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Overview of Habitat Management Guides Project

Background

Alaska is an immense and bountiful frontier, and until just recently it was
all but inconceivable that we would ever need to worry about its capacity to
sustain the wealth of fish and wildlife resources for which it is renowned.
But the impetus of progress has not abated, and the pressure to develop our
lands and waters intensifies daily. Every year more lands in Alaska are
being proposed for uses other than as wildlife habitat, especially around
cities, towns, and villages. These proposed uses include logging, mining,
hydroelectric projects, agriculture, settlement, geothermal development, and
0oi1 and gas leases, among others. As the number of proposals and plans for
development continues to increase, so does the need to carefully and
efficiently evaluate their possible effects upon species and habitats and to
recommend viable managerial options to guarantee that our valuable fish and
wildlife resources and habitats are adequately protected and maintained. By
using appropriate planning and managerial techniques most of the potential
for damage and loss of access for human use can be avoided.

One of the responsibilities of the Alaska Department of Fish and Game
(ADF&G) is to assist land managers by recommending to them the best ways and
means, based upon the best available data, for protecting local fish,
wildlife, and habitats against adverse effects and impacts. Because many
proposals and plans for development and Tand uses require a rapid response
from the department, there may not be enough time for staff to actually
study the specific area in which the proposed development is to occur.
However, the department still needs to accumulate and assess a wide variety
of information in order to prepare recommendations for managing habitat.
Therefore, the department initiated the Alaska Habitat Management Guides
(AHMG) project to prepare reports of the kinds of information upon which its
recommendations must be founded in order to responsibly and rapidly address
land and water use proposals made by land managers. These guides are a
major undertaking and will be of inestimable value to the state in its
efforts to avoid or mitigate adverse impacts to Alaska's great wealth of
fish and wildlife.

Purpose

This project presents the best available information on selected fish and
wildlife species: mapping and discussing their geographical distribution;
assessing their relative abundance; describing their 1life functions and
habitat requirements; identifying the human uses made of them, including
harvest patterns of rural communities; and describing their role in the
state's economy. This last kind of information, because of the variety of



values humans place upon fish and wildlife, is not easily derived. There
are, however, several methods to estimate some of the economic values
associated with these resources, and such estimates have become particularly
important in land use planning because many potentially conflicting uses
must be evaluated in economic terms.

Essential to assessing what might happen to fish and wildlife if their habi-
tats are altered is information about what effects or impacts are typically
associated with particular kinds of developmental activities. The habitat
management guides therefore also provide summaries of these known effects.
This information, in conjunction with compiled life history information,
will allow those concerned to estimate how sensitive a given species might
be to a specific proposed activity - whether or not, and to what degree, the
fish and wildlife are 1liable to be 1impacted. The guidance offered
(a compilation of existing options for habitat management) is not site-
specific. Rather, it is general information available to those who seek to
avoid adverse impacts without placing undue restraints upon other land and
water uses.

The completed guides coverage of fish and wildlife resources encompasses the
Fish and Game Resource Management Regions established by the Joint Board of
Fisheries and Game (map 1). These regions provide the most inclusive and
consistent format for presenting information about fish and wildlife re-
sources and relating it to management activities and data collection efforts
within the department.

Applications

The choice of the term "guides" rather than "plans" for the reports is
consistent with the largely advisory role of the department with respect to
land management issues. The guides will provide the department as well as
other state, federal, and private land managers with information necessary
for the development of land and water use plans. Thus, the guides them-
selves are not land management plans and do not provide for the allocation
or enhancement of fish and wildlife. Information included in a guide will
be used by the department's staff in their involvement in the land use
planning endeavors of various land managers. For specific land use planning
efforts, the department joins with other agencies to recommend particular
uses of Alaska's lands and waters, as for example in plans by the Department
of Natural Resources (Susitna Area Plan, Tanana Basin Area Plan, Southeast
Tidelands Area Plan). The public, by means of the public review that is an
integral part of land management agencies' planning processes, then has an
opportunity to evaluate any recommendations made by the ADF&G that are
incorporated by the land-managing agency.

The gquides have been designed to provide users with interrelated subject
areas that can be applied to specific questions regarding habitat manage-
ment. Each type of data will be presented in a separate volume, as
indicated in figure 1. Material from the project's database can be used,
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Types of narratives and maps produced by the Alaska Habitat Management Guides Project.




for example, to correlate information on species' seasonal and geographic
habitat use with the written and mapped information on known distribution
and abundance. The narratives and maps regarding human uses of fish and
wildlife can be compared with abundance and distribution information to
obtain an indication of the overall regional patterns of distribution,
abundance, and human use for the species of interest. The specific
information on habitat requirements also will relate directly to the
information on impacts associated with land and water use. This in turn
will form the basis for the development of habitat management guidance.

An additional purpose of this project is to identify gaps in the information
available on species, human uses, and associated impacts. A particular
species, for example, may be known to use certain habitats during certain
seasons; yet information on the timing of these use patterns may be
inadequate. In general, there is little documentation of impacts from land
and water uses on species' habitats and on the human use of those species or
on the economic values associated with the use of fish and wildlife
resources.

To maintain their usefulness these habitat management guides are designed to
be periodically updated as new research and habitat management options are
reported to fill data gaps. Users of these guides are advised to consult
with the appropriate species experts and area biologists, however, to check
on the availability of more recent information.

Statewide Guides Volumes

The guides reports on impacts and guidance are being developed as statewide
volumes, in which information is presented for statewide as well as for
specific regional concerns. The statewide volume on impacts summarizes the
effects of major types of development activities and land and water uses on
fish and wildlife, their habitats, and their use by people. The activities
discussed will be those actually occurring in the state or expected to occur
in the future. This survey of impacts will be founded upon the most recent
pertinent literature and upon the information presented in the species life
histories and habitat requirements. The guidance volume will in turn be a
synthesis of information based upon the impacts literature and the life
history and habitat requirements information.

The following uses of land and water resources and types of development
occur or are likely to occur in Alaska, and they will therefore be addressed
in the statewide impacts and guidance volumes:

]

0i1 and gas development

]

Harbors and shoreline structures

[¢]

Water development



° Placer mining

° Strip and open pit mining

° Underground mining

° Seafood processing

Logging and timber processing

° Transportation - road, rail, air
° Transmission corridors

° Grain and hay farming

° Pipelines

° Geothermal energy development

° Settlement

° Fire management

© Offshore prospecting and mining
° Commercial fishing

A statewide volume is being developed to provide an overview of the regional
economies, especially in regards to uses of fish and wildlife within each
region. The necessary data on the fish and wildlife related sector will be
by no means complete but will nevertheless afford a conservative estimate of
such values within the regions. Economic data on commercial fisheries, for
example, are relatively well documented. In those regions with significant
commercial fishing activity, the relative value of fish and wildlife will be
better represented. However, continuing effort is being made by the depart-
ment and other agencies to improve the capability of accurately describing
the socioeconomic importance of fish and wildlife to the people both within
and outside the State of Alaska.

A separate statewide volume describing the 1life history and habitat
requirements of selected fish and wildlife species is being prepared region
by region; therefore the information in the Arctic guide addresses the
species requirements in the Arctic, Southwest, and Southcentral regions, and
also in the Western and Interior regions for belukha and bowhead whales,
Pacific walrus, polar bear, and caribou. Other information will be added as
reports are prepared for the remaining regions.



Arctic Region

Organization and Use of the Guide

Narratives. The two narrative volumes of the guide to the Arctic Region are
closely related and interdependent. The first highlights important aspects
of selected species life histories, emphasizing the interrelationships of
the species with their habitats. The life histories include information for
the Arctic, Southwest, and Southcentral regions, and, in some cases, the
Western Region, as mentioned in the preceding overview section. The second,
or distribution and human use volume, provides the most current estimates of
species' distribution and relative abundance and delineates the regional and
subregional patterns, locations, and types of human uses of fish and
wildlife resources. This portion of the guide provides an understanding of
the importance of fish and wildlife to the people within and outside the
Arctic Region.

Because of the wide spectrum of human uses of fish and wildlife, this
portion of the second volume is divided into four topical categories. These
include 1) hunting, 2) commercial fishing, 3) sportfishing, and 4) subsis-
tence use. For categories 1 through 3, data are presented by selected
species, and the information pertains to the entire region and the specific
management areas within the region, as appropriate. A1l reports by species
are based upon data collected by the Divisions of Game, Sport Fish, and
Commercial Fisheries, as well as by the Commercial Fisheries Entry
Commission, the North Pacific Fisheries Management Council, and the National
Marine Fisheries Service.

For the fourth category of human use information, the Arctic Region has been
divided into three subregions (map 2) to portray patterns of subsistence use
of local fish and wildlife resources. These subregions are 1) Bering
Strait/Norton Sound. 2) Kotzebue Sound, and 3) North Slope. The patterns of
use described in these narratives are based primarily upon community studies
coordinated by the Division of Subsistence, with additional source materials
from other anthropological studies on the history and patterns of activity
in the subregions.

Maps. A major portion of the guides project in the Arctic Region was
committed to the production of updated fish and wildlife maps at two scales
of resolution., Species distributions and human use were mapped at a
reference scale of 1:250,000 and then were mapped at the index scale of
1:1,000,000 for most subjects. Some reference maps for marine species were
actually prepared at the 1:1,000,000-scale because that is the most
appropriate scale to portray the level of detail of data on those species
distributions. Reference maps are being reproduced as blue-line copies
compiled in catalogues that are available at ADF&G offices of the region.
Additional copies will be available for other users, at cost of
reproduction, from our contract vendor. These maps can quite easily be
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The Arctic Region and its three subregions:
and 3 - North Slope.

1 - Bering Strait/Norton Sound; 2 - Kotzebue Sound;



updated. The index maps are being printed in color and will be included in
atlases.

For the Arctic Region, there are approximately 675 reference maps that
depict fish and shellfish species distribution, wildlife species distribu-
tion, subsistence, commercial, recreational, and general use of fish and
wildlife.

Species Selection Criteria

Each species covered in the guides was selected because it met the following
criteria: 1) its habitat is representative of some portion of the spectrum
of the Arctic Region's habitats (this criterion ensures that regional habi-
tats are well represented); 2) it constitutes an important resource to human
users in the region; 3) the species or its habitat is liable to be adversely
affected by present or proposed land or water uses; and 4) adequate
information on its 1ife history, abundance, and distribution was available.

Based on the above criteria and the prioritized requests of each division,
the species 1list for the Arctic Region was developed to include 27
individual species, plus species groups, dabbling and diving ducks (10), and
geese (4). The individual species are as follows:

Belukha whale Arctic char/Dolly Varden Arctic cod
Bowhead whale Arctic grayling Capelin

Ringed seal Broad whitefish King crab
Pacific walrus Lake trout Pacific herring
Polar bear Least cisco Saffron cod
Brown bear Sheefish Starry flounder
Caribou Chinook salmon Tanner crab
Dall sheep Chum salmon

Moose Coho salmon

Many other species, including but not limited to the following, are also
important to consider when making land or water management decisions or

plans:

Muskox
Wolverine
Beaver

Land otter
Mink

Wolf

Lynx

Marten

Spruce grouse
Peregrine falcon
Loons

Tundra swan

Pink salmon
Sockeye salmon

Snowy owl
Gyr falcon
Rough-legged hawk
Golden eagle
Ribbon seal
Bearded seal
Spotted seal
Gray whale
Seabirds
Shorebirds
Grebes

11

Northern pike
Smelt

Lingcod
Hardshell clam
Starry flounder
Sand lance
Sculpin



Overview of the Arctic Region

The Arctic Region (map 2) includes the Davidson, Philip Smith, Endicott,
DeLong, Baird, and Bendeleben mountains. A few of the larger river basins
in the region include the drainages of the Canning Savavanirktok, Colville,
Ikpikpuk, Kuk, Utukok, Noatak, and Kobuk rivers. Marine waters associated
with the region are comprised of the Norton and Kotzebue sounds and the
Bering, Chukchi, and Beaufort seas.

The biophysical, biotic, and human resources of the region are briefly
summarized below. Readers desiring a more detailed and extensive discussion
of these fharacteristics of the region should consult the Alaska Regional
Profiles.

Biophysical Features

Portions of the Arctic Region are in the arctic, transitional, and
continental climatic zones. The weather in the region is the result of the
interaction between global air movements, land topography, and major weather
systems that move north-south and east-west across the Bering Sea.

Sea ice formation in the Bering, Chukchi, and Beaufort seas begins in
October, and the ice pack persists through late June, although the ice
begins to melt and break up in April.

The topography of the region is primarily characterized by lowlands on the
arctic coastal plain and along the Noatak, Kobuk, and Selawik rivers, the
rolling plateaus and hills of the arctic foothills, and the more rugged
Brooks Range and associated mountains. Permafrost underlies the entire
region. The entire marine area of the region lies within the continental
shelf.

Biota

Wet, moist, and relatively dry alpine tundra is the dominant vegetation of
the Arctic Region. These highly variable tundra communities are comprised
of herbaceous sedges, grasses, and low-growing fobs, lichen, and dwarf
shrubs, with the percentage of shrubs increasing as the soil conditions
become drier. Low and tall shrub communities comprised primarily of willow,
alder, and shrub birch occur primarily along floodplains and fairly
well-drained low-elevation foothill slopes. Various associations of white
spruce, black spruce, paper birch, quaking aspen, and balsam poplar trees
are found on well-drained soils in valley bottoms and on southerly slopes,
generally below 1,000 ft.

! Arctic Environmental Information and Data Center. N.d. Alaska regional
profiles: Northwest Region, Arctic Region. Prepared for the Office of the
Governor and Joint Federal/State Land Use Planning Commission.
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The variety of habitats in the Arctic Region supports harvestable
populations of caribou, moose, brown and polar bears, Dall sheep,
furbearers, ducks, geese, small game such as ptarmigan and arctic hares,
Pacific walruses, and several species of seals and whales. A1l five species
of salmon, arctic grayling, arctic char/Dolly Varden, lake trout, broad
whitefish, least cisco, sheefish, and many other fish species are found in
the freshwater habitats. The marine environment produces harvestable
populations of arctic cod, capelin, Pacific herring, saffron cod, starry
flounder, king crab, and Tanner crab, as well as several other marine
species.

Human Activities in the Region

Many human activities in the Arctic Region revolve around the subsistence,
sport, and commercial uses of fish and wildlife. Commercial fishing,
trapping, and reindeer herding, seafood processing, fur tanning and sewing,
and guiding hunters and fishermen are important segments of the local
economies.

0i1 and gas development and production on the arctic coastal plain has
provided the primary source of wage employment and government funds over the
last 12 years. The proposed development of the Red Dog zinc deposit may
alter the economy of the Kotzebue Sound area in the near future. Mining for
gold continues at a relatively low level compared to the mining activity
around the turn of the century.

Infrastructure development is minimal by national standards, except within
the developed o0il fields.

13
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Belukha Whale Life History and Habitat Requirements
Southwest, Arctic, and Western Regions
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Map 1. Range of belukha whale (Seaman and Burns 1981, Lowry et
al. 1982)
I. NAME
A. Common Names: Beluga, belukha
B. Scientific Name: Delphinapterus leucas (Pallas 1776)
IT. RANGE
A. Worldwide

Belukhas occur off North America, Europe, and Asia in seasonally
jce-covered waters of the Arctic Ocean and subarctic seas
(Kleinenberg et al. 1964). They have been sighted as far south as
Tacoma, Washington (Scheffer and Slipp 1948), the New Jersey coast
(Anthony 1928), the Loire River, France, (Fraser 1974), and the
Sea of Japan (Gurevich 1980, Seaman and Burns 1981). The several
somewhat discrete stocks of this monotypic species are separated

17




on the basis of adult size, concentration areas, seasonal movement

patterns, and physical and geographical barriers; the number of

stocks is still being debated (Sergeant and Brodie 1969, Gurevich

1980).

Statewide

Belukhas in Alaska are considered to comprise two stocks.

The Gulf of Alaska stock ranges from at least Kodiak Island to

Yakutat Bay, with its center of abundance in Cook Inlet (Calkins

and Pitcher 1977, Harrison and Hall 1978, Lowry 1984).

The western arctic stock is much larger and winters along the ice

edge and ice fringe in the Bering Sea and in regularly occuring

polynyas in the northern Bering and Chukchi seas (Kleinenberg et

al. 1964, Seaman and Burns 1981). As the sea ice retreats in

spring, most of this stock moves northward and coastward to

summering areas in the Bering, Chukchi, Beaufort, and East

Siberian seas (Klinkhart 1966, Braham and Krogman 1977, Harrison

and Hall 1978).

Regional Distribution Maps

To supplement the distribution information presented in the text,

a series of blue-lined reference maps has been prepared for each

region. Most of the maps in this series are at 1:250,000 scale,

but some are at 1:1,000,000 scale. These maps are available for

review in ADF&G offices of the region or may be purchased from the

contract vendor responsible for their reproduction. In addition,

a set of colored 1:1,000,000-scale index maps of selected fish and

wildlife species has been prepared and may be found in the Atlas

that accompanies each regional guide.

Regional Distribution Summary

1. Southwest. Belukhas are seasonally abundant 1in coastal
portions of the Southwest Region. In late March, April, and
May, belukhas concentrate at the mouth of the Naknek River,
feeding on smelt (Osmerus mordax) and moving upriver as
breakup progresses ({Seaman and Frost 1983). Several weeks
later they move to the mouth of the Kvichak River to feed on
?utmig;ating sockeye salmon (Oncorhynchus nerka) smolts

ibid.).

During the calving season (June to August), belukhas are
distributed throughout Kvichak and Nushagak bays and calving
and feeding concentrations overlap considerably (ibid.).
Specific areas, such as the mouth of the Snake River and
Kvichak Bay, have been identified as calving concentration
areas (ADNR/USFWS 1983, maps; Frost, pers. comm.).
Belukhas remain in inner Bristol Bay throughout the summer,
exploiting the runs of different fish species present, often
ascending the rivers to feed as far upstream as King Salmon
on the Naknek River, Portage Creek on the Nushagak River, and
Levelock on the Kvichak River (ibid.).
Belukhas become progressively less common in inner Bristol
Bay as winter approaches and are presumed to move offshore by

18



October. The extent of belukha use of offshore areas is
unknown (Seaman and Frost 1983). They have been reported
east of Hagemeister Island in September, and one animal was
sighted near the Pribilof Islands in October (ibid.).
Increased sightings in offshore areas in autumn corresponds
with a sharp decrease in the use of coastal waters by
anadromous fish (ibid.).

Winter distribution of the Bering Sea stock is not well known
but is probably dependent on ice conditions. In years of
heavy ice, they have been observed in western Bristol Bay,
and near the Naknek River, and near Nunivak and the Pribilof
islands (Seaman and Frost 1983; Frost, pers. comm.).

(For more detailed narrative information, see volume 1 of the
Alaska Habitat Management Guide for the Southwest Region.)
Arctic. During the summer months, belukhas occur primarily
in the coastal zone and along the pack ice edge (Kleinenberg
et al. 1964, Frost et al. 1982). Major concentrations occur
in Norton Sound, Kotzebue Sound, near Kasegaluk Lagoon (cen-
tral Chukchi Sea coast), and in the MacKenzie River estuary
of the Canadian Northwest Territories (Fraker et al. 1978,
Seaman and Burns 1981, Frost et al. 1982).

Belukhas gradually move offshore in late summer/autumn and
probably winter in the pack ice in the Bering Sea and
southern Chukchi seas (Klinkhart 1966, Harrison and Hall
1978, Lowry 1984).

(For more detailed narrative information, see volume 2 of the
Alaska Habitat Management Guide for the Arctic Region.)
Western. Prior to the 1950's there were several concentra-
tion areas along the Yukon-Kuskokwim coast that were used
from spring through autumn. Sightings in recent years,
however, have been irregular and consist of small numbers of
animals (Frost et al. 1982). One areas in the Western Region
where moderately large groups of belukhas still occur is the
delta of the Yukon River. These groups appear in May or June
and remain through September and October (ibid.).

(For more detailed narrative information, see volume 2 of the
Alaska Habitat Management Guide for the Western and Interior
regions.)

ITI. PHYSICAL HABITAT REQUIREMENTS
A. Aquatic
Belukhas tolerate waters with a wide range of temperature,
salinity, turbidity, and depth characteristics (Lowry 1984).

1.

Water quality. Belukhas have been recorded in fresh waters
of Targer rivers (Kleinenberg et al. 1964), brackish
estuarine areas (Fraker et al. 1978) and marine areas (Seaman
and Frost 1983, Lowry 1984). Fraker et al. (1979) found that
in areas where belukhas concentrated in the MacKenzie River
estuary, salinities ranged from less than 1 ppt to 12 ppt
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saline and turbidities ranged from Tless than 6 to over
150 ppm sediment. He concluded that they appeared neither to
avoid nor select areas because of salinity or turbidity.
Belukhas Tleave the MacKenzie River estuary before the
salinity, turbidity, and temperature ranges change from
summer conditions (ibid.).

Water depths. Belukhas have been observed in water depths
ranging from shallow coastal waters to deep marine pelagic
areas (Fay 1978). During the summer, belukhas frequent the
shallow coastal and shelf waters to take advantage of the
seasonal food supplies and warm water (Murray 1979,
Consiglieri and Braham 1982, Lowry 1984). Fraker et al.
(1979) reported belukhas in the MacKenzie River estuary in
water depths of less than 2 m.

The western arctic stock overwinters over the continental
shelf in the southern Chukchi Sea, and the southern and
central Bering Sea, feeding on species found at depths from
30 to 365 m (Bakkala et al. 1981). Consiglieri and Braham
(1982) conclude that the tidal range of up to 10 m in Cook
InTet may 1imit distribution; however, similar tidal extremes
in other regions of belukha distribution (e.g., Bristol Bay,
the northeastern Atlantic coast) do not appear to have a
Timiting affect (Lowry, pers. comm.).

Water temperature. Belukhas are found in a wide range of
water temperature, from 0°C in winter (Lowry 1984) to 18°C in
summer 1in estuarine areas of the MacKenzie River delta
(Fraker et al. 1979). Fraker et al. (1979) observed that
early in the season belukhas in the MacKenzie River estuary
concentrated in the warmest water available (10-12°C), and as
the water temperature increased, they expanded their range
until the 18°C isotherm was reached; few whales occured in
water temperatures above 18°C. Fraker et al. (1979) and
Lowry (1984) believe that the observed spring and summer
movement toc shallow, warmer areas may confer a thermal
advantage upon all age classes, especially upon newborn
calves without a thick blubber layer. In Bristol Bay,
however, this shoreward movement commences in March or April
(a few months prior to calving) and is more likely related to
increased availability of food (smelt) than to providing a
thermal advantage for calves (Lowry and Frost, pers. comm.).
Fraker (1977) observed neonates in offshore waters,
preceeding arrival at the shallow estuarine concentration
areas near the Mackenzie River delta and elsewhere. It is
not known how frequently calving occurs outside shallow, warm
estuarine areas or whether calves born in colder water suffer
higher mortality rates (Fraker et al. 1978).

Blackburn et al. (1983) observed water temperatures of
11-12°C in shallow estuarine areas of western Cook Inlet
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IV.

B.

Ice

during periods when belukhas are known to use those areas
(Murray 1979).
Acoustic properties. Belukhas possess the finest resolution

biosonar described to date for cetaceans (Leatherwood et al.
1982). Commercial whalers called the belukha the "sea
canary," because of its range of vocalizations (ibid.).
Belukha sounds are varied and complex and are probably used
mainly for communication and food location in turbid waters
of estuaries and rivers (Fay 1978). Although no unequivocal
evidence was found on acoustical habitat requirements, many
observations of bowhead reactions to various types of noise
have been reported; the significance of the observed behavior
changes in unclear (see the references in the Impacts of Land
and Water Use volume).

Effects on movement and distribution. In general, belukhas

spend considerable time in ice-covered offshore waters. They
are unable to make and maintain breathing holes in ice more
than 8 cm thick (Kleinenberg et al. 1964) and so are found in
areas where geographic, oceanographic, or meteorologic
factors cause ice motion and the formation of open water
(Burns et al. 1981).

Fraker et al. (1979) reported that belukhas can travel up to
3 mi under the ice without surfacing; however, according to
Kleinenberg et al. (1964), 2-3 km is the maximum reported
submerged swimming distance.

Rapid ice formation in bays or polynyas can block escape
routes, trapping belukhas in the ice, where they die if
breathing holes are frozen over (Porsild 1918, Kleinenberg et
al. 1964, Leatherwood and Reeves 1982).

Murray (1979) reported that few belukhas were observed in
Cook Inlet in years of extensive ice conditions.

Protection from natural elements. Burns et al. (1981) point

out that turbulence caused by winter storms in the Bering Sea
is depressed by sea ice. The calmer water inside the ice
fringe may allow easier feeding in the productive waters of
the continental shelf under the ice pack (ibid.).

Protection from predators or other disturbances. Although

killer whales (Orcinus orca) occur along the southern fringe
of the pack ice, the ice offers more protection from killer
whales than the open sea (Burns et al. 1981). Polar bears
(Ursus maritimus) occasionally kill belukhas; however, they
do not range into the unstable ice zone in the Bering Sea
where the majority of belukhas winter (ibid.).

NUTRITIONAL REQUIREMENTS
Studies of food habits of belukha whales throughout their range have

identified more than 100 different species in the diet (Kleinenberg et

al. 1964).

In coastal waters of Alaska, belukhas feed on a series of

21



sequentially abundant and highly available prey, particularly anad-
romous and coastal spawning fishes. These include primarily salmon
(Oncorhynchus spp.), smelt, capelin (Mallotus villosus), eulachon
(Thaleichthys pacificus), herring (Clupea harengus), and saffron cod
(EYeginus gracilis). Other organisms such as shrimps (Crangon spp.),
octopuses (Octopus sp.), and sculpins (Cottidae) are also commonly
eaten. Arctic cod (Boreogadus saida) and pollock (Theragra
chalcogramma) may be particularly important foods in offshore waters
during winter and spring (Seaman et al. 1982). Kleinenberg et al.
(1964) state that belukhas do not feed on deep-water organisms. Young
of the year feed exclusively on milk; yearlings supplement the milk
with small fish and other prey items (ibid.).
A. Food Species Used
1. Spring and summer foods:
a. Arctic Region:
1) Eschscholtz Bay-Kotzebue Sound. Stomach contents
were sampled from 90 belukhas harvested in June
1978 and 1980 in Kotzebue Sound (Seaman et al.
1982). Food items were generally similar in both
years. Stomach contents included the bones and
otoliths of fishes, primarily saffron cod and
sculpins, and small amounts of shrimp, isopods,
snails, polychaetes, and octopuses. The average
size of saffron cod eaten was 12.4 cm, and that of
sculpins, 22.5 cm. Table 1 summarizes the food
items found.
The belukha stomachs sampled at Eschscholtz Bay in
1978 were examined for age and sex-related differ-
ences. Stomach contents were similar for young and
old whales, as was the size range of saffron cod
eaten, although within that range younger whales
ate more small cod (ibid.). Stomach contents were
slightly different between male and female
belukhas. Shrimp occurred more frequently and in
greater proportions in females than in males. The
opposite was true for isopods. The most obvious
difference between sexes occurred in the consump-
tion of sculpins; 4 of 28 females ate sculpins,
whereas 21 of 29 males ate sculpins (ibid.).
2) Point Hope. The stomachs of 35 belukhas taken by
subsistence hunters at Point Hope in May 1977 and
15 taken in April 1978 were examined by Seaman et
al. (1982). In 1977, 30 stomachs were empty, and
in 1978 six stomachs were empty.
Stomach contents examined in May 1977 contained
almost exclusively octopus beaks, with 625 occur-
ring in one stomach. Contents examined in April
1978 contained mostly crangonid shrimp. (See
table 2.)
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Table 1. Stomach Contents of Belukha Whales Collected in Eschscholtz Bay

13-18 June 1978, n=62 16-24 June 1980, n=28
Percent Percent Percent Percent Percent Percent
Prey Item Volume Number  Frequency Volume  Number Frequency
Shrimp 4 -—- 76 3 -—- 50
Isopod 6 -—— 34 1 -— 14
Octopus 1 -—- 52 1 -—- 14
Other
invertebrate 1 —— 41 1 - 29
Total
invertebrate 11 _—— 90 5 - 82
Rocks and
pebbles 1 -—- 66 1 -—- 4
Total
fishes 87 - 94 95 - 96
Saffron cod -——- 88 94 - 90 86
Sculpins --- 11 42 -—-- 2 25
Rainbow
smelt - 1 29 ——— 7 39
Pacific
herring -—-- 1 3 -—- 1 7
Eelpout -—- 1 2 --- -—- ---
Mean volume
of contents
(m1) 47.2 81.1
Total number
identified
fishes 4,346 434

Source: Seaman et al. 1982.

--- means no data were available.
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Table 2.

Stomach Contents of Belukha Whales Collected at Point Hope

22-27 May 1977, n=5

25-26 April 1978, n=9

Percent Percent Percent Percent Percent Percent
Prey Item Volume Number  Frequency Volume  Number Frequency
Shrimp <1 --- 20 99 --- 67
Squid 0 - 0 <1 - 11
Octopus 75 --- 100 <1 --- 78
Other in-
vertebrate <1 -—— 60 <1 - 11
Total
invertebrate 75 - 100 100 - 100
Rocks and
pebbles 25 —— 40 1 -— 22
Total
fishes 0 - 0 <1 -~ 11
Arctic cod - 0 0 -—- 100 11
Mean volume
of contents
(m1) 53.3 48.4
Total number
identified
fishes 0 43
Source: Seaman et al. 1982. --- means no data were available.

Southwest Region. Belukhas in Bristol Bay consume a

Targe variety of prey and shift their distribution and
feeding habits in relationship to the most available
food items (Brooks 1954, Klinkhart 1966).

Belukhas are attracted to the mouths of large rivers in
early May because of large concentrations of outmigrat-
ing smelt. At the end of May, belukhas shift from smelt
to outmigrating sockeye salmon fingerlings, which are
the predominate prey until mid June. After mid June and
through August, adult salmon become the primary prey in
Bristol Bay (Brooks 1955). Additional species eaten
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include flounder, sole, sculpin, blenny, Tamprey,
shrimp, and mussels (ibid.).
c. Western Region:
1) Yukon-Kuskokwim delta. Nelson (1887) reported that
belukhas feed on spawning herring in early June in
southern Norton Sound and on saffron cod from mid
summer to freeze-up at the mouths of tidal creeks
near the Kuskokwim River. Moderately large groups
of belukhas appear off the mouths of the Yukon in
May and June with the first of the summer salmon
runs and remain until late September or October,
when salmon runs diminish and saffron cod are more
abundant offshore (Frost et al. 1982).
Autumn and winter foods. Although no stomach samples are
available from belukha whales in Alaska in autumn and winter,
their probable foods can be inferred from the distribution
and abundance of their potential prey (Seaman et al. 1982).
Pollock is the most abundant species of finfish in the
vicinity of the ice front (Pereyra et al. 1976) and is
probably a major belukha food in this area. Based on the
stomach contents of ringed seals (Phoca hispida), arctic and
saffron cods are by far the most abundant forage fishes in
the northern Bering Sea in autumn and winter (Lowry et al.
1980). Arctic cod is the most important single item in the
winter diet of belukhas over much of their range, and thus
the winter movements of belukhas are closely tied to the
distribution of arctic cod (Lono and Oynes 1961, Kleinenberg
et al. 1964, Tarasevich 1974). Saffron cod may also be an
important autumn and winter food of belukhas in some portions
of the Bering Sea. Nelson (pers. comm.) has observed
belukhas feeding on saffron cod in autumn near Cape Nome.
Residents of Gambell on St. Lawrence Island note that the
presence of belukhas is closely linked with the abundance of
saffron cod along the western and southern shores of
St. Lawrence 1Island, where prevailing northeasterly winds
keep the coast free of ice throughout most of the winter
(Seaman et al. 1982). In addition to pollock, saffron cod,
and arctic cod, many other species of demersal, semidemersal,
and pelagic fishes occur in the Bering Sea in autumn and
winter and are certainly eaten at times by belukhas (ibid.).
Spawning smelt are abundant in some coastal areas in autumn;
shrimps and octopuses may be eaten in quantities in some
areas (ibid.). However, based on observations of belukha
foods in other areas and seasons and the winter distribution
and abundance of potential prey, the bulk of the belukha
autumn and winter diet in the Bering Sea is probably composed
of arctic and saffron cods in northern Bering Sea areas and
of pollock in southeastern and southcentral Bering Sea
regions (ibid.).
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Types of Feeding Areas Used

1. Spring/summer. In spring and early summer, belukhas move
inshore and frequent shallow bays and the mouths of Tlarge
rivers (Cook Inlet, Bristol Bay, the Yukon-Kuskokwim delta,
Norton Sound) to feed on seasonally abundant migrating fishes
(Brooks 1955, Klinkhart 1966, Seaman et al. 1982).

2. Summer/fall. Belukhas in Bristol Bay remain and feed in
estuarine areas and the mouths and main stems of major
rivers, especially of the Kvichak and Nushagak rivers (Lowry
et al. 1982); other portions of the western arctic stock
summer and feed in the nearshore areas of the northern
Bering, Chukchi, and Beaufort seas (Norton Sound, especially
in Golovin and Norton Bays; the passes and waters adjacent to
Kasegaluk Lagoon; and the MacKenzie River estuary) (ibid.).

3. Winter. Winter distribution is determined by the abundance
and distribution of potential food species and sea ice
(Seaman and Burns 1981, Seaman et al. 1982).

Most feed offshore, near the pack ice edge, or in polynyas in
water to 50 fathoms in depth (Braham et al. 1982).

Factors Limiting Availability of Food

The prey consumed by belukha whales are also major foods of other

species of cetaceans and pinnipeds in the Bering and Chukchi seas

(Johnson et al. 1966, Frost and Lowry 1981, Lowry and Frost 1981).

Arctic and saffron cods, pollock, herring, capelin, and smelt are

of particular importance in the diet of at least six species of

pinnipeds and four other species of cetaceans (ibid.). Competi-
tion for food may be particularly great between belukhas and
spotted seals (Phoca largha) because their distributions and food
habits overlap broadly throughout much of the year (Lowry and
Frost 1981). Saffron cod and sculpins eaten by belukhas are
generally Tlarger than those eaten by seals whereas arctic cod,
capelin, smelt, and herring consumed by belukhas and seals are
probably of similar size classes (Frost and Lowry 1981). The
number of fish-eating pinnipeds in the Bering and Chukchi seas is
difficult to estimate but certainly exceeds 2 million (ibid.).

Given the broad dietary overlap with pinnipeds and the relatively

much smaller population of belukha whales, limitation of the

belukha population through competition for food is a possibility

(ibid.). If so, the carrying capacity of the Bering-Chukchi

system for belukha whales, as expressed by population size and

productivity, may be influenced by the foraging activities and
population sizes of other species of marine mammals. In addition,
commercial fisheries, particularly for herring and salmon in
coastal areas of the Bering and Chukchi seas and for groundfish in
the southeastern Bering Sea, remove great quantities of marine
mammal forage fishes (Pruter 1976; Lowry et al. 1979, 1982). The
combined effects of predation and fishing on fish stocks and the
possible resultant effects on marine mammal populations remain
unclear (Lowry et al. 1982, Seaman et al. 1982).

26



Feeding Behavior

Little information is available on daily feeding patterns, percen-
tage of time spent feeding, or foraging behavior. The maximum
diving depth of belukhas is not known, but the duration of feeding
dives is generally short, usually three to eight minutes; there-
fore, belukhas are thought to feed at comparatively shallow depths
(Fay 1978, Lowry 1984). Prey are generally swallowed whole (Fay
1971, Fraker 1977); fish 5 to 74 cm in length are found in stomach
contents (Lowry and Frost, pers. comm.). Sergeant (1969) reported
that belukhas in captivity consumed food equal to 4-7% of their
body weight per day; the highest rate was for a calf.

REPRODUCTIVE CHARACTERISTICS

A.

Reproductive Habitat

Beginning in February and lasting through April, belukhas disperse

from wintering areas (Seaman and Burns 1981). During the breeding

period, some are in coastal waters, some in lead systems, and

others are still in the ice (ibid.). Calving generally occurs in

or near warm estuarine areas (Sergeant 1973), but some calves are

born in colder, deeper water (Fraker et al. 1979).

Reproductive Seasonality

In Alaskan waters, most breeding activity takes place from

February through April (Seaman and Burns 1981). Most births occur

in June and July, although some calves are born from mid May to

early September (ibid.)

Reproductive Behavior

Reproductive behavior has not been directly observed in belukhas

(Murray 1979, Fraker et al. 1978); however, limited data from

other toothed whales suggest that males are probably polygynous

(Fraker et al. 1978).

Age at Sexual Maturity

1. Females. Age at first ovulation for females is four to five
years (Brodie 1971, Seaman and Burns 1981), but maximum
reproductive performance starts at seven to nine years
(Ognetev 1981). Females mature physically at nine to ten
years (ibid.).

2. Males. Reproductive act1v1ty commences at about 8 years
(Brodie 1971, Lowry 1984); they mature physically at 11 to
12 years (Ognetev 1981).

Frequency of Breeding

Females normally produce one calf every three years (Brodie 1971,

Seaman and Burns 1981). Few females ovulate in the estrous cycle

that follows 10 months after calving; most do not become pregnant

again until the following year (ibid.). If a group of sexually

mature female belukhas were to be examined in early summer,

approximately one-third would be about to calve, one-third would

be recently pregnant, and one-third would not have bred in the

year of collection. Most of these nonbreeders would be accom-

panied by a nursing year-old calf (ibid.).
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F. Fecundity
Sergeant (1973) computed a production rate of 11-14% for belukhas
in Hudson Bay, Canada. Lowry (1984) estimated the gross annual
production of belukha calves in Alaska to be 9%, a low rate,
compared to marine mammals with annual breeding periods (ibid.).
G. Gestation Period
Gestation requires 14 to 14.5 months (Brodie 1971, Seaman and
Burns 1981).
H. Lactation Period
Females nurse young for 18 months to two years (ibid.).

VI. FACTORS INFLUENCING POPULATIONS
A. Natural
1. Mortality. Although no mortality rates for Alaskan belukhas
were located, known causes of mortality (other than hunting
by humans) are predation by polar bears (Freeman 1973) and
killer whales (Sergeant and Brodie 1969) and entrapment in
sea ice (Porsild 1918). Lowry et al. (1982) state that "the
relatively low rate of production and large proportion of
older animals in harvests suggest that natural mortality
rates are low."
2. Competition. Interspecific competition for food could affect
belukha distribution and/or abundance.
Although belukhas prey on the same fish species as a number
of other marine mammals and birds, their feeding habits are
most similar to those of spotted seals and harbor porpoises
(Phocoena phocoena) (Lowry 1984). By exploiting pack ice
habitat, belukhas avoid direct competition with harbor
porpoises during winter (Burns et al. 1981; Frost and Lowry,
pers. comm.). Both their seasonal range and food habits,
howe;er, extensively overlap those of the spotted seal (Lowry
1984).
B. Human-related
Possible impacts of human-related activities include the
following:
° Barriers to movement, physical and behavioral
Chronic debilitation due to ingestion or contact with petro-
leum or petroleum products
Entanglement in fishing nets or marine debris
Prey base, alteration of
Harassment, passive
Harvest, change in level
Interference with intraspecies communication
Interference with reproductive behavior
Interruption of ongoing behavior: alarm, flight
See the Impacts of Land and Water Use volume of this series for
additional information regarding impacts.)
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VII.

LEGAL STATUS

Federal ,

Belukhas are protected by the U.S. Marine Mammal Protection Act of
1972 (MMPA, PL 92-522).

State

The state of Alaska currently has no responsibility for belukhas
but may request return of management of 10 species of marine
mammals, including belukhas whales.

Population Management History

Data are presented for the entire state rather than by GMU,

A.

1.

Summary of harvest. A few belukhas from the Cook Inlet stock

are harvested by humans (Lowry 1984). In the 1930's, about
100 whales were netted and processed for meat and oil before
the attempted commercial venture was abandoned (ibid.). A
few Cook Inlet whales were taken by recreational hunters in
the 1960's.

In contrast, the Bering-Chukchi stock of belukhas is an
important food resource for the residents of coastal Alaska,
Canada, and Siberia. In the 1late 1950's, Lensink (1961)
estimated that the annual harvest was 400-500 whales;
however, by the mid 1960's, Seaman and Burns (1981) estimated
that the take had declined to 150-300 whales per year,
perhaps largely due to the decline in the number of dog teams
to be fed. From 1968 through 1973, the Alaskan harvest of
whales from the western arctic stock averaged 183 animals
annually (ibid.). From 1977 through 1979, more complete
records were kept of the belukha harvest. In 1977, a harvest
of 247 animals was recorded; 5 were from the Southwest
Region, 33 from the Western Region, and 209 from the Arctic
Region (ibid.). In 1978, a total Alaskan harvest of 177 was
recorded, 2 from Southwest, 18 from Western, and 158 from
Arctic. In 1979, a total Alaskan harvest of 138 was
recorded, 3 from Southwest, 46 from Western, and 89 from
Arctic (ibid.).

Belukhas from the western arctic stock are taken in Soviet
waters (an average of 100-200 animals taken per year) (Lowry
1984), as well as in the MacKenzie estuary of Canada (an
average of 141 whales were taken annually from 1972 through
1977) (Fraker et al. 1979). The loss rate associated with
harvest varies with the area and hunting methods and ranges
from 20 to 60% (Seaman and Burns 1981).

Using harvest estimates from Alaskan, Canadian, and Soviet
waters and appropriate loss-rate estimates, Lowry (1984)
estimated that "total annual removals from the Bering-Chukchi
stock in recent years have therefore been about 600-700
animals."

Period of state authority. Belukhas were managed by the

state of Alaska from statehood in 1959 until passage of the
MMPA in 1972. Harvest levels were low and reduced from



previous years, so no limit was imposed on the take, although
harvests were monitored.

3. Period of federal authority. Passage of the MMPA had little
effect on the overall harvest of belukhas because although
only Alaskan Natives could harvest belukhas after the MMPA
and sale of belukha products to non-Natives was prohibited,
most of the take and use had always been by Eskimos (Lowry
1984). No federal program was instituted to gather harvest
or biological data; state biologists, however, again
monitored harvests from 1977 through 1979 and from 1981 to
the present (ibid.).

