oregon and Washington;

3) Provide the information needed to define the optimum sustainable
population levels (as required by the MMPA of 1972) of selected
specles of marine mammals in the study area;

4) Estimate age, reproductive condition, and cause of death for marine
mammals found dead in the study area;

5) Determine prey species of local harbor seals and other marine
mammals and compare them to species of commercial or sport value to

area fisheries.

To cover the broad scope of these goals, a wide range of study
objectives was developed and classified into the four major project

components which follow:



Marine Mammal Abundance and Distribution:

Determine the relative seasonal abundance, distribution and habitat
utilization of marine mammals in the study area (emphasizing
pinnipeds).

Describe seasonal movements of harbor seals throughout the study
area and assess the discreteness of local populatiomns.

Determine reproductive success of harbor seals, and describe any

seasonal use of breeding areas.

Marine Mammal-Fishery Interactions:

Identify the kind, rate, and economic impact of damage inflicted by
marine mammals upon fish caught in nets or on lines, along with
associated gear and fishing time losses.

Assess the degree of incidental take of marine mammals associated
with commercial fisheries in the study area, and the impact of this
take upon the status of the species involved.

Describe the nature and extent of dinteractions between marine
mammals and local sport fisheries,

Identify geographic areas where most marine mammal-fisheries
interactions occur.

Review approaches to reducing potentially harmful interactions.
Review methods of assessing the value of marine mammals to the

non-consumptive user.

Marine Mammal Feeding Habits:

Identify and quantify major prey species of harbor seals through
scat and specimen collections.
Estimate the extent of marine mammal predation upon commercially

valuable fish stocks.

Biological Analyses:

Describe the age structure, reproductive condition and general

health of the local harbor seal population.



Study Area ) -

The study area includes the‘.waters of the 1ower‘ Columbia River
below Bonneville Dam and the adjacent waters north along the Washington
coast to Grays Harbor (47° 04' N) and south along the Oregon coast to
Netarts Bay (45° 20' N) (Fig. 1). This study area encompasses five of
the largest estuaries on the Pacific coast between San Francisco Bay and
the Canadian- border. The Columbia River easfward to approximate
longitude 123° 00' W (vicinity of Longview, Washington) was emphasized
throughout this study. Other study sites include Grays Harbor and

Willapa Bay in Washington, and Tillamook Bay and Netarts Bay in Oregon.

Described below are the physical characteristics of each estuary,
the major biological communities which are preseht, and the demographics
of the region. The anadromous fish runs and marine mammals present will
be discussed in detail in chapters covering fisheries interaction and

marine mammal abundance and distribution.

Columbia River. The Columbia River estuary is the flooded river

valley of the second largest river system in North America. It is the
largest estuary in the study area, encompassing some 145 square miles
(CREST 1977; Proctor et al. 1980). Figure 2 maps the lower Columbia
River, showing major communities, river tributaries and fisheries

management zones.

On summer flood tides, salt water intrusion is recorded as far east
as Puget Island at approximately river mile 46. Tidal influence extends
to Bonneville Dam some 145 miles upriver. Unlike other estuaries in the
study area where tidal forces dominate salt and fresh water mixing, the
sizeable runoff of the Columbia River (average 259,000 cf/sec) permits
both étratified and partially mixed oceanic and riverine water (Proctor et

al 1980).

Physiographically, the lower estuary is characterized by low sand
bars and islands resulting from natural sedimentation and dredge spoil

deposits. The mouth of the river is flanked by two rock jetties which



Figure 1. Study Area:

The Columbia River and adjacent waters.
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have drastically changed the historic physiography and hydrography of the
entrance to make it less hazardous for shipping. The upper estuary above
Tongue Point (river mile 16) 1is typified by tidal marshes interspersed
with low lying islands ekhibiting western hemlock and Sitka spruce climax
communities (Proctor et al. 1980). Overall, the estuary contains 11,457
acres of this highly productive tidal marsh land, characterized by
grasses, sedges and rushes (CREST 1977).

Estuarine fauna is extremely abundant. This biologically rich area
is of key significance to numerous invertebrates, waterfowl, shore birds,
raptors and furbearers. The reader is directed toward CREST 1977, Proctor
et al. 1980 and CREDDP 1981 reports for a more complete description of the

ecosystem of this large estuary.

From both a biological and economic standpoint, the anadromous‘
fisheries of this big riVer are of critical importance. The river
supports the largest anadroméus fish stocks in the lower 48 states.
These stocks are heavily utilized by both commercial and recreational
fisheries. The species harvested consist primarily of salmonids, with
lesser fisheries in smelt, sturgeon and shad. Commercial fisheries are
managed jointly by the Columbia River Compact, composed of the Oregon
Department of Fish and Wildlife (ODFW) and the Washington Department of
Fisheries (WDF). Sport fisheries are managed separately by the states

of Oregon, Washington and Idaho.

The estuary borders Clatsop County in Oregon and Pacific and
Wahkiakum Counties in Washington. The south slide of the estuary has the
greater human population density, with approximately 17,000 —people; the
Washington population adjacent to the estuary is 3,700 people (Proctor
et al. 1980). The four major dindustries in these areas are timber
production, international shipping, fisheries and tourism. Clatsop
County provides two-thirds of the total Oregon coastal zone employment
in fisheries and seafood processing industries (Proctor et al. 1980),
primarily at the ports of Astoria, Warrenton and Hammond. The ports of
Ilwaco and Chinook in Pacific County are also fisheries-oriented areas

in Washington.