4, International agreements. The United States has entered into
no international agreements concerning belukhas.

D. Current Population Management

The National Marine Fisheries Service (NMFS) of the Department of

Commerce has the responsibility for management of belukhas for the

federal government.

1. Management objectives. NMFS has no published plan for
management of belTukha whales (Zimmerman, pers. comm.).

2. Management considerations. Conflicts with fisheries,
especially the Bristol Bay salmon fishery, the unknown
effects of development on belukhas, the lack of a federal
management plan, and data gaps in the basic biological
information for the stock are problems in the management of
belukhas in Alaska.

VIII. LIMITATIONS OF INFORMATION

Information is needed on natural mortality rates. The role of diseases
and parasites in belukhas is poorly known. The limits of the wintering
area suspected to be in the Bering Sea needs to be determined. More
information is needed about what portions of the western arctic popu-
lation migrate north, what portion stays along the southern coastal
region, and what degree of intermixing occurs in the Bering Sea
wintering area.
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Bowhead Whale Life History and Habitat Requirements
Arctic and Western Regions

70}
eol q
4
QULF OF
ALASKA
8ol
a0}
PACIFIC OCEAN
3ot
. 1 1 1 1 1 A1 | 1 1 i 1 1
120 140 180€ 180 160W 140 120
Map 1. Range of bowhead whale (Braham 1983)
I. NAME
A. Common Names: Bowhead whale, Greenland whale, Greenland right
whale, arctic right whale, great polar whale
B. Scientific Name: Balaena mysticetus (Linnaeus 1758)
II. RANGE

A. Worldwide.

Prior to the commercial whaling period (1842-1914), bowhead whales
were nearly circumpolar in distribution in arctic and subarctic
waters (map 1). Four separate stocks of bowheads occurred in 1)
the Sea of Okhotsk; 2) the Bering, Chukchi, and Beaufort seas
(western arctic stock); 3) Hudson Bay, Baffin Bay, Davis Strait,
and adjacent waters; and 4) the Greenland and Barents seas
(Spitsbergen stock) (Tomilin 1957, Marquette 1977). Commercial
whaling severely depleted all of these stocks (Marquette 1977).
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B. Statewide
The western arctic bowhead stock ranges from the west-central
Bering Sea north throughout the eastern Chukchi Sea and eastward
throughout the Beaufort Sea to Banks Island and Amundsen Gulf,
Northwest Territories, Canada (Krogman 1980).
C. Regional Distribution Maps
To supplement the distribution information presented in the text,
a series of blue-lined reference maps has been prepared for each
region. Most of the maps in this series are at 1:250,000 scale,
but some are at 1:1,000,000 scale. These maps are available for
review in ADF&G offices of the region or may be purchased from the
contract vendor responsible for their reproduction. In addition,
a set of colored 1:1,000,000-scale index maps of selected fish and
wildlife species has been prepared and may be found in the Atlas
that accompanies each regional guide.
D. Regional Distribution Summary
1. Arctic. The summer range for most of this stock is in
Amundsen Gulf and the Canadian Beaufort Sea east and north of
Herschel Island (Fraker and Bockstoce 1980). Some bowheads
may not migrate into Canadian waters and may spend the summer
in the northern Chukchi Sea and/or western Beaufort Sea
(Braham et al. 1980b, Bogoslovskaya et al. 1982).
(For more detailed narrative information, see volume 2 of the
Alaska Habitat Management Guide for the Arctic Region.)
2. Western. 01d whaling records show that bowheads historically
overwintered in the pack ice between St. Lawrence and
St. Matthew islands in the Bering Sea, but the specifics of
wintering areas are poorly known (Brueggeman 1982). During
years of extensive pack ice formation, bowheads may winter as
far south as the Pribilof Islands (Braham et al. 1980a).
(For more detailed narrative information, see volume 2 of the
Alaska Habitat Management Guide for the Western and Interior
regions.)

111. PHYSICAL HABITAT REQUIREMENTS
A. Aquatic

1. Water quality. No specific information was found; however,
bowheads occur in areas of both clear and turbid water. O0il
in the water may foul baleen plates and reduce filtering
efficiency (Braithwaite 1980a, b, 1983).

2. Water degth. Bowheads migrate over fairly deep water, but in
summer the "20-25 fathom whaling ground" (40-50 m water
depth) was considered the most productive (Bodfish 1936).
Although whales frequent both deeper and shallower water,
many are found in water about 50 m deep off the Tuktoyaktuk
Peninsula (N.W.T., Canada) in August and September (Fraker
and Bockstoce 1980). Hazard and Cubbage (1982), however,
suggest that "the greater proportion of whales seen in
shallow water is an artifact of more observation time devoted
to shallow water."
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IV.

3. Water temperature. No information was found on the range of
temperatures selected or tolerated by bowhead whales.

4, Substrate. No information was found, but bowheads feed
primarily on pelagic crustaceans (Lowry and Frost 1984), and
substrate is unlikely to be of particular importance.

5. Acoustic properties. Although no unequivocal evidence was
found on acoustic habitat requirements, many observations of
bowhead reactions to various types of noise have been
reported (Carroll and Smithhisler 1980, Reeves et al. 1984,
Davis and Richardson 1985). The significance of the observed
behavior changes is unclear (ibid.).

B. Ice

1. Effects on movement and distribution. Bowhead whales
apparently migrate in response to changes in ice conditions,
moving north as leads open and south before freeze-up (Lowry
et al. 1978, Ljungblad et al. 1985). Brueggeman (1982) noted
more whales than predicted in areas of 3-4 okta ice in early
spring, apparently waiting for leads to open; Braham and
Krogman (1977) noted the same situation near Point Barrow.
Carroll and Smithhisler (1980) noted that whales seemed to
follow one another and surfaced in the same places to breathe
as they migrated north. If the ice beyond was closed, the
whales dove to search for open water, then returned to mill

—————— about and keep the surface of the water from freezing.
Although bowheads can break through ice at least 22 cm thick,
they are occasionally trapped in the ice (see references in
Carroll and Smithhisler 1980). Hazard and Cubbage (1982)
noted more bowheads than predicted near the ice edge on
aerial surveys in the eastern Beaufort Sea in summer.

2. Protection from elements, predators, disturbance. Sea ice
dampens waves from storms (Burns et al. 1981) and makes
escape from predators easier unless the amount of open water
or thin ice is restricted.

NUTRITIONAL REQUIREMENTS

Aspects of the feeding biology of bowheads are poorly known. Few
stomach samples have been analyzed, and some reports of prey items were
based on indirect or limited data.

Beginning in 1976, stomach content samples were taken from 20 bowhead
whales harvested by Eskimo hunters at several locations along the
northern and western Alaskan coasts (Lowry and Frost 1984). Samples
were taken opportunistically and represent different seasons and
locations. Approximately 56 species were found, including 50 species
of crustaceans, 3 species of molluscs, and 3 species of fishes.
Although most of the prey species (23) were gammarid amphipods, the
most frequently encountered species, in order of occurrence, were the
euphausiid, Thysanoessa raschii; the copepod, Calanus hyperboreus; and
the hyperiid amphipod, Parathemisto 1ibellula. Organisms smaller than
about 2.5 mm are not effectively retained by bowhead baleen (ibid.).
The largest prey regularly consumed are +30 mm and include euphausiids,
mysids, and amphipods (ibid.).
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A.

B.

Food Species Used

1.

4.

Spring. Lowry and Frost (1984) found that most prey species

in whale stomachs (53/56) were invertebrates, and most of
those were primarily benthic organisms (35/53). Benthic
organisms made up a small proportion of the overall stomach
contents, however, with the exception of five small whales
taken in spring in the Bering and Chukchi seas. Lowry and
Frost (1984) believe "the incidence of feeding during the
northward migration appears to be less in the Chukchi Sea
than in the Bering. Feeding whales may be predominantly
juveniles, and their prey are mostly benthic invertebrates.”

Summer. Many bowheads summer in the eastern Beaufort Sea,

where they presumably feed extensively (Wursig et al. 1981);

no direct information on summer food items is available.

Whales probably feed on 1locally abundant food items,

especially pelagic crustaceans, during this period.

Autumn. The caloric value of copepods collected in September

was 1.5 times that of the same species collected in late July

and early August. Therefore, although the autumn feeding
time 1is short, it may be of relatively great importance

(Lowry and Frost 1984).

a. Barter Island. Samples collected from five whales
harvested near Barter Island between 20 September and 11
October 1979 indicate that in this area bowhead whales
were feeding primarily on pelagic copepods, euphausiids,
and mysids (Lowry and Burns 1980). Table 1 lists the
major food items identified from bowhead stomach
samples, and table 2 presents the quantitative
composition of those samples.

b. Barrow. Stomach samples taken from two bowhead whales
harvested near Point Barrow in September 1976 were
almost entirely (90% of the volume) euphausiids, with
some gammarid and hyperiid amphipods (Lowry et al.
1978). The principal euphausiid species, (Thysanoessa
raschii) was the same found in whales taken at Kaktovik
{(Cowry and Burns 1980) and is widely distributed in
arctic waters, primarily in the nearshore neritic zone
(Nemoto 1966).

Winter. No data on winter foods are available.
Types of Feeding Areas Used
1.

Summer. The eastern Beaufort Sea and Amundsen Gulf may be

important feeding areas for bowhead whales during early

summer (Fraker 1979). Later, from mid July to mid September,
they move to the MacKenzie River delta region, usually
staying in water 50 m or shallower (Fraker and Bockstoce
1980). Although no stomach samples are available from
bowheads 1in summer, presumed feeding behavior has been
observed in these areas (Wursig et al. 1981, Wursig 1985).
Autumn. Bowheads feed regularly in at least two main areas

in the Alaskan Beaufort Sea in September and October: 1) east

of Barter Island to at least the United States-Canada
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Table 1. Food Items from Bowhead Whale Stomach Samples Collected at
Kaktovik, Barter Island, Alaska, September-October 1979

Copepods:
Calanus finmarchicus 0 0 0 XX 0
Calanus hyperboreus XXX XXX XX XXX XX
Chiridius obtusifrons 0 0 0 XX
Heterorhabdus sp. 0 XX 0 XX 0
Metridia lucens 0 XX 0 XX
Euphausiids:
Thysanoessa raschii® 0 XX XXX XX XXX
Thysanoessa inermis 0 0 0 0 X
Mysids:
Mysis litoralis 0 XX XX 0 XX

Hyperiid amphipods:

Hyperia medusarumi 0 X 0 0 0
Hyperia sp. X 0 0 0 0
Parathemisto abyssoruma 0 0 XX 0 0
Parathemisto 1ibellula® X X X X *
Gammarid amphipods:

Acanthostepheia

behringiensisa 0 0 X 0 *
Acanthostepheia

incarinata 0 X 0 0
Apherusa glacialis 0 0
Atylus carinatus 0 0
Gammaracanthus
Loricatus 0 0 X 0 *
Gammarus sp.a 0 X 0 0 0

(continued)

41



Table 1 (continued).

Whale Specimen Number

Food Item 79-KK-1 79-KK-2  79-KK-3  79-Kk-4  79-KK-5

Gammarid amphipods:
Monoculoides c.f. M.

schneideri 0 0 X X 0
Munnopsis c.f. M. typica 0 0 X 0 0
Onisimus glacialis X 0 0 0 0
Onisimus litoralis, X 0 0 0 0
Rozinante fragilis" 0 0 0 X 0
Weyprechtia heulgini 0 0 0 X *
Family Lysianassidae X 0 0 0 0

Shrimps:
Evalus gaimardii 0 0 0 X 0
Sabinea septemcarinata 0 0 0 X 0
Family Crangonidae X 0 0 0 0
Unidentified 0 X 0 0 0
Isopods:
Saduria entomon 0 0 0 0 X
Cumaceans:
Diastylis sp. 0 0 0 X 0
Fishes:
Boreogadus saida 0 X 0 0 *
Myoxocephalus quadricornis 0 0 X 0 *
Pungitius pungitius 0 0 0 0 *
Unidentified 0 0 0 X 0
Pebbles X 0 0 0 X
Source: Lowry and Burns 1980. * = present in qualitative sample
only.
X = 1-10 individuals in sample. a = Indicates previously reported XX

food items of bowhead whales from
XX = more than 10 individuals in  northern Alaska (Lowry et al. 1978,
sample. Marquette 1979).

XXX = dominant item in sample.
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Table 2. Quantitative Composition of Stomach Contents from Bowhead Whales
Collected at Kaktovik, Autumn 1979

Whale Specimen Number Overall
Mean
a Percentage

Prey Type 79-KK-1 79-KK-2  79-KK-3  79-KK-4 79-KK-5 Contents
Copepod 99.7 9¢.0 23.4 88.3 0.1 59.8
Euphausiid 0 0.3 67.8 4.9 97.9 37.2
Mysid 0 0.3 7.0 0 0.8 0.2
Hyperiid

amphipod 0.1 0.1 0.5 0.4 0 0.1
Gammarid

amphipod 0.1 0.1 0.3 2.4 0.1 0.4
Other

invertebrate 0.1 0.1 0 2.3 1.1 0.6
Fish 0.1 0.1 1.0 1.7 0 0.4
Sample

volume (ml) 2,406.2 545.2 399.7 131.3 357.9

Estimates total

volume of

contents

(gallons) 12 5 6 5 10

Source: Lowry and Burns 1980.

a For each whale, numbers indicate percentage of the sample volume
comprised of each prey type.

b The overall mean percentage of contents was calculated based on the
volume and percent composition of each sample and the estimated total
contents of stomachs from which the samples were taken.

demarcation Tine (141° W) and 2) east of Barrow to Pitt Point
(Lowry and Frost 1984). Feeding behavior has been observed
in these areas, and stomachs of whales taken at Barrow and
Kaktovik in autumn contain food (ibid.).
C. Factors Limiting Availability of Food
Sea ice limits the availability of food to bowhead whales by
blocking 1ight, thus limiting productivity, and by limiting the
areas to which the whales have access (Ljungblad et al. 1985).
Ringed seals (Phoca hispida) and arctic cod (Boreogadus saida) are
the bowhead's most significant trophic competitors in the Beaufort
Sea (Lowry and Burns 1980). Broad dietary overlap 1is probably
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less important to the euryphagus ringed seal, which eats many
species of fishes and crustaceans, than to the relatively sten-
ophagus bowhead, which depends more on "swarms of small to medium
sized zooplankton" (Lowry et al. 1982).

Feeding Behavior

Three major types of feeding behavior occur in bowhead whales:
skimming, water column feeding, and bottom feeding (Ljungblad
1981, Wursig et al. 1981, Wursig 1985). Another behavior, bubble-
blowing, has been associated with feeding, although its function
is uncertain (Wursig et al. 1981). The relative frequency of
feeding behavior types changed from year to year; the distribution
of prey probably dictates bowhead movements and behaviors in the
Beaufort Sea in summer (Wursig 1985).

Skim-feeding whales swim slowly at the surface with the rostrum at
or above the water surface and parallel to it and the Tower jaw
dropped (Wursig et al. 1981).

Whales occasionally skim-feed alone but more commonly are observed
in groups of 2 to 10 individuals. In these cases, each group
covers an area of about 10 km?. The groups are separated from
each other by 10-20 km and remain in the same general area while
feeding (ibid.). Skim-feeding whales have been observed swimming
in echelon formation, staggered to the side and behind the whale
at the apex, with each whale separated by 10-50 m (ibid.). At
other times, bowheads have been noted swimming abreast and
parallel to one another. The largest skim-feeding formation
observed contained five individuals (ibid.).

Although bowheads are basically "skimmers," they do forage near
the bottom, at least in shallow areas (Ljungblad 1981, Hazard and
Lowry 1984). Bottom-feeding whales are widely separated when they
surface, usually no closer than 300 m apart (Wursig et al. 1981).
While water-column feeding, bowheads swim slowly at the surface,
taking a series of breaths before diving obliquely to the bottom
and back to the surface. Water-column feeding whales remain
submerged longer and spend somewhat more time at the surface
between dives than do whales engaged in other activities (Wursig
et al. 1981).

Although no direct observations were found on the percentage of
time spent feeding, Lowry and Frost (1984), making a number of
assumptions (e.g., average caloric value of prey, swimming speed,
filtering efficiency, average whale size), calculated that an
average-sized whale would need to feed for 1,744-2,528 of the
3,120 hours available in a typical feeding season.

Assuming a six-month feeding season, Brodie (1980) estimated that
an average bowhead would need to consume 1.1-1.3% of its total
body weight (TBW) per day. Frost and Lowry (1981) estimated an
intake of 3% TBW per day, and Marquette (1978) estimated an intake
of 4% TBW per day.
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V.

REPRCDUCTIVE CHARACTERISTICS

A.

Reproductive Habitat

Mating probably takes place during spring migration (Braham and

Krogman 1977, Everitt and Krogman 1979). Imm (1980) believes that

mating is the principal bowhead activity prior to ice breakup in

the Bering Strait.

Apparent reproductive activity was observed in an open-water lead

in the pack ice about 32 km east of Point Barrow (Everitt and

Krogman 1979). Pack dice appeared to be solid east of the

immediate area, suggesting that migration was delayed.

Reproductive Seasonality

The mating season for bowheads is not well known. Marquette

(1977) states that breeding occurs during the spring migration and

in early summer. Presumed breeding behavior has been observed

near Point Barrow (Everitt and Krogman 1979) and Point Hope (Foote

1964) in early May. Nerini et al. (1982) reported that breeding

activity has been observed from March through May.

Based on sightings of young of the year, fetal lengths, and

harvest of lactating females, Nerini et al. (1982) estimated that

calving probably occurs from March to August, with a peak in May.

Reproductive Behavior

Reproductive activity has been observed only rarely in bowhead

whales because of the difficulty in observing these animals in

their natural environment. Everitt and Krogman (1979) observed a

pod of six bowheads in a lead in the pack ice east of Point Barrow

engaged in what they thought to be reproductive activity:
aggregation of several whales, flipper-touching or twisting, one
whale clasping another with its flippers, and attempted copula-
tion. Spring ice conditions (i.e., denser pack ice with few
open-water leads) may cause the population to be more aggregated
than at other times of year, increasing the number of social
interactions that eventually lead to mating (Braham and Krogman

1977, Everitt and Krogman 1979, Imm 1980). The rate of social

encounters decreases steadily from spring to autumn (Wursig 1985).

Age at Sexual Maturity

Most bowhead whales harvested in recent years are immature, making

it difficult to obtain data about reproduction and sexual

maturity. A1l data on sexual maturity are given as a function of
body length, but there is no adequate method of aging bowheads or

of correlating body length and age (Nerini et al. 1982).

1. Females. Nerini et al. (1982) found that all sexually mature
females examined were 13-14 m in length. Davis et al. (1983)
found that 91% of all females observed to be accompanied by a
calf were longer than 13.5 m.

2. Males. Tomilin (1957) stated that bowheads are sexually
mature at 14-18 m.

Frequency of Breeding

Durham (1972) concluded from indirect evidence that bowheads calve

every second year or less often. Marguette (1978) stated that the

45



calving interval was two to three years, and Nerini et al. (1982)
believed it to be three to five years.

Fecundity

Female bowheads normally produce only one calf; a female with two
calves is rarely observed (Scoresby 1820, Eschricht and Reinhardt
1866). Nerini et al. (1982) reported that 4 of 13 sexually mature
females examined were pregnant or recently postpartum and
suggested a pregnancy rate of 0.31. Extrapolating these data and
making a number of assumptions, they give a gross annual recruit-
ment rate of 2.0-3.5%.

Gestation Period

Based on lengths of fetuses, neonates, and calves, as well as
assumed calving and mating periods, Nerini et al. (1982) estimated
the gestation period to be 13 months. Gestation periods of 9 to
13 months have been suggested for bowheads (see references in
Nerini et al. 1982).

Lactation Period

The length of the 1lactation period is not known; however,
lactating female bowheads have not been taken in the autumn
harvest, indicating that weaning may occur at five to six months
of age (ibid.).

VI. FACTORS INFLUENCING POPULATIONS

A.

Natural

Bowheads suffer no predation other than hunting by humans and
occasional attacks by killer whales (Orcinus orca) and have few
parasites or diseases (Gusey 1983). Bowheads may occasionally be
caught in ice and die. Mortality rates are not known. (See
section IV. C., Factors Limiting Availability of Food, for a
discussion of trophic competition.)

Human-related

A summary of possible impacts from human-related activities
includes the following:

° Barriers to movement, physical and behavioral
(e.g., structures)

Chronic debilitation due to ingestion or contact with
petroleum or petroleum products

Chronic debilitation due to ingestion or contact with
chemicals

Collision with vehicles or structures

Harassment, passive

Harvest, change in level

Interference with intraspecies communication

Interference with reproductive behavior

Interruption of ongoing behavior: alarm, flight

Prey base, alteration of

0O 0 0 0 o o O
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VII.

LEGAL STATUS

Federal

Bowhead whales are classified as endangered and are protected
under the Endangered Species Conservation Act of 1969 (PL 91-135)
and Marine Mammal Protection Act of 1972 (MMPA, PL 92-522). The
NMFS (NOAA, U.S. Department of Commerce) oversees bowhead whales
for the federal government.

State

The State of Alaska has no managerial authority or responsibility
for bowhead whales.

Population Management History

A.

1.

Summary of harvest. During the commercial whaling period

(1848-1914), over 18,000 bowheads were killed, and at least
16,000 were taken by Yankee whalers (Bockstoce and Botkin
1980). The western arctic stock was depleted quickly;
two-thirds of the total Yankee harvest was taken within the
first two decades of whaling (ibid.). By 1914, commercial
take of bowheads ended because of the decline of the bowhead
population and the collapse of the whalebone and whale-o0il
markets (ibid.). Between 1910 and 1969, the annual catch
dropped sharply; records indicate that 704 bowheads were
taken, for an average take of 11.7 whales per year (Marquette
and Bockstoce 1980). The harvest then jumped: from 1970
through 1977, a total of 259 whales were landed, with an
average of 32.4 per year (ibid.). Beginning in 1978, the
annual harvest quota has been set by the International
Whaling Commission (IWC) and has ranged from 14 to 18 whales
landed (ibid.).

Period of state authority. The State of Alaska has never had

managerial authority or responsibility for bowhead whales.
Period of federal authority and international agreements.

Bowhead whales have been completely protected from commercial
whaling since 1946 by the International Convention for the
Regulation of Whaling, the same act that set up the IWC. 1In
1969, the Endangered Species Conservation Act (ESA,
PL 91-135) placed the bowhead under further protection and
ended all nonsubsistence whaling by the United States. The
MMPA placed restrictions on the importation of marine mammal
products and allowed only Alaskan Natives to take bowhead
whales for subsistence and for creating handicraft items and
clothing for personal use and sale. The MMPA and ESA allow
for requlation of subsistence take if the stock is declared
depleted. Rather than go through the lengthy hearing process
to set up regulations under those laws, the United States
proposed to the IWC a yearly quota system of whales struck
and whales landed. The first quotas took effect in 1978;
enforcement was through the Whaling Convention Act. At the
same time (1978), the Alaska Eskimo Whaling Commission (AEWC)
was organized,
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D. Current Population Management
In 1981, NMFS entered into a two-year cooperative agreement with
the AEWC for cooperative bowhead whale management. An amendment
to the cooperative agreement, passed in July 1982, extends the
agreement through 1987. The IWC sets overall quotas, usually for
a block of several years. NMFS and AEWC then determine, through
annual negotiations, the number of whales that may be struck in
each year; if they are unable to agree in a particular year, the
_quota from the previous year applies.
1. Management objectives. The AEWC Management Plan provides for
the following:
° Enforcement powers held by the AEWC
Definitions of permissible whaling equipment and methods
Registration of each Eskimo whaling captain in Alaska
Requirement of reporting all whaling occurences,
strikes, landings, or accidents
° Establishing the level of harvest in conjunction with
NMFS and setting the level of fines for infractions
Supporting bowhead and weapons research (AEWC 1985)
2. Management considerations. Research is continuing on more
efficient and humane methods of whale harvest and reducing
the number of whales struck and lost.

o
o
o

]

VIII. LIMITATIONS OF INFORMATION
More data are needed on mortality and recruitment rates and other basic
vital parameters, the effects of disturbance and development on
bowheads, wintering areas and foods, and the effects of competitive
trophic interactions. In addition, a better method of estimating
population size needs to be developed.
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Pacific Walrus Life History and Habitat Requirements
Southwest, Arctic, and Western Regions
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Map 1. Range of Pacific walrus (Fay 1982)
I. NAME
A, Common Name: Pacific walrus
B. Scientific Name: Odobenus rosmarus divergens (I11liger 1811)
II. RANGE
A. Worldwide

The single species of 1iving walrus, Odobenus rosmarus, is
holarctic in distribution and comprises six geographically
isolated and morphologically different subpopulations centered in
1) the Hudson Bay-Davis Strait region, 2) eastern Greenland,
3) Svalbard and Franz Josef Land, 4) Kara Sea-Novaya Zemlya,
5) Laptev Sea, and 6) Bering and Chukchi seas (Fay 1982).
Walruses from the first four areas are considered to be "Atlantic
walrus" (0. r. rosmarus); those from the Bering and Chukchi seas
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are "Pacific walrus" (0. r. divergens); those from the Laptev Sea
have been included in both subspecies by different authors and
were put in their own subspecies, 0. r. laptevi, by Chapskii
(1940).
Statewide
Walruses range from the southern edge of the summer pack ice,
usually from just east of Barrow to Wrangel Island and, in winter,
to the southern edge of the ice, occasionally as far as the
eastern Aleutian Islands (Fay 1982, Fay et al. 1984). The
distribution of Pacific walruses has been affected in the past by
depletion of their numbers by Yankee whalers, American arctic
traders, and Soviet sealers from 1868 through the 1950's (Fay et
al. 1984). The Pacific walrus population apparently reached its
new maximum in the late 1970's and currently inhabits nearly all
its prenineteenth-century range (ibid.).

Regional Distribution Maps

To supplement the distribution information presented in the text,

a series of blue-lined reference maps has been prepared for each

region. Most of the maps in this series are at 1:250,000 scale,

but some are at 1:1,000,000 scale. These maps are available for
review in ADF&G offices of the region or may be purchased from the
contract vendor responsible for their reproduction. In addition,

a set of colored 1:1,000,000-scale index maps of selected fish and

wildlife species has been prepared and may be found in the Atlas

that accompanies each regional guide.

Regional Distribution Summary

1. Southwest. Walruses occur in Bristol Bay, the north side of
the ATaska Peninsula, and the Pribilof Islands (Fay 1982).
(For more detailed narrative information, see volume 1 of the
Alaska Habitat Management Guide for the Southwest Region.)

2. Arctic. Most walruses in the Arctic Region are found from
just east of Point Barrow to Wrangel Island and from the
southern edge of the summer pack ice south, except Kotzebue
Sound, Norton Bay, and Port Clarence (ibid.). Regularly used
terrestrial haulout areas in the region are the Diomede and
Punuk islands and Cape Chibukak on St. Lawrence Island (Fay
et al. 1984). Irregularly used haulouts are Egg Island,
Besboro Island, Cape Darby, Sledge Island, several places on
St. Lawrence Island, King Island, and Cape Lisburne (ibid.).
One of the two main breeding groups is found in this region
from the St. Lawrence polynya southward (map 2) (ibid.).

(For more detailed narrative information, see volume 2 of the
Alaska Habitat Management Guide for the Arctic Region.)

3. HWestern. Much of the Pacific walrus population may pass
through the Western Region, depending on the extent of the
winter ice. The only major terrestrial haulouts in the
region are on St. Matthew and Hall islands. They have again
been reqularly occupied by many walruses only since autumn
1980 (Frost et al. 1982, Fay 1984). One of the two main
breeding groups usually is found in this region from south of
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Nunivak Island to Kuskokwim and Bristol bays, depending on
the extent of the ice (map 2) (Fay et al. 1984).

(For more detailed narrative information, see volume 2 of the
Alaska Habitat Management Guide for the Western and Interior
regions. )

ITI. PHYSICAL HABITAT REQUIREMENTS
A. Aquatic

1. Water quality. No published information was found.

2. Water depth. Walruses have been observed to feed in water as
deep as 100 m, but feeding generally 1is restricted to depths
of 80 m or less. Whether the observed range is a function of
the diving capacity of walruses or the depth distribution of
their prey is not known (Fay 1982, Lowry 1984).

3. Water temperature. No data were found on preferred or
tolerated water temperatures.

4, Substrate. Benthic invertebrates, upon which walruses feed,
require marine sediments up to 30 cm deep (Fay 1982) composed
of sand and silt (McDonald et al. 1981). However, walrus
stomachs often contain stones and coarse gravel, indicating
that they apparently feed in areas with other sediment types
(Fay, pers. comm.).

5. Acoustic properties. Walruses in open water when approached
by a ship showed little concern "until the ship was about to
run over them"; they then dove and swam off to one side (Fay
et al, 1984). Walruses often approach to within 20 m of
stationary ships, diving under and around them, "apparently
more curious than concerned" (ibid.). However, when
approached by a ship breaking through ice, walruses often
haul out onto the ice. Hauling out onto ice in response to
noise or disturbance is common among ice-associated pinnipeds
and may have survival value when ice is compacting, breaking,
and ridging under pressure (ibid.).

B. Terrestrial
Terrestrial habitat is used only for haulout areas, predominantly
by bulls in Bristol Bay and Bering Strait during late spring,
summer, and early fall (Frost et al. 1982) and by bulls, cows,
calves, and subadults during fall migration in the Chukchi and
northern Bering seas (Fay 1982, Taggart and Zabel 1982). Patterns
of terrestrial haulout use have changed dramatically during the
cycles of population depletion and abundance; nearly all historic
terristrial haulout sites have now been reoccupied (Fay et al.

1984).

1. Physical characteristics. Characteristics common to all
haulouts include absence of extensive exposed tidal flats
(Fay 1982), proximity to normal distributional and
migrational areas (Lowry 1984), and absence of regular and
frequent disturbance (Fay et al. 1984, Lowry 1984).
Terrestrial haulouts are shoreline areas with one or more of
the following physical characteristics:
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C.

Ice

Rocky islands with steep cliffs and boulder beaches
Low-1lying sand and gravel spits extending from islands
or the mainland

Tundra-covered islands with gently sloping gravel
beaches

Mainland coast with sand/gravel beaches backed by steep
bluffs

Influence of weather on haulout use. Walruses abandon

terrestrial haulouts during periods of severe storms accom-

panied by heavy surf (Fay 1982).

Functions of terrestrial haulouts:

a. Escape from predators. Terrestrial haulouts provide
escape from killer whales (Orcinus orca) but not from
polar bears (Ursus maritimus). Walruses are more likely
to be harassed by humans on terrestrial haulouts than
when hauled out on ice (ibid.).

b. Resting platform. Terrestrial haulouts provide a secure
surface out of water for grooming, resting, nursing, and
basking (Fay 1981, 1982). In fall, cows and calves
migrate southward ahead of advancing pack ice and haul
out on land to rest (ibid.).

Physical characteristics of ice habitat.

Floes of sufficient area and thickness (10 to over 100 m in
diameter) are needed to accommodate hauled out groups, which
may number hundreds of animals; these are usually thick,
pressure-ridged floes. Open water or ice less than 20 cm
thick between thicker floes is required to allow walruses to
surface for air and to gain access to the water for feeding;
no more than 80% of the water surface should be covered by
thick ice (ibid.).

Seasonal use. Winter ice habitat is heavy ice located north

of the ice front and in a loose pack; densely consolidated

ice farther north is a barrier to winter walrus distribution

(Burns et al. 1977). Summer ice habitat is near the southern

edge of the pack ice, generally in the northern Chukchi Sea,

and 1is characterized by multi-year floes and considerable
open water (ibid.).

Functions of ice haulouts:

a. Escape from predators. The shifting nature of ice, as
well as 1its location remote from most human activity,
provides better refuge from human disturbance than
terrestrial haulout areas (Fay 1982). Polar bears are
the most numerous nonhuman predators of walruses in pack
ice (ibid.).

b. Protection from the elements. Ice ridges provide
shelter from wind, and ice cover moderates the severity
of ocean waves in the immediate area (Burns 1981).

c. Use as a resting platform. Grooming, resting, basking,
parturition, nursing, and molting take place on the ice.
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The pack ice serves as the arena in which courtship
display and breeding activities take place; and moving
ice may serve as continuous transport to new feeding
grounds (Fay 1982).

IV. NUTRITIONAL REQUIREMENTS

A.

Food Species Used

Walruses feed almost entirely on benthic organisms; over 60 genera
representing 10 phyla have been identified from walrus stomachs
(ibid.). Bivalve mollusks of the genera Mya, Serripes, Spisula,
Hiatella, Clinocardium, and Tellina are the clams most commonly

eaten when available; in most seasons and most areas, clams
occurred most frequently in the stomach contents, although they
did not always make up the greatest proportion by weight (Fay
1982, Fay et al. 1984, Lowry et al. 1982).
Other bivalves of importance are Astarte, Macoma, and Siliqua.
Echiurids, Priapulids, Sipunculids, Polychaetes, moon snails
(primarily Polinices and Natica spp.), whelks, and anemones are
important in some areas at some times. Walruses occasionally eat
sand lances (Ammodytes hexapterus) and seals; incidence of
observed walrus predation on vertebrates seems to have increased
since 1978 (Fay 1982, Fay et al. 1984, Lowry and Fay 1984). In
the Bering Strait region in spring prior to the early 1980's, male
walruses fed primarily on the largest age classes of the larger
bivalve genera Mya and Serripes, and females fed on the smaller
genera (Tellina, Astarte, and Hiatella) (Fay and Stoker 1982). In
the early 1980's, males were feeding on smaller individuals of #xg
and Serripes, and females apparently shifted from the smaller
genera to the same species and size classes as the males (ibid.).
The average size of nearly all prey types was about 50% smaller in
1980 than in 1975. These changes in food habits were presumed to
be the result of a depletion of the older age classes, probably
%aused)by the increase in the number of walruses feeding on them
ibid.).
Types of Feeding Areas Used
Most Pacific walruses stay with the floating ice for most of the
year and feed primarily on immobile bivalve mollusks, which are
widely distributed on the continental shelf of the Bering and
Chukchi seas and which are available to the walrus as long as the
ice remains over the shelf. Therefore, seasonal differences in
feeding locations are due more to abiotic influences (e.g., ocean
currents, surface winds) on ice conditions than on active
selection of feeding areas by walruses (Fay 1982).
Factors Limiting the Availability of Food
During the southward fall migration, ice usually is too thin to be
used for support; animals generally swim ahead of the ice, thus
decreasing the amount of time they can feed (ibid.).
Sessile bivalve mollusks are susceptible to excessive sedimenta-
tion and to pollution (Stoker 1981); activities that cause
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pollution or that alter sedimentation patterns will adversely
affect the biomass of the food supply.

Use of terrestrial haulout areas limits foraging activities to
reasonably accessible ranges. Haulout areas presumably are
established in the vicinity of appropriate food resources (Lowry,
pers. comm.). Because of the 50% decrease in the average size of
prey between 1975 and 1980 in the Bering Strait region, at least
twice as much effort is now needed to forage for the same amount
of food (Fay and Stoker 1982).

Walruses may interact trophically with both gray whales and
bearded seals in the Bering and Chukchi seas (Lowry et al. 1980,
Lowry and Frost 1981). Walruses and bearded seals may compete for
bivalves. Gray whales do not consume large bivalves, but they may
have a negative effect on walruses' food resources by reducing
recruitment or survival of the walruses' preferred prey (Oliver et
al. 1983). Gray whale disturbance of the sea floor while feeding
may have a positive effect on several species of amphipod
crustaceans, and these crustaceans may decrease the recruitment of
young bivalves by predation, trampling, or some less direct
interference (ibid.).

As the Pacific walrus population increases, food resources that
were formerly partitioned by geographical segregation of the sexes
and by seasonal segregation of their feeding schedules are under
increasing pressure, and intraspecific competition may become
increasingly important (Fay and Stoker 1982). The species
primarily eaten by walruses generally require about as many years
as walruses to reach maturity and live nearly as long as the
walruses (Fay et al. 1984). Fay et al. (1984) believe that the
depletion of walruses in the 1930-1950's allowed an increase in
prey populations, particularly in the Bering Strait region. The
abundant prey fueled a rapid recovery of the walrus population,
but changes in stomach contents of spring migrant walruses now
indicate a decline in numbers of clams in the region (ibid.).
Feeding Behavior

Fay (1982) noted that in spring (March-June) walruses were in the
water more often in the morning and evening than at other times
and that animals taken at those times were most 1likely to have
food in their stomachs. In February and March 1981, Fay et al.
(1984) noted that on the ice south of Nunivak Island and Kuskokwim
Bay females and young were synchronous but not circadian in their
feeding schedules. They would usually spend 24 to 36 hours in the
water feeding, then haul out onto the ice to rest for 36 to
48 hours They usually fed during the passage of a storm front and
rested during the fair weather between storms (ibid.). The
duration of feeding dives is a function of the water depth and,
presumably, the abundance of food (Fay 1982). Dive times of up to
10 minutes have been reported for walruses feeding in water 70 to
79 m deep (see references cited in Fay 1982). The maximum depth
at which walruses feed was reported to be about 80 m (Vibe 1950).
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Recent data from the central Bering Sea confirm that walruses can
feed at greater depths, to at least 113 m (Fay, pers. comm.).
Walruses are highly specialized for feeding on benthic bivalve
mollusks (Fay 1982). They generally move snout-first along the
bottom, dragging their tusks, and may search for visually
conspicuous prey by sight as well as by "rooting" with snout and
vibrissae for less obvious prey, not by digging with their tusks
(Fay 1982). Instead, walruses may use a pulsing stream of water
to excavate prey (Oliver et al. 1983). Hydraulic jetting,
rooting, and consumption of prey during feeding bouts appear to
leave a distinct record of furrows, pits, and discarded bivalve
shells on the sea floor (ibid.). Continuous pit-furrow systems
indicate the prey consumed in one dive; in one system, 34 clams
had been consumed along more than 60 m of bottom. Dive times for
that water depth averaged about five minutes (Fay 1982),
suggesting that one walrus ate more than six clams per minute
(Oliver et al. 1983). Prey are excavated before consumption; then
soft parts of clams are sucked from between the two shells (Oliver
et al, 1983, Vibe 1950).

Based on daily food intakes of captive walruses, nutritional
requirements by age, sex, and season have been calculated (Fay
1982, Fay et al. 1984, Gehnrich 1984). Walruses in captivity
consumed energy at mean annual rates vranging from about
25,120 kcal/day in a 2-year-old female to 70,310 kcal/day in an
18-year-old male (Gehnrich 1984). For both sexes, the annual mean
of daily intakes increased with age at about the same rate until
about ages 7 or 8, when rates for females leveled off while those
for males continued to increase until about age 15s or 16 (ibid.).
Although females consumed more when pregnant or lactating, their
annual mean of daily intake still averaged less than that of adult
males (ibid.). Adult males ate very little during a three-to-
five~-month period in winter corresponding to the breeding season
for wild walruses; they compensated by increasing their energy
intake outside the breeding season (ibid.). For both sexes,
maximum food intake during the year was in November-December,
corresponding to the time of autumnal migration in wild walruses
(Fay et al. 1984).

V.  REPRODUCTIVE CHARACTERISTICS

A.

Reproductive Habitat

Fay et al. (1984) observed that walruses breed in areas that are
well within the pack ice edge on the leeward side of ice-forming
zones, where divergence of the ice continually permits leads and
polynyas to form and the floes are thick enough to be supportive
and dry. Breeding herds of walruses appear to be divided into two
general areas, one from the St. Lawrence polynya southward and the
other south of Nunivak Island and into Kuskokwim and Bristol bays,
depending on the extent of the ice (map 2) (ibid.).
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Reproductive Seasonality
Breeding takes place from December to March. Adult males are
fertile from December to March; nonpregnant females are in estrus
mainly from January to early March; a postpartum estrus takes
place in June to August (Fay 1982). Males that are sexually
potent but not yet physically mature reach their peak of
testicular development about two months after fully adult males
(ibid.). Implantation is delayed three to four months following
mating. Calving takes place from mid April to mid June on stable
ice in the central Bering and southern Chukchi seas (map 3) (Fay
1982, Fay et al. 1984).
Reproductive Behavior
Most of the adult males and females concentrate in two main
breeding areas (map 2) during at least January to early March (Fay
et al. 1984). The females and young tend to stay together in
groups of about 10 to 50 individuals; each group is attended by
one or more large mature males. When the group is resting on the
ice, the males perform courtship displays in the water alongside
the floe. Each such male displays as long as the females are at
rest, presumably to display sexual readiness and to keep other
males away. Individual females then leave the herd to join a
displaying male in the water, diving beneath the surface, where
copulation probably takes place. When more than one bull displays
to a group of females, they maintain a separation of about 7-10 m
from each other. Invasion of a display site results in visual
threats and violent fighting. Observed ratios of adult males to
potentially available mates have ranged from 1:5 to 1:15 (average,
about 1:10) (ibid.).
The prepartum female selects a clean floe, often isolated from the
group; parturition occurs on the ice (Fay 1982). After a few
days, the female and young rejoin the nursery herd of females and
young (ibid.). The female forms a strong social bond with her
young, actively defending it and not leaving it even to feed.
Orphaned calves are occasionally adopted by other females (ibid.).
Age at Sexual Maturity
1. Males. Fay (1982) found that although some male walruses
attain sexual potency as early as their seventh winter or
spring, most become sexally mature in their eighth or ninth
winter. In their eighth to tenth year, growth of secondary
sexual characteristics begins (increased size of body, tusks,
baculum, and thickening of the skin on neck and shoulders)
and is completed by about age 15. They are probably then
sufficiently large and powerful to compete successfully with
other adult males for mates (ibid.). Captive walruses, which
have no competitors, have sired their first calves in their
tenth year, but wild walruses, which have many competitors,
probably do not compete successfully for mates until they
attain physical maturity (ibid.).
2. Females. A few female walruses become pregnant for the first
time at age 4; about two-thirds have ovulated at least once
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Map 3.

Estimated maximal extent of calving areas of the Pacific walrus population in mid April to
mid June (Fay 1984).



by age 6; and virtually all are fertile by age 10 (Fay 1982).
Most "attain the peak of their reproductive performance" in
their ninth or tenth year (Fay 1982).
E. Frequency of Breeding
Females at the peak of their reproductive performance breed in
alternate years; older females breed every third or fourth year
for an average interval between births of about 2.3-2.5 years
prior to the 1970's (Fay 1982, Lowry et al. 1982). During the
late 1970's, abortions and stillbirths were widespread, perhaps
because of increased pressure on the food supply and disease (i.e.
walrus calicivirus) (Fay et al. 1984). Synchronous breeding and
"pulses" of higher calf production every two to three years
resulted (ibid.).
F. Fecundity
As the Pacific walrus population has recovered from exploitation
and approached what may be the carrying capacity of the environ-
ment, fecundity has changed. Fay and Stoker (1982) noted that the
conception rate of adult females decreased from about 38% prior to
the 1970's to about 30% per year in 1977-1979; the percentage of
gestations resulting in normal births declined from about 95% in
the 1950's to the early 1970's, to about 73% in 1979-1980, mainly
as a result of increased abortion and premature birth.
G. Gestation Period
Including the 3 to 4 months of delayed implantation, the gestation
period is 15 to 16 months (Fay 1982).
H. Lactation Period
Fay (1982) reports:
The data available suggest that 1) calves are dependent on
milk alone in at least the first five months after birth,
2) some calves may begin to eat invertebrates infrequently by
the time they are six months old, 3) a few are proficient at
benthic feeding by the end of their first year, but 4) they
usually continue to suckle, at least as a dietary supplement,
for several months longer, 5) their milk intake probably
declines radically toward the end of the second year, 6) they
usually are fully weaned at two years of age, but 7) a few
may continue to suckle for another year if not supplanted by
a younger more dependent calf.

VI. FACTORS INFLUENCING POPULATIONS
A. Natural
1. Mortality. Morbidity and mortality data through 1979 have
been reviewed by Fay (1982), who remarked that "the walrus
has the Towest known reproductive rate for a pinniped, is
slow to mature, and has a long life~-span. For those reasons,
its rate of natural mortality probably is very low . . . the
killing of walruses by man is a form of predation, and it
appears to have been the most important single cause of death
over the past 120 years or so." Other known predators of
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walruses include polar bears, which reportedly take mainly
calves, and killer whales, which take animals of all ages.
Although many diseases and 16 species of parasites of
walruses have been reported, they do not seem to be an
important cause of death or illness (Fay 1982). Some
walruses, especially calves, may be crushed or trampled when
herds stampede off haulouts on ice or land in response to
disturbance caused by humans or polar bears (ibid.). Fay and
Kelly (1980) documented mass natural mortality on the Punuk
Islands in the autumn of 1978; carcasses examined appeared to
have been rolled and trampled.

2. Competition. For information on inter- and intraspecific
competition for food, see section IV.C., Factors Limiting
Availability of Food. Walruses breed and calve on and near
ice rather than on land, so that competition for rookery
space probably does not 1imit breeding, although competition
among males for access to females often results in fights and
bloody wounds (Fay 1982).

Human-related

A summary of possible impacts from human-related activities

includes the following:

° Chronic debilitation due to ingestion or contact with petro-
leum or petroleum products

° Chronic debilitation due to ingestion or contact with chemi-

cals

Collision with vehicles

Entanglement in fishing nets or marine debris

Harassment, active

Harassment, passive

Interruption of ongoing behavior

Mortality due to ingestion of chemicals

Mortality due to ingestion of petroleum or petroleum products
Prey base alteration

Terrain alteration or destruction

See the Impacts of Land and Water Use volume of this series for

additional information regarding impacts.)

o
o
o
o
o
o
o
o
o
(

VII. LEGAL STATUS

A.

Federal

Walruses are administered by the USFWS for the federal government

under the Marine Mammal Protection Act (MMPA) of 1972.

State

The state of Alaska may request return of managerial authority for

10 species of marine mammals, including walrus.

Population Management History

Material is presented for the whole Pacific walrus population

rather than by GMU or subpopulation.

1. Summary of harvest. Pacific walruses are harvested by both
the United States and the USSR. Coastal residents take about
two-thirds of the Soviet harvest; about one third is taken by
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a commercial high-seas fishery from Tlarge multipurpose
vessels. The total Soviet harvest averaged about 5,000
animals per year in the 1940's and 1950's, decreased to about
900 per year from 1965-1971, increased again to 1,200-1,500
annually in the 1970's, and was approximately 4,000 animals
in 1982 (Lowry 1984).

From 1958 to 1972 the average harvest was approximately 1,600
animals per year. Passage of the MMPA in 1972 prohibited
harvest by non-Natives; from 1973 to 1977, the average annual
harvest rose to 2,162. From April 1976 through August 1979,
the State of Alaska managed walrus populations under a waiver
of the MMPA, which specified a harvest of no more than 3,000
animals per year (ibid.).

Although the number of walruses killed but not retrieved is
difficult to estimate, Lowry (1984) stated that the retrieved
harvest represents about 60% of the total kill. Including
both Soviet and American harvests, the estimated total number
of animals killed annually between 1958 and 1977 averaged
5,577 (range 3,078 to 9,230). The population more than
doubled in that period, so the kill was clearly below the
sustainable yield (ibid.).

Period of state authority. From 1959 through 1972, the State
of Alaska had managerial authority over Pacific walruses.
Before ADF&G regulation, the harvest probably included more
females than males (Burns 1965). In 1960, Alaska game
regulations allowed residents to take unlimited numbers of
male walruses and only seven females or subadults; in 1961
that was changed to five females or subadults. Recreational
hunters were limited to one male walrus per year. The new
state regulations and the fact that Soviet hunters took only
males after the mid 1950's, changed the harvest to about 75%
bulls, 20% cows, and 5% immature animals, affecting the
composition of the population and enhancing overall
productivity (Fay 1982). In 1960, male summer haulout areas
in Bristol Bay were protected by the creation of the Walrus
Islands State Game Sanctuary. About the same time, the
Soviet government stopped hunting on all haulouts in Siberia
(Fay et al. 1984). The State of Alaska began managing
walruses in 1959, but passage of the MMPA in 1972 returned
authority to the USFWS. Under the MMPA, only Native Alaskans
are allowed to hunt walruses. No restrictions, other than
the mandate that taking not be in a wasteful manner, may be
placed on walrus harvest unless the species 1is declared
depleted. Under provisions of the MMPA, the state petitioned
the federal government for return of authority over walruses;
it was granted in April 1976. The state managed walruses
under a waiver of the MMPA, which, by federal decree, limited
the total annual take to 3,000 animals. After a U.S.
District Court decision in April 1979 that Alaskan Natives
could hunt walruses for subsistence in areas closed to
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hunting by state regulation, the state returned
responsibility for walruses to the federal government in
August 1979.

3. Period of federal authority. After extreme exploitation of
walruses by Yankee whalers in the mid-to-late 1800's and
further depletion by "arctic traders" around the turn of the
century, the United States government prohibited commercial
taking of walruses in Alaskan territorial waters in 1909
(Madsen and Douglas 1957) and the taking of walruses for
ivory alone in 1915 (Chandler 1943). The United States
walrus harvest was further curtailed by the Walrus Act of
1941 (Fay 1982). In response to a second major population
decline brought about by the increased Soviet harvest, the
USSR enacted a decree for "security of the animals of the
arctic" in 1956 and phased out the government-operated walrus
hunting vessels by 1962 (ibid.). The USFWS now administers
walruses for the federal government. (See section D. Current
Population Management for more details.)

4, International agreements. Although Pacific walruses occur in
both United States and Soviet waters, the two countries have
no cooperative agreement for their management (Fay 1982).
Research information is exchanged under the Marine Mammal
Project (V.6) of the United States-USSR Environmental
Protection Agreement of 1972, but walruses are still managed
unilaterally (ibid.).

Current Population Management

Under the MMPA of 1972 and amendments enacted in 1981, the USFWS

is responsible for administering Pacific walruses, but it cannot

manage by regulation or protection unless it can demonstrate that
the population is depleted. Their overall goal for the walrus is

"to conserve the Pacific walrus and its habitat while providing

for beneficent human use" (USFWS 1982).

1. Management objectives. The goals of the USFWS with regard to
walruses are as follows (ibid.):

° Maintain the Pacific walrus population within a range of

140,000 to 300,000 animals

Monitor the harvest

Determine effects of human activities, other than

hunting, on walrus populations

Minimize illegal take, trade, and use of walrus

o

o

° Identify and protect essential walrus habitat to main-
tain populations within Optimum Sustainable Populations
(0sP)

Maintain sufficient natural food supply to maintain OSP
Minimize adverse impacts on the walrus population as a
result of natural resource development activities
Provide for subsistence use as the primary consumptive
use of the resource

Provide for regulated sport hunting use after subsis-
tence needs are met
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Provide for other uses
Develop effective communications between management
agencies and both urban and rural inhabitants to improve
mutual understanding of management objectives and
regulations
Promote public involvement and education in programs to
conserve the walrus
Promote a formal agreement between the United States and
the USSR to conserve and manage the walrus and other
pinnipeds of the Bering and Chukchi seas
2. Management considerations. Potential management problems
identified by the USFWS (1982) include the following:
The walrus population may have exceeded the carrying capacity
of the habitat and probably will decline, perhaps rapidly.
Increased human disturbance and harassment may disrupt
reproductive behavior.
Public concern over illegal take, trade, and use is intense
(harvest of walruses for ivory only, e.g., and the high
percentage of walruses shot but not retrieved).

VITII. LIMITATIONS OF INFORMATION
Scant information exists on habitat relationships during late fall and
winter; walruses are probably concentrated in the central Bering Sea
areas but short daylight and intense storms preclude observation (Fay
1982).
The long-term effects of the high walrus population on the diversity
and abundance of bivalve mollusks are unknown (Fay and Stoker 1982), as
are the trophic implications of those effects on gray whales and
bearded seals (Oliver et al. 1983).
The effects of industrial activity (especially o0il and sea-bottom
mining), including harassment (aerial, terrestrial, and marine),
pollution, and siltation, are unknown (Ronald et al. 1982).
More data are needed to understand the full range of variability in
the Tocation and extent of calving areas in spring (Fay et al. 1984).
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Polar Bear Life History and Habitat Requirements
Arctic and Western Regions
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Map 1. Range of polar bear (Amstrup, pers. comm.)

Common Name: Polar bear
Scientific Name: Ursus maritimus Phipps

Worldwide

Polar bears are found only in the northern hemisphere and are
distributed throughout the north polar basin, particularly in
association with shorefast and drifting pack ice (Lentfer 1982).
Although most abundant around the perimeter of the polar basin,
generally within 200 to 300 km of land, polar bears have been
found as far north as 88° north latitude and south to St. Matthew,
Nunivak, and the Pribilof islands in the Bering Sea, James Bay and
Newfoundland in Canada, southern Greenland, Iceland, and the
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Barents and Kara seas (ibid.). Polar bear densities are not
uniform but are divided into six somewhat discrete groups centered
at 1) Wrangel Island - western Alaska; 2) Cape Bathurst - northern
Alaska; 3) northern Canadian archipelago; 4) Greenland; 5)
Spitsbergen-Franz Joseph Land; and 6) central Siberia (ibid.).
Statewide
In Alaska, polar bears are associated with shorefast and drifting
pack ice along the Beaufort, Chukchi, and northern Bering Sea
coasts. In summer, they concentrate along the southern edge of
the drifting pack ice, which may recede up to 200 km north of
Point Barrow (Lentfer 1983); they then move south with the ice in
autumn. In winter, polar bears are found throughout the drifting
pack and shorefast ice and occasionally on land but are most
numerous near the flaw zone (Lentfer 1972, 1982). Based on
tagging study results, morphometrics, and tissue contaminant
Tevels, Lentfer (1974) concluded that polar bears in Alaska belong
to two at least partially discrete subpopulations, the northern
and western Alaskan subpopulations, with the dividing Tline
extending northwest from about Point Lay. Amstrup (pers. comm.),
basing his conclusion on several more years of tagging data,
agrees that there are two populations but feels the placement of a
dividing Tine is still uncertain.
Regional Distribution Maps
To supplement the distribution information presented in the text,
a series of blue-lined reference maps has been prepared for each
region. Most of the maps in this series are at 1:250,000 scale,
but some are at 1:1,000,000 scale. These maps are available for
reveiw in ADF&G offices of the region or may be purchased from the
contract vendor responsible for their reproduction. In addition,
a set of colored 1:1,000,000-scale index maps of selected fish and
wildlife species has been prepared and may be found in the Atlas
that accompanies each regional guide.
Regional Distribution Summary
Arctic. The northern Alaska subpopulation ranges from Cape
Bathurst, N.W.T., Canada, to somewhere just west of Barrow,
and from the drifting pack ice 200 to 300 km north of the
coast south up to 50 km inland (Lentfer 1983; Amstrup, pers.
comm.). Tagging studies show that exchange of Alaskan bears
with Canadian subpopulations is limited to bears caught along
the mainland coast; no exchange is reported between the Banks
Island (N.W.T.) breeding area and the Alaskan Beaufort Sea
area (Stirling et al. 1981, Lentfer 1983). The western
Alaska subpopulation probably ranges from west of Barrow to
Wrangel Island, although their distribution and the degree of
interchange with bear populations in Soviet waters is not
well known (Lentfer 1983, Amstrup 1984). In winter, the
western subpopulation regularly ranges as far south as St.
Lawrence Island (Fay 1974).
(For more detailed narrative information, see volume 2 of the
Alaska Habitat Management Guide for the Arctic Region.)
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2. Western. During heavy ice years, when pack ice moves far
south of 1its average winter extent, polar bears have been
seen near Nunivak Island and the Pribilof Islands (Lentfer
1982; Patten, pers. comm.). During the ice-free season,
polar bears are extremely rare 1in the Western Region,
although they are occasionally seen in the area between
Kotlik and Newtok on the western coast of Alaska, especially
after heavy ice winters, late breakup, and/or appearance of
pack ice offshore in summer (ibid.). (For more detailed
narrative information, see volume 2 of the Alaska Habitat
Management Guide for the Western and Interior regions.)

IIT. PHYSICAL HABITAT REQUIREMENTS

A.

Aquatic
Polar bears are associated with sea ice; their only aquatic
habitat requirements are those that allow the formation of sea ice
and abundant and accessible populations of seals, their primary
food (Lentfer 1972).
Terrestrial
Although in other areas (Hudson Bay, e.g.) polar bears regularly
summer on land, Alaskan polar bears spend little time on land
except for maternal denning and occasional feeding, especially on
beached carrion. During years of heavy ice and late breakup, they
may summer on land more by accident than by design (Stirling et
al. 1981; Amstrup, pers. comm.),

1. Summer use and dens. During periods in summer when the
drifting pack is within a few miles of the coast, bears
easily swim ashore to scavenge carrion along the shore but
probably do not make the summer dens found in other areas,
such as Hudson Bay {Stirling 1974a, 1974b; Amstrup, pers.
comm.), although they may make temporary earth or snow
shelters for thermoregulation or protection from insects
(Lentfer 1982).

2. MWinter dens. In Canada, the USSR, Norway, and Greenland,
males and females of all ages have been found in winter dens
(see references 1in Lentfer et al. 1980, and Kolenosky and
Prevett 1983). In the Beaufort Sea, only pregnant females
have been found to stay in winter dens (maternity dens) for
extended periods, although probably any bear may excavate a
temporary shelter during particularly bad storms (Stirling
1974a, Lentfer and Hensel 1980).

3. Maternity dens. In Alaska, maternity dens have been found on
the mainland (up to 48 km from the coast), offshore islands,
shorefast ice, and drifting pack ice (Lentfer 1975; Lentfer
and Hensel 1980; Amstrup, pers. comm.). Often, dens are on
slopes of 20 to 40° (Uspenski 1977) or on coastal bluffs or
river banks (Harington 1968, Lentfer and Hensel 1980). Ice
movement and time of freeze-up are affected by weather and
wind patterns and probably determine the distribution of
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females that come to the coast 1in search of den sites
(Lentfer and Hensel 1980, Amstrup 1984).
The coast of Alaska is not one of the "core," or particularly
high density, denning areas such as Wrangel Island or
Svalbard (Lentfer and Hensel 1980). Prior to 1983, despite
major search efforts from 1967 through 1976, substantial
human activity in potential denning areas in recent years,
and an estimate of at least 150 female Alaskan bears that
should be denning each year, fewer than 50 dens had ever been
reported on land in Alaska (Lentfer and Hensel 1980, Amstrup
1984). Lentfer and Hensel (1980) speculate that "female
adult polar bears may show fidelity to parturition sites and
therefore try to reach specific denning areas" but present no
supporting evidence. Amstrup (pers. comm.), however, has
observed one radio-tagged female denning on the coast one
year and, in a later year, denning far out on the drifting
pack. Conditions leading to maternity denning on pack ice
are unknown, but in 1984, 12 of 14 dens found by following
radio-tagged females were on drifting pack ice. The relative
frequency of denning on pack ice and on land is currently
being investigated (Amstrup, pers. comm.).
The main habitat requirement for a maternal den site, whether
on land or sea ice, is snow deep enough for den excavation
and protected enough not to thaw during the denning period
(Harrington 1968, Jonkel et al. 1972, Uspenski and
Kistchinski 1972, Kolenosky and Prevett 1983, Amstrup 1984).
Another factor that may be important, especially in Alaska,
is the occurence of seals nearby and ice conditions that
enable bears to catch seals during pre- and postdenning
periods (Lentfer and Hensel 1980). On land in Alaska, such
denning habitat requirements are met by any area within 30 to
40 mi of the coast with enough relief for snow to drift and
stay in sufficient depth for den excavation from October or
November until April (Amstrup, pers. comm.). (For more
information, see the polar bear Distribution and Abundance
narrative in volume 2 of the Alaska Habitat Management Guide
for the Arctic Region.)
Ice
In general, polar bears spend most of their time on sea ice in
which their main food, seals, is both abundant and accessible
(Stirling et al. 1975). Depending on the time of year, that may
be the flaw zone, the shorefast ice, or the edge of the summer
pack (Stirling et al. 1981). (For more information and defini-
tions of ice-related terms, see section IV. B. below and the Sea
Ice narrative in volume 2 of the Alaska Habitat Management Guide
for the Arctic Region.)
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Iv.

NUTRITIONAL REQUIREMENTS

A.

Food Species Used

Polar bears in Alaska feed primarily on ringed seals (Phoca
hispida) and, to a lesser extent, on bearded seals (Erignathus
barbatus) (Eley 1978, Amstrup  1984). Belukha  whales
(DeTphinapterus leucas) and walruses (Odobenus rosmarus) are
occasionally taken (Freeman 1973, Eley 1978, Killian and Stirling
1978), and carrion, including whale, seal, and walrus carcasses,
is scavenged frequently, especially along the coasts of
St. Lawrence Island and the northern Bering Sea (Eley 1978). In
other areas, polar bears are known to occasionally eat small
mammals, birds, eggs, and vegetation when on land, especially in
postdenning and summer periods (Russell 1975, Hansson and
Thomassen 1983); however, the small amount of time that Alaskan
polar bears spend on land makes these sources of food relatively
unimportant (Lentfer, pers. comm.).

Types of Feeding Areas Used

Polar bears feed primarily in the flaw zone but also hunt and/or
scavenge on the shorefast ice, on land, on the drifting pack ice,
and, occasionally, in open water (Stirling et al. 1975, Stirling
and Archibald 1977, Stirling et al. 1981).

Stirling (1980) noted that

shore lead polynya systems also appear to support higher
densities of seals and polar bears during the winter than do
the adjacent fast ice areas. Whenever the leads freeze over,
the seals simply maintain breathing holes in the young ice
until the lead opens up again (Smith and Stirling 1975).
Consequently, it is easier for seals to breathe there while
feeding than to maintain their own breathing holes in areas
which are continuously frozen, or to compete for access at
breathing holes being maintained by other seals. The moving
ice appears to be the habitat of bearded seals {(Burns 1967)
and an area where subadult and possibly non-breeding ringed
seals concentrate as well., Polar bears appear to be more
abundant in these areas in which the ice continuously opens
and re-freezes, partly because the seals are more abundant
there and possibly also because the breathing holes are not
covered deeply with drifted snow so that the seals are more
vulnerable to predation (Stirling et al. 1975).

Stirling et al. (1981) analyzed 627 sightings of polar bears or
their tracks in the spring (March-May) of 1970-1979 in the western
Canadian Arctic; 82% of all sightings were from floe edges and
areas with 88% (7 oktas) or greater coverage of moving ice. Their
analyses showed that adult males preferred moving ice; subadult
males' preference was less pronounced but still significant;
slightly more sightings occurred at floe edges. Adult females
with cubs of the year preferred fast ice, as did subadult females,
but to a slightly lesser extent. Observations of lone adult
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females and females with older cubs showed no significant
difference in choice of ice habitat, but females with yearlings
were found more often in areas with 88% (7 oktas) or greater
coverage of moving ice, and females with two-year-olds were found
more often at floe edges (ibid.).
Most bears hunt in the drifting pack ice and the flaw zone rather
than on fast ice; however, in order to avoid adult male bears
(which occasionally kill cubs) females with very young cubs hunt
on fast ice, primarily by opening ringed seal birth 1lairs
(Stirling et al. 1975, Stirling and Archibald 1977). From 1971
through 1973, in the western Canadian arctic, 54.8% of the seals
that and were found killed by polar bears in fast ice and could be
aged were pups (Stirling and Archibald 1977). On shorefast ice,
Martin and Jonkel (1983) found that polar bears hunted and slept
almost exclusively in "rough ice" and used flat ice significantly
less often than its availability in the area would indicate.
Amstrup (pers. comm.) believes that ice of about 20 to 40%
deformation is most commonly used for hunting by polar bears.
(See Sea Ice narrative in volume 2 of the Alaska Habitat
Management Guide for the Arctic Region for definitions of ice
deformation.)
Although polar bears are slower and less agile in open water than
are seals, Furnell and Oolooyuk (1980) documented bears catching
ringed seals in ice-free water.
Land is a relatively unimportant feeding area for Alaskan bears
except for scavenging carrion (Lentfer 1974).
Factors Limiting Availability of Food
The main factors limiting availability of food to polar bears are
the distribution of seals and ice conditions favorable to seal
hunting (Amstrup, pers. comm.). Intraspecific agonistic interac-
tions over food, especially large adult males chasing off other
bears, may also limit availability of food for some individuals,
especially for subadults (ibid.).
In young bears, age (experience) affects hunting success.
Stirling and Latour (1978) found that one and two year old bears
did not hunt in spring. In summer, the percentage of time spent
hunting and the duration of still hunts were equal for both one
and two-year olds but were shorter than for adult summer hunts.
Although total time spent hunting was equal for one- and
two-year-olds, two-year-olds spent twice as much of that time
?till-?unting and their kill rates approached those of adults
ibid.).
Although polar bears are known to kill walruses, usually only
young are taken; polar bears killed by (presumably large} walruses
have been reported (Fay 1982).
Feeding Behavior
1. Hunting techniques. Polar bears were observed in the
Canadian high arctic during summer 1973 (Stirling 1974b) and
during spring and summer 1974-1976 (Stirling and Latour
1978). Hunting behavior fell into two categories,
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still-hunting and stalking, with several variations on each.
When still-hunting, a bear lies, sits, or stands by a pool or
breathing hole waiting for a seal to come to the surface.
Stalking hunts of basking seals were made either by creeping
up behind irregularities on the ice surface or by slipping
into the water and swimming cautiously to the seal.
Still-hunts were far more common (23.4% of total minutes of
observation in 1973) than were stalking hunts (1.2%) and were
far more successful (four of five kills observed in 1973 were
from still-hunting).

Winter and spring hunting on the fast ice appears to require
a higher level of proficiency than hunting in the summer
(ibid.). In fast ice, the subnivian birth Tlairs and
breathing holes of seals must be located accurately by smell
from a distance, and the arrival of a seal at its hole
beneath the snow must be detected. Then, with a rush, the
top of the lair must be broken over the breathing hole and
the seal caught (ibid.).

Most bears observed by Stirling (1974b) began feeding on the
seal immediately after capture, usually eating just the skin
and blubber. The remains were scavenged by arctic foxes,
other bears, or, occasionally, birds. During and after a
feeding period, bears usually washed and licked themselves,
spending up to 15 minutes on a final washing (ibid.).

In spring and summer, the maximum numbers of seals are hauled
out on the surface of the ice in the afternoon and the
minimum in the early morning. Hunting success is far higher
for still-hunting at breathing holes than for stalking
basking seals, so most bears hunt in the early morning
(0100-0800) and sleep in the afternoon (ibid.).

2. Caloric requirements. From tracking and observing marked
bears, Eley (1978) estimated that, on the average, each adult
bear would need to kill one average-sized ringed seal every
6.5 days. Based on a model using average sizes of ringed
seals and polar bears, observed caloric requirements of
captive polar bears, and caloric values of whole ringed
seals, Best (1977) calculated that a 27.8 kg ringed seal
would supply the energy requirements of a 229 kg polar bear
for 6.4 days.

V.  REPRODUCTIVE CHARACTERISTICS

A.

Reproductive Habitat

Most mating occurs on the sea ice near open leads, where most
bears (except females with cubs of the year) concentrate in spring
(Amstrup, pers. comm.). (For maternity denning habitat, see
section III.B.3, Maternity Dens.)

Reproductive Seasonality

Male Alaskan polar bears show evidence of spermatogenesis from
February through April (Lentfer and Miller 1969); pairs of an
adult male and a female in estrous have been seen in Alaska
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through May (Lentfer et al. 1980) and, in Spitsbergen, Lgng (1970)
observed mating or attempted mating through late June.
The earliest and latest dates at which evidence of estrous has
been observed in female polar bears in Alaska are 21 March and 15
May (Lentfer et al.; Amstrup, pers. comm.); although estrous may
have occurred before or after these dates, opportunities to make
observations were limited (Lentfer 1982).
Mating in Alaskan polar bears therefore occurs mostly in March,
April, and May. Ovulation is probably induced (Amstrup, pers.
comm.) and implantation is delayed until about September (Lgng
1970). In late October or November, pregnant females seek out
denning areas on land or on drifting sea ice, depending on ice
movements and the speed of the freeze-up (Lentfer and Hensel
1980). Cubs are born in December or January, and the female and
cubs break out of the dens in late March or early April (ibid.)
Hansson and Thomassen (1983) studied bear families in Svalbard in
the immediate postdenning period and found that the average time
spent in the maternity den area after initial breakout was 14 days
(range, 5-28 days). The females ate little, the cubs nursed,
acclimated to outside temperatures, played, and developed their
?otor ;ki]]s before moving out of the den area and onto sea ice
ibid.).
Reproductive Behavior
Males locate females in estrous by following their tracks (Lentfer
1982). Males are promiscuous and may fight over females; no
territories are maintained (Amstrup, pers. comm.). No information
was found on how long pairs remain together.
Age at Sexual Maturity
The average age of first successful breeding for female polar
bears in the Alaskan Beaufort Sea averages 5.4 years and ranges
from 3 to 7 years (Lentfer et al. 1980). Although mature sperm
have been found in the reproductive tracts of male bears from 3 to
19 years, ages of males captured with females during the breeding
season ranged from 3 to 11 years (Lentfer and Miller 1969, Lentfer
et al. 1980). Maximum breeding age has not been determined, but
maximum ages of reproductively active males and females observed
were 19 and 21 years, respectively (ibid.).
Frequency of Breeding
Females usually breed at about the time of separation from young
(about 28 months postpartum); therefore, litters are generally
produced about every three or four years (Amstrup 1984). Based on
eight recaptured females, Lentfer et al. (1980) reported an
average time between successive births of 3.6 years in the Alaskan
Beaufort Sea.
Fecundity
In the Alaskan Beaufort Sea, female polar bears usually give birth
to two cubs, less often one, and rarely three (Lentfer et al.
1980). Mean litter sizes of cubs (observed sometime after leaving
the den), yearlings, and two-year-olds were 1.58, 1.65, and 1.47,
respectively (ibid.). DeMaster and Stirling (1983) feel that the
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average number of cubs born per litter is underestimated by these
and other figures and developed a model to derive litter size at
birth from the observed number of yearlings and two-year-olds per
litter and the calculated survival rate of yearlings. When the
model was applied to published North American population data, the
estimated average number of cubs born per litter was between 1.70
and 1.98.

Gestation

In polar bears, implantation is delayed, so the time from concep-
tion) to parturition is relatively long, 195-265 days (Uspenski
1977).

Lactation Period

Polar bear cubs nurse for at least one year and usually 2 to
2-1/2 years (Amstrup, pers. comm.). Stirling et al. (1975) cited
two instances of three-year-olds still with an adult female in the
Canadian Beaufort Sea, but presence of milk or nursing activity
was not noted.

VI. FACTORS INFLUENCING POPULATIONS

A.

Natural

Natural mortality factors, diseases, and parasites of polar bears
are poorly known (Lentfer 1982). Survival rates of bears in
Alaska cannot be accurately calculated from existing data, but the
overall composition of the population has been estimated at 32%
young (0-2 years old), 43% older females, and 25% older males
(Lentfer et al. 1980, Lowry et al. 1982). Amstrup et al. (in
press) give age distribution of polar bears live-captured in the
Alaska Beaufort Sea from 1967 through 1974 as 33% bears 0-2 years
of age, 21% older males, and 46% older females (N=490). From 1975
through 1982, 33% of the bears captured were 0-2 years of age, 31%
were older males, and 36% were older females (N=395) (ibid.).
Stirling et al. (1976) assumed that the mortality rate of young
bears in the western Canadian arctic was equal to the annual
mortality rate of 8% of the adult females they depend upon. In
Ontario, Kolenosky and Prevett (1983) found the mortality rate of
cubs from the time of den abandonment to their first autumn to be
15%; therefore, if adult female mortality is similar to that in
the western arctic, the total first-year mortality rate would
exceed 20% (ibid.).

Changes in the abundance of seals may affect the distribution of
polar bears as well as their reproductive and cub survival rates
(Stirling et al. 1975, 1976, 1977; Lentfer 1983). In the Canadian
Beaufort Sea during the winters of 1973-1974 and 1974-1975,
numbers of ringed and bearded seals dropped by about 50% and their
productivity by 90%. Numbers of adult polar bears declined
markedly 1in the area, and the large reduction of yearlings
observed in 1974 and 1975 indicated a high level of cub mortality
prior to one year of age (ibid.). Both adult males and adult
females have been observed eating cubs, but this is not common and
is unlikely to be a major source of mortality (Uspenski and
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Kistchinski 1972, Belikov and Kuprijanov 1977, Lentfer 1982,
Hansson and Thomassen 1983).

Adult males fight, especially during the breeding season, as evi-
denced by tracks, wounds, and scars. Adult females may also be
scarred, but this is found less often. Stirling (1974b) noted
that an adult male and a female with a 2.5 year old cub fought and
wounded each other over a seal the female had killed. After
several charges and some fighting, all three bears fed on the
carcass at once. Intraspecific aggression is not likely to be a
significant mortality factor in itself, although it may keep some
animals, particularly subadults, out of prime feeding areas.

The parasite most commonly found in Alaskan polar bears is
Trichinella spiralis; 64% of 292 Alaskan bears examined had

Trichinella larvae, probably from ingestion of infected seals,

walruses, or other bears (Lentfer 1976).

Human-related

A summary of possible impacts from human-related activities
includes the following:

° Attraction to artificial food source

Harassment, active

Harassment, passive

Interference with reproductive behavior (disturbance of
denning bears)

° Mortality due to ingestion of chemicals

° Mortality due to ingestion of petroleum or petroleum products
° Reduction of food supply

(See the Impacts of Land and Water Use volume of this series for
additional information regarding impacts.)

o o0 o

VIIT, LEGAL STATUS

A.

Federal

Polar bears are federally protected under the Marine Mammal

Protection Act of 1972 (MMPA PL 92-522); USFWS administers polar

bears for the federal government.

State

The State of Alaska may petition the federal government for

renewed managerial authority over 10 species of marine mammals,

including polar bear.

Population Management History

1. Summary of harvest. Within the Arctic and Western regions,
the harvest of polar bears has ranged from 29 bears reported
taken in 1979 to 405 bears reported taken in 1966 (Amstrup et
al. in prep.). These figures are minimum estimates of
harvest, especially after 1973, when implementation of the
MMPA made reporting harvest voluntary (ibid.).
Prior to the late 1940's, most polar bear hunting in Alaska
was by Eskimos for food and hides for sale (Lentfer 1982).
Based on fur export records for 1925-1953, estimated annual
harvest averaged 117 bears (Lentfer 1982). Trophy hunting
with the aid of aircraft began in the late 1940's, and the
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annual harvest increased to a high of 405 in 1966 (Lentfer
1982, Amstrup et al. in prep.). State regulations became
more and more restrictive as the efficiency of guides and the
number of hunters increased; between 1960 and 1972, an
average of 260 polar bears was taken annually (ibid.).
Alaska banned polar bear hunting with aircraft in 1972.
Proposed regulations for hunting from the ground were never
implemented because the MMPA was passed (ibid.).
Period of state authority. During the period of state
management of polar bears, 1960 through 1972, no accurate
estimates of population size, rates of reproduction, or
natural mortality yet existed (ibid.). Management was based
on harvests at what were judged to be moderate levels,
protection of females with young, collection of specimens,
and other data from hunters, who were required to present
hides and skulls to ADF&G representatives for sealing,
sightings from trophy-hunter guides, and data from mark-and-
recapture projects and other research carried out by the
ADF&G beginning in 1966 (ibid.). Shortly after passage of
the MMPA, the state requested return of managerial authority
for certain species, including polar bears, as provided for
in the act. After a review period of six years, Alaska's
request for return of management was approved but with
stipulations that were unacceptable to the state (ibid.).

Period of federal authority. The federal government had

managerial authority of polar bears prior to 1960 and from

1972 to the present. The MMPA effected a moratorium on the

taking of marine mammals by anyone other than Alaskan

Natives, who can take them for subsistence without restric-

tion, provided waste does not occur (Lentfer 1982). The act

does not protect females with young (ibid.). Polar bears are
currently administered by the USFWS for the federal
government, with no restrictions on take.

International agreements:

a. 1973 International Agreement on Conservation of Polar
Bears. All nations with polar bears under their
jurisdiction (Canada, Greenland, Norway, the United
States, and the USSR) provided for international
management of polar bears in the 1973 International
Agreement (Lentfer 1982). It creates a de facto "high
seas" sanctuary for bears by not allowing them to be
taken by aircraft, large motorized boats, or in areas
where they have not been taken by traditional means in
the past. It states that nations shall protect the
ecosystems of which polar bears are a part and that
nations shall conduct national research and exchange
research results and harvest data. Annexes to the
agreement request an international hide-marking scheme
to control illegal traffic in hides, the protection of
cubs and females with cubs, and the prohibition of
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hunting in denning areas when bears are moving into the
areas or are in dens (ibid.). The United States, by
allowing Native Alaskans to take females with young, is
not in full compliance with the agreement.

Convention on International Trade in Endangered Species of

Wild Fauna and Flora (CITES). More than 50 countries have

signed CITES, which took effect in July 1975. In each member
nation, a permit is required to export certain animals or
parts thereof, including polar bears (ibid.). Polar bears
are listed in Appendix II (potentially threatened with
extinction) of CITES.

D. Current Population Management

1.

Management objectives. One general goal of the MMPA is to

maintain the stocks of marine mammals at optimum sustainable
population (OSP) levels. Under existing regulations, OSP is
defined as ". . . any population level smaller than or equal
to the largest average supportable level within the ecosystem
(carrying capacity) and larger than or equal to the
population level for a given species or stock that results in
maximum net productivity" (USFWS 1982). A second general
goal of the MMPA, as ammended in 1981, is to provide for
continued subsistence use.
USFWS policies with respect to polar bears are as follows:
Recognition of polar bears as a renewable resource of
considerable historic and current value to humans
Maintainance of an optimum sustainable polar bear
population and the health and stability of the marine
ecosystem of which they are a part
Management of polar bears based on sound, objective
biological data
Encouragement of cooperative management and survey and
research programs at Jlocal, state, national, and
international levels
Public participation in planning
Subsistence use as the priority consumptive use of polar
bears
Recognition of the rights and interests of citizens to
use and enjoy the resource
Support return of management authority of polar bears to
the State of Alaska (USFWS 1982)
Specific goals of the USFWS to implement the above policies
are as follows:

Maintain the Alaskan po]ar bear population within the

OSP range and at a minimum of 5,700 animals

Monitor the population health and status

Regulate and monitor the harvest

Determine seasonal and annual distribution and movement

patterns

o
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Monitor coastal and offshore energy and mineral
development that may affect polar bears and provide
recommendations to minimize impacts

Delineate and protect essential habitats such as
significant denning and other concentration areas
Minimize impacts of oil pollution on polar bears and
their habitat

Provide for regulated subsistence use of polar bears as
the first priority

Provide for regulated incidental take

Provide for taking of polar bears for scientific and
public display purposes

Provide for a regulated sports hunt if MMPA is changed
Provide for nonconsumptive uses where feasible

° Fully implement the International Agreement on the
Conservation of Polar Bears

Facilitate the return of marine mammal managerial
authority to the State of Alaska (ibid.)

Management considerations. The MMPA was ammended in 1981 to
provide for continued subsistence use. As defined in the
amendment, subsistence use is "the customary and traditional
use by rural Alaska residents of marine mammals for direct
personal or family consumption of food, shelter, fuel,
clothing, tools or transportation and for making and selling
of handicraft articles from non-edible by-products of marine
mammals taken for personal or family consumption" (USFWS
1982). Although the harvest must be accomplished in a
nonwasteful manner, no restrictions are placed on the age or
sex of animals that may be taken (ibid.); percentages of
females and animals of "unknown" sex in total harvest numbers
have increased since implementation of the MMPA in 1973
(Amstrup et al. in prep.). The federal government cannot
regulate subsistence take under the MMPA unless a species is
declared depleted; the state, however, if managerial
authority is transferred, may be able to regulate the harvest
for subsistence as well as for other purposes if the
subsistence harvest is considered a threat to the population
(USFWS 1982). Amstrup et al. (in prep.) state:

Levels of human activities, particularly aircraft,
vessel, and motor vehicle operation, in Alaska's arctic
are increasing. The mean size of annual polar bear
harvests has dropped since aerial trophy hunting ceased,
but many females continue to be killed. The Beaufort
Sea population can sustain little if any increase in the
present mortality rate of females. The absence of
regulatory controls over the harvest and impending
changes in the arctic habitats mandate concern for the
future welfare of Alaska's polar bears. Available
evidence suggests a properly regulated harvest could
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assure the security of the critical female portion of
the population.

VIII. LIMITATIONS OF INFORMATION

In his 1984 review of polar bear research in Alaska, Amstrup identified

the following objectives as most important for continued and future

research:

° To determine the size and trends of polar bear populations in
Alaska including mortality, natality, and recruitment rates, sex
and age composition, and the effects of human activities on bears

° To determine movement and distribution patterns, including

seasonal ranges and distributions, seasonal and annual site
fidelity, and interchange with other populations

To determine the timing, distribution, and importance of maternity
denning in Alaska, including location, site fidelity, the effects
of human activity, and the importance of sea ice as a maternity
denning habitat.
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Ringed Seal Life History and Habitat Requirements
Arctic Alaska
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Map 1. Range of ringed seal (Frost 1984)

NAME
A. Common Name: Ringed seal
B. Scientific Name: Phoca hispida hispida (King 1964)

RANGE

A. Worldwide
The ringed seal is found throughout the arctic basin, along the
arctic coasts of North America and Eurasia, including Greenland,
Baffin Island, Novaya Zemlya, Spitsbergen, and Labrador. They
also range seasonally into the North Atlantic, Hudson and James
bays, and the Bering Sea (Frost and Lowry 1981).

B. Statewide
Seasonally, ringed seals range as far south as Nunivak Island and
Bristol Bay and are abundant in the northern Bering Sea, Norton
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and Kotzebue sounds, and throughout the Chukchi and Beaufort seas
(Frost 1984).

Regional Distribution Maps

To supplement the distribution information presented in the text,
a series of blue-lined reference maps has been prepared for each
region. Most of the maps in this series are at 1:250,000 scale,
but some are at 1:1,000,000 scale. These maps are available for
review in ADF&G offices of the region or may be purchased from the
contract vendor responsible for their reproduction. In addition,
a set of colored 1:1,000,000-scale index maps of selected fish and
wildlife species has been prepared and may be found in the Atlas
that accompanies each regional guide.

Regional Distribution Summary

The ringed seal 1is a species primarily associated with ice.
Although they can and do occur in all types of sea ice, the
seasonal cycle of sea ice has a great effect on their distribution
and regional abundance (Burns 1970, Frost 1984). During the
summer, ringed seals range freely, most spending the summer season
in the pack ice of the northern Chukchi and Beaufort seas, as well
as in nearshore ice remnants in the Beaufort Sea. With the onset
of winter freeze-up, their movements become increasingly
restricted. Many seals that have summered in the Beaufort Sea
move west and south with the advancing ice pack and disperse
throughout the Bering and Chukchi seas. Some seals remain in the
Beaufort, probably concentrating in areas of abundant prey (Lowry
et al. 1980).

The distribution of ringed seals during the open water period is
poorly understood because they spend virtually all of their time
in the water feeding (Frost and Lowry 1984).

(For more detailed narrative information, see volume 2 of the
Alaska Habitat Management Guide for the Western and Interior
regions. )

PHYSICAL HABITAT REQUIREMENTS

As stated by Frost (1984), "suitable ringed seal habitat must include
an adequate food supply, freedom from excessive predation, and physical
conditions appropriate for the completion of major life history events
such as reproduction and molting. Requirements are not static but
change seasonally and with age and physiological condition of the
seals."

A.

Aquatic

Because ringed seals prey mostly on pelagic organisms, their
distribution does not appear to be limited by water depth, and
substrate does not appear to play a major role. They are found
over the abyssal depths of the high arctic as well as in shallow
waters of the continental shelf (Burns 1978).

Water temperature does not appear to affect distribution, other
than as it relates to ice formation.



Terrestrial Cover Requirements

In Alaskan waters, ringed seals do not normally haul out on land.

Those seals found on beaches are usually debilitated; most are

starving pups that come ashore in early summer (ibid.).