Grays Harbor. This extensive estuarine area 1is located at the

mouth of the Chehalis River on the Washington coast, approximately 45
miles north of the mouth of the Columbia River. It 1s the third largest
estuary in the study area, encompassing a total area of 97 square miles
(ACOE 1976). TFigure 3 maps the harbor and immediate surrounding area
including major communities, river tributaries and fisheries management

Zones.

The harbor is heavily influenced by tidal flux. The surface area
varies from 97 square miles at MHHW, to 35 square miles at MLLW (ACOE
1976). At low tide the harbor is characterized by vast expanses of sand
bars, mud flats and exposed eel grass beds criss-crossed with a network
of meandering tidal channels. The mouth of the harbor is flanked by two
convergent rubble mound jetties which exténd seaward, constricting the
entrance width to about 6,500 feet. Two low sand islands are located in the
central harbor, and numerous intertidal sand bars are scattered throughout

the bay.

The sand flat and mud flat areas are dominated by abundant eel
grass and salt marsh communities. These habitat types attract diverse
and numerous avian species, particularly waterfowl and sea birds. For a
detailed description of the. biological communities of this bay, the
reader is directed to Franklin and Dryness 1973, ACOE 1976, Peters et
al. 1977, and Proctor et al. 1980. '

Grays Harbor 1s important in the life cycle of several fishes.

Large spa'wnihg schools of whitebait smelt (Allosmerus elongatus) and

northern anchovy (Engraulis mordax mordax) enter the bay in late spring

and summer (WDF 1971). Anadromous fishes are the primary catch both in
commercial and recreational fisheries in this estuary. The ports at the
mouth of the bay, Westport and Ocean Shores, are the site_s.'of intensive
recreational fisheries for salmon. Shell fisheries are.als.o an integral
part of the commercial interest 1n this - area. ngbor habitat provides
both spawning areas and fishing grounds for the Dungeness crab (Cancer
magister). There 1is also a small but increasing harvest of planted
oysters (Crassostera gigas). ' '
7
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Grays Harbor has the most concentrated human use of any estuary in
the study area. The harbor is enéompassed totally  by Grays Harbor
County, Washington, whose waterfront“communities of Aberdeen,.Hoquiam,
Westport and Ocean Shores have populationé of 60,000 people (Proctor et
al. 1980). As with the Columbia River, the major industries of the area
are natural resburce—oriented, with forest products and recreational and

commercial fisheries of primary importance.

Willapa Bay. Willapa Bay is the second largest estuary within the
study area, encompassing 110 square miles (ACOE 1975). The entrance of
the bay is 23 miles north of the Columbia River and ten miles south of
Grays Harbor. Figure 4 presents the base map for the bay and immediate
surrounding area. Major communities, river tributaries and fisheries

management zones are shown.

As in Grays Harbor, this area is heavily influenced by tidal flux.
Surface area varies from 110 square miles at MHHW to 60 square miles at
MLLW. At low tide this exposes vast expanses of low lying mud flats and
eel grass beds intermingled with a network of tidal channels. The mouth
of the bay has no jetties and as such 1s characterized by a shifting
series of low lying sand bars and i1slands. Another series of sand
islands and intertidal bars occupies the central bay, while both the
north and south reaches feature large ~expanses of tidal flats. Long
Island, containing approximately 11 square miles of forest and marsh, is

designated as a National Wildlife Refuge.

Estuarine biological communities are similar to those described for
Grays Harbor. Avian species are numerous. - Peak wintering waterfowl
counts are estimated at 200,000 or more (Proctor et al. 1980), and
gulls, shore birds, terns, herons and various typés of raptofs are also
important. For a detailed description of the diverée estuarine flora
and fauna, the reader 1s directed to F&WS 1970, ACOE 1975, and Proctor
et al. 1980.

Major commercial fisheries in Willapa Bay target on salmon,

sturgeon, and Dungeness crab. The native oyster (Ostrea lurida),

responsible for the early development of the estuary's resources, has

9
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been nearly entirely replaced in this century by the commercial Japanese

oyster, Crassotrea gigas. Approximately 15,000 acres are currently under
oyster production,. with annual aQerage harvests worth over two million

dollars (Proctor et al. 1980).

Demographically, Willapa Bay 1is far less populated than previously
mentioned estuaries. The waterfront communities at Tokeland, Bay Center,
Nahcotta, Raymond and South Bend total less than 15,000 people. Thils low
human population density, combined with minimal navigational improvements,
makes this bay the most pristine large estuary in the study area. Major
industries are again forest products and fisheries. Communities along the

Long Beach penninsula are also highly oriented toward tourism.

North Oregon Coast.  The study area also encompases 60 miles along the

northern Oregon coast. The adjacent 15 miles south of the mouth of the
Columbia River comprise a contiguous broad sandy beach known as Clatsop
Beach. The rest of the coast is characterized by basaltic rock headlands
separated by short sand or cobble beaches, and nearshore reefs and sea
stacks. Within this area there are four estuaries: the mouths of the
Necanicum .and Nehalem Rivers, and Tillamook and Netarts Bays (Eig. 1).
Since Netarts and Tillamook are major areas of pinniped population density,

they will be described here.

Tillamoék Bay is located 50 miles south of the mouth of the Columbia
River. It is the second largest estuary in Oregon and is six miles long and
two miles wide. The average surface area at MHHW is 8,600 acres. At MLLW
50-60% of thisvsufface area (4,339 acres) is expdsed in tidelands (Bella et
al. 1974.)