Ice

Ringed seals are the most ice-adapted of all northern pinnipeds

and are the only seals in the Northern Hemisphere that regularly

inhabit the fast ice (Burns 1970). Sea ice provides a stable
platform on which to bear and nurse young and for hauling out to
complete the annual molt cycle. The ice also provides some
protection from predators and from exposure to severe weather
conditions. Ringed seals require regular access through the ice
to air and water. Because they maintain breathing holes by
frequent use and abrasion of the ice by the claws of their front
flippers, they are able to occupy areas of heavy unbroken ice

unsuitable for other northern pinnipeds (Burns 1978, Frost 1984).

Holes have been measured in ice over 2 m thick (Smith and Stirling

1975, Smith and Hammill 1981).

1. Winter and spring (November-June). During winter and spring,
the highest densities of breeding adult seals occur on stable
land-fast ice. During spring, subadults may be excluded from
fast ice where adults, which may be territorial, are numerous
during the pupping and breeding season. Subadults are the
most numerous age group in the adjacent flaw zone (McLaren
1958, Burns 1970, Smith 1973). Throughout the pack ice,
seals of all ages are found at low densities (Frost 1984).

a. Lairs. Ringed seals use open leads and cracks in the
ice to surface and breath during freeze-up. Wind, ice
movement, and freezing create pressure ridges and ice
hummocks in some areas. As the ice mass solidifies, the
seals begin to actively keep breathing holes open. Snow
drifts around pressure ridges and hummocks, covering the
breathing holes, and it is in these areas that breathing
holes are enlarged so that seals can haul out and
excavate lairs (Smith and Stirling 1975). Lairs are
used by males and females of all ages for resting and by
adult females for pupping (Burns 1978).

Lairs are found in a minimum snow depth of 20 cm.
Sufficient snow for lair construction is usually found
to the lee side of ice hummocks or along pressure
ridges. Flat areas with little or no snow accumulation
contain breathing holes but few lairs of any type (Smith
and Stirling 1975).

Smith and Stirling (1975) found two distinct types of
lairs in the Admudsen Gulf and Prince Albert Sound
areas. The most common type 1in both offshore and
inshore areas were what they referred to as "haulout
lairs," which are used for resting and consist of a
single round or oval chamber. The second distinct type
was termed the "birth lair," where pups are born and
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weaned, and consists of a network of tunnels made by the
pup. Two major lair types were found in the Chukchi and
Beaufort seas of Alaska (Frost, pers. comm.). These
were single-chambered haulout lairs and multichambered
“complex" lairs. Some complex lairs consisted of only
two chambers and contained no evidence of a pup. Others
consisted of 2 to as many as 10 chambers, with many
small pup tunnels and pup chambers as well as other
evidence of pups, such as claw marks, white pup hair,
birth blood, or placenta.

Lairs afford protection from predators and the cold.
Newborn pups accumulate blubber slowly and depend on the
lair for thermal protection. Because of the small
volume of the lair under the insulating snow layer and
because the Tlair is connected to the ocean by the
breathing hole, the temperature likely remains near 0°C.
The additional heat generated by the seal when it hauls
out in the lair could result in a temperature difference
between the inside and outside as great as 30 to 40°C
(Smith and Stirling 1975).

2. Late spring and early summer (May-July). During the late
spring and early summer, ringed seals haul out on ice to
complete their annual molt. They use the fast ice as well as
relatively large flat floes in the pack ice and are usually
seen near cracks, leads, or holes where they have rapid
access to water. Feeding is greatly reduced at this time
(Frost and Lowry 1981).

3. Summer and early fall (July-September). Ringed seals spend
most of the summer and early fall in the water feeding
intensively. Very few seals haul out at this time (Frost,
pers. comm).

4. Fall (October-November). With the onset of freeze-up in fall
many ringed seals migrate southward and are abundant in
grease and slush ice in areas south of the advancing pack
(Frost 1984).

IV. NUTRITIONAL REQUIREMENTS

A.

Food Species Used

Ringed seals exhibit seasonal, geographical, and age-related
differences in feeding, consuming a variety of organisms. Fishes
of the cod family, particularily arctic and saffron cods
(Boreogadus saida and Eleginus gracilis), pelagic amphipods,
euphausiids, shrimps, and other small crustaceans such as mysids
and amphipods make up the bulk of the diet (Lowry et al. 1980).
Pup and subadult ringed seals eat proportionately more crustaceans
and fewer fish than do adults. Crustaceans make up a progres-
sively smaller proportion of the diet as age increases from zero
to five years, while the proportion of fish increases. In the
Beaufort Sea, however, pups as well as adults eat large quantities
of arctic cod (Lowry et al. 1980).
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1. Winter (November through March). During winter, arctic cod
compose 83-98% of the diet in most areas where samples have
been collected (Lowry et al. 1980, Frost and Lowry 1981).
Arctic cod concentrate to spawn from November through March
(Andriyashev 1954). In the vicinity of Nome, however, from
November through December saffron cod composed 56% of the
diet, compared with 28% arctic cod. Arctic cod composed 97%
of the diet during the January-through-February period near
Nome (Lowry et al. 1980).

2. Spring and early summer {(April through July). The volume of
arctic cod eaten begins to decrease in late spring. During
this period, saffron cod was the most important food item in
the nearshore zone of the northeastern Bering and
southeastern Chukchi seas. Shrimps (Pandalus spp., Eualus
spp., Lebbeus polaris, and Crangon septemspinosa) were the
major food in the northcentral Bering Sea, hyperiid amphipods
(Parathemisto 1libellula) in the central Beaufort Sea, and
euphausiids (Thysanoessa spp.) in the Barrow area, where the
Chukchi and Beaufort seas meet. During this period, the
volume of prey consumed is quite small (Lowry et al. 1980,
Frost and Lowry 1984).

3. Summer and early fall (August and September). Feeding begins
to intensify during this period. Hyperiid amphipods were
important foods in both the Alaskan Beaufort and southeastern
Chukchi seas (Lowry et al. 1980, Frost and Lowry 1984).
Samples prior to 1980 in the Alaskan Beaufort Sea suggested
that euphausiids and hyperiid amphipods were the major foods
of ringed seals in August and September (Lowry et al. 1979,
1980). Collections made in 1980, however, indicated that in
some circumstances arctic cod are the major prey, possibly at
times or in Tocations where euphausiids or hyperiids are not
adequately abundant (Frost and Lowry 1984).

Types of Feeding Areas Used

The distribution of seals and their prey is patchy. The distribu-

tion of seals is probably determined, at least in part, by the

availability of prey. Preference for fast ice may partly be due
to the stable platform it provides and partly to the availability
of food (Lowry et al. 1980; Frost, pers. comm.). Because ringed
seals often prey on pelagic organisms, their distribution does not

appear to be limited by water depth (Burns 1978). (See III.,

above.)

Feeding Behavior

During the molt in late spring and early summer, ringed seals feed

little. This period of reduced feeding occurs when available prey

appe§r to be difficult to obtain in large quantities (Lowry et al.

1980).

The ringed seal is probably not a deep diver; a depth of 600 ft is

probably the limit for this species. In very deep water, seals

feed on organisms in the upper part of the water column (Burns

1978). Fedoseev (1965) suggests that the cusps of the postcanine
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teeth are functional in filtering small organisms such as
euphausiids from bites of water.

V. REPRODUCTIVE CHARACTERISTICS

A.

Reproductive Habitat

Relatively stable ice with snow cover adequate for the excavation
of Tairs is necessary for the survival of pups to the age of
independence, at four to six weeks of age. Land-fast ice supports
the highest densities of breeding or pupping female adults,
although some pups are born on the stable pack ice (Frost and
Lowry 1981). Geographical differences in the size attained by
adults may be attributable to varying ice conditions (Mansfield
1967, Pastukhov 1969). 1In Alaska, pups born on stable shore-fast
ice tend to be Tlarger than pups born in the moving pack ice
(Burns, unpubl. data, from Frost, pers. comm.) because the
shore-fast ice allows a longer nursing period (Frost and Lowry
1981). (See III. C., above).

Reproductive Seasonality

Most pups are born during March and early April. Most breeding
occurs in late April and early May within one month after
parturition (Burns 1978).

Reproductive Behavior

The ringed seal may be territorial. The focal point of the
territory of a female with pup is probably the birth lair.
Newborn pups probably remain in or near the birth lair until they
are weaned. Females abandon their pups at or around ice breakup
(Frost and Lowry 1981). If an early breakup occurs, destroying
the lair, the pups may be abandoned and, depending on their age,
may starve (Burns 1978). Although there has been no direct
observation of ringed seal breeding behavior, it has been
suggested that males are monogamous and that breeding occurs in
the water (Frost and Lowry 1981).

Age at Sexual Maturity

Sexual maturity occurs at about the same age in both males and
females, between four and seven years of age. Female ringed seals
may ovulate for the first time at three years of age, but
successful pregnancy does not occur until the fourth to seventh
year of Tife (ibid.).

Frequency of Breeding

Most ringed seals breed annually. For various reasons, such as
intrauterine mortality, some females do not produce a pup each
year (Frost 1984).

Fecundity

A single pup is by far the most common, although twinning has been
reparted (Frost and Lowry 1981). The average for adult female
ringed seals is one pup/l.2-1.4 years (Lowry et al. 1982). The
observed pregnancy rates for seals 1in Alaska from 1975 through
1977 was 72% for females 7 years or older and 84% for those 10
years or older. The minimum estimated gross productivity is 16 to
18% (Frost 1984).
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Gestation Period

Including delayed implantation of about 3.5 months, gestation
lasts 10.5 months (Frost and Lowry 1981).

Lactation Period

Lactation lasts for four to six weeks, depending on the stability
of the ice where the birth lair is built (Burns 1978).

VI. FACTORS INFLUENCING POPULATIONS

A.

Natural

Polar bears (Ursus maritimus) and arctic foxes (Alopex lagopus)
are the most significant natural predators of ringed seals. Polar
bears prey extensively on ringed seals throughout the year.
Although the impact of this predation is unknown, it is certainly
significant (ibid.).

Ringed seal pup mortality appears to be about 30%, which is lower
than that for young of other northern pinnipeds, which may exceed
50%. Causes of pup mortality include exposure to extreme weather
conditions prior to the accumulation of sufficient blubber layers,
crushing by ice, starving of the pup while it is first learning to
feed, and predation (Frost 1984).

Smith (1976) reported heavy fox predation upon pups in birth lairs
in Prince Albert Sound, Canada. Over a three-year period, annual
predation by foxes on pups born in nearshore ice averaged an
estimated 26%, with a high of nearly 40%. Smith concluded that
the most important cause of natural mortality of ringed seals in
nearshore ice during the first year of life was probably foxes.
This mortality is known to vary greatly in relation to the cyclic
abundance of arctic foxes. The extent of this predation in Alaska
is unknown (Frost 1984). Preliminary studies in 1983 and 1984
suggest considerable regional variation in fox predation rates,
ranging from almost zero in Kotzebue Sound to perhaps 20 to 30%
along parts of the Chukchi Sea coast (Frost, pers. comm.).

Lowry and Fay (1984) found evidence that seal-eating by walruses
was 10 to 100 times more common during the 1970's and early 1980's
than it had been during the previous three decades. They
attributed the increased predation of walruses on seals to a
larger walrus population and, especially in 1979, to unusually
restrictive spring ice conditions, which caused greater than usual
overlap of their distributions.

Human-related

A summary of possible dimpacts from human-related activities
includes to following:

° Chronic debilitation due to ingestion or contact with
petroleum or petroleum products

Mortality due to ingestion of petroleum products

Displacement from preferred habitats due to disturbance
Entanglement in fishing nets or marine debris

Human harvest

Interference with intraspecific communication

o 0 O 0o o©o
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(See the Impacts of Land and Water Use volume of this series for
additional information regarding impacts.)

VII. LEGAL STATUS

A.

Federal

Ringed seals are protected under the U.S. Marine Mammal Protection

Act of 1972 (MMPA, PL 92-522).

State

The State of Alaska currently has no responsibility for ringed

seals but may request return of management of 10 species of marine

mammals, including ringed seals.

Population Management History

Data are presented for the entire state rather than by game

management unit.

1. Summary of harvest. Ringed seals are a dependable source of
food and material for Alaskan coastal residents from
Kuskokwim Bay to Demarcation Point (Frost 1984). From 1962
through 1972, the Alaskan harvest ranged from an estimated
7,000 to 15,000 seals annually, and the combined Soviet and
American harvest was 9,000 to 16,000 annually (ibid.). Due
to changes in lifestyle (e.g., replacement of dog teams with
snowmachines for most travel) and the restrictions of the
MMPA (e.g., seal skins not made into handicraft items can no .
longer be sold to non-Natives), harvest of ringed seals
declined markedly after 1972 (ibid.). In 1973-1977, Alaskan
residents took 3,000 to 6,000 seals per year, and by 1979 the
harvest was further reduced to 2,000 to 3,000 (ibid.).

2. Period of state authority. Ringed seals were managed by the
State of Alaska from statehood in 1959 until passage of the
MMPA in 1972. Harvest levels were low relative to estimated
total population, and no 1limit was imposed on the take,
although harvests were monitored (ibid.). A long-standing
gene;a] bounty on "hair seals" was stopped in 1967 (ADF&G
1977).

3. Period of federal authority. The federal government has
never imposed any restrictions on the take of ringed seals.
In 1927, a bounty was placed on "hair seals," including
ringed seals (ibid.). Management responsibility reverted to
the federal government after passage of the MMPA in 1972; no
additional management regulations were enacted. Passage of
the MMPA 1lowered the overall harvest of ringed seals in
Alaska because seal skins could no longer be sold to
non-Natives. See C.1. above.

4. International agreements. The United States has entered into
no international agreements concerning ringed seals.

Current Population Management

The NMFS of the U.S. Department of Commerce was given the

responsibility for management of ringed seals for the federal

government after passage of the MMPA in 1972,
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VIII.

IX.

A.

1. Management objectives. The NMFS has no published plan for
management of ringed seals (Zimmerman, pers. comm.).

2. Management considerations. Because ringed seals occur in
areas of shore-fast ice, they are more likely than other seal
species to be affected by the noise and disturbance associ-
ated with o0il and gas development and seismic exploration
(Frost 1984). Expansion of commercial fishery operations
would probably have little effect on ringed seals because
their major prey are not, or not likely to become, commer-
cially important (ibid.). NMFS has no management plans,
research or harvest monitoring programs, so there are no
reliable current harvest and population estimates. Frost
(1984) summarized: "Management concerns such as the impacts
of coastal development, seismic exploration, and interspecies
competition are being addressed by the state under funding
from a variety of sources, as available. Thus, programs are
of relatively short duration and directed at specific,
localized problems rather than at important, overall
information needs."

SPECIAL CONSIDERATIONS

Molting occurs from late March until July, with the peak in June.

During this period, seals haul out on the fast ice as well as on
relatively large flat floes in the pack, and feeding intensity is
greatly reduced (Frost and Lowry 1981). Reproductively immature
animals molt earlier than do breeding adults. Vibe (1950) found
that older animals began to haul out about 10 days later than did
young animals. He also found that early in the molt the maximum
number of seals hauled out on ice occurred between 10:00 A.M. and
3:00 P.M. The amount of time spent on the ice increases as the
molt season progresses because daylight and temperatures increase,
and basking in the sun raises skin temperature for faster hair
growth. Animals lose weight and may be physiologically stressed
during the molt and therefore more susceptible to additional
exogenous stress (Frost, pers. comm,).

Vocalization

Four types of vocalization made by ringed seals were classified by
Stirling (1973). Frost and Lowry (1981) suggested that because
all four types were heard at all times of the year, it appears
unlikely that any have a specific relationship to reproductive
behavior. Stirling (1983), however, suggests that vocalizing
probably serves an important role in the reproductive behavior of
this species and that calls may be used for social organization
and determining access to breathing holes.

LIMITATIONS OF INFORMATION

Mortality rates are difficult to estimate, although most causes of
mortality are known (Frost 1984).

It is unknown whether ringed seals use the same wintering and summering
areas every year. Because of this gap in knowledge, the identity and
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degrie of interchange between populations is unknown (Frost and Lowry
1981).

It is no§ known whether or not ringed seals are food-limited (Lowry et
al. 1980).

The effects of human activity on ringed seals and their food species
are inadequately known (Frost 1984).

It has yet to be investigated how ringed seals locate food in the total
darkness of the arctic winter (Frost and Lowry 1981).
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Brown Bear Life History and Habitat Requirements
Southwest, Southcentral, and Arctic Regions

e A

Map 1. Range of brown bear (ADF&G 1973)

Common Names: Brown bear, Kodiak bear, grizzly bear
Scientific Name: Ursus arctos

1. Ursus a. horribilis and U. a. middendorffi are subspecies of
Ursus arctos; the latter subspecies occurs only on the Alaska
isTands of Kodiak, Afognak, and Shuyak (Rausch 1963). A1l other
brown/grizzly bears in North America belong to the first sub-
species. ~In this report, all bears of the species Ursus arctos
will be referred to as brown bears.

Statewide
Brown bears are distributed throughout Alaska, except on the
islands south of Frederick Sound in Southeast Alaska, the islands
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west of Unimak along the Aleutian chain, the islands of the Bering

Sea, and several island groups south of the Alaska Peninsula and

the Yukon-Kuskokwim delta (Eide 1978). '

Regional Distribution Maps

To supplement the distribution information presented in the text,

a series of blue-lined reference maps has been prepared for each

region. Most of the maps in this series are at 1:250,000 scale,

but some are at 1:1,000,000 scale. These maps are available for
review in ADF&G offices of the region or may be purchased from the
contract vendor responsible for their reproduction. In addition,

a set of colored 1:1,000,000-scale index maps of selected fish and

wildlife species has been prepared and may be found in the Atlas

that accompanies each regional guide.

Regional Distribution Summary

1.  Southwest. Brown bears are distributed throughout the
Southwest Region, except on the islands west of Unimak along
the Aleutian chain, the islands of the Bering Sea, and
several island groups south of the Alaska Peninsula (such as
the Semidis, Shumagins, Senaks, and the Yukon-Kuskokwim
delta)(ADF&G  1976a). (For more detailed narrative
information, see volume 1 of the Alaska Habitat Management
Guide for the Southwest Region.)

2. Southcentral. Brown bears are distributed throughout the

Southcentral Region, including Montague, Hitchinbrook, and
Hawkins islands in Prince William Sound (ADF&G 1976b).
Major ice fields, such as occur on the south side of the
Kenai Peninsula and the Wrangell Mountains, are not
considered brown bear habitat. (For more detailed narrative
information, see volume 2 of the Alaska Habitat Management
Guide for the Southcentral Region.)

3. Arctic. Brown bears are found throughout the Arctic Region,
with the exception of St. Lawrence Island and Diomede Island
(ADF&G 1976c, 1976d). (For more detailed narrative
information, see volume 2 of the Alaska Habitat Management
Guide for the Arctic Region.)

IT1I. PHYSICAL HABITAT REQUIREMENTS

A.

Aquatic

Water is believed to be a necessary factor in brown bear habitat

(USDA Forest Service 1975), but in Alaska water is not considered

a limiting factor.

Terrestrial Cover Requirements

1. Denning requirements. Most dens are excavated, although
natural cavities are used to some extent when available
(Reynolds et al. 1976, Craighead and Mitchell 1982). Den
entrances are bare or may be enclosed by brush. Tunnels and
chambers are commonly dug under the root systems of trees or
shrubs or located beneath boulders or rock strata that
provide roof support. Although den re-use may occasionally
occur, most bears construct new dens each fall because most
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excavated dens collapse after the spring thaw (Reynolds 1980,

Craighead and Mitchell 1982).

Terrain slope where denning has been observed ranges between

0° and 75°, but a majority of dens have been reported from

slopes of 30° to 45° (Craighead and Mitchell 1982). The
orientation of den openings varies within populations and
from one population to another and even from year to year

(Reynolds 1980, Craighead and Mitchell 1982). Seasonal wind

directions commonly play a role in den site selection. The

slopes most favored are leeward of prevailing winter winds in

a particular area. Dens not situated to the apparent leeward

of prevailing winds are often found oriented to local

topography so that wind eddying provides heavy snow
deposition (Reynolds 1980, Craighead and Mitchell 1982) so
that the entrance is sealed.

a. Southwest. Lentfer et al. (1972) vreported that
elevations for 80 brown bear dens on Kodiak Island
ranged from 30 to 1,006 m above sea level, with the
greatest proportion at about 550 m. Smith and Van Daele
(1982) reported the mean elevation for 34 dens in their
Terror Lake study area on Kodiak Island to be 620 m
(range: 152-1,006 m), with the greatest proportion (53%)
at or above 610 m. Most of the observations of Lentfer
et al. (1972) were from the southwestern part of the
island, which is less precipitous and where most peaks
are at Tower elevations than in the Terror Lake study
area. Spencer and Hensel (1980) reported that brown
bears den at intermediate and upper elevations (240 to
750 m) in the Terror Lake study area and that alpine
areas above 635 m provide marginal denning habitat.
Smith and Van Daele (1982), however, found that alpine
habitats were preferred for denning. Some dens they
observed were, however, Tlocated in lower-elevation
habitat similar to that described by both Lentfer et al.
(1972) and Spencer and Hensel (1980). The apparent
discrepancy between Smith and Van Daele's study and
previous denning studies may be the result of the
techniques used to determine denning characteristics.
Smith and Van Daele located dens by radio-tracking, a
more precise technique than aerial reconnaissance
surveys used by Lentfer et al. (1972) and Spencer and
Hensel (1980). The radio-tracking study showed that
alpine areas were used more than previously thought on
Kodiak.

Lentfer et al. (1972) reported that the greatest
proportion of observed bear dens on the Alaska Peninsula
was at about 396 m above sea level. They found that
areas where dens commonly occurred were characterized by
alder-willow thickets and, in winter, deep snow cover.

105



The alder and willow provide concealment and, in some
cases, bedding material.

On Kodiak Island, north-facing slopes were most often
chosen for denning, and on the Alaska Peninsula,
east-facing slopes. Slopes used for denning ranged from
0 to over 60°, with a majority of observed dens on
slopes of 30 to 45° (ibid.).

Dens observed by Lentfer et al. (1972) had been
excavated, although these authors stated that denning in
natural rock caves had been reported on Kodiak Island
and the Alaska Peninsula. Preliminary indications from
only two years of observations in the Terror Lake study
show that some bears return to the same general location
to den (Smith, pers. comm.).

Southcentral. Reported den locations of radio-collared
bears 1in studies conducted along the Susitna River
ranged in elevation from 635 m to 1,570 m and averaged
1,255 m. Typically, dens were dug in gravelly soil on
moderately sloping (average 32°) southerly exposures.
None of the radio-collared bears in these studies
re-used the same den; however, many of these bears
tended to den in the same general area in successive
years (Miller and McAllister 1982, Miller 1983).

Arctic. Studies conducted along the North Slope of the
Brooks Range (Reynolds 1980) found radio-collared bears
denning in a variety of terrain, ranging from creek
banks at low (270 m) elevations to mountain slopes near
the crest of the Brooks Range (1,280 m). Of 45 newly
excavated dens located, most were found within the
individual bear's home range; however, in 1978 four
radio-collared bears denned from 16.1 km to 43.8 km from
their spring, summer, and fall ranges. Additionally,
three bears were not located and had presumably moved
from their previously identified home ranges.

Den site elevations in the western Brooks Range ranged
from 270 to 1,280 m and averaged 661 m (Reynolds 1980),
compared with a mean elevation of 975 m for dens found
in the eastern Brooks Range (Reynolds et al. 1976).
This difference probably reflects the fact that the
eastern Brooks Range study area was located in higher,
more mountainous terrain.

Den sites were located on all exposures. There were
differences between 1977, when 72% of the dens (13 of
18) had a generally southern exposure, and 1978, when
only 38% faced generally south. Wind direction and snow
deposition were probably important factors in den site
selection. A1l of the observed den sites were loucated
in areas of snowdrift deposition. The depth of perma-
frost, which influenced the exposures selected by bears
in the eastern Brooks Range (Reynolds et al. 1976), was
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IV.

not important in the North Slope study area, possibly
because of the difference in soil types. Another factor
that may be responsible for north- or south-facing den
exposures is that the topographic character of the
foothill area is dominated by a series of east-west-
running ridges that have northern and southern
exposures, making the occurrence of these exposures
highest (Reynolds 1980). There does not appear to be a
pattern of selection of similar types of terrain,
?xposu;e, or elevation by individuals from year to year
ibid.).

NUTRITIONAL REQUIREMENTS

Brown bears are omnivorous but depend heavily on plant foods. They are
opportunistic feeders and will eat the flesh of fish, game, or domestic
animg]s when available. Carrion is readily eaten when found (Eide
1978).
Food Species Used

There have not been sufficient food habit studies conducted in
Alaska to provide a definitive regional breakdown of brown bear
food habits. There are no doubt Tlocal and regional differences
and similarities in food species used, depending upon their
availability and quality. Seasonal differences do occur and are
broken down as such; however, there may be considerable overlap
from one season to the next.

A.

1.

Spring (mid April to early July). On Kodiak Island, the

ADF&G (19/6e) reported that brown bears "feed primarily on
newly emerged plant species such as cow parsnip and red
poque, sedges, horsetails, Tlupine, false hellebore, and
grasses; they will also scavenge carion from winter kills of
elk, deer and marine mammals . ." Moose and/or caribou
calves may be important food species for some bears on the
Alaska Peninsula (Glenn 1975), in the Nelchina Basin (Spraker
et al. 1981), and on the North Slope (Reynolds 1980).

On the North Slope, Hechtel (1979) found viscid oxytrope-
roots (Oxytropis borealis), American hedysarum (Hedysarum
alpinum), and the overwintered berries of alpine bearberry
Arctostaphylos rubra) to be the most important foods used.
Summer (early July to mid August). On Kodiak Island, Atwell

et al. (1980) observed bears in alpine habitat eating
sea-coast angelica (Angelica lucida), Alaska Tong-awned sedge
and other sedges (Carex macrochaeta and Carex spp.), common
horsetail (Equisetum arvense), cow parsnip (Heracleum
lanatum), nootka Tlupine (Lupinus nootkatensis), and willow

(SaTix spp. ). Alaska long-awned sedge  was used

predominantly. Red elderberry (Sambucus racemosa) and
salmonberry (Rubus spectabilis) are heavily used on Kodiak.
Bears feed heavily on red elderberries well before they
ripen. On Afognak Island, bears feed upon huckleberry
(Vaccinium ovalifolium) (Smith, pers. comm.). Sellers (pers.

107



comm.) indicated that Carex lyngbyaei 1is an important food
source in estuarine areas on the tlaska Peninsula and that
bears use the berries of devil's club (Oplopanax horridum)
and seeds of cow parsnip.
On the North Slope, Hechtel (1979) found that during the
growing season brown bears seemed to concentrate on grasses
and sedges, the leaves, stems, and flowers of boykinia
(Boykinia richardsonii), and the fruiting and vegetative
stems of common horsetails.
Salmon {Oncorhynchus spp.) are used extensively when and
where they are available (Glenn 1975, Berns et al. 1980).
Fall (mid August to mid December). Crowberries (Empetrum
nigrum), blueberries (Vaccinium uliginosum), soapberries
Shepherdia canadensis), and lowbush cranberries (Vaccinium
vitis-idaea) are readily eaten when available (Murie 1944,
Erickson 1965, Somerville 1965, Crook 1971, Pearson 1975,
Reynolds 1976). Bears will shift back to hedysarum roots if
berries are not abundant (Murie 1944, Dean 1957, Crook 1971,
Valkenburg 1976, Reynolds 1976). Lupine roots and broomrape
(Boschniakia rossica) roots are also preferred as foods by
Kodiak bears. ATso, deer (Qdocoileus hemionus sitkensis) and
elk (Cervus elaphus roosevelti) gut piles are becoming
increasingly important fall foods on both Kodiak and Afognak
islands as harvest of these animals increases (Smith, pers.
comm. ). Salmon remain important along coastal areas
(Somerville 1965, Erickson 1965, Berns and Hensel 1972).
Bears have been observed salmon fishing during December on
the Alaska Peninsula (Glenn 1975). Hechtel (1979) found that
hedysarum roots, alpine bearberry, and ground squirrels
(Spermophilus parryii) were important foods for bears in the
North Slope.

B. Types of Feeding Areas Used

1.

Spring. On the Alaska Peninsula, there was high use of the
coastal plain along the beaches, where bears searched for
dead marine mammals. Grassland areas, especially grass
flats, sedge meadows, and saltwater wetlands are also used
extensively by foraging bears (Glenn and Miller 1980). In
the Nelchina basin, Miller and McAllister (1982) found that
spruce and shrubland vegetation types were used most during
the spring. On the North Slope, bears were observed foraging
along river courses and snow-free ridges and mountain slopes
during early spring. During late spring, bears foraged along
small creeks and moist drainages. In addition, during the
breeding season (late May through mid July), bears were
observed in all types of terrain, from tussock tundra to
talus slopes (Reynolds 1980, Hechtel 1979).

Summer. Anadromous fish streams along coastal areas
(Somerville 1965, Erickson 1965, Berns and Hensel 1972, Glenn
1975, Glenn and Miller 1980, Smith and Van Daele 1982) and
lowland areas (Berns et al. 1980) are frequently used by
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bears. Atwell et al. (1980) reported that bears in the
Kodiak NWR made extensive use of alpine habitat during
summer. Sedge-forb meadows are used extensively on the
Kodiak NWR (Atwell et al. 1980). In the Nelchina basin,
brown bears tended to move to shrublands at higher elevations
(Miller and McAllister 1982). On the North Slope, Hechtel
found wet sedge meadows, late snowbank communities, and
tussock tundra used most frequently.

3. Fall. On the Alaska Peninsula and Kodiak Island, salmon
feeding areas continued to be used extensively. Use of
foothills increases by early October. By mid October, the
coastal plain is increasingly used, although less than during
spring (Berns and Hensel 1972, Glenn 1975, Glenn and Miller
1980). In the Nelchina basin, Miller and McAllister (1982)
found that brown bears move to shrublands at higher
elevations in late summer and early fall. On the North
Slope, bears tended to use the floodplains of large creeks
and rivers as well as dry ridge areas or mountain slopes with
ground squirrel populations (Reynolds 1980, Hechtel 1979).

Factors Limiting Availability of Food

During spring, snow cover and depth can 1imit food availability.

The size of the salmon escapement can be influenced by both

natural factors and human management.

Weather conditions that cause poor berry production can reduce the

availability of this important food source during late summer and

fall.

Human disturbance in areas where food sources are concentrated can

limit food availability.

Activity Patterns

At McNeil River Falls, Egbert and Stokes (1976) observed brown

bears fishing and found the level of activity lowest during early

and mid morning hours and peaking by mid afternoon. Activity

dropped sharply by late evening and remained low until mid

morning. During their evaluation of brown bear aerial survey

results in the Chignik-Black lakes drainages, Erickson and Siniff

(1963) found that peak activity on salmon streams occurred in the

early morning and evening.

Twenty-four hour observations of a brown bear in the Canning River

drainage indicate that feeding and resting take place throughout

the ?ay but that rest occurred more during the morning (Linderman

1974).

V.  REPRODUCTIVE CHARACTERISTICS

A.

Reproductive Habitat

Breeding does not appear to be habitat-specific. Den character-
istics are described in section III.B.1., above.

Reproductive Seasonality

Breeding takes place from May to early July, with the peak of
activity in early June (Eide 1978).
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Reproductive Behavior

Brown bears are polygamous. Pairing normally occurs only for a
short time and is dependent on a male's ability to defend an
estr?us female against other contenders (Craighead and Mitchell
1982).

Age at Sexual Maturity

The age when successful conception occurs varies from coastal to
interior areas. On the Alaska Peninsula and Kodiak Island, it was
observed to be between 3.5 and 6.5 years (Hensel et al. 1969,
Glenn et al. 1976). In the Nelchina basin, most brown bears
appear to conceive first at 4.5 years. Some females first
conceive at 3.5 years and others at 5.5 years (Ballard et al.
1982). In the eastern Brooks Range, maturity was attained between
6.5 and 12.5 years. The maximum observed age of reproductive
females was found to be at least 23.5 years on the Alaska Penin-
sula (Aumiller, pers. comm.), 25.5 years in the western Brooks
Range (Reynolds 1980), 22.5 years in the eastern Brooks Range
(Reynolds 1976), and 21.5 years in the northern Yukon (Pearson
1976).

Fecundity

Average brown bear litter sizes vary from one geographic area to
another. The reported litter size of cubs of the year ranges from
1.73 to 2.46 (table 1). Modafferi (1984) suspected that the
average size of cub-of-the-year litters on the Alaska Peninsula
was greater than what the field data indicated. The data in table
1 should be interpreted cautiously because some of the values
represent averages for many years or are derived from a single
sample or from a variety of sampling methods (Modafferi 1984).
After six years of data-collection, Reynolds and Hechtel (1984)
found the average cub-of-the-year litter to range from 1.67 to
2.50. Obviously, seperate analyses of these two extremes would
produce different results.

Estimates for survival of cubs of the year to yearling (1.5 years
old) vary greatly, depending on the particular study. Most data
are wrongly based on comparisons of cub-of-the-year litter sizes
with yearling litter sizes. Frequently, mortality occurs to an
entire litter of cubs of the year (Reynolds 1980, Miller 1984). A
sow who has lost an entire litter will either produce new cubs the
following year or the year following that. In either instance,
she would not be included in the calculation of survivorship for
the age class of young her original litter represented.

Reported mortality of cubs of the year to yearlings, based on
data-collection for known family groups, ranges from 31% to as
high as 47%. Comparing two study areas on the Alaska Peninsula,
Modafferi found mortality to range from 31 to 43%. Reynolds and
Hechtel (1984) reported a mortality rate of 44% in the western
Brooks Range. Miller (1984) reported that cub-to-yearling
mortalities ranged between 41 and 47% in his study area in
Southcentral Alaska.
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Table 1, Litter Size for Brown Bears as Determined in Various Studies in North America

Mean Litter Size
(Age Class)

Age of
Young No.
Location (Yr) Litters 0.5 1.5 2.0 Source
Yellowstone Natl. Park 0.5 213 2.12 Craighead et al.
1.5 1.88° 1976
2.5 1.47°
Glacier Natl. Park, B.C. 0.5 81 1.94 Mundy 1963
1.5 45 1.84
2.6 17 1.82
Kodiak Island, AK 0.5 39 2.36 Troyer and Hensel
1.5 58 2,17
Kodiak Island, AK 0.5 98 2.23 Hensel et al.
1.5 103 2.00 1969
Kodiak Island, AK 0.5 52 2.31 Klein 1958
1.5 41 2,29
Alaska Peninsula 0.5 77 2.17
1.5 50 2.08
Southeast Alaska 0.5 25 2.16
1.5 35 1.89
McNeil River, AK 0.5 108 2.46
1.5 95 2.48
Northeast Alaska 0.5 13 1.77 Reynolds 1976
1.5 7 2.00
2.6 1 2.00
Northwest Alaska 0.5 4y 2.00 Reynolds and
1.5 28 2.29 Hechtel 1984
2.5 34 2,00
Southcentral AK 0.5 19 2.05 Miller 1984
1.5 22 1.64
2.5 14 1.70
Southwest Yukon 0.5 11 1.73 Pearson 1975
1.5 7 1.45
McNeil River, AK 0.5 41 2.1% Glenn et al. 1976
1.5 69 1.8 and Modafferi
1984
McNeil River, AK? 0.5 26 2.15
1.5 20 1.75 1.75
2,5 4
Black Lake, AK® 0.5 19 2.1
1.5 51 2.10
d 2.5 18 2,22
Black Lake, AK 0.5 66 2.36
Alaska Peninsula 0.5 180 2.06

Source: Adapted from Modafferi 1984,

a
b
c
d

e

*

Captured and marked family members and/or ground surveys.

Mean litter size for 5.6-year-old litters.

Mean litter size for 3,5-year-old litters.

Aerial surveys along salmon streams.

Aerial surveys along salmon streams, excluding the Black Lake area.

Because of a misprint in Glenn et al. (1976), a mean litter size of 2.5 is frequently used

for comparison in other reports; however, the value should be 2.1 (Glenn, pers. comm.).
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VI.

VII.

VIII,

F. Frequency of Breeding
Female brown bears generally breed and produce cubs every three to
four years (Reynolds 1980). Frequently, the interval is greater
than four years (Glenn et al. 1976, Reynolds 1980).

G. Gestation Period
Including delayed implantation, gestation lasts about six months
(Craighead et al. 1969).

FACTORS INFLUENCING POPULATIONS

A. Natural
Availability of food, such as a salmon-spawning streams or other
sources of rich protein, can influence local bear densities. Adult
males may cause significant mortality of cubs (Reynolds 1980,
Miller 1983). Climatic conditions that cause the failure of
spring, summer, or fall food sources, or an extremely low salmon
escapement, also appear to influence survival of bears through
winter denning and reproductive status the following year (Miller
1983; Sellers, pers. comm.).

B. Human-related
A summary of possible impacts from human-related activities
includes the following:
° Pollution of water and/or food supply

Reduction in food supply

Disturbance leading to abandonment of habitat, especially

areas of concentrated food sources

Disturbance during denning/abandonment of young

I11egal hunting/killed in defense of 1life and property

(See the Impacts of Land and Water Use volume of this series for

additional information regarding impacts.)

o]

o]

o]

o

LEGAL STATUS
Brown bears are managed by the Alaska Department of Fish and Game.

LIMITATIONS OF INFORMATION

There is a considerable amount of information about the basic biology
of brown bears; however, more information is needed in order to
jdentify the potential impacts of development on brown bear
populations. Among these needs is the necessity to develop sampling
techniques capable of providing accurate abundance information. In
conjunction with this is the need to identify discrete bear
populations.

Population dynamics are not clearly understood. Although substantial
cub mortality occurs in some areas, the cause and effects are not
adequately documented. Brown bear energetics, especially in relation-
ship to its food base, are only partially understood. There is a need
to identify 1limiting factors affecting brown bear populations in
relation to their habitats. Adequate techniques have yet to be
developed for Alaska to identify and classify the relative quality of
brown bear habitat.
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IX. SPECIAL CONSIDERATIONS

A. Homing
Homing of transplanted nuisance brown or grizzly bears has been
documented by several authors (Craighead and Craighead 1976, Cole
1972, Pearson 1972, Craighead 1976, Miller and Ballard 1982).
Studies conducted in Alaska by Miller and Ballard (1982) found
strong homing ability by brown bears in the Nelchina basin. Sixty
percent of adult nonnuisance bears transplanted an average of
198 km from their capture sites successfully returned to or near
their original home ranges. They concluded that transplanting of
nuisance bears would have a high probability of failure.

B. Nuisance Bears
Brown bears often become "nuisance" bears in the vicinity of
villages, remote cabins/lodges, and work camps. These animals can
cause extensive damage and may be dangerous to humans. Factors
such as improper garbage disposal and poor siting of camps often
intensify the problem, but proper procedures can often prevent the
occurrence of the problem.

C. Importance of Species
Because the brown bears that occur in the Southwest Region are
among the largest in the world they attract particular interest
from hunters and viewers. The bears are considered a very
important species economically to the guiding industry, air taxi
services, and other related industries.
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I.

IT.

NAME
A.
B.

RANGE
A.

Caribou Life History and Habitat Requirements
Southwest, Southcentral, and Arctic Alaska

Map 1. Range of caribou (ADF&G 1973)

Common Names: Caribou
Scientific Name: Rangifer tarandus granti (Banfield 1961)

Statewide

Caribou are distributed throughout Alaska except in Southeast
Alaska and along the Gulf of Alaska coast from Southeast Alaska to
the Alaska Peninsula and most offshore islands (Hemming 1971).
Regional Distribution Maps

To supplement the distribution information presented in the text,
a series of blue-lined reference maps has been prepared for each
region. Most of the maps in this series are at 1:250,000 scale,
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but some area at 1:1,000,000 scale. These maps are available for
review in ADF&G offices of the region or may be purchased from the
contract vendor responsible for their reproduction. In addition,
a set of colored 1:1,000,000-scale index maps of selected fish and
wildlife species has been prepared and may be found in the Atlas
that accompanies each regional guide.

Regional Distribution Summary

1.

Southwest. Four distinct herds exist in Southwest Alaska:

the Northern Alaska Peninsula, Southern Alaska Peninsula,

Mulchatna, and Adak herds (Sellers, pers. comm.). The
Northern Alaska Peninsula Herd ranges from the Naknek River
south to Port Moller. The Southern Alaska Peninsula Herd
ranges generally from Herendeen Bay south to and including
Unimak Island (Hemming 1971). The Mulchatna Herd ranges in
an area generally west of the Alaska range, Iliamna Lake, and
the Kvichak River to the lower Nushagak River, throughout the
upper Nushagak River country, including the King Salmon River
drainage, and as far north as the Taylor Mountains and Stony
River (Taylor, pers. comm.). (See volume 1 of the Alaska
Habitat Management Guide for the Southwest Region for
specific distribution and abundance information.)

Southcentral. There are three caribou herds that occupy the

Southcentral Region year-round. The 1largest, the Nelchina
Herd, occupies the upper Copper, Nelchina, and Susitna river
basins. The Mentasta Herd ranges along the northwest slopes
of the Wrangell Mountains and the headwaters of the Copper
River. A small herd of caribou occupies portions of the
Kenai Peninsula, having been transplanted there in the mid
1960's. This herd is composed of two relatively distinct
subherds. The Kenai Lowlands Herd utilizes the muskeg areas
in the vicinity of the Kenai airport and the Moose River
flats. The Kenai Mountains Herd occurs in the northern Kenai
Mountains south of Hope, between the headwaters of
Resurrection Creek and the Chickaloon River. The Mt.
McKinley Herd seasonally occurs in the Southcentral Region
during calving and winter (ADF&G 1976). (See figure 1 and
volume 2 of the Alaska Habitat Management Guide for the
Southcentral Region for specific distribution and abundance
information.)

Arctic. Four caribou herds occupy the Arctic Region. The

Western Arctic Herd (WAH), the largest caribou herd in
Alaska, occupies a range of 362,000 km2 (140,000 mi2) in
northwest Alaska. The WAH range includes the arctic coastal
plain and the Colville, Noatak, Kobuk, and Koyukok river
drainages. The Central Arctic Herd (CAH) ranges between the
Canning and Colville rivers, including the arctic coastal
plain and the northern foothills of the central Brooks Range.
The Porcupine Herd (PH) ranks as Alaska's second largest
subpopulation of caribou. The majority of animals from this
herd spend only the spring and summer months 1in Alaska,
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although portions of the PH do remain in the state throughout
the year, and it is not uncommon for much of the herd to
winter in Alaska. The Teshekpuk Herd (TH) is a subpopulation
that occupies the area surrounding Teshekpuk Lake year-round.
(See figure 1 and volume 2 of the Alaska Habitat Management
Guide for the Arctic Region for more specific distribution
and abundance information.)

ITI. PHYSICAL HABITAT REQUIREMENTS

A.

Aquatic

During summer, except for the arctic herds, which avoid marshy
areas during mosquito season, caribou tend to concentrate their
feeding activity in moist boggy areas where sedges (Carex spp.)
predominate. Riparian areas are also important during the mid
summer. During winter, aquatic vegetation, such as sedges and
horsetails (Equisetum spp.), are heavily used along lake margins
and streams. Muskrat pushups, which consist of a variety of
aquatic vegetation, are frequented by wintering caribou (Skoog
1968}, but the total food content is neglible (Valkenburg, pers.
comm.). (See the caribou Distribution and Abundance narrative in
volume 2 of the Alaska Habitat Management Guide for the Arctic
Region for additional information on calving habitat, winter use
habitat, and areas of insect relief.)

Terrestrial Cover Requirements

The use of ridge tops, frozen lakes and bogs, and other open areas
for resting may be learned behavior related to predator avoidance
that may have resulted from wolf-caribou interactions. The
caribou's apparent reluctance to enter riparian willow (Salix
spp.) stands and other heavy brush cover and its state of alert-
ness when passing through such areas suggest that caribou
associate such cover with attacks by wolves and bears (Miller
1982). On the arctic coastal plain, where riparian stands are
sparse, caribou do not show any apparent avoidance behavior of
heavy brush cover types (Cameron, pers. comm.).

During the spring calving period, caribou tend to occupy open
terrain with gentle slopes affording a wide field of view, which
again may be related to predator avoidance (ADF&G 1976). Calving
areas are also characterized by their close proximity to insect
re]ie§ habitat and are wusually well drained (Cameron, pers.
comm. ).

During summer, caribou make extensive use of windswept ridges,
lingering snow drifts, glaciers, gravel bars, and elevated terrain
to avoid insects (Skoog 1968, Kelsall 1968, Hemming 1971, Bergerud
1978, Miller 1982). Arctic coastal areas (sand dunes, beaches,
river deltas, and points of land) are also used for insect relief
habitat.
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Iv.

NUTRITIONAL REQUIREMENTS
Food Species Used (from Skoog 1968, unless otherwise noted)

A.

B.

1.

Winter (mid October to mid April). Fruticose lichens
(Cladonia spp. and Cetraria spp.), sedges, and grasses are
heavily utilized. Willow (Pegau et al. 1973), horsetails,
and dwarf shrubs (e.g., Vaccinium uliginosum) may be used to
some extent. Though these plants may be used less by caribou
during winter, they may be nutritionally significant.

Spring (mid April to mid June). The catkins of willow
(especially Salix alaxensis, S. planifolia ssp. pulchra, and
S. glauca) are among the first of the new-growth vegetation
to be eaten. Various grasses and sedges (notably Carex
bigelowii, C. membranacea, C. podocarpa, and Eriophorum
vaginatum) are also used extensively. Fruticose Tlichens
continue to be eaten during spring if available and
especially if the growing season is Tlate. Resin birch
(Betula glandulosa), and dwarf birch (B. nana), become the
favored foods as the season progresses, as do horsetails,
which are especially attractive. (See Kuropat 1984 for
information on the early summer food habits of the WAH.)
Summer (mid June to mid August). Caribou continue to eat the
leaves of willow, resin birch, and dwarf birch extensively
during June and July. Many species of sedge and grass
(especially those of the genera Alopecurus, Arctagrostis,
Dupontia, Festuca, Poa, Puccinellia, Calamagrostis, and
Hierochloe), forbs, and horstails are used extensively,
depending upon their growth stage, annual differences in
weather, and the particular area being used by the caribou.
Legumes are especially important; species of particular note
include Astragalus umbellatus, Lupinus arcticus, Hedysarum
alpinum, and Oxytropis nigrescens. The herbs Gentiana
glauca, Swertia perennis, and Sedum roseum are highly
palatable.

Other species known to be grazed include Antennaria
monocephala, Artemisia arctica, Epilobium Tatifolia,
Pedicularis spp., Petasites frigidus, Polygonum bistorta,
Rumex arcticus, and Saxifraga spp.

Fall (mid August to mid October). During the fall, the
quality, and palatability of the summer forage decreases, and
the caribou's diet gradually shifts toward the more restric-
tive winter forage. The 1leaves of willow are heavily
utilized as long as they are available. Grasses and sedges
are eaten throughout the fall period. Lichens are
increasingly used as the fall progresses. Carex aquatilis,
which lines the shores of lakes, ponds, and slToughs, appears
to be an especially favored food item.

Types of Feeding Areas Used
1.

Winter. Depending on the availability and 1location of
habitat, spruce forests (primarily spruce/lichen associ-
ations), bogs, and lake shores are used extensively (ADF&G
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1976). On the Alaska Peninsula's poorly drained coastal
plains, areas where sedges are abundant are used (Hemming
1971). Ridge tops and high plateaus are also important.

2. Spring. Open terrain with gentle slopes and shallow U-shaped
valleys are used (Bos 1974). Vegetation falls primarily into
grass meadow (Hemming 1971), shrub birch, dwarf heath types,
and sedge meadows (Skoog 1968).

3. Summer. Areas of use consist primarily of treeless uplands
where heath tundra, alpine tundra, and sedge wetland
associations dominate. In response to insect harassment,
%aribog frequently use wind-swept ridges and coastal areas

ibid.).

4, Fall., Caribou remain on or near summer ranges until the
quantity and quality of forage significantly decreases and/or
weather forces them to begin migration toward the wintering
grounds (Hemming 1971). Because fall migration generally
occurs during this period and feeding often occurs on the
move, it is difficult to relate specific feeding locations to
this period (Skoog 1968).

C. Factors Limiting Availability of Food

1. Winter. Snow depth of 50 mm (20 inches) is generally
considered the upper limit for use of areas by caribou. Ice
crust of 4 to 6.5 cm (1.5-2.5 inches) on top of the snow is
considered the upper limit caribou can paw through to obtain
food (Pruitt 1959, Skoog 1968, Pegau 1972, LaPerriere and
Lent 1977).

2. Spring. Calving-area selections by caribou have been, in
part, attributed to early snowmelt and the consequent
availability of new vegetation (Lent 1980). Should a late
snowmelt or a late snowstorm occur, use of otherwise
preferred early green-up vegetation may be restricted (Skoog
1968). Other factors that may influence utilization of an
area for calving include drainage, proximity to insect relief
habitat, and predator avoidance (Cameron, pers. comm.).
(Also)see Kuropat 1984 for information from the North Slope
area.

3. Summer. Insect harassment can restrict caribou feeding by
causing them to move about constantly or occupy areas such as
snowdrifts, where food 1is unavailable (Skoog 1968, Miller
1282). In the arctic coastal beaches, river deltas and sand
dunes are heavily used for relief from insect harassment.

4. Fall. Increasing frost and/or snow in the high country
decrease the quantity and quality of forage, in part
triggering fall migration (Skoog 1968).

D. Feeding Behavior

1. Winter and fall. Winter and fall feeding generally occurs
during the mid portions of the day and night. Caribou prefer
the finer parts of plants, such as the upper portions of
lichens, leaves and stem tips of sedges and grasses, and the
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stem tips and buds of willows. Their cursory grazing habits
help reduce the possibility of overgrazing the range (ibid.).
Spring. Spring feeding behavior is similar to that of
winter, but with an increased use of leaves of willow and
dwarf birch (ibid.).

Summer. Caribou select plant species according to the
occurrence of greening leaf and flower buds (ibid.). Feeding
occurs throughout the day, but because of insect harassment
most feeding takes place during the cooler twilight hours
(Miller 1982). (See Kuropat 1984 and White et al. 1975 for
more detailed information on the North Slope.)

V.  REPRODUCTIVE CHARACTERISTICS
A. Reproductive Habitat

1.

2.

Breeding areas. The rut usually takes place during fall
migration and is sometimes accompanied by a pause or slowdown
of movement. Breeding usually takes place in areas above
timberline (Skoog 1968), although this has not been the case
duri?g most recent years for the Nelchina Herd (Pitcher
1984).

Parturition areas. (See III.b., PHYSICAL HABITAT REQUIRE-
MENTS, and IV.A.2., NUTRITIONAL REQUIREMENTS, Spring.)

B. Reproductive Seasonality

1.

Breeding. Breeding seasonality varies in different parts of
the caribou range. In central and southern Alaska, caribou
breeding occurs primarily during the first two weeks of
October (ibid.).

Parturition. In southwestern and southcentral Alaska,
parturition generally occurs from early May through the first
week of June, with a peak during the third or fourth week of
May (ibid.).

For the arctic herds, calving begins in late May, peaks
around the end of the first week of June, and is completed by
mid June.

C. Reproductive Behavior

1.

Breeding. Bulls do not gather harems but rather join
existing bands of cows and young. One or more bulls tend to
become dominant within the band, depending on the size of the
group (ibid.). As the rut peaks, dominant bulls reduce their
foraging markedly, concentrating instead on tending estrous
females. Copulation is brief and generally occurs at dawn or
dusk (Espmark 1964). By the end of the rut, adult bulls have
depleted their fat reserves and enter winter in lean
condition (Skoog 1968).

Parturition. According to Lent (1966), Kelsall (1968), and
Skoog (1968), cows do not actively seek isolation to give
birth. Bergerud et al. (1984), however, indicated that
caribou in Spatsizi Provincal Park, British Columbia,
dispersed to high south slopes in mountains for calving as an
antipredator tactic. The mother-young bond 1is initiated

124



VI.

within the first minutes of the calf's life and is necessary
for the survival of offspring during the first six months of
lTife (Miller 1982).
After calves are mobile, "nursery bands" of cows and calves
are formed (Pruitt 1959). In central Alaska, most cows do
not regroup or join mobile bands until their calves are older
than two days (Skoog 1968).
Age at Sexual Maturity
Most cows conceive at 2.5 years of age. A few will conceive at
1.5 years, however, if in good condition. Bulls are sexually
mature at 1.3 to 2.3 years of age (Skoog 1968, Dauphine 1976).
Fecundity
Adult females have pregnancy rates of about 80% and produce one
offspring per year (Skoog 1968, Miller 1982).
Gestation Period
Gestation takes 225 to 235 days (Skoog 1968, Bergerud 1978).
Lactation Period
Little is known about the actual weaning process (Miller 1982).
Kelsall (1968) concluded that weaning must occur during July
because biting insects would greatly disrupt nursing after July.
Skoog (1968), however, suggested that weaning takes place between
September and December and mostly occurs prior to November.

FACTORS INFLUENCING POPULATIONS

A.

Natural

Emigration, which may be density-related, can cause large
fluctuations in herd sizes. Precipitation, cold, and wind were
thought to be a deadly combination for newborn calves, resulting
in hypothermia (Banfield 1954). At present, this supposition has
been rejected, because there is little or no evidence to support
it (Vvalkenburg, pers. comm.). Wolf and bear predation in some
areas can be an important factor in population control (Skoog
1968, Bergerud 1978, Miller 1982, Gassaway et al. 1983). Fire has
changed successional stages in large expanses of winter range but
in fact may not have caused major fluctuations in population
numbers. It is possible, however, that fire has caused shifts in
habitat use by caribou herds (Skoog 1968).

Human-related

A summary of possible dimpacts from human-related activities
includes the following:

° Competition with introduced (wild or domestic) animals

° Increased susceptibility to predation

° Alteration of habitat

° Harrassment, active and passive

° Barriers to movement, physical and psychological

° Overharvest, expecially when associated with high predation
rates

° Direct mortality associated with collisions with trains and
cars

Vegetation damage/destruction due to air pollution

125



(See the Impacts of Land and Water Use volume of this series for
additional information regarding impacts.)

VII. SPECIAL CONSIDERATIONS
Food supply, population density, weather, snow conditions, insects,
man, and a variety of other factors can alter caribou movement patterns
seasonally and perhaps for several years (ibid.).

VIII. LEGAL STATUS
The Alaska Department of Fish and Game has regulatory authority over
caribou. (See the Human Use section for a more detailed description of
managerial considerations.)

IX. LIMITATION OF INFORMATION
Because caribou are nomadic and therefore occupy various kinds of
habitat at different times, it is difficult to accurately describe
caribou habitat requirements. Causes of large population fluctuations
in many instances are also still unclear. Finally, the effects of fire
on caribou habitat and distribution are not clearly understood.
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Dall Sheep Life History and Habitat Requirements
Southcentral and Arctic Regions

Map 1. Range of Dall sheep (Nichols 1978a, Heimer and Smith 1975)

I. NAME
A. Common Names: Dall sheep, Dall's sheep, Alaskan white sheep,
thinhorn sheep (Nichols 1978a, Bee and Hall 1956)
B. Scientific Name: Ovis dalli

II. RANGE
A. Worldwide
Dall sheep occur in North America throughout the major mountain
ranges of Alaska, east through the northern and southwestern moun-
tain ranges of the Yukon Territory, through the mountains of the
Northwest Territories, and in the mountains of the northwest
corner of British Columbia (Nichols 1974).
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Statewide
Dall sheep are distributed throughout suitable alpine habitat,
generally above 2,500 ft, in major mountain ranges of Alaska,
including the Brooks Range, the Alaska Range from the Canadian
border to Lake Clark, the Wrangell Mountains, Chugach Mountains,
Talkeetna Mountains, and portions of the Kenai Peninsula
Mountains. Small discontinuous populations exist in the
Tanana/Yukon uplands (Nichols 1978a, Heimer and Smith 1975).
Regional Distribution Maps
To supplement the distribution information presented in the text,
a series of blue-lined reference maps has been prepared for each
region. Most of the maps in this series are at 1:250,000 scale,
but some are at 1:1,000,000 scale. These maps are available for
reveiw in ADF&G offices of the region or may be purchased from the
contract vendor responsible for their reproduction. In addition,
a set of colored 1:1,000,000-scale index maps of selected fish and
wildlife species has been prepared and may be found in the Atlas
that accompanies each regional guide.
Regional Distribution Summary
1. Southcentral Region. Dall sheep are found in the Kenai
Peninsula, Chugach, Wrangell, and Talkeetna mountains.
Population densities and compositions vary through the range.
(For more detailed narrative information, see volume 2 of the
Alaska Habitat Management Guide for the Southcentral Region.)
2. Arctic Region. Dall sheep are distributed throughout the
Brooks Range. In some areas, Brooks Range sheep are found at
lower elevations than sheep found in other Alaskan mountain
ranges. During aerial surveys in 1983, researchers observed
sheep at elevations as low as 700 ft (Singer et al. 1983).
Also, sheep have been observed at low elevations along the
Noatak River (James, pers. comm.). Population densities and
compositions vary by area; however, densities are generally
higher in the eastern portion of the Brooks Range. (For more
detailed narrative information, see volume 2 of the Alaska
Habitat Management Guide for the Arctic Region.)

ITI. PHYSICAL HABITAT REQUIREMENTS

A.

Terrestrial
Sheep are capable of using all suitable habitat in the mountain
ranges they occupy. On a seasonal basis, there is generally
1little difference in the physical habitat parameters that sheep
prefer. Typically, precipitous terrain with rocky s]opes, ridges,
and cliffs are used; this habitat preference is most 1likely
related to predator avoidance (Geist 1971, Murie 1944).
1. Winter. In winter, sheep utilize southern exposures where
available, which provide areas of shallow snow and maximum
solar radiation for warmth (Murie 1944, Geist 1971). In some
locations, however, sheep utilize other exposures where the
wind exposes forage on ridges (Nichols, pers. comm.; Murie
1944). They will sometimes move from exposed slopes to
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protected cliff areas prior to storms (Heimer, pers. comm.)
and occasionally gather together in cliff crevices or caves
for warmth and to avoid strong winds (Geist 1971, Hoefs and
Cowan 1979).

2. Spring/lambing. The spring range of Dall sheep is in general
similar to their winter range, except that they move to lower
elevations and more southerly exposures (Heimer, pers.
comm.). Near Cooper Landing and at Indian, south of
Anchorage, for example, sheep are known to use the low-
elevation, south-facing slopes in the spring (Nichols, pers.
comm.). South-facing cliffs and slopes are apparently very
important in spring, affording maximum solar radiation for
warmth and faster snowmelt (Geist 1971, Nichols 1978b).
Preferred lambing areas are on the most precipitous, inacces-
sible cliffs available (Pitzman 1970, Hoefs and Cowan 1979).

3. Summer. Dall sheep habitat requirements during summer are
essentially the same as at other periods, although they may
tend to utilize shady areas and ridge tops more frequently to
obtain relief from insect harassment (Murie 1944).

IV. NUTRITIONAL REQUIREMENTS

A.

Food Species Used

Heimer (1983), in his study of different quality sheep populations
in the Alaska Range, determined that selection of forage species
by sheep 1is seasonal and location-specific, indicating that
caution should be used when extrapolating sheep food species from
area to area. He concluded that sheep select different forage
plants on different ranges, partly on the basis of their avail-
ability. Therefore, groups of plants, rather than individual
plant species, offer a more tenable means of categorizing the
forage used by sheep. Heimer (1983) classified these plant groups
as follows: grass and sedge/leaves and stems; woody stems and
associated green leaves; leaves of willow (Salix spp.) and moun-
tain avens (Dryas spp.); forb basal parts (mainly Oxytropis spp.

in the Alaska Range); and lichens and mosses.

1. Winter, preferred foods:

a. Alaska Range. In the Alaska Range, Dall sheep prefer
the leaves and seed heads of grasses available above the
snow (Calamagrostis spp., Festuca spp., Agropyron spp.,
Poa spp.), sedges (Carex hepburnii), and Towbush cran-
bern{ stems (Vaccinium vitis-idaea) (Murie 1944, Heimer
1983
Murie (1944) found that the winter diet of sheep in
McKinley Park averaged 81.5% grasses and sedges.

b. Kenai Mountains. Nichols (1974) found that relatively
few plant species comprise the majority of the winter
sheep diet on the Kenai Peninsula. Grasses (primarily
Festuca altaica and F. rubra) and sedges (Carex spp.)
were most commonly used, with occasional use of shrubs
(crowberry [Empetrum n1grum], willow lSalix spp.]) and
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forbs (Erigeron spp., Dryas spp., false hellebore
1)

[Veratrum viride]).

c. Yukon Territory. Hoefs and Cowan (1979) found that sage
(Artemisia spp.) was an important winter food, along
with grasses and sedges.

Spring/lambing, preferred foods. As mentioned, sheep gen-

erally move to Tower elevations in early spring (April) to

take advantage of vegetation exposed by the snowmelt.

Overwintered snow-cured grasses and sedges and Tlignified

cranberry stems and associated leaves and berries are

important forage items at this time (Heimer 1983). As
vegetation begins to grow again, grasses (Festuca spp.) and
sedges are initially sought, and mountain-avens, willow, and

Vaccinium spp. are utilized as soon as they leaf-out (Whitten

1975).

Summer, preferred foods:

a. Alaska Range. Whitten (1975) observed that sheep during

summer feed primarily on the most palatable and
nutritious plant parts, the leaves, buds, flowers, and
herbaceous stems.
Winters (1980) found that relatively few plant species
formed the major portion of the summer diet. The most
commonly used food species during summer in the Alaska
Range included Dryas octopetala; several grasses,
notably Festuca altaica and Hierochloe alpina; sedge
(Carex microchaeta); willows (Salix polaris
pseudopolaris and S. reticulata); and forbs (EpiTobium
Tatifolium, Oxyria digyna, and Geum rossii).

b. Kenai Mountains. Nichols (1974} found on the Kenai
Peninsula that sedges were occasionally more abundant
and made up a larger portion of the summer diet than
other commonly utilized grasses (Hierochloe alpina and
Festuca spp.) and willows.

Types of Feeding Areas Used

Sheep use areas where forage quality and quantity is the best
available during that time period. Areas of use change throughout
the year in order to meet these requirements.

1.

Winter. In early winter, sheep use lower-elevation slopes
(Murie 1944). These slopes provide forage of good quality
and quantity, even though they are snow-covered (Whitten
1975).

As winter progresses and snow becomes deeper and/or more
crusted by the wind, sheep move to exposed wind-blown, snow-
free {idges (Murie 1944, Geist 1971, Whitten 1975, Nichols
1978a).

Hoefs and Cowan (1979), observing Dall sheep in the Yukon
Territory, found that 49% of all winter feeding occurred in
areas of no snow, 21% in areas with snow less than 5 cm
(1.9 inches), and 17% 1in areas with snow up to 10 cm
(3.9 inches). About 9% of all feeding occurred in areas with
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snow up to 15 cm (5.9 inches), 2.4% in snow depths up to
20 cm (7.9 inches), and less than 1% in areas where snow
depths were between 20 and 30 cm (7.9 to 11.8 inches).
Spring. Sheep move to lower-elevation, snow-free southern
slopes, and even into shrub tundra areas at the base of
mountains to utilize early plant growth (Whitten 1975, Murie
1944). The winter-cured vegetation may have nutritional
values comparable to late-summer vegetation (Whitten 1975;
Heimer, pers. comm.).

Summer. Virtually all sheep range is available at this time;
however, a general trend is for the sheep to move gradually
up-slope, following the new plant growth, which is highly
nutritious, mainly using southern slopes but also other
aspects. In late summer, feeding is extended to northern
slopes, where green plant growth occurs later (Whitten 1975).

Factors Limiting Availability of Food

1.

Winter. Heimer (pers. comm.), during his observations of
Dall sheep in the Alaska Range, found that snow over 18
inches deep forced sheep to forage on wind-swept higher
ridges for less readily available, 1less nutritious food
species.

Nichols (1974), 1in his study on the Kenai Peninsula,
determined that snow hardness appeared to be more important
than snow depth; however, both factors combine to Timit
digging activity by sheep. Most digging for forage occurred
in areas where snow was less than 1 ft deep. Wind-blown snow
develops a crust that is difficult for sheep to paw through
(Geist and Petocz 1977, Nichols and Erickson 1969).
Thaw-freeze conditions during winter can develop an ice layer
sometimes several inches thick, which sheep cannot paw
through (Geist 1971). Unusually warm winters with heavy wet
snow and/or rain can cause these icing conditions (Nichols
1978a), as happened in late winter 1969-1970 in the Kenai
Mountains (Nichols, pers. comm.) and in December 1981 in the
Alaska Range (Heimer, pers. comm.).

Spring. Whitten (1975) speculated that sheep utilize areas
of early green-plant growth to maximize their nutrient
uptake.

Feeding Behavior

Sheep are selective in their foraging pattern, concentrating on
what is most palatable, nutritious, and available to them in the
area (Geist 1971, Whitten 1975). (See IV.A., above.)

1.

Winter. Pawing or cratering in snow by sheep allows access
to forage plants underneath. Sheep will feed in one crater,
enlarge it, gaining access to all forage plants, then move to
another site and create another crater (Geist 1971, Nichols
and Heimer 1972). Smaller or less dominant animals are
sometimes forced to move from feeding craters by older or
larger sheep (Nichols and Heimer 1972).
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Feeding craters on the Kenai were dug in snow up to 10 inches
deep (ibid.). Murie (1944) reported that sheep had pawed
through snow up to 14 inches deep.

Sheep show a pattern of limited energy expenditure during
winter, with less feeding activity in the morning and more in
the yarmer afternoon periods (Geist 1971, Hoefs and Cowan
1979).

2. Spring/summer. Whitten (1975) found that during spring and
summer sheep selected high-quality, new-growth vegetation and
chose the most nutritious species within mixed stands.

Mineral Licks

Heimer (1973), in his study of Dall sheep mineral lick use in the

Alaska Range, recommended that mineral 1licks be considered

critical habitat areas for Dall sheep populations in interior

Alaska. This recommendation resulted from a study showing that

all segments of the study population utilized the 1licks with a

high degree of fidelity, that there was preferential use by

lactating ewes, and that sheep travel significant distances

(12+ mi), sometimes out of their way, to visit licks (Heimer

1973). Mineral licks provide physiologically important ions for

?heep,) including calcium, magnesium, sodium, and potassium

ibid.).

The extent and dependency of lick use has not been documented for

all Dall sheep populations in Alaska. It is not known, therefore,

whether the above findings are true for all sheep populations.

Until further studies are conducted to document additional lick

sites and the degree of utilization by different populations, the

importance of all mineral 1lick areas should be recognized by
managers.

1. Interior: Alaska Range-Dry Creek. Seasonal use of this Tlick
occurs from mid May through early July, with the peak of use
varying but wusually occurring from the first to the third
week of June (ibid.). Ewe fidelity, or annual return to the
lick, was 100%; ram fidelity was 80% (ibid.). Rams begin use
in mid May-early June, followed by juveniles, and then ewes
and lambs in late June-early July (ibid.). Rams and ewes
without lambs spent an average of four days at the Tlick.
Ewes with lambs spent an average of six and one-half to seven
days (ibid.).

2. Southcentral: Watana Hills-Jay Creek. Seasonal use of this
Tick occurs as early as 11 May through at least 10 August,
with peak use occurring from mid May through June (Tankersley
1984). At least 31% of the estimated area sheep population
visited this lick (ibid.). Rams begin lick use in early May,
followed by ewe/yearling groups in late May and ewes and
lambs in mid June (ibid.).

3. Arctic: Brooks Range-Hulahula River. Seasonal 1lick use
occurs from April through October and perhaps all year, with
peak use occurring in June (Spindler 1983). Rams utilized
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the lick primarily before 26 June, with ewes, lambs, and
yearlings increasing after that (ibid.).

Spindler (ibid.) observed a major change in the lick use
pattern during 1980. Prior to 26 June, rams composed a
substantial portion of the total sheep observed at the lick;
after that date rams were seen less frequently. Spindler
thought that increased daily temperatures and insect activity
caused rams and other sheep to use higher elevations (greater
than 1,400 m), away from the 1lick.

REPRODUCTIVE CHARACTERISTICS

A.

Reproductive Habitat

Breeding occurs on the winter range in high cliff terrain or on

broken, steep slopes. 0Occasional breeding takes place away from

normgl breeding areas, usually following a ram/ewe chase (Geist
1971).

Lambing occurs on portions of the winter range, in areas of steep,

broken, precipitous terrain (Nichols 1978b). Areas where

protection from wind and other weather factors is available are

favored (Pitzman 1970).

Breeding Seasonality

The peak of breeding activity extends approximately from mid

November through mid December (Nichols 1978b).

The lambing period extends from late May through mid June (ibid.).

The estimated peak date of lambing on the Kenai Peninsula was

24 May (ibid.).

Breeding Behavior

Breeding is polygamous and is conducted mostly by dominant rams
(Geist 1971, Nichols 1978b). Dominance among rams is determined
in September and October by a complicated display ritual and

occasional combat (Geist 1971). The physical effort expended by

dominant rams during breeding depletes their energy reserves,
leaving them in poor physical condition. A severe winter may
result in the death of these individuals (ibid.).

Age at Sexual Maturity

Rams are sexually mature at 18 to 30 months; however, dominance

order usually prevents breeding until rams are six to eight years

old (Nichols 1978b). Ewes are sexually mature at 18 to 30 months
(ibid.).

Fecundity

Single births are usual, although twinning has been reported
?are]y)(ibid.). The gestation period is approximately 171 days
ibid.).

Frequency of Breeding

Ewes can produce one lamb a year (ibid.). Under some conditions,

ewes produce only one lamb every other year (Heimer 1983).
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VI.

VII.

VIII.

FACTORS INFLUENCING POPULATIONS

A. Natural
Deep snow and severe icing conditions appear to be major factors
in limiting sheep populations in maritime areas (Nichols 1978a,
Murie 1944).
Wolves may be a major predator in areas where the wolf population
is high and/or escape terrain is limited (Murie 1944, Heimer and
Stephenson 1982). Predation by bears, coyotes, lynx, and other
predators occurs but appears to be minimal (ibid.). Golden eagles
are thought to be serious predators of lambs during their first
few weeks of life (Heimer, pers. comm.; Hoefs and Cowan 1979).
Major diseases and parasites associated with Dall sheep in Alaska
include contagious ecthyma, lungworm-pneumonia complex, mandibular
osteomylitis (lumpy jaw), and several species of gastro-intestinal
helminth worms (Neiland 1972).

B. Human-related
The most serious human-related threat to Dall sheep in Alaska
comes in the form of introduced diseases from domestic sheep.
Wild animal populations seldom have the defenses necessary to
withstand introduced diseases. These introductions were respons-
ible for most of the decimation of wild sheep populations in the
western United States (Heimer 1983). Other human-related factors
influencing sheep populations are the following:
° Competition with introduced (wild or domestic) animals

Harassment, active

Harassment, passive: construction noise, aircraft traffic

Vegetation damage/destruction due to grazing by domestic

animals

(See the Impacts of Land and Water Use volume of this series for

additional information regarding impacts.)

o
o
o

LEGAL STATUS
Dall sheep in Alaska are managed as a game animal by the Alaska
Department of Fish and Game. ’

LIMITATIONS OF INFORMATION

Information is needed on the relationships of breeding success of rams
vs. hunting mortality of older age classes.

Information is also needed on factors influencing winter survival of
younger age classes and whether mineral licks are necessary for sheep
survival.

Critical habitat components for sheep populations should be delineated
(e.g., mineral licks), and further research on mineral Tlick relation-
ships should be conducted. Basic research on the population dynamics
of Dall sheep is needed.
Description and delineation of breeding and lambing habitats, as well
as of winter ranges, is needed.
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I.

II.

So

NAME
A.
B.

RANGE
A.

Moose Life History and Habitat Requirements
uthwest, Southcentral, Arctic, Western, and Interior Alaska

Common Name: Moose, Alaskan moose
Scientific Name: Alces alces gigas (Peterson 1955)

Worldwide

The Alaskan moose (Alces a. gigas) is distributed throughout most
of Alaska, western Yukon Territory, and northern British Columbia
(Franzmann 1978).

Statewide

Moose are distributed throughout Alaska except for portions of the
southeastern Panhandle, the southwestern Alaska Peninsula, most
offshore islands, and glaciated areas. In Southeast Alaska, moose
are found on the Malaspina forelands, Yakutat forelands, the river
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valleys between Haines and the Canadian border, Berners Bay and

Taku River, the Stikine River valley, and other drainages abutting

Canadian herds (ADF&G 1976a,b,c). Moose are generally found at or

beloy 4,000 ft elevations (Ballard and Taylor 1980, Ballard et al.

1984).

Regional Distribution Maps -

To supplement the distribution information presented in the text,

a series of blue-lined reference maps has been prepared for each

region. Most of the maps in this series are at 1:250,000 scale,

but some are at 1:1,000,000 scale. These maps are available for
review in ADF&G offices of the region or may be purchased from the
contract vendor responsible for their reproduction. In addition,

a set of colored 1:1,000,000-scale index maps of selected fish and

wildlife species has been prepared and may be found in the Atlas

that accompanies each regional guide.

Regional Distribution Summary

1. Southwest. Moose are present throughout the Southwest Region
mainland, generally below elevations of 4,000 ft. Few moose
exist south of Port Moller on the Alaska Peninsula (ADF&G
1976a, Ballard and Taylor 1980, Ballard et al. 1984). (For
more detailed narrative information, see volume 1 of the
Alaska Habitat Management Guide for the Southwest Region.)

2. Southcentral. Moose are distributed throughout much of the
Southcentral Region mainland, generally below elevations of
4,000 ft (ADF&G 1976b, Ballard and Taylor 1980, Ballard et
al. 1984), except in glaciated areas such as occur in the
Wrangell Mountains. They are also absent from western Prince
William Sound from Valdez to Kings Bay. Moose are also found
on Kalgin Island in Cook Inlet, as a result of transplants in
1957, 1958, and 1959 (Burris and McKnight 1973). (For more
detailed narrative information, see volume 2 of the Alaska
Habitat Management Guide for the Southcentral Region.)

3. Arctic. Moose are distributed throughout the Arctic Region.
In forested areas, such as those that occur in the middle and
upper Kobuk River and its tributaries, moose are widely
distributed during spring and summer. In treeless areas,
such as coastal areas and the Arctic Region north of the
Brooks Range, distribution is keyed to major floodplains and
riparian areas along rivers and streams, where moose congre-
gate during winter because of the available food (ADF&G
1976d,e).

Coady (1980), in a detailed historical review, reported that
moose were not observed north of the Brooks Range before 1880
and were considered scarce until the 1940's. This does not
suggest a total absence of moose on the North Slope, because
Hall (1973) described prehistoric evidence of moose at
several archaeological sites in that area. He suggested the
expansion of moose range into that part of Alaska over time.
During the Tlate 1940's and 1950's, moose apparently began to
increase in numbers and expanded their range dramatically
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(ADF&G 1976d,e). On the Seward Peninsula, this increase was
most apparent during the late 1960's (Grauvogel 1984). (For
more detailed narrative information, see volume 2 of the
Alaska Habitat Management Guide for the Arctic Region.)
Interior and Western. Moose are distributed throughout the
Interior and Western regions, with the exception of the
Yukon-Kuskokwim delta, where they are infrequently seen
(LeResche et al. 1974, ADF&G 1976f). Moose were generally
unknown to most early residents of the Kuskokwim River
drainage and were rarely seen along the Middle Yukon until
the early 1900's. During the 1920's and 1930's, the moose
population gradually expanded throughout the upper Kuskokwim
and middle Yukon (ADF&G 1976f). (For more detailed narrative
information, see volume 2 of the Alaska Habitat Management
Guide for the Western and Interior regions.)

IIT. PHYSICAL HABITAT REQUIREMENTS

Aquatic

Moose feed on aquatic vegetation during spring and summer. They
may also seek relief from insects in deep water (Flook 1959).
(For further discussion, see Terrestrial Cover Requirements,
below, and IV. A.2. and 3.)

Terrestrial Cover Requirements

A.

1.

Winter. Willow (Salix spp.) shrub communities in alpine and
riparian environments are very important habitats for moose
during winter, supplying most of its winter food (see IV.
A. 1., below). Coniferous tree stands may also provide
needed food and cover, especially for cows with calves, which
seek denser cover than do other moose, presumably for greater
protection from predators (Peterson 1977) and lower snow
depths (Coady 1982).

Spring. Moose typically begin feeding upon grasses, sedges,
and aquatic and semjaquatic vegetation as soon as snow- and
ice-melt permits. In many areas, cows usually select
well-drained, dense islands of trees and shrubs as secluded
birth sites, which probably serve as protective cover for
their calves (Peterson 1955, Rausch 1967). These calving
areas are characterized by dense clumps of spruce (Picea
spp.) interspersed with alder (Alnus spp.) and willow (SaTlix
spp.) and very likely serve as protective cover from the
natural elements (ADF&G 1973), as well as from predators or
other disturbances. Modafferi (1982, 1983) described calving
areas for radio-collared moose from a subpopulation along the
Susitna River north of Talkeetna that were grossly different
from those described above. He found that spruce was the
least common and abundant of four major tree types present
that were used by this subpopulation. Use of muskeg meadows
was not observed. Cottonwood (Populus trichocarpa) was the
most commonly occurring vegetation type associated with
calving areas and dominated the canopy coverage. It is
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likely that calving areas vary greatly throughout the state
and are often widespread.

Summer. Generally, moose feed in open areas and use the

bordering shrubs and forest for cover (LeResche 1966).
Calves, however, tend to avoid exposed areas in which cows
browse and graze (Stringham 1974).

Moose only occasionally bed down in open wet meadows,
preferring the drier ground among hummocks near the edges of
willow, spruce, and mixed forest stands (LeResche 1966).
Fall. Generally, moose tend to occupy higher open areas
during the rut. Ballard and Taylor (1980) found that moose
occupied willow habitats more during September, October, and
December than through the remainder of the year in the upper
Susitna valley. Most moose collared during the winter along
the lower Susitna River floodplain did not spend the rut
period in or near their winter ranges. Most rutted to the
west of the floodplain, with some individuals as far as 40 km
away from the Susitna River (Modafferi 1984). Generally,
rutting concentrations of moose occur at or above timberline,
but they occur at Tlower elevations also. Early snows may
force moose to move to wintering areas, and, conversely, warm
weather may enable them to linger in summering areas.

IV. NUTRITIONAL REQUIREMENTS
Food Species Used

A.

1.

Winter. Deciduous shrubs and trees protruding through

accumulated snow on the ground and within reach of moose are
the primary food in winter. In some areas, however, moose
crater in snow to obtain nonbrowse forage such as ferns
(LeResche and Davis 1973, Modafferi 1984). Several willow
species are preferred, but the order of preference varies
from area to area (Scott et al. 1958, Peek 1974). On the
Kenai Peninsula, Tittletree willow (S. arbusculoides) is most
preferred, followed by scouler willow (S. Scouleriana) and
bebb willow (S. bebbiana) (Machida 1979). Barclay willow was
(S. barclayi i) least preferred. In Inter10r Alaska, the order
of preference is feltleaf willow (S. alaxensis), diamondleaf
willow (S. planifolia ssp. ulchraY] with scouler willow and
halbred willow (S. hastata preferred least (ibid.). After
willow, the most preferred browse is paper birch (Betula
rifera) (LeResche and Davis 1973).

Because of the quantity of forage it produces, quaking aspen
(Populus tremuloides) is also considered important in certain
areas (Aldous 1944).

Foliose lichens (Peltigera spp.) may serve as an important
alternate winter food source {LeResche et al. 1974)., In
areas of low snow cover and on depleted winter ranges,
lowbush cranberry and foliose Tlichens can support high
densities of moose (LeResche and Davis 1973).
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B.

Spring. Willows are the most important food in spring.
Horsetails (Equisetum spp.), sedges (Carex spp.), and aquatic
plants are also important (Rausch 1967). On the Kenai
Peninsula in late April and during May, foliose lichens and
fruticose lichens (Cladonia spp.) made up more than half the
diet of tame moose, with lowbush cranberry making up the
remainder of the diet (LeResche and Davis 1973).

Summer. Variety in the diet is greatest during summer.
During this period, emergent vegetation and other herbaceous
plants may be grazed, but leaves and succulent leaders on
shrubs and trees are also used (Coady 1982). Newly emergent
aquatic and marsh plants, including sedges, horsetails, and
pondweed (Potomogeton spp.), which are found in wetlands,
lakes, and ponds in water up to 8 ft deep, are consumed
(LeResche and Davis 1973, LeResche 1966).

During early growth stages, forbs such as fireweed (Epilobium
spp.) and lupine (Lupinus spp.) are heavily used. Mushrooms
are )eaten in summer when encountered (LeResche and Davis
1973).

In late summer, emergent plants are used less, and the diet
includes more browse (Bishop, pers. comm.).

Fall. During fall, the transition from summer forage to
winter forage occurs. The use of browse increases as fall
progresses because many herbaceous plants become unpalatable.

Types of Feeding Areas

1.

Winter. Shrub communities, such as alpine and lowland willow
stands, are the most important winter habitat for food
(LeResche et al. 1974, Peek 1974). When snow depths are
minimal, moose generally prefer more open shrub-dominated
areas and sedge meadows (Coady 1982). As snow depths
increase, moose shift to coniferous and deciduous forests
with closed canopies, when available, where snow accumulation
is less (Coady 1976, Gasaway 1977) and understory vegetation
more available (LeResche and Davis 1973).

Mature, undisturbed plant communities, occurring both in
upland areas near timberline and in lowland areas, are
important late winter habitat, as are areas recovering from
man-caused or natural disturbances. Moose may remain on
their summer range if not forced out by deep snow (Ballard
and Taylor 1980). During late winter, some moose may remain
at higher elevations, where wind action or temperature
inversions reduce snow depth. Moose may crater through snow
up to 40 cm deep (Coady 1982, Modafferi 1984).

Gererally, upland areas of winter habitat are dominated by
willow or shrub birch (Betula glandulosa) and Towland areas
by stands of spruce interspersed with deciduous tree stands
and wetland areas (ibid.).

Spring. Expanses of wetlands interspersed with dense stands
of trees and shrubs, which are typically used for calving,
provide abundant early spring forage (ibid.). Moose use
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natural mineral licks in some areas of Interior Alaska mostly
in spring and early summer to obtain sodium (Tankersley and
Gasaway 1983). Mineral 1licks used by moose occur in some
areas of Southcentral Alaska also; however, there are no
detailed reports on these areas (Tankersley, pers. comm.).
No licks are known in Southwest Alaska.

Studies in Michigan and Canada indicate that aquatic
vegetation eaten by moose in the summer is an alternate and
sometimes better source of sodium and other mineral elements
(Botkin et al. 1973, Fraser et al. 1982). Moose lick use
declined when aquatic feeding increased in Interior Alaska
(Tankersley and Gasaway 1983).

3. Summer. Timberline shrub thickets (LeResche et al. 1974) and

TowTand areas with ponds containing preferred aquatic species
(LeResche 1966) comprise primary feeding locations during the
summer. (See comment on salt Ticks under B. 2.)
In mid-to-late summer, moose tend to move to upland areas
away from bog areas with standing water and to use browse in
drier areas (Bishop, pers. comm.; Didrickson and Taylor 1978;
Ballard et al. 1984).

4, Fall. Both Tlowland and upland shrub communities may be
heavily used during fall (Coady 1982). In Southcentral
Alaska, moose typically use upland areas (Ballard and Taylor
1980, Didrickson and Cornelius 1977).

Factors Limiting Availability of Food

Coady (1974) considered snow depth the most important limiting

factor for moose. Migration between summer and winter range and

daily winter activity may be influenced by initiation of first
snow, snow depth, day length, and persistence of snow. Snow
depths greater than 40 to 70 cm are generally considered the upper

limit for areas utilized by moose (Coady 1974). Snow depths of 90

to 100 cm are considered critically limiting (Nasimovitch 1955,

Kelsall 1969, Telfer 1970, Kelsall and Prescott 1971), because at

these depths movement is restricted and adequate food intake may

be impossible. Deep snow may also cover low-growing browse
species, reducing their availability and requiring moose to exert
greater effort to feed (Coady 1974). In Southcentral Alaska,
moose generally confine their winter movements to areas less than

3,600 ft in elevation (Ballard et al. 1984). The next most

important property of snow is hardness, which determines the force

necessary for moose to move through the snow and their ability to
crater for food.