The mouth of this bay is flanked by two rubble pile jetties, and the
main channel is dredged yearly by the Army Corps of Engineers. The central
bay 1s characterized by numerous - intertidal sand bars which serve as
excellent harbor seal hauling areas. The southern portion of the bay is
shallow tidelands.

11



Five major tributaries of the bay are the Miami, Kilchis,
Tillamook, Trask and Wilson Rivers. About 19 smaller tributaries also
discharge into the bay. These tributaries and the estuary support
substantial salmonid fish runs. Estimated numbers of adult anadromous
salmonids spawning in these rivers are 39,825 chinook, 33,625 coho,
9,900 chums, 51,975 steelhead, and 18,000 sea-run cutthroat trout (Bella
et al. 1974). Although there is no commercial gillnet fishery allowed
in this bay, this large anadromous fish resource is heavily utilized
recreationally. Bottom fishes also play an important part in the
recreational catch. Estimated annual collective harvest of these

species is 24,500 fish per year (Bella et al. 1974).

Recreational and sport shellfisheries are also of importance in
this bay. Oysters (Crassostrea gigas), which must be seeded for growth
to occur, are cultivated on 2,650 acres of the bay (Bella et al. 1974).
Dungeness crab and several species of bay clams are also taken for

recreational use.

Human population density is relatively low with 25 people per
square mile (Proctor et al 1980). The towns of Tillamook (population
3,968) and Garibaldi (population 1,083) are the only major communities
on the bay. The major industries around the bay are those connected
with timber, agricultural and dairy products, fish and seafoods, and
tourism (Bella et al. 1974).

Netarts Bay is the smallest of the estuaries discussed in this
section, encompassing only 2,300 acres. It is located 60 miles south of
the Columbia River and only ten miles from the mouth of Tillamook Bay.
Whereas most of the estuaries in the étudy area are of the flooded river
mouth variety, Netarts is a bar-built estuary. It is greatly influenced
by tidal flux, producing tidelands which comprise 65-~90% of the surface
_aréa at.low tide. The mouth of the estuary is narrow and unimproved,
partially exposing the bay to wave action. The interior of the bay is
characterized by tidelands, intertidal sand bars and a network of

meandering channels at low tide.

12
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Some of the bay's 12 small tributaries are used by anadromous
salmonids, but there 1is no commercial fishery and 1limited recreational
take (Kreag 1979). There 1is an experimental aquacultural chum salmon
hatchery on Whiskey Creek, the bay's major tributary. Brown (1981)

discusses the rate of predation by the harbor seal (Phoca vitulina r.)

on these returning stocks. Other fish species supported within the bay
are perch, flounder, greenling and rockfish. Shellfishes include

oysters, clams and Dungeness crab.

Demographically, the bay has only one community of any size,
Netarts (population 900). Commercial fishing dis 1limited to oyster
culturing and some Dungeness crabbing. Tourism is the largest industry,
taking advantage of the recreational fishery and shellfish resources in

this small pristine bay.
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OCCURRENCE AND DISTRIBUTION PATTERNS OF MARINE MAMMALS
IN THE COLUMBIA RIVER AND ADJACENT COASTAL WATERS OF
NORTHERN OREGON AND WASHINGTON

by
Steven J. Jeffries

INTRODUCTION

The Columbia River and adjacent marine areas of the northern Oregon
and Washington coasts support a variety of marine mammal species which
can be found throughout the North Pacific. Historical records and early
accounts of coastal marine mammals are available from a number of sources
(Swan 1857; Scammon 1874; Scheffer 1928a, b; Scheffer 1940; Scheffer and
Macy 1944; Scheffer and Slipp 1944; Scheffer and Slipp 1948; and Cutright
1969). More recent accounts and research have documented species
composition, sighting records, distribution patterns, seasonal abundance,
biology and natural history of many marine mammal species found in this
area (Pike 1956; Pike and MacAskie 1969; Pearson and Verts 1970; Newby
1973; Mate 1975; Johnson and Jeffries 1977;‘Wahl_1977§ Haley 1978; Stroud
and Roffe 1979; Everitt et al. 1980; Brown 1981; and Maser et al. 1981).
Based on this information a total of 29 marine mammal species can be

expected to be found in the coastal waters of this area (Table 1).

Of the marine mammals recorded in these coastal waters, the Pacific

harbor seal (Phoca vitulina), California sea 1lion (Zalophus

californianus) and northern sea lion (Eumetopias jubatus) are the most

abundant and important of the pinniped species. The California gray

whale (Eschrichtius robustus), which is seasonally abundant during its

annual migration through coastal waters, and the harbor porpoise

(Phocoena phocoena) have been the most frequently sighted cetacean

species. Seasonal distribution and abundance patterns for these species
have been obtained primarily using aerial census methods. Additional
sightings have been recorded during ground or boat surveys, fishery
interaction documentation, and through the regional marine mammal

stranding program.
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Table 1. List of marine mammal species reported from the coastal waters
of northern Oregon and Washington. ,

Occurrence
Order: CARNIVORA

*Sea otter, Enhydra lutris? R

Order: PINNIPEDIA

*California sea lion, Zalophus californianus
*Northern sea lion, Eumetopias jubatus
*Northern fur seal, Callorhinus ursinus

*Pacific harbor seal, Phoca vitulina

*Northern elephant seal, Mirounga angustirostris

el -NeNe!