The density, height, and distribution of forage plants determine

how ?uch a particular area and vegetation type is utilized (Milke

1969).

Feeding Behavior

Peak feeding activity occurs at dawn and dusk. During fall, more

feeding activity occurs throughout the day. Fall feeding activity

is wusually influenced by the rut, reflecting greater social
contact (Best et al. 1978). Schwartz et al. (1981) found that
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bull moose at the Kenai Moose Research Center quit eating entirely
during the rut and that food intake decreased in females. Geist
(1963) found that 79% of summer activity involved feeding.
Cratering in snow to reach plants is common throughout Alaska
during fall and winter (LeResche and Davis 1973).

V.  REPRODUCTIVE CHARACTERISTICS
A.  Reproductive Habitat

1. Breeding areas. There are little descriptive data regarding

moose rutting habitat. Use of habitat during the rut may be
influenced by whether particular groups of moose are
migratory or nonmigratory.
Use of upland brush-willow habitat types reaches a peak
during the breeding period, corresponding with elevational
movements of moose (Didrickson and Cornelius 1977; Ballard
and Taylor 1980; Ballard et al. 1982a, 1984).

2. Parturition areas. Most studies conducted in the South-
central Region have found calving to be widely dispersed
(Didrickson and Corneljus 1977, Ballard et al. 1982a,
Modafferi 1982) (see III. B. 2.).

B. Reproductive Seasonality

1. Breeding. Breeding occurs during fall, with the peak of
rutting activity occurring between late September and early
October (Lent 1974). The timing of the rut is remarkably
synchronous among moose in different areas and years in North
America (ibid.); this synchronism 1is reflected in the
consistency in calving dates observed throughout the range of
moose (Coady 1982).

2. Parturition. Parturition generally occurs between late May
and early June. As a consequence of conception during later
estrus periods, some calving may occur Tlater, which is
disadvantageous to calves because their reduced size in fall
may lessen their ability to survive the winter (ibid.).

C. Reproductive Behavior

Moose often form large aggregations during the rut (Best et al.

1978). These rutting groups range in size from male and female

pairs to 30 or more adults (Coady 1982). There may be movement of

both bulls and cows to and from groups (ibid.).
D. Age at Sexual Maturity

Moose breed annually. Females may breed as yearlings (16 to

18 months) and are capable of reproducing annually until at Teast

year 18 (Houston 1968). Bulls are also physically capable of

breeding as yearlings (ibid.).
E. Pregnancy Rate/Number of Young Born

Natality rates for adult females range from 1.00 to 1.20. Eighty

to 90% of adult females in most moose populations in North America

become pregnant annually (Pimlott 1959, Schladweiler and Stevens

1973, Simkin 1974). The birth rate for two-year-old females in

North America was found to be 0 to 0.47 (Pimlott 1959, Schladwiler

and Stevens 1973, Blood 1974, Simkin 1974). In the development of
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their moose population model, Ballard et al. (1984) used Blood's
(1974) estimate of .29 calves/two-year-old female.
The lowest reported pregnancy and twinning rates for moose in
North America were 60% (Franzmann 1981) and 2% (Pimlott 1959),
respectively. The highest rates were 98% and 70%, respectively
(Franzmann et al. 1983, Modafferi 1984). Moose populations tend
to be on the higher end of this scale.

F. Gestation Period
The ?estation period is approximately 240 to 246 days (Peterson
1955).

G. Lactation Period
Cows lactate until fall, then gradually wean their calves
(Franzmann 1978).

VI. FACTORS INFLUENCING POPULATIONS
A. Natural

1. Severe winters. Winter mortality results from factors
related primarily to snow depth, density, hardness, and the
persistence of these conditions over time (Franzmann and
Peterson 1978).
Winter severity often manifests itself first in terms of
reduced food availability and restriction of movements and
later in terms of increased calf and adult mortality because
of starvation and increased vulnerability to predators
(Pimlott 1959, Peek 1974, Peterson and Allen 1974, Bishop and
Rausch 1974, Sigman 1977).
Recently conducted predator-prey-relationship studies in
Alaska suggest that moose mortality because of wolf predation
is additive rather than compensatory. After a moose popula-
tion has declined from factors such as severe winters,
overharvest, declining range-carrying capacity, and/or
predation, limits on moose population growth because of wolf
predation can occur. In simple wolf-moose systems, predators
can maintain moose at low levels for decades (Gasaway et al.
1983, Ballard et al. in press).
Prior to the mid 1970's, both brown and black bears were
thought to be scavengers rather than predators of moose.
Studies of neonatal moose mortality indicate that both
species of bear can be successful ungulate predators
(Franzmann et al. 1980, Ballard et al. 1981). Bear predation
is the primary cause of mortality in some moose populations
and, similarly to wolf predation, is an additive source of
mortality. Experimental  bear-reduction programs have
demonstrated that calf moose survival can be improved by
temporarily reducing bear numbers (Ballard et al. 1982b).
Most moose populations produce adequate numbers of calves to
enable population growth. When growth fails to occur, it
usually is the result of high neonatal mortality. The
relationship between habitat carrying capacity and ungulate
density is confounded by predation. Managers attempting to
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provide sustained yields of moose for human use will find
predator management a necessity in systems containing
naturally regulated predator populations.

Disease and parasitism. Moose are subject to a large number
of diseases and parasites; however, usually they are not
important factors 1in population dynamics (Franzmann 1978;
Zarnke, pers. comm.).

Competition. Competition for food between moose and hares is
usually prevented by habitat segregation; moose, for example,
prefer open seral communities, whereas hares inhabit dense
black spruce (Picea mariana) or willow-alder (Salix-Alnus
spp.) thickets, which provide more cover (LeResche et al.
1974, Wolfe 1974). In general, direct competition is minimal
except for the remaining vegetation in areas where forage has
been extensively depleted or when deep-snow conditions force
hares to feed at higher levels on shrubs (Wolfe 1974).

B. Human-related

A

summary of possible negative impacts from human-related

act1v1t1es includes the following:

o

o

o

(o]

Collision with vehicles

Pollution of water and/or food supply

Reduction of food supply

Vegetation composition change to less preferred or useable
species

Vegetation damage/destruction due to grazing by domestic
animals

Vegetation damage/destruct1on due to mechanical removal of
material

Barriers to movement, physical and behavioral

Harvest, change in level

Harassment or mortality caused by domestic dogs, especially
in deep-snow conditions

Competion with introduced animals

Predation, increases

Disease transmission from susceptibility to introduced
diseases and/or domesticated animals

Harassment, active

(See the Impacts of Land and Water Use volume of this series for
additional information regarding impacts.)

VII. LEGAL STATUS
The Alaska Department of Fish and Game manages moose. (See the Human
Use section in volume 2 for a summary of moose management.)

VIII. SPECIAL CONSIDERATIONS
A. Habitat Protection and Management
To sustain a moose population, high-quality habitat is essential.
Habitat protection and management may consist of the following
(Franzmann 1978):
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Setting aside large areas such as the Kenai National Refuge,
Alaska and the Matanuska Valley Moose Range

Limiting construction and other activities that restrict
moose movements between traditional seasonal home ranges and
within critical use areas of a seasonal home range

Enhancing selected habitats to improve the carrying capacity
for moose by prescribed burning, logging in small blocks,
land-clearing, and mechanical rehabilitation that returns
vegegation to early successional stages (Oldemeyer et al.
1977

These practices should be subject to total resource planning and
be compatible with other resource management considerations
(Franzmann 1978).

X.  LIMITATIONS OF INFORMATION
Data are sparse concerning annual and seasonal habitat use by moose,
and area-specific information is needed regarding these seasonal
habitat requirements. Population identity and movement studies need to
be completed in order to identify migrational patterns and habitats
important to the maintenance of specific subpopulations of moose.
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I.

NAME

Dabbling Ducks Life History and Habitat Requirements
Southwest, Southcentral, and Arctic Alaska

Map 1. Range of dabbling ducks (Bellrose 1976)

Common Names: Dabbling ducks, puddle ducks, or surface-feeding
ducks

Scientific Classification

1. Family. Anatidae

2. Subfamily. Anatinae

3. Tribe. Anatini

Species Commonly Occurring in the Southwest Region

In the Southwest Region, the dabbling duck population consists of
northern pintail (Anas acuta), mallard (A. platyrhynchos),
American wigeon (A. americana), green-winged teal (A. crecca),
northern shoveler (K. clypeata), and gadwall (AT strepera)
(Gabrielsen and Lincoln 1959&. Lesser numbers of other dabbling
duck species, such as European wigeon (A. penelope), use the area
as well (ibid.).
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D. Species Commonly Occurring in the Southcentral Region
In the Southcentral Region, the dabbling duck population consists
primarily of American wigeon, mallard, northern pintail, and
green-winged teal. Lesser numbers of northern shoveler, gadwall,
and other dabbling duck species use the region as well (ibid.).

E. Species Commonly Occurring in the Arctic Region
In the Arctic Region, the dabbling duck population consists
primarly of northern pintail and American widgeon. Lesser numbers
of mallard, green-winged teal, and northern shoveler also occur
(Rothe, pers. comm.).

IT. RANGE
A. Worldwide

Dabbling ducks are cosmopolitan in distribution, with variations

in abundance related to seasonal changes in habitat conditions

(Terres 1980).

B. Statewide

Dabbling ducks are abundant and widely distributed seasonally

throughout the state wherever habitat conditions are favorable

(Gabrielson and Lincoln 1959).

C. Regional Distribution Maps

To supplement the distribution information presented in the text,

a series of blue-lined reference maps has been prepared for each

region. Most of the maps in this series are at 1:250,000 scale,

but some are at 1:1,000,000 scale. These maps are available for
review in ADF&G offices of the region or may be purchased from the
contract vendor responsible for their reproduction. In addition,

a set of colored 1:1,000,000-scale index maps of selected fish and

wildlife species has been prepared and may be found in the Atlas

that accompanies each regional guide.
D. Regional Distribution Summary

1. Southwest. In general, dabbling ducks are found throughout
the Southwest Region at elevations below 1,200 ft. Major
concentrations, however, occur in estuaries, lagoons, river
deltas, tidal flats, and lowland ponds. In the Bristol Bay
area, the largest concentrations of dabblers occur during the
spring and fall migrations, whereas Kodiak and the Aleutian
Islands are important wintering areas (King and Lensink
1971). (For more detailed narrative information, see volume
1 of the Alaska Habitat Management Guide for the Southwest
Region.)

2. Southcentral. Dabbling ducks are found in favorable habitat
throughout the Southcentral Region. Because of the lateness
of snowmelt and vegetation growth at higher elevations, the
most favorable habitat is located below 1,000 ft elevations.
In the Southcentral Region, major concentrations occur during
the spring and fall migrations along the tidal marshes of
Cook Inlet (fig. 1). During a 1962 spring survey, an
estimated 100,000 birds were observed utilizing the Susitna
Flats area (Sellers 1979). The many estuaries and tide flats
of Prince William Scund (PWS) and the extensjve tidelands of
the Copper River Delta (CRD) are also important concentration
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III.

areas. Estuarine and tidal flat areas of PWS and the CRD are
important wintering areas for some species (Timm 1977). (For
more detailed narrative information, see volume 2 of the
Alaska Habitat Management Guide for the Southcentral Region.)

3. Arctic. In the Arctic Region, pintail breeding habitat is in
marshy, low country where shallow freshwater lakes occur,
especially those with dense vegetative growth near shore. It
also occurs in brackish estuaries and along sluggish streams
that have marshy borders (Johnsgard 1975). (For more
detailed information, see volume 2 of the Alaska Habitat
Management Guide for the Arctic Region.)

PHYSICAL HABITAT REQUIREMENTS
Dabbling ducks are very mobile and opportunistic, characteristics that
allow them to take advantage of a wide variety of habitat types,
depending upon need and availability (Bellrose 1976). Preferred
habitat types are closely associated with water, ranging from fresh
water to salt and/or brackish water (King and Lensnik 1971). Dabblers
in particular are frequently found on shallow, small ponds or lakes
bordered by shrubs, trees, or aquatic plants (Bellrose 1976).
Coastal habitats are also frequently used by dabblers. A study of
coastal habitats in Alaska (Arneson 1980) found that dabbling ducks are
the most ubiquitous of waterfowl. In the coastal zone, they are found
most abundantly on protected delta water, lagoon water, and salt
marshes, but they are also found on eight other habitats. During the
study, only subtle differences in habitat selection among species were
evident. Pintails, for instance, frequent lagoon island sand much more
than other dabblers; green-winged teal are often on exposed mudflats;
and American wigeon are more abundant on protected delta water and mud.
Quimby (1972) studied waterfowl use of different plant communities at
Chickaloon Bay in upper Cook Inlet (map 2). Waterfowl use occurred in
8 of 10 types, with most use occurring in the marsh, floating marsh,
and mudflat community types (ibid.). The marsh community contains
permanent brackish ponds of various sizes and depths bordered by sedges
(Carex spp.) and bulrushes (Scirpus spp.). The ponds contain food
plants and are good feeding, nesting, and resting areas (ibid.). The
floating marsh community is similar but has fewer, deeper open-water
areas, greater plant species diversity, and mats of floating
vegetation. This type provides large areas of suitable habitat, but
less nesting occurs because there is less open water. The mudflat
community was near the upper limit of the tide and was utilized mostly
by fall-migrating ducks resting and feeding in that type (ibid.).
A. Arctic Region
1. Pintail. Pintails at Icy Cape were observed more frequently
in shallow and deep Arctophila (Classes III and IV) wetlands
in June and July; shallow Carex (Class II) wetlands were used
frequently in August. At Storkersen Point, habitat use by
pintails was not limited to any particular wetland type,
although shallow Arctophila (Class III) and basin-complex
(Class IV) wetlands were used significantly more (Bergman et
al. 1977). Arctophila wetlands have been found to be
preferred in some areas (Derksen et al. 1979).
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2. Green-winged teal. At Icy Point, migrating birds that landed
in the area were noted to feed along pond edges in the salt
marsh (Lehnhausen and Quinlan 1981).

3. Northern shoveler. At Icy Cape, migrating birds were noted
to land in the mainland marsh and feed in its brackish ponds;
shovelers were also observed on the tundra on shallow and
deep Arctophila ponds (Classes III and IV) (ibid.).

4, American wigeon. At Icy Cape, migrating birds were noted to
feed and rest in the mainland salt marsh; two pairs were also
observed in the tundra, feeding on shallow Arctophila ponds
(Class III) (ibid.).

IV. NUTRITIONAL REQUIREMENTS
A. Food Species Used
Dabbling ducks have a wide seasonal variety of food items. They
are highly opportunistic and will concentrate on food items most
readily available to them (Peret 1962, Timm 1975). The following
food items are known to be utilized by dabbling ducks during
portions of the year (Bellrose 1976, Bartonek 1972, Quimby 1972,
Sugden 1973). This list 1is incomplete but indicates the wide
diversity of food items eaten by ducks.

Animal species - larval and flying Plant species - vegetative parts
forms of invertebrates, including: and seeds of numerous plants,
Water fleas (Cladocera) including:
Amphipods (Amphipoda) Pondweeds (Potamogeton spp.)
Mayflies (Ephemeroptera) Cattails (Typha spp.)
Dragonflies (Odonata) Bulrush (Scirpus spp.)
Water striders (Hemiptera) Sedges (Carex spp.)
Caddis flies (Trichoptera) Horsetails (Equisetum spp.)
Black flies (Diptera) Algae (Cladophoraceae)
Mosquitoes (Diptera) Grasses (Graminae)
Snails (Gastropoda) Mares-tail (Hippuris spp.)
Spiders (Arachnoidea) Cultivated
Salmon carcasses grains (e.g., barley)
" (Onchorhynchus spp.) Buttercup (Ranunculus spp.)

Crustaceans (Crustacea)

Mollusks (Mollusca)
Earthworms (Oligochaeta)
Stickleback (Gaserosteus
aculeatus)

Dabbling ducks prefer an early season diet high in animal matter,
changing to a diet high in plant matter as the season progresses
(Bartonek 1972, Sugden 1973). This seasonal change is related to
both the availability and the nutritional value of food items
(Sugden 1973, Krapu 1974). The rapid early growth of juveniles
and the nutritional requirements of prebreeding and breeding
adults require food sources high in protein. Krapu (1974)
observed that female pintails fed heavily on invertebrates before
and during egg laying. Esophogeal contents before egg laying
averaged 56 + 27.1% animal matter, and during egg laying 77.1 ¢
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11.6%. Invertebrate consumption declined sharply after the laying

period (ibid.).

Bartonek (1972) found that juvenile American wigeons (Class Ila)

contained an average of 66 + 22% animal matter in their esophagi,

whereas older juveniles (Class IIla and flying) had only 12 + 20%

animal matter in their diet. Adult American wigeons examined

during the same study contained an average of 31 * 34% animal
matter (ibid.). This represents significantly more animal matter
in the diet of the adult wigeon than had been previously recorded

(Bellrose 1976, Johnsgard 1975). Sugden (1973) found similar

results in the American wigeon, with animal food dominating the

diet at first, being largely replaced by plant food after three
weeks of age.

Mallards also have a high percentage of animal material in their

early season diets (Bartonek 1972). A small sample of juvenile

mallards (Class IIc) had 99% animal matter in their esophagi,
whereas a flying juvenile had only 35% animal matter (ibid.).

Sugden (1973) found that juvenile northern pintails followed a

similar pattern, with up to 98% of their early diet comprised of

animal matter. The percentage of plant material in the diet
increased as the ducks grew (ibid.).

1. Southcentral Region: Cook Inlet (from Timm and Sellers 1979).
During the summer and fall of 1978, a food habits study of
dabbling ducks (mallard and pintail) was conducted by the
ADF&G on tidal marshes of Cook Inlet (Palmer Hay Flats,
Susitna Flats, Goose Bay, Chickaloon flats, and Trading Bay).
Four genera of plants (Carex, Scirpus, Potomogeton, and
Hippuris) comprised between 82 and 96% of gullet contents.
Seeds of these plants were dominant in both summer and fall,
although tubers of Scirpus paludosus and Potamogeton were
important 1in the fall on the Susitna Flats and Goose Bay.
Seeds of Potamogeton and Hippuris were more abundant, and
therefore more important, during summer than during fall,
whereas the inverse was true for Carex seeds. Mallards
relied more heavily on Carex and less heavily on Scirpus
seeds than did pintails.

The Chickaloon flats and Trading Bay do not have extensive
stands of bulrush (Scirpus validus), and consequently birds
collected there were nearly devoid of bulrush seeds. Palmer
Hay Flats contain more bulrush than any other marsh in Cook
InTet, and the ducks collected there fed more heavily on this
food item than did birds elsewhere. Because of biases in
procedures for collecting and processing samples, the
importance of animal foods was undoubtedly underestimated.
Although not reflected in this study, ducks spent more time
on intertidal areas as the hunting season progressed.
Because birds were relatively invulnerable while feeding on
the tide flats, few were included in the sample. Small
crustaceans, mollusks, and algae are probably the major foods
consumed by ducks in the exposed tidal zone.
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2. Southcentral Region: Copper River Delta. Dabbling ducks on

the CRD apparently rely more on soft vegetation and less on
seeds than do mallards and pintails in Cook Inlet coastal
marshes (ibid.). Seeds are an important part of the fall duck
diet in Alaska because their high carbohydrate content helps
to provide the energy necessary for migration (Campbell and
Timm 1983).
The 1981 autumn diet of four species of dabbling ducks
(pintail, mallard, green-winged teal, and wigeon) was
comprised of 36% vegetation, 33% seeds, and 29% animal
matter. Pintails consumed the greatest amount of seed, as
well as of animal matter, followed by mallards and green-
winged teal. Wigeons consumed the least amount of seed and
animal matter but the most vegetation (ibid.). (See
table 1.)

Types of Feeding Areas Used

Dabbling ducks feed in the shallow waters of small lakes, ponds,

and other bodies of water and at the tide line in Alaska coastal

waters (Timm 1975).

Factors Limiting Availability of Food

Lingering snow and ice from a late spring prevent ducks from

foraging in all areas, especially upland areas. Early cold

weather and accompanying ice conditions eliminate food resources
in most freshwater areas in the fall (Rothe, pers. comm.).

Feeding activity under these conditions usually occurs at or along

ice-free coastal areas.

Feeding Behavior

Dabbling ducks feed either at the surface, where they skim the

water at the edges of the shores and banks, or by "tipping" tail

up in shallow places, reaching down to obtain food items from the
bottom (ibid.).

V. REPRODUCTIVE CHARACTERISTICS

A.

Reproductive Habitat

Dabbling ducks generally require lowland ponded areas for nesting;
however, some have been found over 500 yd from water (Sowls 1955).
In areas where choice nesting habitat is limited, nests may be
located up to 5 mi from water (Duebbert 1969).

Nesting pairs of dabblers (and other species) are known to claim
and defend areas of territory adjacent to their nest site (Sowls
1955). Defense of these areas by the territorial drake can be
quite vigorous but usually lasts only until the last egg is laid
and the female starts incubation (ibid.).

Reproductive Seasonality

The span of nest initiation depends on Tlocal temperatures and
water conditions and varies among species. The initial nesting
period usually occurs from mid April to mid June (Sellers 1979).
Ducks are persistent nesters and will attempt to nest again,
sometimes several times, if their first attempt is destroyed
(Sowls 1955). Initial destruction by fluctuating water levels,
mammalian or avian predators, and man-caused disturbance can be
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Table 1. Diet Composition of 62 Dabbling Ducks on the West Copper River
Delta, September through October 1981

Item Aggregate % Volume % Occurrence
Vegetation
Water buttercup
(Ranunculus spp.) 13.6 16.9
Pondweed (Potamogeton spp.) 11.6 13.8
Unidentified grass CRD #3 5.1 10.8
Misc. foliage 5.6 -—-
Seeds
Sedge (Carex spp.) 12.4 38.5
Rushes
(Eleochris spp. & Scirpus spp.) 8.1 16.9
Unidentified seed #7 7.1 16.9
Marestail (Hippuris spp.) 3.3 16.9

Pondweed (Potamogeton spp.)

Animals
Diptera larvae (Chironomidae,

Ceratopogonidae, Tipulidae) 13.4 29.2
Unidentified invertebrate eggs 4.2 4.6
Trichoptera larvae (Brachycentridae,

Limnephilidae, Polycentropodidae) 3.8 23.1
Pelecypods (Sphaeriidae) 3.1 9.2
Gastropods 2.5 15.4
Stickleback (Gaserosteus aculeatus) 1.4 3.1

Miscellaneous (Hirudinids, Arachinids,
Odonatids) 1.0 -—

Source: Campbell and Timm 1983.

--- means no data were available.
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VI.

quite severe, and during some years renesting may account for the
total production (ibid.).

Reproductive Behavior

Dabblers have new mates each season. Courtship takes place in
late winter and during early spring. On arrival at their nesting
grounds, the females immediately search for a suitable nesting
site and then commence nest construction (Timm 1975). As
mentioned, males defend both the females and the nesting territory
(Sowls 1955). This defense lasts until the eggs are layed and the
males retreat to molting areas.

Age At Sexual Maturity

A11 dabblers mature at one year of age (Timm 1975).

Fecundity

The number of eggs per clutch varies among species but ranges
between 1 and 18 eggs, the average being between 6 and 9 eggs
(ibid.). (See table 2.)

Incubation Period

The incubation period varies by species but usually averages
between 21 and 29 days (ibid.). Hatching generally coincides with
the longest days of the year and the peak production of aquatic
invertebrates in late June.

Rearing of Young

As soon as the females are well into incubation, the males with-
draw into flocks by themselves and proceed to molt. They take no
part in raising young (ibid.).

FACTORS INFLUENCING POPULATIONS

A.

Natural
Species composition and numbers for the Alaska population of
dabbling ducks can change drematically. Production is influenced
primarily by spring weather and flooding. Production is less in
years with "late" springs then in years when snow and ice
disappear early in the season. Flooding in river valleys or from
storm tides on coastal wetlands can delay nesting or destroy nests
and significantly reduce production. Flooding in river valleys,
however, causes beneficial effects from nutrient exchanges, which
fertilize ponds, increasing the food they produce for waterfowl
(ADF&G 1980).
A phenomenon that has occurred at least twice during the last
25 years is the drought displacement of millions of waterfowl from
the southern Canada and northern United States prairie pothole
area to the arctic coastal plain (Hansen and McKnight 1964,
Derksen and Eldridge 1980).
During the first drought period (1956-1960), several duck species
were recorded in Alaska for the first time or at much greater
abundance than formerly (Hansen and McKnight 1964), In some
?reas,)waterfowl population indices were three times the average
ibid.).
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Table 2. Breeding Biology of Dabbling Ducks
Clutch Size
Sexual
Species Nest Locations Mating Incubation Range Average Maturity
Northern Dry ground, Late winter; 22-24 days 1-12 6 For all
pintail usually away arrive mated dabblers,
from water one year
Mallard Ground, edges of Late winter; 23-29 days, 1-15 8
of ponds, much arrive on usually 26
variation breeding grounds
mated
American Dry ground, May -June 24-25 days 1-12 6
wigeon away from water,
usuvally brushy
area
American Dry ground, tall Late winter 21-23 days 1-18 9
green-winged grass, bordering
teal marshes
Northern Hollows, on May-June, 21-23 days 1-14 7
shoveler ground with two males
occasionally
Source: Timm 1975, Bellrose 1976.

During 1977, surveys indicated the highest duck population index
ever recorded in Alaska, a 61% increase over 1976 and 46% above
the 10-year average (King and Bartonek 1977). The greatest
increase was recorded by northern pintails, which increased 123%
over 1976 and 87% over the 10-year average (ibid.). The 1978
?opu1a§10n index was lower but still 5% above the 10-year average
ibid.).
These drought-related duck population increases did not result in
increased production in Alaska. Although 1limited evidence
indicates that some displaced duck species will increase their
nesting attempts, there appears to be no related increase in
production (Hansen and McKnight 1964, Derksen and Eldridge 1980).
Hansen and McKnight (1964) and Derksen and Eldridge (1980) both
concluded that drought-displaced ducks arrive in northern areas
with depleted energy reserves, resulting in minimal nesting
success. Also, late arrivals would have to compete for nesting
sites with already established pairs, adding to poor nesting
success (Calverley and Boag 1977).
Human-related
A summary of possible impacts from human-related activities
includes the following:
° Pollution of water and/or food
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VII.

° Reduction of food supply

° Alteration of freshwater habitat

° Dredging/filling/draining of wetlands

° Disturbance of fall/spring staging areas

° 0iling of feathers

° In-flight hazards (e.g., transmission lines, towers)

° Alteration of nesting habitat

° Lead poisoning in heavily utilized hunting areas

(See the Impacts of Land and Water Use volume of this series for
additional information regarding impacts.)

LEGAL STATUS

In Alaska, waterfowl are managed by the U.S. Fish and Wildlife Service
and the Department of Fish and Game. Waterfowl are protected under
international treaties with Canada (Great Britain) 1916, Mexico 1936,
Japan 1972, and the Soviet Union 1976.

VIII.
A

SPECIAL CONSIDERATIONS

Molting

Male dabbling ducks begin flocking by mid June and are flightless
by late June and early July. Flight feathers are generally
regained by early August (Bellrose 1976). The wing molt of
females is delayed to coincide with the development of the young.

IX. LIMITATIONS OF INFORMATION

1.

ADF&G.

Southcentral Region. Surveys of nesting habitat need to be
repeated for the Cook Inlet area. Information on ecological
requirements is needed, especially in Cook Inlet, Alaska Peninsula
coastal lagoons, and the Copper River delta. The relaticnship
between drought-displaced birds and total annual production is
unknown and needs investigation.

Arctic Region. Very few scientific studies have been done on
dabbTing ducks in the Arctic Region. Therefore, there is little
specific 1ife history information available.

REFERENCES
1980. Alaska wildlife management plans: species management

policies. Fed. Aid. in Wildl. Res. Proj. W-20-2. 113 pp.

Arneson,

P. 1980. Identification, documentation, and delineation of

coastal migratory bird habitat in Alaska. BLM/OCS contract
No. 03-5-22-69. ADF&G. 350 pp.

Bartonek,

J.C. 1972. Summer foods of American wigeon, mallards and a

green-winged teal near Great Slave Lake, N.W.T. Can. Field Nat.
86(4):373-376.

164



Bellrose, F.C. 1976. Ducks, geese, and swans of North America.
Harrisburg, PA: Stackpole Books. 540 pp.

Bergman, R.D., R.L. Howard, K. F. Abraham, and M.W. Weller. 1977.
Waterbirds and their wetland resources in relation to oil development
at Storkersen Point Alaska. USFWS Resource Publ. 129. Washington, DC.
38 pp.

Calverley, B.K., and D.A. Boag. 1977. Reproductive potential in
parkland-and arctic-nesting populations of mallards and pintails
(Anatidae). Can. J. Zool 55:1,242-1,251.

Campbell, B.H., and D.E. Timm. 1983. Waterfowl. Pages 9-11 in ADF3G,
Survey-inventory progress rept., 1981-1982. Vol. 13, Part 5. Fed. Aid
in Wildl. Rest., Proj. W-22-1.

Derksen, D.V., and W.D. Eldridge. 1980. Drought-displacement of pintails
to the arctic coastal plain. J. Wildl. Manage. 44(1):224-229.

Derksen, D.V., W.D. Eldridge, and T.C. Rothe. 1979. Waterbird and wetland
habitat studies. In P.C. Lent, ed. Studies of selected wildlife and
fish and their use of habitats on and adjacent to NPR-A 1977-1978.
Field Study 3, Vol. 2, USDI, National Petroleum Reserve of Alaska,
Anchorage. 423 pp.

Duebbert, H.F. 1969. High nest density and hatching success of ducks on
South Dakota CAP Land. Pages 218-229 in Transactions of the 34th North
American wildlife and natural resources conference.

Gabrielson, I.N., and F.C. Lincoln. 1959, The birds of Alaska.
Harrisburg, PA: Stackpole Books.

Hansen, H.A., and D.E. McKnight. 1964. Emigration of drought-displaced
ducks to the Arctic. Trans. N. Am. Wildl. and Nat. Res. Conf.
29:119-129.

Johnsgard, P.A. 1975. Waterfowl of North America. Indiana Univ. Press.
575 pp.

King, J.G., and J.C. Bartonek. 1977. Alaska-Yukon waterfowl breeding pair
survey. Pac. Flyway Waterfow]l Rept. 78:39-54.

King, J.G., and C.J. Lensink. 1971. An evaluation of Alaskan habitat for
migratory birds. Unpubl. rept., USFWS, Anchorage, AK. 46 pp.

Krapu, G.L. 1974. Feeding ecology of pintail hens during reproduction.
Ark. 91 (2):278-290.

165



Lehnhausen, W.A., and S.E. Quinlan. 1981. Bird migration and habitat use
at Icy Cape, Alaska. Unpubl. rept. USFWS, Anchorage, AK. 298 pp.

Peret, N.G. 1962. The spring and summer foods of the common mallard (Anas
p. platyrhynchos L.) in southcentral Manitoba. Unpubl. M.S. Thesis,
Univ. B.C., Vancouver.

Quimby, R.L. 1972. MWaterbird habitat and use of Chickaloon flats. M.S.
Thesis, Univ. Alaska, Fairbanks. 86 pp.

Rothe, T. 1985. Personal communication. Waterfowl Biologist, ADF&G, Div.
Game, Anchorage.

Sellers, R.A. 1979. MWaterbird use and management considerations for Cook
Inlet state game refuges. Unpubl. rept., ADF&G, Anchorage.

Sowls, L.K. 1955. Prairie ducks: a study of their behavior, ecology and
management. Harrisburg Pa: Stackpole Co. 193 pp.

Sugden, L.G. 1973. Feeding ecology of pintail, gadwall, American widgeon
and lesser scaups ducklings. Canadian Wildlife Service rept. Series
No. 24. Ottawa.

Terres, J.K. 1980. The Audubon Society encyclopedia of North American
birds. New York: Alfred A. Knopf. 1,109 pp.

Timm, D. 1975. Northeast Gulf Coast waterfowl. Pages 264-343 in ADF&G,
comp. A fish and wildlife resource inventory of Prince William Sound.
Vol. 1: Wildlife. 1978.

. 1977. Materfowl. Pages 212-265 in ADF&G, comp. A fish and
wildlife resource inventory of the Cook Inlet-Kodiak areas. Vol. 1:
Wildlife. 1976.

Tinm, D., and R.A. Sellers. 1979. Waterfowl. Page 19 in ADF&G,

Survey-inventory progress rept., 1978-1979. Fed. Aid in Wildl. Rest.
Vol. 10. Proj. W-17-11.

166



I.

NAME

Diving Ducks Life History and Habitat Requirements
Southwest, Southcentral, and Arctic Alaska

Map 1. Range of diving ducks (Bellrose 1976)

Common Names: Diving ducks, bay ducks, sea ducks
Scientific Classification
1. Family. Anatidae
2. Subfamily. Anatinae
3. Tribe:

a. -Bay ducks or inland diving ducks. Aythyini.

b. Sea ducks. Mergini.
Species Commonly Occurring in the Southwest Region
The Southwest Region diving duck population is comprised of the
greater scaup (Aythya marila); harlequin duck (Histrionicus
histrionicus); oidsquaw (CTangula hyemalis); surf scoter
(Melanitta  perspicillata); white-winged scoter (M. fusca
deglandi), and black scoter (M. nigra); Barrow's ~goldeneye

ucephala ijslandica) and common goldeneye (B. clangula);
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buffiehead (Bucephala albeola); red-breasted merganser (Mergus
serrator) and common merganser (M. merganser); and Steller's eider
(Polysticta stelleri), Pacific common eider (Somateria mollissima
v-nigra), and king eider (S. spectabilis)} (Gabrielson and Lincoln
1959).

D. Species Commonly Occurring in the Southcentral Region
In the Southcentral Region, the diving duck population consists
primarily of scaup, scoter, goldeneye, bufflehead, and oldsquaw.
Lesser numbers of canvasbacks (Aythya valisineria), ring-necked
duck (Aytha collaris), mergansers, and other diving duck species
use the region as well (ibid.).

E. Species Commonly Occurring in the Arctic Region
In the Arctic Region, the diving duck population consists
primarily of oldsquaw, Pacific common, king, and spectacled eiders
(Somateria fischeri), and greater scaup (Aythya marila) (Rothe,
pers. comm.). Lesser numbers of white-winged, surf (Melanitta
perspicillate), and black scoters also occur.

IT. RANGE
A. Worldwide
Diving ducks occur in suitable habitats throughout the northern
hemisphere.
B. Statewide

Diving ducks occur throughout the state, generally near the larger

and ?eeper inland bodies of water and along the sea cocast (Timm

1975).

C. Regional Distribution Maps

To supplement the distribution information presented in the text,

a series of blue-lined reference maps has been prepared for each

region. Most of the maps in this series are at 1:250,000 scale,

but some are at 1:1,000,000 scale. These maps are available for
review in ADF&G offices of the region or may be purchased from the
contract vendor responsible for their reproduction. In addition,

a set of colored 1:1,000,000-scale index maps of selected fish and

wildlife species has been prepared and may be found in the Atlas

that accompanies each regional guide.
D. Regional Distribution Summary

1. Southwest. In general, diving ducks are distributed
throughout the Southwest Region at elevations below 1,200 ft.
Major concentrations, however, are found in coastal and
riverine habitats. In the Bristol Bay area, the largest
concentrations of diving ducks occur during spring and fall
migrations, whereas Kodiak and the Aleutian Islands have
their highest concentration of birds during the winter
(ADNR/USFWS 1983, Gabrielson and Lincoln 1959). (For more
detailed narrative information, see volume 1 of the Alaska
Habitat Management Guide for the Southwest Region.)

2. Southcentral. Diving ducks are found in favorable habitat
throughout the Southcentral Region. In general, this habitat
is located at elevations below 1,000 ft. Large concentra-
tions of diving ducks overwinter 1in coastal areas of
Southcentral, in Cook Inlet, especially Kachemak Bay, and in
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birds were in pairs and males were displaying. No salt marsh
use was observed in August or September (ibid.).

Common eiders also used lagoon areas from early June to mid
August (ibid.).

IV. NUTRITIONAL REQUIREMENTS

A.

Food Species Used
Diving ducks eat a wide varijety of plant and animal species.
Animal species, however, comprise most of their diet during most
of the year (Bartonek and Hickey 1969, Johnsgard 1975, Dirschl
1969). This preference can be related to the habijtats diving
ducks occupy during most of the year: coastal marine areas,
estuaries, and larger, deeper lakes (Johnsgard 1975).
Locally abundant plant foods are also used by diving ducks.
Aquatic plants, including pondweed (Potamogeton spp.), muskgrass
(Chara spp.), and bulrush (Scirpus spp.) are extensively used by
some species (ibid.).
Table 1 presents food species known to be used by diving ducks.
This 1ist, although incomplete, indicates the wide diversity of
food species eaten by diving ducks.
Bartonek and Hickey (1969), studying diving duck food habits in
Canada, reported that juvenile and adult canvasbacks, redheads,
and lesser scaup had a high proportion of animal food species in
their spring and summer diet. Juvenile and adult female canvas-
backs had 87% and 92% animal matter in their diets, respectively
(ibid.). Conversely, adult male canvasbacks had 97% vegetative
material in their summer diets (ibid.). Age and sex class differ-
ences are probably attributable to nutritional requirements.
Fall-collected canvasbacks had only 22% animal natter in their
diets (ibid.). Juvenile redheads have a varied summer diet, with
only 43% animal matter observed in esophageal contents. Adult
redheads had a higher percentage of animal species in their summer
diet, with 86% and 81%, respectively, for males and females
(ibid.). Lesser scaup juveniles and adults had an average of 98
to 99% animal matter in their summer diet (ibid.). The diets of
{a]]-c?llected lesser scaup remained high 1in animal matter
ibid.).
Diving duck species that are primarily associated with coastal
habitats have a high percentage of animal foods in their diet also
(Johnsgard 1975). This category includes eiders, scoters, and
oldsquaws.
The common eider has a reported winter diet of mussels (70.3%),
barnacles (40.5%), and other mollusks (24.3%) (Dementiev and
Gladkov 1967). The summer diet of juveniles and females showed
that amphipods, mollusks, periwinkles, and crowberries (Empetrum
nigrum) were important food sources (ibid.). The diet of king
eider appears to be similar to the common eider (Johnsgard 1975).
Juvenile spectacled eiders had a high percentage of insects in
their summer diet. Pondweeds and crowberries were important plant
foods during this period (Cottam 1939).
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Table 1. Plant and Animal Species Utilized by Diving Ducks

Plant Species

Animal Species

Muskgrass (Chara spp.)
Pondweed (Potamogeton spp.)
Bulrush (Scirpus spp.)
Sedge (Carex spp.)

Milfoil (Myriophyllum spp.)
Duckweed (Lemma spp.)
Buttercup (Ranunculus spp.)

Ditch grass (Ruppia maritima)

Cattail (Typha spp.)

Pond Tily (Nuphar spp.)
Bur reed (Sparganium spp.)

Green algae (ChTorophyceae)

Caddis fly (Trichoptera)
Midges (Tendipedidae)
Mayfly (Ephemeroptera)
Dragonfly (Odonata)
Flies (Diptera)
Flies (Hemiptera)
Leech (Hirudinea)
Water strider (Corixidae)
Mysids (Mysidae)
Amphipods (Amphipoda)
Gammarus spp.
Hyallela spp.
Crayfish ZC?ustacea) )
Water flea (Daphnia spp.
Snails (Gastropoda)
Blue mussel (Mytilus edulis)
Mussel (Unio 'spp.)
Freshwater shrimp
(Palaemonetes spp.)
Clam (Macoma spp.)
Clam (Mulina lateralis)

Razor clam (SoTen sicarius)
Crab (Cancer spp.)

Source: Bartonek and Hickey 1969, Johnsgard 1975,

Adult and juvenile
crustaceans, mollusks,

adults (ibid.).

In the Arctic Region,
amphipods, and, to a

Lincoln 1959).

B. Types of Feeding Areas Used
Inland diving ducks rarely feed on land.
the Tlarger and deeper
estuarine ' habitats

coastal habitats.

oldsquaws
insects,

(ibid.).
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feed extensively on amphipod

and fish (Johnsgard 1975).
Insects, both larval and flying forms, are important food sources
for juveniles during summer months (ibid.).
other crustaceans averaged almost 50% of the food consumed by

oldsquaws eat primarily mysids
lesser extent, bivalves (Gabrielson and

Crabs, shrimp, and

They generally frequent
inland bodies of water and protected
Marine diving species frequent
Shallow coastal waters of bays, inlets,



estuaries, with a variety of substrates, are favored feeding areas
for these species (Johnsgard 1975, Gabrielson and Lincoln 1959).
Most diving duck species have somewhat unique water/substrate/food
preferences (Rothe, pers. comm.). Buffleheads and mergansers are
usually associated with river systems, especially during winter
(ibid.). Eiders, scoters, oldsquaws, and scaups are associated
with coastal marine areas in winter (ibid.), except where ice
conditions prevent feeding in open water.

Oldsquaws typically utilize the nearshore marine waters for
feeding (Johnson and Richardson 1980).

Factors Limiting Availability of Food

Lingering snow and ice from a late spring may prevent diving ducks
from utilizing lowland ponded areas. Cold weather, with accompa-
nying ice conditions in the fall, prevents divers from using
freshwater areas. Feeding activity under these conditions usually
occurs in coastal marine waters.

The abundant bogs and muskeg wetlands common in the Southcentral
Region are acidic and are therefore Tlow in productivity.
Nutrients and food species are more abundant in river systems,
deltas, and coastal zones (Rothe, pers. comm.).

Feeding Behavior

Diving ducks usually dive for their food and will feed submerged.
The depths to which they dive are generally between 2 and 10 ft;
however, some may feed at greater depths. O0ldsquaws, for example,
have)been recorded at depths of over 200 ft (Timm 1975, Johnsgard
1975).

V.  REPRODUCTIVE CHARACTERISTICS

A.

Reproductive Habitat
Most diving ducks require lowland pond habitats for nesting. Nest
locations vary according to species (see table 2). The majority
of diving ducks build their nests over shallow water in emergent
vegetation or along the shorelines. The common and Barrow's
goldeneyes and the bufflehead, however, are habitually tree
nesters (Timm 1975). Ponds with good escape cover and high
aquatic invertebrate populations are preferred.

In the Arctic Region, diving duck breeding habitat includes

grassy, coastal sedge, upland tundra, coastal deltas, and inland

lakes.

Breeding habitat varies by species.

1. Oldsquaw. O0Oldsquaw breeding was observed at Icy Cape in a
salt marsh pond (Lehnhausen and Quinlan 1981).

2. Common eider. At Icy Cape, common eiders were observed using
salt marshes for breeding (ibid.). Elymus coastal sites with
grass were found to be preferred by nesting eiders (Schamel
1974, Lehnhausen and Quinlan 1981). Other types of sites
utilized for nesting included sticks and logs, no cover,
beaches covered with Honckenya spp., and old gull nests.
Elymus sites appear to provide a camouflage protection,
whereas sticks and Tlogs may provide mainly a wind-break
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Table 2. Reproductive Characteristics of Diving Ducks

Clutch Size

*
Species Region Nest Location Mating Incubation Range Average Sexual Maturity
Greater scaup SW, Not far from water; May-June 25-28 days 5-22 7-10 Breed at two years

SC  concealed in tufts of of age
grass, close to shore
of ponds
A --- --- --- 7-22%% 8* ---
Lesser scaup SW, Ground, near marshy May-June 25-28 days 6-15 9-12 "
SC creeks, sloughs,
ponds, concealed in
tall grasses
A Close to water (within -=- 25 days¥** === Ok* ==
39 ft)**
Canvasback SW, Just clear of high water; May-June 24-28 days -—- 7-9 "
SC in bulrushes and reeds
of sloughs and swampy
areas
Ringneck SW, Wet, boggy areas bordering May-June 24-28 days --- 8-12 "
SC marshes, ponds, sloughs;
most barely above level
of water
Bufflehead SW, Tree nester; usually April-May 20-28 days 6-14 10-12 "
SC placed in deserted hole
of woodpecker or flicker,
may nest in banks
Harlequin SW, Ground or in holes March-May 24-26 days 5-10 6-7 Do not breed until
SC in trees or cliffs their second year
0ldsquaw SW, Ground: small hollows, --- 24-29 days* 5-17 5-7 Most do not breed
SC sometimes in grass; until they are at

might be near water or
away from it

least two years
of age

(continued)
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Table 2 (continued).

Species

Nest Location

Mating

Incubation

Clutch Size

Range

Average

Sexual Maturity*

01dsquaw* A

Usually on islands, either
offshore along the coasts
or in tundra ponds and
lakes. Nests are placed
in natural depressions or
former nest sites; mosses,
sedges, grasses, dwarf
willow and dwarf birch
leaves

24-29 days

Two years of age

Pacific common A
eider*

Close to the sea, usually on
small islands or islets, but
sometimes located on tundra
ponds distant from coast

21-28 days

Surf scoter SW,
SC

CGround: carefully
concealed, lined with

a small amount of grass;
will breed inland

Usually June

5-9

White-winged scoter SW,
SC

Ground: in hollow lined
with sticks, leaves, and
rubbish, concealed under
shrubs or bushes

Usually June

25-31 days*

9-14

12

Probably reach
breeding age in
second year of
life

Black scoter SW,
SC

Ground: well hidden in
hollows of steep banks
of lake; lined with
grass

Usually May

27-28 days¥*

6-10

Reach breeding age
in second year of
life

Barrow's goldeneye SW,
SC

Cavity of trees, dead
stumps, preferably near
water from ground to
50 ft

March-June

19-22 days

6-15

10

Most Barrow's breed
at two years of age

Common goldeneye SW,
SC

Cavity of trees, or
dead stump, preferably
near water, from ground
to 50 ft

March-June

20 days

5-19

8-12

Initially breed in
their second or
third year

{continued)
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Table 2 (continued).

Clutch Size

*
Species Nest Location Mating Incubation Range Average Sexual Maturity
Red breasted SW, Ground, close to water April-May .30 days 5-11 7-8 Not known to breed
merganser¥* sC before their second
year
Common merganser* SW, Cavities of trees, from April=-May 30-35 days 6-17 9-12

SC ground to 50+ ft,
usually close to water

Source: Timm 1975.

~-- means no data were available.
* Bellrose 1976.

** Johnsgard 1975.



protection. Island sites appear to be preferred to mainland
sites (Lehnhausen and Quinlan 1981).

3. King eider. King eider breed on inland ponds (Johnsgard
19757,

4, Spectacled eider. Spectacled eider breed 1in the grassy
tundra (ibid.).

Reproductive Seasonality

Most diving ducks have arrived at their breeding range by mid-to-

late May (ibid.) in Southwest and Southcentral Alaska and by late

May to late June in the Arctic Region (Bellrose 1976). Nest

initiation extends from early to late June, depending on the

species and weather conditions, with scoters generally the last to
nest (ibid.).

1. Oldsquaw. O0Oldsquaw mating was observed on 17 June at Icy
Cape (Lehnhausen and Quinlan 1981).

Common eider pairs and displaying males were observed around
mid June at Icy Cape (ibid.).

2. Common eider. Nesting dates appear to be at least partially
the result of weather conditions. Lehnhausen and Quinlan
(1981) estimated egg-laying dates on two islands off Icy Cape
to be from 23 June to 12 July. Schamel (1977) observed
similar nesting chronology on the Beaufort Sea coast. Divoky
(1978) reported that eider egg laying at Icy Cape occurred
between 18 and 27 June in 1976 - about 10 days earlier.
Lehnhausen and Quinlan (1981) suggest this difference from
Divoky's observation was due to the cold and late spring that
occurred in their study and in Schamel's (1977).

Reproductive Behavior
Diving ducks have new mates each season. Birds that have mated
before arrival begin nesting as soon as a suitable site has been
selected. Birds that have not mated begin to pair off soon after
arriving at their breeding grounds; they court and then begin
nesting activities (ibid.). In mid June, oldsquaw males left
females after the start of nesting (ibid.).

Age At Sexual Maturity

Diving ducks usually mature at two years of age, but it varies by

species (ibid.).

Fecundity

The number of eggs per clutch varies among species. Clutch size

ranges between 5 and 22 eggs, the average size of a clutch being

between 7 and 12 eggs (ibid.).

1. Common eider. On the Beaufort Sea coast, Schamel (1977)
found a mean clutch of 5.1 in 1976 at Icy Cape. Lehnhausen
and Quinlan (1981) found a mean clutch size of 2.9 on Amaulik
Island and 3.8 on Tern Island (both near Icy Cape), with an
overall range of 1 to 11 eggs.

Smaller clutch sizes are typical of birds that must renest
(Schamel 1977). Lehnhausen and Quinlan (1981) suggest that
the smaller mean clutch size on Amaulik Island may be due to
the number of renests resulting from predation during early
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VI.

egg laying. On Tern Island, nest success (nests producing
young) was 34%. Similar success was found by Schamel (1977)
(34%, 1974) for Pacific (common) and king eider.
Incubation Period
The incubation period varies by species but usually averages from
19 to 28 days (Rothe, pers. comm.).
1. Common eider. Schamel (1977) found the incubation period for
common eiders along the Beaufort Sea to be 26 days.
In the Arctic Region on June 28, Lehnhausen and Quinlan
(1981) noted that male/female common eider pairs were
breaking up and the males leaving.
Rearing of Young
As soon as the female is well into incubation, the males withdraw
into flocks by themselves; they take no part in the rearing of
young {(ibid.). In the Southwest and Southcentral regions, brood
rearing occurs throughout July and August. In the Arctic Region,
olds?uaw brood rearing occurs from mid to late June (Bellrose
1976).

FACTORS INFLUENCING POPULATIONS
A.

Natural

Species composition and numbers for the Alaska populations of

diving ducks can change dramatically. Production is influenced

primarily by spring weather, flooding, and predation. Production
is less in years with "late" springs than in years when snow and
ice disappear early in the season. Flooding in river valleys or
from storm tides on coastal wetlands can delay nesting or destroy
nests and significantly reduce production. Flooding in river
valleys, hawever, causes beneficial effects from nutrient
exchanges, which fertilize ponds, increasing the food they produce

for waterfowl (ADF&G 1980).

1. Common eider. Predators may play an important role in
influencing populatijon size. Lehnhausen and Quinlan (1981),
who found 479 nests on Amaulik Island, reported that no nests
survived to hatching as a result of predation by an arctic
fox, which apparently swam out from the mainland and
destroyed the colony late in the season. Evidence of avian
predation of eggs, apparently by parasitic jaegers and
glaucous gulls, was also noted.

Human-related

A summary of possible impacts from human-related activities

includes the following:

° Aquatic substrate alteration (e.g., from accelerated aufeis,
mechanical removal)

° Chronic debilitation due to ingestion or contact with

petroleum or petroleum products

Electrocution, contact with powerlines

Entanglement in fishing nets or marine debris

Harvest, change in level

Interference with reproductive behavior

o 0o 0 ©°
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VII.

o

Interruption of ongoing behavior (alarm, flight)

Water level or water quality fluctuations (including changes
in drainage patterns, long-term increase or decrease in water
levels)

Terrain alteration or destruction (e.g., shoreline habitat,
estuarine, and lagoon)

Vegetation composition change to less preferred or useable
species

(See the Impacts of Land and Water Use volume of this series for
additional information regarding impacts.)

LEGAL STATUS

In Alaska, waterfowl are managed by the U.S. Fish and Wildlife Service
and the Alaska Department of Fish and Game. Waterfowl are protected
under international treaties with Canada (Great Britain) 1916, Mexico
1936, Japan 1972, and the Soviet Union 1976.

VIII. SPECIAL CONSIDERATIONS
A. Molting
The requirements of molting adults vary by species.

IX.

1.
2.

Scoters. Scoters leave the nesting areas in mid July to molt
at sea, often near estuaries.

Scaup and goldeneye. The divers molt on large inland lakes
that are perennial molting areas. The molt extends from mid
July to the end of August (Bellrose 1976).

Steller's eiders. Steller's eiders migrate to their
wintering areas on Izembek and other Alaska Peninsula lagoons
prior to their molt. The molt period is variable, ranging
from August through November (Johnsgard 1975).

Oldsquaw. Oldsquaws leave their nesting areas in mid July to
moTt at sea, often near estuaries (Bellrose 1976). O0ldsquaws
in the Simpson Lagoon area utilize the nearshore area for
molting (Johnson and Richardson 1980, Martin and Moitoret
1981). At Icy Point, Lehnhausen and Quinlan (1981) noted an
increase in lagoon use around the beginning of molt in mid
July.

At Icy Cape, 10% of male birds were flightless on 16 July;
about 50% were flightless on 12 August; and in late August
many birds regained flight (Lehnhausen and Quinlan 1981).
Derksen et al. (1979a) noted that molting begins around mid
July.

Common eider. At Icy Cape, molting birds were noted from mid
July to about mid August (ibid.).

LIMITATIONS OF INFORMATION

Few scientific studies have been conducted on diving ducks in Arctic
Alaska, and there is a need for much more life history information on
these species.
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I.

NAME

Geese Life History and Habitat Requirements
Southwest, Southcentral, and Arctic Alaska

Y.V o

Map 1. Range of geese (Bellrose 1976)

Common Name: Geese, brant

Scientific Classification:

1. Family. Anatidae.

2. Subfamily. Anserinae.

3. Tribe. %nserini.

Species Commonly Occurring in the Southwest Region

In the Southwest Region, goose populations are comprised primarily
of the Pacific flyway population of greater white-fronted goose
(Anser albifrons frontalis); the emperor goose (Chen canagica);
the Pacific black brant (Branta bernicla nigricans); and three
races of Canada goose, the cackling Canada goose (Branta

canadensis minima), Aleutian Canada goose (B. c. leucopareia), and
Taverner's Canada goose (B. c. taverneri) (GabrieTson and Lincoln
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1959). The lesser snow goose (C. caerulescens) occurs during
migration (ibid.).

D. Species Commonly Occurring in the Southcentral Region
Goose species that commonly occur in the Southcentral Region
include the lesser Canada goose (B. c. parvipes), the dusky Canada
goose (B. c. occidentalis), possibTy the Vancouver Canada goose
(B. c. fulva), the tule white-fronted goose (A. a. gambeli), and,
during migration, the lesser snow goose, greater white-fronted
goose, and cackling Canada goose (Gabrielson and Lincoln 1959;
Rothe, pers. comm.).

E. Species Commonly Occurring in the Arctic Region
Goose species that commonly occur in the Arctic Region include the
lesser Canada goose (Branta canadensis tavernieri and B. c.
parviptes, collectively), the Pacific black brant, the
white-fronted goose, and the snow goose (Rothe, pers. comm.).

IT. RANGE

A. Worldwide
Geese are found in nearly all northern temperate and arctic zones.

B. Statewide
Geese are found throughout the state where suitable habitat is
available.

C. Regional Distribution Maps
To supplement the distribution information presented in the text,
a series of blue-lined reference maps has been prepared for each
region. Most of the maps in this series are at 1:250,000 scale,
but some are at 1:1,000,000 scale. These maps are available for
review in ADF&G offices of the region or may be purchased from the
contract vendor responsible for their reproduction. In addition,
a set of colored 1:1,000,000-scale index maps of selected fish and
wildlife species has been prepared and may be found in the Atlas
that accompanies each regional guide.

D. Regional Distribution Summary

In general, geese are distributed throughout the Southwest Region
at elevations below 500 ft (Sellers, pers. comm.). In South-
central Alaska, geese are found in suitable habitat at elevations
up to 1,000 ft (Timm 1977). Estuaries, lagoons, river deltas,
marshes, and tidelands, however, support the largest concentra-
tions of geese. In the Arctic Region, geese are generally found
on and along the coastal plain (Johnsgard 1975).

1. Southwest. The largest concentrations of geese occur in the
Bristol Bay and Alaska Peninsula areas during spring and fall
migrations; Kodiak and the Aleutian Islands remain important
wintering areas for some species (Gabrielson and Lincoln
1959, ADNR/USFWS 1983).

2. Southcentral. The Tlargest concentrations of geese in the
Southcentral Region occur during spring and fall migrations.
The tidal salt marshes and extensive mud flats of Cook Inlet,
the numerous small mud flats of Prince William Sound (PWS),
and the Tlarge alluvial floodplain and delta of the Copper
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River all provide important spring and fall habitat for geese

(Timm 1977).

Additionally, important world populations of the tule goose

and the dusky Canada goose are found in Cook Inlet and the

Copper River delta, respectively. The tule goose has been

found nesting along the west side of Cook Inlet, which is the

only known breeding area. This subspecies winters in

northern California (Timm 1975).

The world population of the dusky Canada goose is known to

breed only on the Copper River delta. The wintering area for

this subspecies is in the Willamette Valley, Oregon, and
southwest Washington (ibid.). Additionally, Canada geese
breed in the small bays and islands of PWS. This population
is generally believed to be a small population of the

Vancouver Canada goose (B. c. fulva) (ibid.). (For detailed

distribution and abundance information, see volumes 1 and 2

of the Alaska Habitat Management Guides for the Southwest and

Southcentral regions, respectively.)

Arctic. Geese in the Arctic Region are concentrated along

and on the coastal plain (Johnsgard 1975).

a) Canada goose. Because of the extraordinarily great
subspecific diversity in breeding habitats and the
collective enormous breeding range of these races, no
concise summary of distribution and habitat is possible
for the Canada goose. Virtually all of the
nonmountainous portions of the Arctic Region can be
considered breeding range for the Canada goose (ibid.).
The following is as specific information as possible for
the two primary subspecies found in the Arctic Region:
1) Cackling Canada goose. The cackling Canada goose

breeds along the coast of western Alaska from
Nushagak Bay to the vicinity of Wainwright, where
it probably intergrades with Taverneri (ibid.).

2) Taverner's Canada goose. The Taverner's Canada
goose 1s distributed along the coastline from the
Seward Peninsula to Point Lay, where it probably
intergrades with minima (ibid.).

b) Black brant. Black brant breeds abundantly from the
Kuskokwim delta and Nelson Island northward along the
coastline and east to the Yukon-Alaska border (Johnsgard
1975, Gabrielson and Lincoln 1959).

c) Snow goose. The snow goose historically breeds in the
vicinity of Barrow and recently on Howe Island near
Prudhoe Bay (Johnsgard 1975; Rothe, pers. comm.).

d) White-fronted goose. The white-fronted goose breeds
primarily along the arctic coastal plain and nests
mainly near the coast. At Barrow and to the east, it is
a common coastal breeder, extending in marshy areas from
1 to 20 mi inland, with apparent centers of abundance at
Smith Bay and the Colville delta. In the Kotzebue Sound
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region along the Noatak and Kobuk rivers, white-fronts
are also common nesters (Johnsgard 1975).

ITI. PHYSICAL HABITAT REQUIREMENTS

A.

Southwest
Geese in the Southwest Region are usually found where lagoon water
and embayment habitat are plentiful, particularly on the north
side of the Alaska Peninsula. Brant are primarily restricted to
lagoon water where eelgrass is found. Canada and snow geese use
uplands, lagoons, and alluvial floodplains, whereas emperors use
lagoon island sand and protected delta mud (Arneson 1980).
Southcentral
Geese are found in a wide variety of habitats but are most common
in alluvial floodplains, lagoons, and tidal mudflats. Canada
geese, particularly in the Southcentral Region, use alluvial
floodplains and coastal salt marshes extensively during their
migrational stopovers (ibid.). Additionally, the saline
sedge-grass flat habitat of Cook Inlet is thought to be important
nesting habitat for tule geese (Timm 1982). (See tables 1 and 2
for additional information on habitat preferences.)
Arctic
1. Geese. In spring, during the molt, white-fronted geese in
the Teshepuk area use flooded tundra and shallow Carex areas
(Derksen et al. 1979). Brant commonly feed in salt marshes
and lagoons (Lehnhausen and Quinlan 1981, Kiera 1979, and
Seaman et al. 1981) and have been observed on barrier island
beaches (Bailey 1948).
Molting geese in the National Petroleum Reserve-Alaska
(NPR-A) showed a definite preference for deep, open lakes as
opposed to those with emergent vegetation. Derksen et al.
(1979) found 96% of the observed brant, 85% of the Canada
geese, and 57% of the white-fronted geese to be associated
with deep, open lakes. White-fronted geese clearly preferred
smaller waterbodies than the other species, which preferred
flooded tundra and braided streams. At Storkersen Point,
however, white-fronted geese used deep, open lakes almost
exclusively, with minimal use of shallow Arctophila and basin
complexes (Bergman et al. 1977). Escape cover may be an
important factor in selection of deep open lakes, because of
the security provided from terrestrial predators such as
arctic fox (Derksen et al. 1979). Low-relief shorelines that
support grasses and sedges are used more frequently by
molting geese than precipitous shorelines with adjacent
uplands, apparently because of greater food availability in
the former. Following molt, Canada geese and brant utilized
coastal areas, whereas white-fronted geese did not (ibid.).
Lehnhausen and Quinlan (1981) found brant at Icy Cape using

deep Arctophila lakes primarily and shallow Arctophila ponds
occasionaléy during the molt.
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IvV.

NUTRITIONAL REQUIREMENTS

A.

Food Species Used

Geese are predominantly vegetarians and consume the leaves, roots,
and seeds of a wide variety of plants. Cultivated grains comprise
a large percentage of their diet in wintering areas of the
continental United States (Bellrose 1976). Along coastal areas,
geese are known to feed on mollusks, crustaceans, and other animal
materials (table 1) (Terres 1980). Black brant feed almost
exclusively on eelgrass (Bellrose 1976). During fall migration on
the Alaska Peninsula, Canada geese feed extensively on crowberries
(Empetrum nigrum) (Rothe, pers. comm.). (See tables 1, 2, and 3
for further information on food.)

1. Arctic:

a. Geese. Derksen et al. (1979) noted that geese utilize
grasses and sedges.

b. Canada geese. Derksen et al. (1979) observed occasional
feeding on emergent Arctophila fulva. Deschampsia spp.
and Carex spp. were the most important grass and sedge,
respectively, for molting Canada geese at Teshepuk Lake;
moss§s were also evident in droppings (Derksen et al.
1982).

c. Black brant. Derksen et al. (1979) observed that brant
in the NPR-A feed mainly on Dupontia fischeri. Derksen
et al. (1982) found that, for molting birds around
Teshepuk Lake, Deschampsia spp. and Carex spp. were the
most important grass or sedge, respectively, based on
analysis of brant droppings. Mosses were also eaten,
In a salt marsh near Prudhoe Bay, Kiera (1979) found
brants to feed predominantly on Carex subspathacea.
Also, Kiera (1979) observed brant, prior to nesting,
feeding on mosses, freshwater algae, Equisetum
variegatum, and old seed heads of Carex aquatilis.
During nesting, however, they fed primarily on
C. aquatilis and Dupontia fischeri. Chironomids were
taken on days of peak emergence.

Kiera (1979) determined that brant consumed an average
of 1,207 kilc calories/goose/day.
Types of Feeding Areas Used
Geese are opportunistic and forage in areas providing plentiful
food supplies. Coastal salt marshes and adjacent shallow water
areas, cultivated fields, freshwater marshes, and a variety of
othe; habitats all provide feeding areas for geese (Johnsgard
1975).
In the Arctic Region, salt marshes and lagoon areas appear to be
commonly used feeding areas (Seaman et al. 1981, Kiera 1979,
Lehnhausen and Quinlan 1981, Derksen et al. 1982). Kiera (1979)
observed black brant feeding in salt marshes in the Prudhoe Bay
area in mid August.
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Table 1. Preferred Foods and Hreeding Habitat of Ceese in the Southcentral Region

Species

Preferred Food

Breeding Habitat

Lesser snow goose

Tule goose

Lesser Canada goose

Dusky Canada goose

Vancouver Canada goose

In marine areas: salt marsh vegetation;
in upland areas: berries and grasses
(Beltrose 1976)

On west side of Cook Inlet: sedges {Carex
Lyngbyaei and C. Ramenskii), arrow grass
(Triglochin palustris and T. maritimum),
and alkali grass (Puccinellia nutkaenis &

P. phryganodes (Timm 1982)

Wide variety of foods eaten, including
cattails (Typhaceae), grasses, algae,
waste grains, bulrushes, (Scirpus sp.),
and clover; marine invertebrates

utilized in coastal areas {(Terres 1980);
also sedges {Carex sp.), alkali grass
(Puccinellia sp.), seeds of mare's tai?
(Hippuris sp.)}, goose foot (Atriplex sp.),
tubers of arrow grass (Triglochin
palustris) and crowberries (Empetrum sp)

(Sellers, pers. comm.)

Similar to above

Plant material comprises bulk of summer
food, with skunk cabbage (Lysicheton
americanum) heavily utilized; also sea
Tettuce (Ulva sp.), blueberry (Vaccinium
sp.), horsetail (Equisetum sp.), and
grasses and sedges; winter foods probably
include more animal matter (lLebeda 1980)

Seasonal migrants in SC Region; none known to
breed there (Timm, pers. comm.)

Apparently limited to saline sedge-grass habitat
of western Cook Inlet; additional breeding areas
possibly occur farther inland, in Carex &
Equisetum riparian meadows and outwash plains
(Timm 1982)

Have greater diversity of nest sites than all other
species of waterfowl; nest in dense marshes, on islands,
cliffs, elevated platforms in trees, in muskeg, and on
tundra

Wortd's population nests on CRD; vegetative and other
changes since 1964 earthquake have apparently
influenced nesting habitat: shrub habitat type and
sedge habitat type are utilized as nesting habitat

Majority of nests in dense confier forest, at base
of large trees; one nest reported in tree top, and
and nearby trees used for perching (Lebeda 1980)
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Table 2. Preferred Foods and Breeding Habitat of Geese in the Southwest Region

Species

Preferred Food

Breeding Habitat

Pacific white-fronted
geese

Plants used include vegetative parts
of various native grasses and sedges
(Johnsgard 1975)

Nests on both coastal and upland areas,
typically in tall grass bordering tidal
sloughs or in sedge marshes and less often

in grass-covered pingos or margins of tundra
hummocks; infrequently, nests on heath tundra,
sometimes as far as 50 to 100 yd from water
{Bellrose 1976); most snows occurring in SW &
SC nest on Wrangell Island in USSR

Lesser snow goose

Snow goose diet is primarily salt marsh vegeta-
tion; berries and grasses often important
diet in upland areas (Bellrose 1976)

Usually locate nesting colonies on low grassy
tundra plains with few miles of sea, along
broad shallow rivers near coast, and on

islands in shallow takes 10-80 mi inland
(Bellrose 1976); most snows occurring in the SW
and SC regions nest on Wrangell Island in USSR

Emperor goose

Major food sources: algae, eelgrass, pond-
weeds, grasses, sedges, and other plant
fibers; mollusks, crustaceans, and other
animal materials make up smaller portions

of diet (Johnsgard 1975); young birds feed on
aquatic insects and marsh grass and later

may consume berries

Tend to nest on coastal fringe slightly intand
from black brant; almost all nest within several
hundred yd of tide waters that may extend up

to 30 or 40 mi inland along tidal grass lands,
Tow pingo tundra, and sedge marshes (Hellrose
1976); most nesting occurs on the Y-K delta

Pacific black brant

Eelgrass most important food in western Alaska
when scarce or unavailable, brant use rockgrass
and sea lettuce (Bellrose 1976); saltmarsh
grasses {Puccinellia sp) are preferred in other
areas

Nesting on Yukon Delta confined either to

extreme coastal rim or to areas along major
estuaries flanked by tidal meadows; nests on
delta most frequently established on small islets
or on shores of tidal ponds but sometimes as far
as 30 yd from nearest water; nests placed in
either short sedge or, rarely, in clumps of wild
rye (Barry 1966)

Canada goose

Cackling geese feed predominately on sedges and
creeping alkali grass (Puccinellia phryganodes};
also seeds of Hippuris and Atriplex and tuber
of Triglochin palustris (Sellers, pers. comm.)

Cackling geese use pond-studded tundra of coastal
Yukon Delta, select islets for 81% of nest sites,
islets average 5-11 ft in size and 8 inches in

height; 16% nested on small peninsulas extending

(continued)
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Table 2 (continued).

Species

Preferred Food

Breeding Habitat

Canada goose{continued)

Major foods of Taverner's Canada goose: berries
(especially crowberries) and other upland vege-
tation and eelgrass in marine system

into tundra ponds, but only 3% placed nests on mainland shore
{Mickelson 1973)
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Table 3. Preferred Foods and Breeding Habitat of Ceese in the Arctic Region

Species

Preferred Food

Breeding Habitat

Black brant

Canada goose

Snow goose

White-fronted goose

Mostly plant materials: eelgrass (Zostera
marina), sea lettuce (Ulva spp., especially
U. lactuca)

Mostly plant materials, particularly root
stocks of many marsh plants

Mostly plant materials: salt marsh
rootstocks

Mostly plant materials: vegetative parts
of native grasses, some horsetail
{Equisetum spp.) and cotton grass
(Eriphorum spp.) and sedges

High arctic coastal sedge tundra; lowland coastal
tundra, usually just above high tide line, nesting
grounds highly susceptible to flooding by storm
tides; low islands of tundra lakes and dry inland
slopes well covered with vegetation

High arctic grassy tundraj; virtually all nonmoun-
tainous portions of the arctic region

High arctic coastal deltas; low grassy tundra
associated with islands in braided deltas, usually
near salt water; ponds or lakes

High arctic upland tundras; coastal tundra with
1ittle surface relief; gently rolling upland tundra
50-700 ft above sea level, with lakes and ponds in
the depressions; also willow and shrub-fringed
streams and ponds

Source: Johnsgard 1975,



Feeding Behavior

Geese are essentially grazers and crop vegetation with their

bills. During spring, they often dig up tubers and rhizomes, and

in fall they often select berries. When eating submerged
vegetation, they reach below the surface with their head and neck,
tail tipped up, similarly to dabbling ducks. Geese feed primarily

in the early morning and late afternoon (table 1) (Timm 1975).

Except during nesting, geese feed socially in flocks that move and

react to disturbance as a unit (Johnsgard 1975).

1. Black brant. Kiera (1979) reports that brant begin arriving
in salt marshes near Prudhoe Bay in mid August just after
salt marsh vegetation reaches peak production. He found no
relationship between food preferences and the nutritional
characteristics of the graminoid vegetation they ate. He
observed brant to spent 77% of the daylight hours feeding and
noted distinct daily patterns of feeding at different times
of the summer. During nesting, he found brant exhibited a
bimodal pattern in early evening. By late summer, when geese
were migrating, he noted that they fed most heavily in the
morning, feeding gradually tapering off through the day.
Kiera (1979) also found that females during nesting fed
significantly faster than males and that during migration
juveniles picked at a significantly higher rate than adults.

V.  REPRODUCTIVE CHARACTERISTICS

A.

Reproductive Habitat
Nesting sites vary by species, but there are three standard
prerequisites for all geese: 1) proximity to water, 2) cover for
the nest itself, and 3) an exposed view of the surrounding area
for the incubating bird (Bellrose 1976, Johnsgard 1975). (See
tables 3, 4, and 5.)
Reproductive Seasonality
The span of nest initiation, which begins in early May, varies
among species and is dependent on weather conditions. In years
when snow cover and cold conditions persist Tater into the season,
nesting efforts may be delayed for several weeks (Johnsgard 1975).
1. Arctic. On the NPR-A and adjacent habitats, Derksen et al.
(1979) observed nesting brant and white-fronted geese
arriving in late May and early June, with the peak hatch
occurring in early July.
At Storkersen Point, estimated egg-laying dates for brant
ranged from 5 to 18 June (Bergman et al. 1977).
Mating was observed between brants at Icy Cape on 9 June
(Lehnhausen and Quinlan 1981).
Reproductive Behavior
Geese appear to form pair bonds that remain steadfast throughout
life, but when separated by death, the survivor seeks a new mate.
Most species of geese return to the same breeding grounds or
nesting colonies each year, where they establish a territory prior
to nesting. The size of the territory varies by species and
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Table 4,

Nesting, Rearing, and Molting Biology of Geese - Southwest Region

Clutch Size

Molting

Fledging Flightless
Species Nest lLocation Mating Incubation Range Average Sexual Maturity Period Initiation Period
Pacific white- Female selects shallow Probably Feb. 23-25 days 2-10 4.75 First breed at 3 55-65 days Adult molt begins & weeks
fronted goose depression, building and Mar, (Dau, (Bellrose (Bellrose 1976) yr; favorable nest when goslings {Mickelson
nest from nearby plant pers., comm.) 1976) conditions may about 3 weeks 1973)
material as eggs are induce some 2-yr- old (Bellrose
laid (Barry 1966) olds to breed 1976)
Lesser snow goose No nesting occurs in SW Mating apparently 23 days 2-10 3.9 Reach sexual 45 days Adults molt about About 24 days
Alaska occurs during north- (Cooch (Bellrose 1976) maturity at 2 yr; (Cooch 2.5 weeks after {Cooch 1958)
ward migration, part- 1958) majority do not 1958} young hatched
icularly at rest stops breed until 3rd (Barry 1966)
immediately preceding year and in some
their last passage to seasons not until
nesting grounds 4th yr (Bellrose
(Bellrose 1976) 1976) hd
Emperor goose Prefer to nest on an Arrive on nesting 23-27 days 1-12 4.83 The age at breed- 50-60 days Adults molt when Third week of

elevated site near tidal
pond; nest a scape lined
with grass, sedges, or
other adjacent vegetation,
and small amount of down
(Bellrose 1976)

grounds on Yukon Delta
in May, mated and
ready to begin nesting
(Headley 1967); mating
occurs probably
Feb./Mar. (Dau, pers.
comm.)

(Eisenhaver & Frazer 1972)

ing unknown, but
most probably do
not nest until
3rd yr {Belirose
1976)

(Mickelson
1973)

young are 20-25
days old
(Headley 1967)

July to 3rd
week of Aug.
(Mickelson
1973)

{continued)
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Table & (continued).

Molting
Clutch Size
Fledging Flightless
Species Nest Location Mating Incubation Range Average Sexual Maturity Period Initiation Period
Pacific black brant Nests placed in depres- Courtship known to 23-25 days 1-10 3.52 Most breed at 40-45 days Adults moit 2 3 weeks,
sions or scrapes, with occur on winter grounds (Mickelson (Barry 1966) 3 yr, but good (Barry 1966) weeks after controlied by
grass foundation and between mid January and 1973) seasons encourage eggs hatched day length

symmetrical ring of
down (Bellrose 1976)

April (Einarsen 1965)

perhaps 10% of
2-yr birds to nest
(Barry 1966)

(Barry 1966)

(Barry 1966)

Canada geese

If females do not use
old scrapes, new ones
are wallowed out in
earth; usually female
reaches out from saucer-
shaped depressions

to gather vegetation

for bases and rims
(Bellrose 1976)

Probably Feb,/Mar,
(Dau, pers. comm.)

24-30 days
(Mickelson
1973)

1-12 4,27
(Bellrose 1976)

A few yearling 40-46 days
geese have at- (Mickelson
tempted to nest, 1973)

but none have

hatched a clutch

successfully; some

2-yr and probably

all 3-yr-olds nest

(Hall and McGilvréy,

Mickelson 1973)

Adults molt when
goslings are !
to 2 weeks of
age (Mickelson
1973)

3-4 weeks
(Mickelson
1973)
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Table 5. Nesting, Rearing, and Molting Biology of Geese in the Southcentral Region

Species

Nest Location

!ncubation

Clutch Size

Sexual Maturity

Fledging Period

Molting

Initiation

Flightless Period

Lesser snow
goose

Tule goose

Dusky
Canada
goose

Vancouver
Canada
goose

Lesser
Canada
goose

Seasonal migrants to SC Region; none known to breed in region

Favored nest sites slightly
elevated in saline sedge-
grass flat habitat

(Timm 1982)

Nest locations vary; most
preferred cover type is
grass-form; increase in nest-
ing use of sedge cover type
observed since 1964 earthquake
(Bromley 1976)

At base of trees; nest is a
scrape depression, with
vegetative material around rim
{Lebeda 1980)

Pairs are territorial and wil)
defend nest sites; most nests
are a depression on ground,
with vegetation around rim
(Bellrose 1976, Timm 1980)

App. 26 days
(Timm 1982)

25-31 days
(Bromley 1976)

App. 25-31 days
(Lebeda 1980)

24-30 days
(Terres 1980)

4-7 eggs;
avg. 5.6
(Timm 1982)

1-8 eggs;
avg. 5.2
{Bromley 1976)

2-6 eggs;
avg. 4.4
(Lebeda 1980)

1-12 eggs;
avg. 4.3
(Terres 1980)

Usually

3 yr,
sometimes 2
(Bellrose
1976)

Usually 3 yr;

some 2-yr-olds

breed {Bromley
1976)

No specific info.,

3 yr common for

other Canada goose

subspecies

Some mature at 2 yrs
but most at 3 (Terres

1980)

App. 55-65
days (Bellrose
1976)

App. 48 days
(Bromley 1976)

Late Aug.
{Lebeda 1980)

40-46 days
(Terres 1980)

Late June
(Bellrose 1976)

App. 2nd week
July (Bromley
1976)

Late June-
early July
(Lebeda 1980)

Adults begin
molt when
young are 1-2
weeks old
(Terres 1980)

App. 35 days
(Bellrose 1976)

App. 4 weeks; birds

gather in large

flightless flocks
(Timm 1975)

4-6 weeks (Lebeda 1980)

3-4 weeks
(Bellrose 1976)



VI.

within the species, according to the demands made upon the
available space (ibid.). Brant and snow geese are colonial
nesters, and their nests may cover large areas. Some Canada goose
subspecies and emperors may nest in loose aggregations, whereas
white-fronted geese are solitary nesters (Rothe, pers. comm.).
(See table 2.)

Age at Sexual Maturity

On the average, geese reach sexual maturity at two years of age,
although the majority do not breed until their third year (Terres
1980, Bellrose 1976).

Fecundity

The number of eggs per clutch varies among species but ranges
betwien 1 and 12 eggs, the average size being 4 eggs (Johnsgard
1975).

Incubation Period

The incubation is conducted solely by the female, with the male on
guard nearby (Terres 1980). The incubation period varies by
species but usually averages between 25 and 30 days (ibid.).
Rearing of Young

Both parents are attendant to their young, the male principally
assuming the role of guarding them from predators (Bellrose 1976).

FACTORS INFLUENCING POPULATIONS

A.

Natural

Species composition and numbers of geese in areas of Alaska can
change dramatically. Production is influenced primarily by spring
weather and flooding. Production is less in years with "late"
springs than in years when snow and ice disappear early in the
season. Flooding in river valleys or from storm tides on coastal
wetlands can delay nesting or destroy nests and significantly
reduce production. Flooding in river valleys, however, causes
beneficial effects from nutrient exchanges, which fertilize ponds
and )thus increase the food they produce for waterfowl (ADF&G
1980).

The 1964 earthquake uplifted parts of the Copper River delta by as
much as 1.89 m. This has apparently resulted in drier, less
saline soils, with subsequent changes in vegetation communities on
the delta, including those utilized for nesting by dusky Canada
geese. An increase in the use of sedge as a nesting cover type
during the mid 1970's was due to 1) an increase in the suitability
of that cover type (less flooding) and 2) high population levels
and increased nesting density, which may have caused nesting to
occur 1in less favorable habitat (Bromley 1976). In addition,
increased nest predation, particularly by mammalian predators,
appears to be a factor in the reduced nesting success of dusky
Canada geese (Campbell and Timm 1983).

Human-related

The dusky Canada goose population, which winters almost
exclusively in the Willamette Valley, Oregon, is probably the most
heavily harvested Canada goose population in North America (Timm
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VIII.

1975). The intermixing of wintering populations of the more
numerous lesser Canada geese (B. C. parvipes and B. C. taverni)
with the less abundant dusky Canada goose complicates censusing
and harvest management. Although duskys are diluted among more
numerous subspecies, their high vulnerability to hunting causes a
disproportionately high harvest of this subspecies compared to
others (Simpson and Jarvis 1979).

Other human-related factors influencing goose populations include
the following:

° Aquatic substrate alteration (e.g., from accelerated aufeis,
mechanical removal)

Chronic debilitation due to ingestion or contact with
petroleum or petroleum products

Collision with vehicles {including automobiles, boats,
aircraft) or structures

° Electrocution, contact with powerlines

° Entanglement in fishing nets or marine debris

° Harassment, passive (e.g., construction noise, vehicle noise,
human scent)

° Interference with reproductive behavior

° Interruption of ongoing behavior: alarm, flight

° Terrain alteration or destruction (e.g., raptor cliffs)

Vegetation composition change to less preferred or useable
species

Water level or water quality fluctuations (including changes
in dra;nage patterns, long-term increase or decrease in water
levels

(See the Impacts of Land and Water Use volume of this series for
additional information regarding impacts.)

LEGAL STATUS

In Alaska, waterfowl are managed by the U.S. Fish and Wildlife Service
and the Alaska Department of Fish and Game. They are protected under
international treaties with Canada (Great Britain) 1916, Mexico 1936,
Japan 1972, and the Soviet Union 1976.

SPECIAL CONSIDERATIONS

Molting

The first geese to molt are usually the subadults, followed by mature
breeders that failed to nest successfully, and then by successful
breeders. For breeding birds, the molt is initiated when the goslings
are between one and three weeks old, varying by species. Geese are
flightless for approximately three to four weeks (Bellrose 1976).
During this period, geese are vulnerable to predation and are very
sensitive to disturbance. Molting flocks are often found on large
lakes and protected coastal waters away from nesting areas (Johnsgard
1975, Bellrose 1976).

In the Arctic Region, nonbreeding brants are in full molt in the first
week of July; some individuals regain flight by the last week in July,
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indicating the molt lasts 3 to 34 weeks. Canada geese molt slightly
earlier, with some birds flying by 18-16 July (Derksen et al. 1979?.
IX., LIMITATIONS OF INFORMATION
The breeding grounds of the tule goose have only recently been
partially delineated, and additional data on nesting areas and habitat
requirements are needed.
Studies to determine mammalian depredation of dusky Canada geese nests
are ongoing and will continue. Additional studies to determine
utilization of new nesting habitat created by the 1964 earthquake are
being conducted by the ADF& and the USFWS. The importance of Cook
Inlet and Alaska Peninsula staging habitats needs to be further
described. Banding studies and research on nesting areas needs to be
increased substantially to determine movements and mortality sources.
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I.

NAME

Char Life History and Habitat Requirements
Southwest, Southcentral, and Arctic Regions
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Map ;. Range of arctic char and Dolly Varden in Alaska (ADF&G
1978

Common Names: Dolly Varden, arctic char

Scientific Names: Salvelinus malma (Walbaum), Salvelinus alpinus
(Linnaeus)

Dolly Varden and arctic char are two closely related salmonids of
the subfamily Salmoninae. Members of the genus Salvelinus are
morphologically and ecologically very plastic species. Although
this has allowed char to adapt to changing environmental
conditions it has been a nightmare for taxonomists, who must
attempt to compartmentalize a continuum of life history types and
morphological forms into recognizable groups.

" Morrow (1980a) stated that both Salvelinus malma and S. alpinus

are valid species in Alaska, with 5. malma composed of a nortnern
form and a southern form. McPhail™ (1961) divided the North
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American S. alpinus complex into an eastern arctic form and a
western arctic-Bering Sea form. Morrow (1980a) concluded that the
northern form of S. malma and the western arctic-Bering Sea form
of S. alpinus are identical and should be called S. malma. The
MacKenzie River is the dividing line between the distributions of
anadromous populations of the two forms in North America (Craig
1977a), and where the eastern arctic form occurs west of the
MacKenzie River it 1is generally a freshwater lake resident
(ibid.). Within this narrative, we will circumvent the taxonomic
problem by referring to all forms of S. malma and S. alpinus
jointly as char.

Within each taxonomic form of char there are several different
life history patterns. Char may be anadromous or nonanadromous
stream residents or nonanadromous lake residents (Craig 1977a,
Morrow 1980a). In the arctic area, there are also a few
populations of nonanadromous spring-resident fish (Craig 1977a).
Lake-resident char may be subdivided into dwarf- and normal-size
forms (ibid.). Nonanadromous stream residents may be predomi-
nantly dwarf male populations that mate with anadromous females or
self-perpetuating populatiens of male and female fish (Craig
1977a, Morrow 1980a).