Order: CETACEA

*California gray whale, Eschrichtius robustus
Right whale, Balaena glacialis
*Minke whale, Balaenoptera acutorostrata
Fin whale, Balaenoptera physalus
Sei whale, Balaenoptera borealis
Blue whale, Balaenoptera musculus
Humpback whale, Megaptera novaeangliae
*Sperm whale, Physeter macrocephalus
Pigmy sperm whale, Kogia breviceps
*North Pacific beaked whale, Mesoplodon stejnegeri
Hubb's beaked whale, Mesoplodon carlhubbsi
Cuvier's beaked whale, Ziphius cavirostris
Giant bottlenosed whale, Berardius bairdii
*Pilot whale, Globicephala macrorhyncus
Risso's dolphin, Grampus griseus
*Killer whale, Orcinus orca
False killer whale, Pseudorca crassidens
*Common dolphin, Delphinus delphis
*Northern right whale dolphin, Lissodelphis borealis
*Striped dolphin, Stenella coeruleoalba
*Pacific white-sided dolphin, Lagenorhyncus
obliquidens
*Dall's porpoise, Phocoenoides dalli
*Harbor porpoise, Phocoena phocoena

g A R R g A e

O x>

C=Common, R=Rare, A=Accidental

Sea otters were transplanted to the Oregon and Washington coasts from
Amchitka Island, Alaska stock in 1969 and 1970.

*Species recorded during present study of the Columbia River and
adjacent waters from strandings and/or aerial surveys. Sea otters from
northern Washington coast only.
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Identification of seasonal distribution and movement patterns for
harbor seals has been aided by a .capture and radiotagging program. The
Columbia River was chosen as the site for radiotagging studies to obtain
an understanding of the movement dynamics, activity cycles and relative

discreteness of this harbor seal population.

METHODS

Aerial Surveys

Aerial censuses of all suitable habitat in the study area were
conducted on a seasonal basisbusing a Cessna 172 aircraft, chartered
from a local air service in Astoria, Oregon. Aerial survey methods were
consistent with those which have been used to describe regional pinniped
populations since 1975 (Johnson and Jeffries 1977; Mate 1977; Everitt
and Braham 1980; and Everitt et al. 1980; and Johnson and Jeffries
1983). '

Systematic aerial surveys were made of all study area estuaries
(Netarts Bay, Tillamook Bay, Nehalem Bay, lower Columbia River, Willapa
Bay and Grays Harbor), as well as along the headland areas and offshore
rocks of the northern Oregon coast. Due to the size of the study area,
total coverage surveys generally required two days to complete, with one
day looking at locations south of the Columbia River to Cape Lookout,
Oregon, and the next covering locations mnorth to Grays Harbor,
Washington. Occasionally survey direction was reversed if weather
conditions were unfavorable in a specifié area. Flights were timed to
coincide with the low tide cycle when maximum numbers of harbor seals
were present on tidal mudflats, sand shoals and reefs in the study area

(Johnson and Jeffries 1977; Brown 1981).

The relatively few haulout sites on nearshore rocks and reefs of
the northern Oregon coast were also exposed and available only during
low tides. Aerial surveys were routinely made of these areas during low
tide. It should be noted, however, that harbor seals in these areas
were occasionallyvseen at high tide using adjacént cobble beaches as

haulout areas. These haulout sites (Tillamook Head and Cape Falcon)
' 17



were used by only a small portion ( < 4%) of the regional harbor seal
population; thus this deviation from the low tide haulout pattern
probably has a minimal effect on the overall analysis. (This would be
particularly true if the same seals which were hauled on offshore rocks
during low tide cycles were merely moving to the beach as the incoming

tide covered the primary haulout areas.)

During aerial surveys the principal observer sat in the copilot's
seat and was responsible for sighting, estimating and photographing
animals. Additional observers sat in the rear and were responsible for
recording in the flight log, supplemental photography and sightings.
Sightings of harbor seals were made from altitudes of 150-200m. This is
an altitude which produces minimal disturbanée of harbor seals and is
optimal for photographing seals. Due to the more tolerant nature of the
sea lion specles in the study area, overflights at their haulout
locations could be made at lower altitudes (80m-100m) without céusing

significant disturbance.

Estimates were made of all animals observed. These were recorded
in the flight log along with time, location and other general comments.
Photographs were taken to verify wvisual estimates of group size.
Overlapping photos were taken if more than one photograph was required
for complete coverage. Photographs were taken hand holding a 35mm SLR
camera equipped with a 135mm telephoto lens. Kodak Highspeed Ektachrome
color slide film (ASA 160 or 200) was used to compensate for the low
aperture stops and high shutter speeds (1/500 - 1/1000 second) needed to

reduce image distortion and blurring caused by airspeed.

In the laboratory, each slide was projected onto either a white
sheet of paper or a framed piece of glass with the opposite side painted
white. Individual seals or sea lions were marked on the counting
surface to avoid duplication. These photographic counts replaced the
visual estimates for final analysis. The use of color slides also aided
in the didentification of California sea 1lions which were not

distinguished from northern sea lions at the time of the survey.
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Photo and visual counts of harbor seal pups were used in the
analysis of productivity in the study area. Harbor seal pups were
easily identified on the uniform background of sand or mud substrates
using the criteria of having a bright newborn pelage color, small size,
and close proximity to an adult female during the nursing period. The
bright newborn pelage is an important criterion because at this time the
adult and subadult animals have a dull brown or tan premolt pelage
color. Using these criteria, pups could be easily distingulshed in all
estuary areas. In the few areas where rocky haulout sites were used
along the northern Oregon coast, therbroken and non-uniform nature of
the substrate made differentiation of mother/pup pairs more difficult.
Pup counts in these areas were considered minimal estimates of total

number of pups born.

Capture

In an effort to identify movement and activity patterns of harbor -
seals in the study area, a capture and radiotagging program was
undertaken in ﬁhe Columbia River in 1981 and 1982. Capture nets were
designed similar to those described by Smith et al. (1973) for use in

the Arctic on ringed seals (Phoca hispida). Each net panel was

constructed* to the following specification: length = 12 fathoms; total
depth = 4 fathoms; netting: 8- or 13-inch stretched mesh, #36 nylon dyed
green; floatline: 7/16-inch braided rope with polypropylene core;
leadline: 1 pound per fathom; hanging: 1/4-inch braided polypropylene,
0S4-SC floats every second hanging. During 1981 capture operations, 72
fathoms (6 panels) of 13-inch mesh net were used, allowing small seals
(to 30 kg) to escape through the mesh openings. In 1982 capture
operations, subadults were selected by using 60 fathoms (5 panels) of
net, with the outside panels 13-inch mesh and the three inner panels
8-inch mesh. Net depth (4 fathoms) was sufficient to hang completely to

the bottom when set along haulout sites in water 1-2 fathoms deep.

*
Eastside Net Shop, 14207 100th Avenue. NE, Bothell, WA 98011
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Caﬁture attempts were made at haulout sites in the lower Columbia
(Desdemona Sands, Taylor Sands, Green Island, and Miller Sands) during
low tides when seals were present. Nets were set using the methods
developed during earlier harbor seal capture operations in Washington
and Oregon (Everitt and Jeffries 1979; Brown 1981; Everitt et al. 1980;
and Brown and Mate 1983). Two outboard-powered boats were used to
deploy the net parallel to a haulout beach. The lead boat carried all
net panels on a platform set above the transom and outboard motor. This
boat approached the hauled out seals as rapidly as possible (20 knots),
and set the net as the seals entered the water. When only several
fathoms of net remained on the platform, this boat turned and landed at
the haulout beach. During the set the second boat picked up the other
net end and landed at the opposite end of the haulout. Net ends were
immediately pulled to the beach with an effort made to assure the
leadline remained on the bottom. Seals which were encircled became
entangled as the net was brought to shore in a beach seine fashion.
Occasionally seals might "jump" the floatline and escape during the
seining process. Additionally, small animals were able to pass through
the 13-inch mesh panels. Seals were removed by untangling the animals
or by cutting the net. Seals which were to be tagged were removed to

hoop nets; others were released immediately.

Handling

A total of 96 harbor seals were captured and handled during netting
operations in 1981 and 1982. Once captured and removed from the net,
seals were physically restrained during handling. Head bags (Stirling
1966) were used occasionally, although were generally not needed with
seals placed in hoop nets. Hoop nets were lightweight and flexible,
constructed as follows: hoop: 2-inch heavy rubber hose, 3 feet in
diameter; netting: l-inch knotless nylon mesh with 6 foot deep bag,
drawn together to close. With the seal placed head first in the hoop
net, the flexible hose could be easily bent back to expose the posterior
portions of the seal. At this time, tags were attached and pelage marks
applied. Each seal was double-tagged using color-coded Jumbo Roto tags
placed between hind flipper digits. Pelage marks for visual resighting
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were applied using red Woolite liquid livestock marker, and blown dry
with compressed air. Blood for chemical analysis and genetic studies
was drawn from the extradural intervertebral vein following the
technique described by Geraci and Smith (1975). Seals were also

measured and some were welghed during these procedures.

Radiotelemetry

Radiotelemetry packages 1,2 were attached to 59 of the captured
seals for determining movement and activity patterns. Packages
consisted of transmitter components (164 MHz band) and lithium battery,
encapsuled in ‘waterproof electrical resin. The radiotransmitter
packages weighed 125 grams, had a theoretical battery life of 300 days
and field-tested ranges of 4-16 km. Two attachmeﬁt methods were used

for placement of the package on the seals.

Thirty-nine seals were equipped with radiotelemetry packages
attached using an anklet around the base of the hind flipper (Pitcher
and McAllister 1981). The anklet package was cyclindrical in shape (9
cm x 3cm diameter), with the leading end rounded and tapered to reduce
drag in water. Ankle bands with a bimetallic 1ink to the radio package
were secured by heavy duty plastic tie wraps covered with rubber
surgical tubing for cushioning. The tie wrap allowed easy adjustment of
anklet diameters for each seal. Due to possible constriction of the
anklet during flipper growth, this method was used only with older age

seals.

Twenty additional seals (primarily small subadults) were fitted
with radiotelemetry packages by attaching the device to the pelage using
epoxy glue. The radiotelemetry package used had dimensions 9 x 3 x 3cm,
with a rounded upper surface and flat base. A shallow keyway was cut
into the sides of the package lecm up from the bottom. This keyway

provided a groove which locked the package base into the epoxy when set.

11981: Cedar Creek Bioelectronics Laboratory, Univ. of Minn., 2660
2Fawnlake Dr. NE, Bethel, MN 55055,
1982;: Advanced Telemetry Systems, 23859 NE Hwy. 65, Bethel, MN 55005.
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The attachment process used the following materials: (a) 3-~inch
diameter PVC plastic pipe, cut into 3cm sections. This was formed into
a mold in the general shape of the transmitter package by heating in
boiling water. The PVC mold was then cut halfway up (1.5-2cm) to
facilitate removal when the epoxy had set. (b) Nylon mesh materiall,
which was secured tightly around the base of the PVC mold using a
stainless steel hose clamp. (c) Bright, color-coded vinyl streamers
sewn to the mesh along the trailing edge of the mold. (d) S5-minute

epoxy?.

With the seal physically restrained, the pelage in the area of
attachment (mid-back) was towel-dried, degreased with acetone, and blown
dry with compressed air. The PVC mold with the nylon mesh attached was
pushed down and moved forward to raise hair clumps through the mesh
openings. Epoxy was mixed during this process and poured into the mold
to a depth needed to cover and secure the keyway grooves on the sides of
the transmitter package. The package was pressed firmly into the epoxy
and held in place until set. Once seﬁ, the hose clamp was removed and
the PVC mold cut and peeled off. Setting time (5-10 minutes) could be
decreased by additional mechanical agitation of the epoxy during the
mixing process. Any excess nylon mesh was trimmed away and pelage marks
(Woolite) were applied around the attached package. A method similar to
this has been used successfully to attach radiotransmitters to grey
seals (Halichoerus grypus) in the United Kingdom (Sheila Anderson, per.
comm. 1980).

Radiotagged seals were monitored from ground and boat locations in
the study area using manual or scanning receivers. Aerial monitoring
was conducted during monthly survey flights, with wing-mounted Yagi
antennae. Remote monitoring systems, using programmable receivers and
20-channel Esterline Angus event recorders, were used to provide 24-hour
monitoring of seals at selected haulout sites. Signals were received

only when seals were on land, allowing monitoring of daily haulout

1Fablok #2150 mesh, Fablok Mills Inc., 140 Spring Street, Murry Hill,
NJ 07971.
2Devcon S5-minute Epoxy, Devcon Corp., Danver, MA 01923
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patterns. Reference transmitters were also placed on haulout sites to
record tidal patterns and to verify operation of telemetry equipment

during monitoring.

Ground surveys were used as the primary method to monitor for
radiotags at the main lower Columbia River haulout sites at Desdemona
Sands and Taylor Sands. Daily checks of these haulout sites could be
made from several locations near Astoria (Lincoln St. and West Grand
St.; the Astoria Column;‘ the Crest Motel; and Mégler Ridge, WA.).
Outside the Columbia, ground mqnitoring of haulout sites was restricted
to a limited number of areas which were within telemetry range of an

accessible vantage point.

.Ground monitoring of all Tillamook Bay haulout sites was made at
the Bayview Rest Area, or from an overlook on the logging road (Rockaway
Crossover) which turns off Highway 101, % mile east of the Bayview Rest
Area. The haulout areas at Cape Falcon were monitored from a turnout
off Highway 101, 1/4 mile south of the Arch Cape Tunnel. Tillamook Head

areas were monitored from vantage points in Ecola State Park.

Because of the low topographic features around Willapa Bay and
Grays Harbor, only a few haulout areas could be effectively monitored
from the ground. Willapa Bay monitoring locations were: (1) the Seal
Slough logging road (B-600) for the N.E. Long Island haulout sites; (2)
the overlook at the Bruceport Historical Marker off Highway 101 for Pine
Island Channel/Ellen Sands haulout sites; and (3) the overlook off
Highway 105 at Washaway Beach for the entrance shoal haulout sites. The
only locations in Grays Harbor accessible to ground monitoring were from
the Red Bluff area (near Grass Creek), and provided coverage of East Bay

haulout sites.
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"RESULTS

Aerial Surveys

A total of 51 aerial surveys (115.5 flight hours) were flown in the
study area to locate haulout sites used‘by marine mammals. The Pacific

harbor seal (Phoca vitulina), California sea 1lion (Zalophus

californianus) and northern sea lion (Eumetopias jubatus) were the most

frequently sighted marine mammal species. Counts of all marine mammals
observed, with associated aerial survey conditions, are summarized in
Appendix Bl. Additional information on distribution, abundance and
natural history parameters was recérded during boat and land surveys,
during examination of stranded and incidentally-taken specimens, and

during fishery interviews.

Because some pinniped species were present on haulout sites
year-round (harbor seals) or became seasonally abundant on rookery areas
during annual migrations (California and northern sea lions), they could
be easily and efficiently <censused using aerial survey and
photodocumentation techniques (Eberhardt et al. 1979). It should be
noted, however, that although aerial surveys may be one of the best
censusing methods, counts of animals on haulout or rookery sites
represent only a minimum estimate of the actual population. Some
unknown (and possibly varying) proportion of the population may be in
the water and would therefore not be counted during a survey. If aerial
surveys are made under comparable survey conditions (time, tide,
weather), counts can however be used to identify seasonal usage patterns

and trends in population numbers.

Because of the 1inaccessiability of most of these haulout sites,
aerial surveys were the most efficient method of checking all study area
locations. All radiotagged seals were routinely monitored during
regular census flights. In addition, six aerial surveys (15.3 flight
hours) were made specifically for radiotelemetry work. With the
exception of two aerial surveys made 1in 1981 along the northern
Washington coast no efforts were made to locate any of the tagged seals

outside the study area (Cape Lookout OR to Grays Harbor WA).
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Sea Lion Distribution and Abundance Patterns.

California and northern sea lions were present in the study area
seasonally, with haulout sites off the northern Oregon coast at Three
Arch Rocks, Tillamook Head (Ecola), and on the tip of the South Jetty,
Columbia River. Seasonal movements of sea lions into the study area
during the non-breeding season resulted in population build-ups at these
sites (Figures 5 and 6). Mate (1975) examined the annual migration
patterns of these species along the Oregon coast and noted similar

trends in specles composition and population numbers.

The largest concentration of California sea liomns occurred in March
when 150-200 animals were present at the South Jetty, Columbia River.
Animals which were here appeared to be all males, with the majority
large, blond-headed adults. This, along with the fact that all stranded
California sea lions were males, indicates thaf females were seldom
present in study area waters. By late June, no California sea lions
were present on haulout sites and had apparently migrated to southern
breeding sites. In early September, northward-migrating males began to

reappear at the South Jetty.

Northern sea lion numbers reach maximum.spring levels in May when
250-300 animals were present at the South Jetty, Three Arch Rocks and
Tillamook Head (Ecola). At this time, adults and subadults of both
sexes were present in the study area. By mid-July only the Three Arch
Rocks location was occupled, with an estimated 100 animals rémaining in
the study area. This species begins to reappear with California sea
lions at the South Jetty in early September. A fall population peak
occurs in October when 350-400 anlmals were present at Three Arch Rocks

and the South Jetty.

During the winter (mid-January) both sea lion species were
frequently sighted in the Columbia. This was particularly true in 1981
when mixed aggregations of 50-60 animals were foraging in the lower
Columbia, off Pt. Ellice. The movement of sea lions, along with harbor
seals, into the Columbia River at this time coincides with the annual

eulachon smelt run. As with harbor seals, California sea lions appeared
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Figure 5,

Seasonal occurrence of California and northern sea

lions at the South Jetty, Columbia River (maximum
counts, 1980 to 1982).
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Figure 6. Seasonal use of Three Arch Rocks and Tillamook Head
(Ecola) by northern sea lions., (Maximum monthly counts
in 1980 and 1981).
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to be following this run upriver and were frequently sighted far upriver.
California sea lions were regularly sighted (or heard barking) near the
Cowlitz River, with some 1individuals reported as far wupriver as
Bonneville Dam (river mile 145). At this time of the year the
California sea lion has caused considerable damage to the lower Columbia
gillnet fishery. No locations were identified as being used for haulout
sites in the Columbia, although California sea lions were often reported
rafted together in groups while wupriver. Upriver sightings of

California sea lions are summarized in Table 2.

Harbor Seal Distribution and Abundance Patterns

Combined Study Area. Harbor seal haulout locations were present in

all study area estuaries and on nearshore rocks along the northern Oregon
coast. A total of 78 sites were identified as being used by harbor seals
(Appendix B2). The minimum population estimate for harbor seals present
in the study area (based on maximum monthly counts from aerial surveys)
was 6000 to 7000 animals (Table 3).

Haulout sites in all study area estuaries were primarily on
intertidal sand or mud shoals. These haulout areas were exposed for
varying lengths of time depending on daily tide height. Figure 7 shows
the predicted low tide exposure pattern for the lower Columbia River
haulout sites at Desdemona and Taylor Sands. All estuarine haulout
sites had similar tide related exposure patterns which provided
essentially unlimited space for harbor seals during daily low tide

cycles. During these low tides, maximum counts were expected.

The nearshore rocks and reefs along the northern Oregon coast were
also exposed during low tides. In contrast to the relatively protected
estuary haulouts, these areas were more susceptable to weather, sea
conditions or tidal stage making only a limited amount of space
available for use by harbor seals. This was due to .their exposure and
topography making them unuseable during adverse conditions. It was
assumed however, that under good tidal and environmental conditions
aerial surveys also provided the best estimate of seals in these areas

as well.
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Table 2. Sightings of California sea lions (Zalophus californianus) in the
Columbia River above Tongue Pt. (Astoria, OR).

MILES 1

DATE LOCATION NUMBER UPRIVER COMMENTS SOURCE

1950's Willamette Falls 1 115 Eating lamprey from ODFW
Oregon City, OR trap; shot

1970's Bonneville Dam 1 145 Rode barge downstream  ODFW
: ' thru locks

2/27/80 Tenasillahe Is. 12-13 34 2 working gillnet; FII

1 killed; 2 shot at

2/28/80 Tongue Pt. 17 FII
2/28/80 Woody Island 28 FII
2/28/80 Swing Drift(Clifton) 2-3 32 1 ate salmon from MMP

gillnet; entangled and
released

2/28/80 Skamokawa 32 Heard barking at night  FII
4/01/80 Ryan Island 1 35 POP
4/04/80 Woody Island 1 28 Swimming upstream MMP
4/14/80 Willamette Falls 1-2 115 In water at base of MMP

falls

9/30/80 Grays Bay 1 22 Identified as "sea lion POP

species"

10/13/80 Tongue Pt. 1 17 FII
2/24/81 Tongue Pt. 5 17 Bit fish in gillnet FII
2/25/81 Clifton 1 33 FII
2/25/81 Chute Drift 11 16 FII1
2/25/81 Grassy Island 3 31 3 went through MMP/FII

gillnet
2/25/81 Tenasillahe Island 2-3 34 2 working gillnet MMP/FII
2/25/81 Skamokawa 2 32 Barking MMP
2/25/81 Fitzpatrick Island 30 Heard barking - MMP

2/25/81 Elokomin 1 34 MMP
2/25/81 Cathlamet Channel 6 40 MMP
2/26/81 Three-Tree Pt. 9 29 MMP
2/26/81 Rice Island 3 22 MMP
2/26/81 Cathlamet Channel 4-5 40 MMP/POP
2/26/81 Wallace Island 1 45 MMP/FIL
2/26/81 Westport Channel 1 40 1 repelled w/seal FII

bomb
2/27/81 Rice Island 12 22 4 swam thru gillnet MMP/FII
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Table 2. (cont.)

3/02/81 Grassy Island . .31 . FII
3/02/81 Cathlamet Channel 40 E _ FII
3/02/81 Skamokawa 12 32 1 swam over corkline FII
3/02/81 Quinns Island 1 29 MMP
3/02/81 Crims Island 2 51 Swimming downstream MMP
3/03/81 Three-Tree Pt. 29 FII
3/03/81 Chute Drift 2 16 Bit fish, holes in FII
gillnet
3/03/81 Rice Island 6 22 FIT
3/03/81 Wallace Island 1 45 Drowned in gillnet MMP
3/25/81 Stevenson, WA 1 150 Bit fish, entangled in  WDG
gillnet and escaped
3/27/81 Reed Island 1 125 Assoc. with harbor seal WDF
4/03/81 Corbett 2 125 On beach WDF
1

ODFW: pers. comm.,, J. Galbreath, Oregon Department of Fish and Wildlife,
Clackamas, OR

FII: fisherman report obtained from interviews

MMP: direct observation, Marine Mammal Project

POP: direct observation, CREDDP researchers, Platforms of Opportunity Pregram

WDG: Washington Department of Game, Vancouver, WA

WDF: Washington Department of Fisheries, Vancouver, WA
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Table 3. Maximum monthly counts (includes pups) of hauled out harbor seals,

1980-1982,
Oregon (Cape Lookout Columbia Willapa Grays Combined Study

Date to Columbia River River Bay Harbor Area Total
1980

June 751 . 191 1194 1986 4122
July 726 514 1469 1437 4146
August 582 405 1638 1921 4546
September 460 444 491 520 1921
1981

April | 399 897 639 1533 3468
May 893 v 568 1199 2944 5604
June 842 273 1744 2871 5730
July 720 525 1538 1993 4776
September 499 "596 687 1083 2865
1982

May 858 164 1994 3601 6617
June 759 150 2142 3727 6788
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Figure 7. Low tide exposure patterns of Columbia River harbor
seal haulout sites at Desdemona Sands and Taylor Sands
(1981).
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Northern Oregon Estuaries. The estuaries along the northern Oregon

coast (Nehalem Bay, Tillamook Bay and Netarts Bay) contained a total of
14 areas which were used as haulout sites by harbor seals (Appendix B2).
Seals were present irregularly at the one area used in Nehalem Bay
(Figure 8). This area is logated near the public boat launch, and
boating activities on the bay were pfobably responsible for frequent
disruption of seals at this site. The maximum harbor seal count recorded
in Nehalem Bay was 25 (10/1/8l). No pups were ever observed in this

estuary.

Tillamook Bay (Figure 9) and Netarts Bay (Figure 10) contained up to
13 haulout areas used by harbor seals. Each of these estuaries contained
one main haulout area used by harbor seals year-round. The remaining
haulout areas were being used primarily during the pupping season (April
to August). At this time these areas were being used by nursery groups
of females with pups, segregated from the main haulout groups. This
dispersal into peripheral areas also coincided with an annual spring
increase in the total counts of harbor seals in these estuaries. The
maximum count of harbor seals vrecorded in Tillamook Bay was 606
(5/26/81). For Netarts Bay, the maximum harbor seal count was 134
(5/26/81). The highest pup count in Tillamook Bay was 148 in 1982. The
highest pup count in Netarts Bay was 23 in 1980. The 1982 pup count
(166) from these two estuaries accounted for 12 percent of the total

study area pup count.

Northern Oregon Nearshore Rocks and Reefs. A total of six harbor

seal haulout areas were present on the nearshore rocks and reefs along
the northern Oregon coast (Figures 8, 10 and 11). Seals were present at
each of these locations year-round. At both the Cape Falcon and
Tillamook Head areas harbor seals occasionally used the adjacent cobble
beach, although the preferred areas were apparently on nearshore reefs.
Maximum harbor seal counts for these areas were 49 seals at the Cape
Lookout areas (5/29/82); 126 seals at Cape Falcon (6/9/81); and 72 seals
at the Tillamook Head areas (7/23/81). ©No pattern of seasonal increase
in use was apparent for any of these areas. During the pupping season
all areas had mother/pup pairs present. The highest combined pup count
for these three areas was 19 pups recorded in 1980. The 1982 pup count

(13) from these areas accounted for less than 1 percent of the total
study area pup count.
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Columbia River. Harbor seals used a total of 16 sites as haulout

areas in the lower Columbia River (Figures 12 and 13). Harbor seals were
most abundant in the Columbia during the winter months, with the maximum
count being 1422 seals (1/6/82). During the winter months, harbor seals
were present in relatively large groups (100 to 500 seals) at the
Desdemona Sands, Taylor Sands, Miller Sands and Wallace Island haulout
sites. Additional smaller groups were also present at most of the other
remaining haulout areas at this time. During this period harbor seals
had apparently entered the Columbia from adjacent estuaries and dispersed

upriver to feed on spawning eulachon smelt (Thaleichthys paéificus). The

largest Columbia River haulout group was recorded at Desdemona Sands and
numbered 884 seals (4/25/80).

Total counts and the number of haulout sites used decreased by
spring as seals moved out of the Columbia and into the adjacent estuaries
during the pupping season. Although mother/pup pairs were present in the
Columbia, pup production was low with less than 10 pups counted each
year. Pup counts from the Columbia represented less than 1 percent of
the total study areas pup counts., Summer counts in the Columbia remained
near 500 seals, with the only large group present at the Desdemona Sands
haulout. Small groups (< 25 seals) also could be found at the haulout

areas in Grays Bay and C