II. RANGE
A. Statewide
Anadromous and nonanadromous populations are found from the arctic
coast south along the western, southwestern, southcentral, and
southeastern coastal areas of Alaska. Isolated populations of
resident (landlocked) char are found in Tlakes and streams
scattered throughout Interior and Arctic Alaska and on the Kenai
Peninsula and Kodiak Island (ADF&G 1978, Morrow 1980b).
B. Regional Distribution Maps
To supplement the distribution information presented in the text,
a series of blue-lined reference maps has been prepared for each
region. Most of the maps in this series are at 1:250,000 scale,
but some are at 1:1,000,000 scale. These maps are available for
review in ADF&G offices of the region or may be purchased from the
contract vendor responsible for their repreoduction. In addition,
a set of colored 1:1,000,000-scale index maps of selected fish and
wildlife species has been prepared and may be found in the Atlas
that accompanies each regional guide.
C. Regional Distribution Summary
1. Southwest. Char are widely distributed throughout most
systems in the Southwest Region. Important drainages of
Bristol Bay include the Togiak River, the Wood River Lakes
system, the Tikchik-Nushagak system, the Iliamna-Kvichak
system, the Naknek River and Lake, and the Becharof and
Ugashik rivers. Some important lake-river systems in the
Kodiak region include Uganik, Little River, Karluk, Ayakulik
(Red River), Akalura, Saltery, Buskin, and Barabara lakes.
Char are also abundant in the Aleutian Islands (ADF&G 1976,
1977a, 1977b).



(For a more detailed narrative on char distribution in the
Southwest Region, see volume 1 of the Alaska Habitat
Management Guide for the Southwest Region.)

2. Southcentral. Char are widely distributed throughout the
Southcentral Region. They are found in the Klutina and
Tonsina river drainages and small tributary streams of the
Copper River (Williams, pers. comm.). In the Prince William
Sound area, nearly all freshwater systems, with the possible
exception of short glacial streams on the southeast side of
the Kenai Peninsula, contain char. Char are found in lakes
and streams on the Kenai Peninsula, most notably the Kenai
River, Kasilof River, Deep Creek, Stariski Creek, Anchor
River, and lakes in the Swanson River drainages. Char are
also found in many streams draining into the west side of
Cook Inlet and in the Susitna River drainage (ADF&G 1978).
(For a more detailed narrative on char distribution in the
Southcentral Region, see volume 2 of the Alaska Habitat
Management Guide for the Southcentral Region.)

3. Arctic. Char are found in every major watershed in the
northwest Alaska area, including the Selawik, Kobuk, Noatak,
Wulik, and Kivalina rivers (ADF&G 1978, 1984). On the North
Slope from Cape Lisburne to Demarcation Point, char are found
in most rivers and many lakes. Char have not been reported
from rivers or lakes on the arctic coastal plain west of
Teshekpuk Lake (Hablett 1979, Bendock and Burr 1984); much of
this area, however, has not been extensively surveyed.

(For a more detailed narrative on char distribution in the
Arctic Region, see volume 2 of the Alaska Habitat Management
Guide for the Arctic Region.)

ITI. PHYSICAL HABITAT REQUIREMENTS
A. Aquatic
Char are found in clear and glacial rivers and lakes, brackish
deltas and lagoons (ADF&G 1977a), and nearshore marine waters
(Morrow 1980b).
1. Water quality:

a. Temperature. Recorded water temperatures during the
spawning period range from 0.5 to rearly 13°C (Morrow
1980b, Moore 1975). In Southeast Alaska, spawning
occurs when water temperatures are 5.5 to 6.5°C (Morrow
1980b). Water temperatures on char spawning redds in
the Wulik and Kivalina river drainages 1in northwest
Alaska in August ranged from 6.5 to 11°C (A1t 1978).
Egg hatching and alevin development are quite slow but
do appear to be dependent wupon temperature, with
warmer-than-normal temperatures accelerating hatching
and resulting in earlier-than-normal fry emergence.
Blackett (1968) determined that Southeast Alaska
anadromous char eggs held in a hatchery began hatching
after 129 days in water with a temperature range of 8.3
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to 0.6°C. No upper or Tlower temperature tolerance
limits of char eggs or alevins were found in the
literature; however, eggs are frequently exposed to
temperatures from 0.0 to 2.2°C during incubation, and
Scott and Crossman (1973) report significant egg
mortality at temperatures above 7.8°C. Juvenile char
have been observed burrowing into the substrate when
water temperatures decreased to 2°C (Elliott and Reed
1974). Emigration of char from overwintering areas to
summer feeding areas usually occurs after ice breakup in
lakes at about 4°C (Armstrong 1965, ADF&G 1977b). Fish
reduce feeding and seek overwintering areas when temper-
atures decrease to or below 5°C (Krueger 1981, ADF&G
1977b). Vertical distribution in lakes appears to be
temperature-dependent, with char preferring mid water
and bottom depths with temperatures lower than 12.8°C
(ADF&G 1976).

Dissolved oxygen (D.0). No information was found in the
lTiterature on the influence of dissolved oxygen levels
on the survival and development of char; however,
inferences can be made from work on other salmonid
species. Sufficient transport of D.0. to, and metabolic
wastes from, developing eggs and alevins by intragravel
flow is crucial for survival of eggs and alevins (Vaux
1962, Wickett 1958). Relatively low intragravel D.O.
levels during the egg-development stage may increase egg
mortality, influence the rate of egg development, or
reduce the fitness of alevins (Alderdice et al. 1958,
Silver et al. 1963).

Turbidity. Little work has focused on the influence of
turbidity on the survival and development of char;
however, inferences can be made from work on other
salmonid species. Deposition of fine sediments in
spawning areas could reduce the water interchange in the
redd and retard or prevent the emergence of fry (Koski
1966). Accumulation of organic debris can reduce
dissolved oxygen below safe Tlevels through oxidation
(Reiser and Bjornn 1979).

Salinity. Physiological changes for salinity tolerance
of anadromous char probably begin before emigration from
freshwater overwintering areas to marine summer feeding
areas (Conte and Wagner 1965, Johnson 1980). Roberts
(1971), who conducted experiments with a nonanadromous
population of char that had been isolated from sea water
for about 12,000 years, concluded that nonanadromous
char retain a certain degree of salinity tolerarce. In
the Beaufort Sea in summer, char have been observed in
salinities ranging from 2 to 32 parts per thousand

(ppt).
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Water quantity. Sufficient water velocity and depth are
required to allow adequate water flow during egg and alevin
development. Low flows and cold winter temperatures could
cause redds to desiccate or freeze (Krueger 1981). Excessive
velocities or flooding can cause egg dislodgement and/or
displacement of juvenile (presmolt) char from rearing areas
as well as hinder upstream fish migration (ibid.). Juvenile
char in the Terror River on Kodiak Island are associated with
relatively slow current velocities in pools, quiet side
channels, and sloughs and tributaries (Wilson et al. 1981).
Habitat preference studies for juvenile char in streams along
the route of the Trans Alaska Pipeline System (TAPS)
indicated that juvenile char prefer pools with Tow current
velocities, generally below 0.3 m/sec, located adjacent to
swift-flowing water (DenBeste and McCart 1984). Anadromous
char juveniles and fry in the Sagavanirktok River and
neighboring drainages are most abundant in the vicinity of
spring water sources (McCart et al. 1972). Proximity to
perennial sources of water is probably important in assuring
their over-winter survival without having to undertake
extensive migrations (ibid.). Char have been observed
spawning in water depths of 0.15 to 4.5 m (Krueger 1981,
ADF&G 1977b, A1t 1978) and in slow-to-moderate current
velocities ranging from 0.3 to 1.2 m/sec (1.0 to 3.8 ft/sec)
(Blackett 1968, Scott and Crossman 1973, Alt 1978).
3. Substrate. Preferred spawning substrate is small-to-coarse
walnut-size) gravel (Scott and Crossman 1973, McPhail and
Lindsey 1970). Blackett (1968) found char in Southeast
Alaska spawning primarily in small gravels, 6 to 50 mm in
diameter. Wilson et al. (1981) found char on Kodiak Island
spawning on gravels ranging from 2 to 32 mm in diameter. In
the Wulik and Kivalina river drainages in northwest Alaska,
char spawn over substrate that is predominantly medium and
coarse gravel, with some fine gravel, sand, and boulders (Alt
1978). Char in the Anaktuvuk River also spawn over mixed
substrate, ranging from sand to gravel up to three inches
(8 cm) in diameter (Bendock 1981). A gravel layer over
fertilized eggs in the redd protects eggs from sunlight and
predation and reduces disturbance by ice and floods (Krueger
1981). In streams along the route of the TAPS, juvenile char
prefer shallow pools with medium-to-coarse rock substrates
(DenBeste and McCart 1984). Juvenile char burrow into
substrate interstices and logging debris and slash to avoid
cooling water temperatures (E11iott and Reed 1974).
Cover Requirements
Rocks, logs, root balls, and undercut stream banks in pools, quiet
side channels, and high-water overflow areas provide cover for
young-of-the-year fish. Char seldom swim near the water surface,
preferring to remain near the bottom (Krueger 1981; ADF&G 1977a,
1977b). Larger char are most abundant in deeper water in pools,
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under cutbanks and in quiet water on the downstream side of large
boulders (McCart et al. 1972). In-stream vegetation, bank vegeta-
tion, shade, in-stream tundra slumps, and rock cover are the most
important cover features for juvenile char in streams along the
route of the TAPS (DenBeste and McCart 1984). Char overwintering
in North Slope streams apparently prefer ice-covered areas even
when open-water areas are available (Bendock 1982).

IV. NUTRITIONAL REQUIREMENTS

A.

Preferred Foods

Fry begin active feeding as soon as they emerge. Juveniles feed
on various winged insects, larvae of mayflies (Ephemeroptera) and
midges (Chironomidae), and various small crustaceans (Karzanovskii
1962, Krueger 1981). In the Bristol Bay drainages, fish
(sticklebacks, sculpins, blackfish, and salmon fry), fish eggs,
and invertebrates (snails, leeches, clams, insects, and insect
larvae) are major food sources (Alt 1977, Moriarity 1977,
Greenback 1967). Rearing char from the Noatak and Wulik rivers
consume fly (Diptera), mayfly, and stonefly (Plecoptera) larvae
(DeCicco 1983). Russell (1980) found that char in the Lake Clark
area of Bristol Bay consumed gastropods, pelycopods, caddis fly
(Trichoptera) larvae and adults, ants and small wasps
(Hymenoptera), midge pupae and adults, adult aquatic beetles
(Coleoptera), and small crustaceans (amphipods, copepods, and
cladocerans). In the Wood River Lakes system, char feed on
sockeye salmon smolt during the smolt's summer migration to
Nushagak Bay (Rogers 1972, Buklis 1979). Ruggerone and Rogers
(1984) found that the number of smolt consumed in a 24-hour period
increased when Tlarge smolt migrations occurred. When smolt
migrations in excess of 80,000 smolts/24 hours took place, char
consumption of smolts increased to 5.6 smolts/char per 24 hours.
Palmisano (1971) studied the food habits of char in lakes on
Amchitka Island. He found that in lakes with access to the sea
crustaceans and aquatic insects were the major foods. Char in
landlocked lakes on Amchitka fed primarily on aquatic insects,
fish, and fish eggs (ibid.). Stream-resident (ronanadromous) char
in the Sagavanirktok and Canning river drainages on the North
Slope feed mainly on dipteran larvae (mostly chironomids),
stonefly, nymphs, and caddis fly larvae (Craig 1977a, McCart et
al. 1972). The diet of large fry in the Canning drainage is
generally similar to that of older residents, although the fry
feed on fewer kinds and smaller individuals (Craig 1977a). Craig
(1977b} found that spring-resident char in Sadlerochit Spring in
the Arctic National Wildlife Range fed primarily on larvae of
stream-dwelling benthic invertebrates, which have high densities
in the sprinag.

In marine waters, smelt, herring, Jjuvenile salmon, sandlance,
greenling, sculpins, flounder 1larvae, and cod are major food
components. Amphipods, decapods, mysids, euphausiids, brachio-
pods, polychaetes, and isopods are also included in their diet
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(Armstrong and Morrow 1980, Johnson 1980). Townsend (1942) found
that char captured near the Shumagin Islands contained large
numbers of flounder juveniles and larvae of the sand lance. Off
Amchitka Island, char fed on a variety of items, mainly amphipods,
mysids, and small fish (Neuhold et al. 1974). Once North Slope
char enter coastal waters they feed on insects (chrironomid larvae
and diptera pupae), crustaceans (Amphipods and mysids), and fish,
especially juvenile arctic cod (Boreogadus saida) and fourhorn
sculpin (Myoxocephalus quadricornis) (Craig and McCart 1976).
Anadromous char feed little while in fresh water. Those that had
fed in the Sagavanirktok drainage most frequently consumed arctic
char eggs and small arctic char (McCart et al. 1972). Craig and
Poulin (1974) found that some char in Weir Creek in the Shaviovik
River drainage consumed grayling, and char taken in the Anaktuvuk
River during the seaward migration fed on slimy sculpin (Cottus
cognatus) and caddis fly larvae (Bendock 1981).

Feeding Locations

Juveniles feed primarily from the benthos in Tlow-velocity areas
along stream and lake margins (Armstrong and Morrow 1980, Johnson
1980). Older char move to deeper and faster stream reaches with
higher densities of drifting invertebrates (Krueger 1981, ADF&G
1977b, ADF&G 1977a). Adult anadromous char appear to be equally
capable of taking food from mid water or from the bottom (Johnson
1980). Resident char in lakes feed primarily on the lake bottom
(Murray, pers. comm.; McCart et al. 1972). McBride (1979)
estimated that 40% of the char population in the Wood River Lakes
system feed at inlets and outlets of lakes or confluences of
rivers and streams during sockeye smolt migrations. Morrow
(1980b) states that adult anadromous char consume the majority of
their annual diet of small fish and invertebrates in nearshore
marine waters.

Factors Limiting Availability of Food

Excessive sedimentation may inhibit production of aquatic plants
and invertebrate fauna (Hall and McKay 1983) and reduce visual
references. While in fresh water, the char may compete directly
for food and space with such fishes as grayling, whitefish,
sculpins, salmons, and smelt (Armstrong and Morrow 1980).
Competitive interactions between char and coho salmon juveniles
have been well documented 1in southeastern Alaska streams
(Armstrong 1970, Armstrong and ET11iot 1972). Competition for food
or space with other species is probably negligible in Takes during
the winter (Armstrong and Morrow 1980).

Feeding Behavior

Char are carnivorous but have a varied diet, dependent on the size
and age of the fish, location, and available food sources. Char
may browse along the substrate or consume drifting invertebrates
(Armstrong and E11jott 1972). Activity levels and digestive rates
drop when freshwater temperatures decrease to or below 5°C
(Krueger 1981, ADF&G 1977b). Mature spawners of anadromous
populations feed little, if at all, when wintering in fresh water
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(Morrow 1980b, McCart et al. 1972, Craig 1977a). Stream-resident
fish feed year-round (McCart et al. 1972, Craig 1977a). When
leaving lakes in spring and early summer, char also appear to feed
very little (Armstrong 1965).

V.  REPRODUCTIVE CHARACTERISTICS

A.

Reproductive Habitat

Spawning site selection is influenced by current velocity, water
depth, and substrate composition. Spawning sites are usually
located in a fairly strong current near the center of the stream
in riffles or spring areas at least 0.3 m deep or in gravel-
bottomed lakes (Krueger 1981, ADF&G 1977a).

In the Sagavanirktok River and neighboring drainages, all known
spawning areas for anadromous char are either in the vicinity of
spring sources of mountain streams originating in the Brooks Range
or spring-fed tributaries of mountain streams (McCart et al.
1972). Spawning sites in the Anaktuvuk River are also closely
associated with spring areas (Bendock 1981). The eggs cannot
tolerate freezing, and these are the only stream areas in which
winter flow is assured (ibid.). In the Canning River, almost all
spawning sites are located in the main channels of the river or in
springs originating within or near the Canning floodplain (Craig
1977a). In the Noatak River system, some spawning takes place in
and around springs; however, most spawning occurs downstream of
springs in the main channels of streams. The major spawning
streams maintain limited flow throughout the winter and are under
spring influence for much of their length (DeCicco 1982). Many
spawning areas in the Kivalina River are near spring areas;
however, in the Wulik River most spawning grounds are not directly
influenced by groundwater (Alt 1978).

Reproductive Seasonality

A1l races of char spawn between early July and the beginning of
December (Meacham 1977, A1t 1977, DeCicco 1982).

Char have been observed spawning in the Terror and Kizhuyak rivers
on Kodiak Island between late August and the end of September
(Wilson et al. 1981). On Amchitka Island, Neuhold et al. (1974)
observed char spawning from mid October to late November. Char in
the Wood River Lakes system spawn in September and October
(McBride 1980). Char in the Susitna River drainage also spawn in
September and October (ADF&G 1981), and spawning peaks in the
Anchor River on the Kenai Peninsula in mid October (Hammarstrom
and Wallis 1981) and in Valdez area streams in October and
November (Dames and Moore 1979).

The peak of spawning activity in Southeast Alaska occurs between
Septimber and November (Blackett 1968, Blackett and Armstrong
1965).

In North Slope rivers, the char spawning period apparently extends
over several months; however, the peak of spawning activity
probably occurs during late September or early October (McCart et
al. 1972, Craig 1977a). In the Anaktuvuk River, spawning has been
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observed from early September through early November (Bendock
1981). In the Noatak drainage, char are found in the vicinity of
the spawning grounds from early July to mid October (DeCicco
1982). In the Noatak and Wulik and Kivalina drainages, char
spawners may be divided into two groups: summer spawners that
remain in fresh water after overwintering and occupy spawning
grounds from early July through mid September, and fall spawners
that in-migrate in the fall and spawn from mid September through
freeze-up (DeCicco 1982, A1t 1978). In the Wulik and Kivalina
rivers, the peaks of spawning appear to be in mid August and mid
September (A1t 1978).

Spring-resident char in most North Slope streams spawn in November
and December (Craig 1977b).

Reproductive Behavior

Spawning behavior is similar to that of salmon. Fish are usually
paired. The male usually takes no part in the nest-building and
spends his time defending the redd from other male spawners. The
female excavates the redd, often in typical salmonid fashion by
turning on her side and thrashing the substrate with her tail.
When the female is ready to deposit her eggs, the pair descend
into the redd and press against each other laterally; sperm and
eggs are released simultaneously into the redd. After completion
of the spawning act, the female may move to the upstream end of
the redd and repeat the digging process, washing gravel downstream
over the fertilized eggs. The spawning act may be repeated up to
five times; several days are usually required for a female to
deposit all her eggs (Morrow 1980b). Morrow (1980b) described the
redds as varying from a deep pit to a clean spot on large stones.
The dimensions of the redd vary with the size of the female, the
substrate, and the current velocities. Male spawners may mate
with more than one female; occasionally a female will mate
successively with two or more males (Fabricus 1953, Fabricus and
Gustafson 1954, Krueger 1981, ADF&G 1977a).

Age at Sexual Maturity

Char are an especially slow-growing fish and attain sexual
maturity at different ages and sizes, varying with their life
history and local environmental conditions. Three 1ife forms of
char occur in Alaska: resident lake char, resident stream char,
and anadromous char. In general, resident stream char do not grow
as large as resident lake or anadromous stream char. Resident
stream char commonly occur in dwarf form (sexually mature and
fully grown but only six to eight inches in length) (ADF&G 1977a,
Russell 1980). Generally, northern populations grow slower, live
longer, and reach a smaller maximum size than more southerly
populations. Char populations in the south also attain sexual
maturity earlier (Morrow 1980b). Males may mature before females.
In Kuskokwim Bay drainages, char generally mature at 7 to 10 years
(A1t 1977). In the Iliamna system, Metsker (1967) found mature
char (1ife form unknown) as young as four years old. Russell
(1980) noted that char in the Lake Clark area apparently become



mature at 6 years of age. Most char in Southeast Alaska reach
maturity by age 4 or 5 (Blackett and Armstrong 1965). Most
anadromous char in the Sagavanirktok and Canning river tributaries
spawn for the first time at age 7 or 8 (McCart et al. 1972, Craig
1977a). Female char in the Anaktuvuk River mature as early as
age 6, males as early as age 7. Stream resident males in these
tributaries may mature as early as age 2 or 3 (ibid.). Most
anadromous char from the Wulik and Kivalina rivers in Northwest
Alaska are mature at age 9 (A1t 1978).

Age at maturity for northern populations of lake resident char is
variable, ranging from ages 2 to 9 (Craig 1977a). Males in North
Slope spring resident char populations begin maturing at age 2,
whereas the youngest mature females are ages 3 or 4 (ibid.). The
longevity of char is variable. Char have been found as old as 24
years (Grainger 1953), but most in Southeast Alaska live 8 to 12
years (Armstrong 1963, Heiser 1966, ADF&G 1978).

Fecundity

The fecundity of char varies by stock, Tlocation, and size of
female. Eggs of anadromous stocks are much larger than those of
nonanadromous fish and increase in size with fish age and length
(Blackett 1968, Morrow 1980b). The fecundity of anadromous char
is also higher than that of nonanadromous stocks (McCart et al.
1972). In Alaska, the number of eggs generally ranges from 60C to
8,000 per female (ADF&G 1978, Morrow 1980b, McPhail and Lindsey
1970), though Russell (pers. comm.) has observed dwarf,
prespawning females with as few as 20 mature eggs in the Tazimina
Lakes in Southwest Alaska, and the fecundity of female lake-
resident char from the Canning River drainage ranged from 54 to
1,600 eggs (Craig 1977a).

Frequency of Breeding

Though char do suffer a high postspawning mortality rate, a number
live to spawn again in subsequent years. Armstrong (1974) found
that in a Southeast Alaska population of char 73% spawned once,
26% twice, and 1% three times. Up to 50% of the females spawning
for the first time survived to spawn again. In Southeast Alaska,
males are much less likely to survive spawning than females. This
may also be true of males in North Slope drainages (Armstrong
1974, Yoshihara 1975). Some char spawn in consecutive years;
others spawn at two- or three-year intervals. Most anadromous
char in northern Alaska spawn only every second year (Yoshihara
1975). Craig (1977a), in studies of char in the Canning River,
noted that only a small number of char beyond age 9 were found in
the population. Because most anadromous char on the North Slope
do not mature until age 7 or 8, relatively few anadromous char may
spawn more than twice during their lifetime. Stream-resident
char, in contrast to the anadromous type, almost always spawn
annually (Armstrong and Morrow 1980, Craig 1977a); however,
lake-resident char from lakes in the Canning River drainage are
not annual spawners (Craig 1977a).
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G. Incubation Period/Emergence

The time of development varies widely with temperature and stock.
Embryo development 1is slow in cold water temperatures. Eggs
incubate over winter, generally four to five months; however,
periods of up to eight months have been documented on the North
Slope of the Brooks Range (ADF&G 1977a, Yoshihara 1973). The
incubation time for char eggs in streambed gravels in the
Sagavanirktok and Canning rivers on the North Slope has been
estimated to be seven to nine months, though fry in perennial
springs may emerge sooner (McCart et al. 1972, Craig 1977a). Eggs
hatch as 15-to-20-rm-long alevins (yolk sac fry) in March or
April. Yoshihara (1973) observed preemergent fry in the
Sagavanirktok River drainage that had probably hatched in April,
Alevins remain in the gravel for approximately 18 days while
absorbing their yolk sac before they emerge as free-swimming fry
(20 to 25 mm) in April to July (ADF&G 1977a, McCart et al. 1972,
DeCicco 1982).

In Valdez area streams, fry emerge from the gravel in April and
May (Dames and Moore 1979). Peak emergence of fry in the Canning
River on the North Slope occurs during the end of May and early
June, though fry have been observed in early April (Craig 1977a).
In the Noatak drainage, young-of-the-year fry probably emerge
sometime in mid July (DeCicco 1982).

VI. MOVEMENTS ASSOCIATED WITH LIFE FUNCTIONS
A. Anadromous
1. Out-migration. Juvenile anadromous char rear in streams and
Takes. After a variable number of years (usually at age 4
or 5), most char juveniles undergo a physiological change
and, in the spring, migrate seaward as smolts (ADF&G 1977a,
1977b).  Most dimmature and mature char emigrate from
overwintering areas to marine summer feeding areas following
ice breakup from April to June. In the Sagavanirktok and
neighboring North Slope drainages, it is likely that seaward
migration occurs during the spring flood in late May and June
(McCart et al. 1972). In the Canning River, char begin to
leave overwintering areas in May, with a Tlarge-scale
emigration observed in late June and early July (Craig
1977a). In the Anaktuvuk River, char out-migrate in mid June
(Bendock 1982). Departure from overwintering habitats may
more closely coincide with breakup along the Beaufort Sea
coast than with breakup near the overwintering site (ibid.)
The char smolt migration in the Anchor River on the Kenai
Peninsula takes place in late May and early June (Hammarstrom
and Wallis 1983). Nonlake systems may support an additional
autumn smolt out-migration (Armstrong 1965 and 1970,
Armstrong and Kissner 1969, Dinneford and Elliott 1975,
Elliott and Dinneford 1976). In the Noatak, Wulik, and
Kivalina rivers, some fish that will spawn in the current
year do not migrate seaward in the spring but rather go
directly from overwintering to spawning grounds. Some of
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these summer spawners that spawn in early-to-mid August
probably do migrate to sea for a month or two after spawning
(DeCicco 1982, A1t 1978). A1t (1978) estimated that in the
Wulik and Kivalina rivers probably in excess of 50% of the
prespawning fish do not go out to the ocean at breakup.

Marine environment. Individuals remain at sea feeding in

the estuary and along the coast for a period of a few weeks
to seven months (Morrow 1980b). While in the marine
environment, char stay in coastal areas. In some cases, char
in the Beaufort Sea may travel great distances along the
coast (up to 300 km)(Craig and McCart 1976).

Spawning and overwintering. Char generally begin reentering

fresh water in July and may continue through December, with
spawners entering first, followed by immature fish and
nonspawners (ADF&G 1977a). Mature anadromous char in the
Sagavanirktok River have been taken in the vicinity of
spawning tributaries as early as June 26. Mature migrants
enter downstream spawning tributaries earlier than those
further upstream (McCart et al. 1972). Immature migrants may
make this return journey several times before they mature for
the first time (ibid.). Although it appears that char return
to their natal stream to spawn, nonspawners from Beaufort Sea
drainages and from the Wulik and Kivalina river drainages may
overwinter elsewhere in the same drainage or in nonnatal
drainages (Craig 1977a, Craig and McCart 1976, DeCicco 1984).
Radio-tagging studies of char in the Anaktuvuk River indicate
that during the ice-covered months (October to May) char are
confined residents of 1limited overwintering habitat, and
movement at this time is minimal (Bendock 1982). In the
Chignik River system on the Alaska Peninsula, char, which
migrate to sea from April through June, return to Chignik
Lake and Black Lake from late July through September to spawn
and overwinter (Roos 1959). Emigration of spawned-out char
to overwintering areas usually occurs within two weeks after
completion of spawning, typically during late October and
November. Immature char move to overwintering areas earlier,
primarily 1in July, August, and September (Blackett and
Armstrong 1965, Krueger 1981). Adult char usually remain in
fresh water through the winter months to avoid the cooler
water temperatures of the marine environment (ADF&G 1977a).
Overwintering sites include deep lakes, deep river pools, and
groundwater spring areas.
Nonanadromous
1. Lake residents. Lake-resident char move into streams
for short periods of time. Studies in the Wood River
Lakes system show that discrete subpopulations of
resident Take char concentrate at inlets and outlets of
the lakes during early summer to feed on out-migrating
sockeye salmon smolt (McBride 1979). During late
summer, char move to deeper lake waters, probably in
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response to a declining availability of sockeye salmon
smolt and to escape warming surface waters (Nelson
1966). Mature spawners usually move back to the lake
margins to spawn in the fall. Resident lake char in the
Sagavanirktok drainage do not undertake any Tlong
migrations, though they do sometimes enter streams
(McCart et al. 1972).

2. Stream residents. Little is known about the Tlife
history of resident stream char. In the Sagavanirktok
River and neighboring drainages, they are common in
mountain and spring streams. Overwintering of stream
residents occurs in deep pools of streams and rivers
(Morrow 1980b). In the Sagavanirktok, Canning, Firth,
and Babbage rivers, apparently all stream-resident char
are males; however, stream-resident females have
occasionally been found in Fish Creek, Yukon Territory
(Craig and McCart 1976). A consequence of this pattern
is that female char are significantly more abundant in
nearshore areas than are males (ibid.).

VIT. FACTORS INFLUENCING POPULATIONS

A.

Natural

Natural mortality is largely a result of limited winter habitat.
Char that hatch in surface runoff streams must find suitable
overwintering areas with open water. Studies in Southeast Alaska
indicated that populations of juvenile char suffered 51% mortality
in small surface-water streams, versus about 31% mortality in
spring-fed streams, from November to June {(E1liott and Hubartt
1977). Severe stream flooding can harm developing eggs and
embryos and hinder upstream fish migration (Krueger 1981). Low
flows and cold winter temperatures could cause redds to dessicate
or to freeze. Deposition of fine sediments in the spawning area
could retard or prevent fry from emerging (ibid.). Deposition of
fine sediments in streams with limited flushing abilities could
imbed the substrate material and significantly reduce the
available overwintering habitat for juvenile char (Bjornn et al.
1977, Krueger 1981). Postspawning mortality is high and may
account for the natural removal of up to 50% of a spawning
population (Armstrong and Kissner 1969, ADF&  1977a).
Lake-dwelling populations are often heavily parasitized with
nematodes and cestodes (Russell, pers. comm.) There is no
significant natural predation on char except for cannibalism
(Scott and Crossman 1973, Armstrong and Morrow 1980, Craig 1977a).
Human-related

In the Arctic Region, char rely extensively on spring-fed habitats
at particular stages in their life cycle. Springs are used as
spawning grounds, summer rearing areas of fry and juveniles, and
as overwintering areas (Craig 1978). In smaller North Slope
drainages, which have few areas suitable for overwintering, it is
conceivable that a single spring-fed site might harbor virtually
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all members of a particular char population, from eggs to mature
adults, during the winter period (ibid.). Because stream beds are
frozen solid both above and below overwintering sites, char cannot
avoid disturbances in their winter habitat (Bendock 1983). Thus
any disturbances to spring-fed areas, such as water removal or
siltation due to gravel extraction, may have severe deleterious
effects on char populations in the entire drainage. The introduc-
tion of organic materials under the ice in overwintering areas may
reduce dissolved oxygen below the lethal level for any of the life
history stages inhabiting the affected stream section (Craig and
McCart 1974). A summary of possible impacts from human-related
act1v1t1es includes the following:

Alteration of preferred water temperatures, pH, dissolved
oxygen, and chemical composition

Alteration of preferred water velocity and depth

Alteration of preferred stream morphology

Increase in suspended organic or mineral material

Increase in sedimentation and reduction in permeability of
substrate

Reduction in food supply

Reduction in protective cover (e.g., overhanging stream banks
or vegetation)

Shock waves in aquatic environment

Human harvest

(See the Impacts of Land and Water Use volume of this series for
additional impacts information.)
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VIII. LEGAL STATUS
A. Managerial Authority
The Alaska Department of Fish and Game, Division of Sport Fish,
has managerial authority over char populations in Alaska.

IX. LIMITATIONS OF INFORMATION
Most life history information on char pertains to the sea-run variety.
Little is known about the habits of nonmigratory char. There are very
little data relating the various char life stages to the physical and
chemical characteristics of their habitats.
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Arctic Grayling Life History and Habitat Requirements
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Map 1. Range of arctic grayling (ADF&G 1978)

I. NAME
A.
B.
I1. RANGE
A.

Common Name: Arctic grayling
Scientific Name: Thymallus arcticus (Pallas)

Statewide

Native arctic grayling are distributed throughout the Interior and
Arctic regions of Alaska as well as in Southwest Alaska north of
Port Heiden and west of the Aleutian Range. Stocking programs
have produced self-sustaining populations in Southeast Alaska,
Prince William Sound, the Kenai Peninsula, and Kodiak Island

(ADF&G 1978).
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B. Regional Distribution Maps

To supplement the distribution information presented in the text,

a series of blue-lined reference maps has been prepared for each

region. Most of the maps in this series are at 1:250,000 scale,

but some are at 1:1,000,000 scale. These maps are available for
review in ADF&G offices of the region or may be purchased from the
contract vendor responsible for their reproduction. In addition,

a set of colored 1:1,000,000-scale index maps of selected fish and

wildlife species has been prepared and may be found in the Atlas

that accompanies each regional guide.
C. Regional Distribution Summary

1. Southwest. Arctic grayling are found in clearwater streams
of Bristol Bay and Alaska Peninsula drainages south to
approximately Port Heiden. Grayling have been stocked in
selected lakes on Kodiak Island (Murray, pers. comm.).
Grayling are not present on the Aleutian Islands or in
streams on the south side of the Alaska Peninsula (ADF&G
1978). Large grayling are found in the Ugashik, Becharof,
Nuyakuk, and Togiak river drainages (ADF&G 1978; Russell,
pers. comm.). (For more detailed narrative information, see
volume 1 of the Alaska Habitat Management Guide for the
Southwest Region.)

2. Southcentral. Arctic grayling are found in several clear-
water tributaries and lakes within the upper Copper River and
Susitna River drainages and in a few clearwater tributaries
of the Tower Copper River. Grayling are not found on the
west side of Cook Inlet south of Tyonek (ADF&G 1978). They
are also not native to the Kenai Peninsula but have been
stocked in several Kenai Peninsula lakes, which now contain
self-sustaining populations (Engel 1971). (For more detailed
narrative information, see volume 2 of the Alaska Habitat
Management Guide for the Arctic Region.)

3. Arctic. Grayling are widely distributed throughout the
Arctic Region. On the arctic coast most of the freshwater
drainages that have been surveyed contain grayling (USFWS
1982), and they are the principal species inhabiting foothill
lakes and streams (Bendock 1982). Grayling are also found in
lakes and streams on the Seward Peninsula and in lakes and
streams draining into the Chukchi Sea between Kotzebue and
Barrow (ADF&G 1978). (For more detailed narrative
information, see volume 2 of the Alaska Habitat Management
Guide for the Arctic Region.)

III. PHYSICAL HABITAT REQUIREMENTS
A. Aquatic
1. Water gquality. Grayling prefer clear, cold Takes and streams
(ibid.), with different life stages frequently occurring in
different locations within a drainage. Grayling generally
feed during the summer in rivers and streams that may freeze
solid or dry up during the winter, and they may overwinter,
therefore, in areas unsuitable for summer feeding (Tack
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1980). The basic water chemistry of streams that support
grayling varies by geographic area and reflects the character
of mineral types in the area (ibid.).

a.

Temperature. Increasing water temperatures and spring
flooding appear to stimulate spawning (Armstrong 1982).
A water temperature of around 4°C triggers spawning in
the interior streams of Alaska (Tack 1973, ADF&G 1983)
and in Western Alaska (A1t 1976); however, spawning
activities have been observed at temperatures ranging
from 3.3°C at the inlet to Fielding Lake in Interior
Alaska (Wojcik 1954) to 16.7°C at Wier Creek in the
western Arctic Region (Craig and Poulin 1975). Tack
(1980) noted that grayling tend to spawn in the warmest
areas of drainages, and that the use of bog or tundra
streams for spawning is probably because of their
favorable temperature regimes. Development of eggs to
hatching is directly influenced by water temperatures.
Bog and tundra streams warm rapidly, thus causing rapid
development and early hatching of eggs spawned in these
areas. Kratt and Smith (1977) and Bishop (1971)
reported that centigrade degree days required for
hatching grayling eggs ranging from 177 to 230.

Field observations indicate that juveniles and fry are
tolerant of high temperatures but that small subadults
and adults tend to avoid water temperatures above 16°C
(Reed 1964, Schallock 1966, Wojcik 1955). Grayling in
the Tangle Lakes area near Paxson displayed signs of
discomfort and experienced unusually high mortality when
taken in waters with a temperature of 17°C (Wojcik 1955,
cited in Netsch 1975). LaPerriere and Carlson (1973),
in laboratory experiments with grayling from the Chena
River, concluded that the median tolerance limit
(temperature that will kill 50% of the fish exposed) for
grayling larger than 10 cm was 20.0 to 24.0°C. No
reference to upper or lower lethal temperature data for
eggs was found in the available literature.

The pH factor. No optimum pH value was found in the
literature. Measured values of several Interior Alaska
streams, however, ranged from 6.2 (Netsch 1975) to 9.0
(Hallberg 1978). Russell (1980) reports that Southwest
?1aska yaters are also naturally slightly alkaline

7.1-8.5).

Dissolved oxygen (D.0.). Some grayling can survive over
winter in oxygen concentrations of 1less than 1 ppm
(Roguski and Tack 1970); however, Tack (1973) and
Williams and Potterville (1981) found that D.0.s of
0.6 ppm and 0.5 ppm, respectively, resulted in winter
kills in several Interior and Southcentral lakes. No
optimum D.0. value was found in the literature; however,
measured concentrations during periods of observed

225



grayling abundance have ranged from 0.6 ppm (Bendock
1980) to 21 ppm (Pearse 1974) in Interior Alaska
streams. Measured D.0. concentrations during the summer
months in several Southwest Alaska waters indicate an
average D.0. of around 10 ppm (Russell 1980).

d. Turbidity. High levels of turbidity may abrade and clog
fish gi1is, reduce feeding, and cause fish to avoid some
areas (Reiser and Bjornn 1979). Turbidity and sedimen-
tation may smother food organisms and reduce primary
productivity (Bell 1973, LaPerriere et al. 1983).
Turbid water may absorb more solar radiation than clear
water and may thus indirectly erect thermal barriers to
migration (Reiser and Bjornn 1979, Van Nieuwenhuyse
1983). Stomach analyses of caged grayling held in mined
and unmined streams (LaPerriere et al. 1983) indicated
that grayling in the turbid, mined waters were not
capable of locating invertebrate prey. This may be due
to the observed reduction of invertebrate abundance in
the mined stream or to the inability of the grayling to
locate prey in the turbid water. Grayling in arctic
environments do most of their feeding under conditions
of continuous daylight and very clear water and have
been exposed to little or no selective pressure to
increase their ability to feed in turbid or low light-
intensity conditions (Schmidt and O0'Brien 1982).
Studies conducted on the Susitna River indicate that
gray;ing avoid high-turhbidity waters (Suchanek et al.
1984).

e. Salinity. Grayling have been taken in the spring from
marine waters along the coastline adjacent to the Arctic
National Wildlife Range around river mouths and behind
barrier reefs (Roguski and Komarek 1971}. The spring
runoff from numerous rivers entering this area keeps the
salinity at or below one part per thousand (ppt). No
grayling were found in salinities exceeding 1 ppt. In
the Nome area, there is some movement of grayling into
tidal areas of the Nome River, but grayling do not enter
the ocean (A1t 1978).

Water quantity. Sufficient water velocity and depth are

required to allow adequate intragravel water flow during egg

and alevin development. Low flows during incubation could
result in desiccation of developing eggs and alevins (Wojcik

1954). High velocities or flooding could cause Tow fertili-

zation, egg dislodgement, and/or displacement of young-of-

the-year (YOY) out of their rearing areas to less favorable

sites, resulting in direct mortality (Nelson 1954; Tack 1971,

1974; Walker 1983). Holmes (1983, 1984) found a high

correlation between numbers of grayling in an age class and

the average rate of river discharge during May, June, and

July of their natal years. As discharge increased, grayling
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abundance decreased. Excessive velocities may also impede
migrating fish (Hallberg 1977, MacPhee and Watts 1976). The
upstream migration of grayling usually coincides with high
flows resulting from spring breakup (Krueger 1981). In
studies of Deadman Creek, tributary to the Susitna River, the
upper reach, which is characterized by an abundance of large,
deep, pool-type habitats, contained a higher summer
population of grayling than the middle and lower reaches,
which were more shallow (Sautner and Stratton 1984). Arctic
grayling spawn in a wide range of current velocities and
depths. Wojcik (1954) reported spawning in "slow, shallow
backwaters" in an inlet stream to Fielding Lake. Warner
(1955) observed grayling in the same stream spawning in
surface-current velocities of about 1.2 m/sec in depths of
16 cm. Surface-current velocities measured in territories of
22 males in the outlet of Mineral Lake (Interior Alaska)
ranged from 0.34 to 1.46 m/sec, and territorial depths ranged
from 0.18 to 0.73 m (Tack 1971). Newly emerged fry are found
in protected areas where current velocities are extremely
low. Typical emergent fry-rearing areas include shallow back
waters and flooded stream margins and side channels (Krueger
1981, Walker 1983). In studies of 27 streams along the route
of the Trans Alaska Pipeline System (TAPS), it was found that
juvenile grayling select habitats with the lowest possible
velocity (often where there is no detectable current) and
pools with an average depth of 0.65 m (Denbeste and McCart
1984). Adult grayling in the study streams also preferred
near-zero-velocity water, with an average depth of 0.8 m
(ibid.). Both juveniles and adults frequently were found in
areas with adjacent swift water (greater than 0.5 m/sec) to
provide a steady supply of stream drift for food (ibid.).
Older YOY fish occupy progressively faster waters. Agquatic
habitat occupied by rearing YOY fish in selected bog streams
along the TAPS had mean-column velocities of 0 to 0.15 m/sec
and water depths ranging from 0.09 to 1.07 m (E1liott 1980).
Juvenile and adult fish in bog streams along the TAPS were
found holding in mean-current velocities ranging from 0.175
to 0.262 m/sec and were found at water depths ranging from
0.2 to 1.07 m. Juvenile grayling in tributaries to the
Susitna River appear to rear in areas with water velocities
under 46 cm/sec (ADF&G 1983). Preliminary results from
winter tagging studies on the Chena and Salcha rivers
indicate that grayling in Interior Alaska overwinter in areas
of moderate current (Holmes, pers. comm.).

Substrate. Arctic grayling have been reported to spawn over
a wide range of substrates, including mud, silt, and gravel
up to 4 cm in diameter (Krueger 1981). Gravel substrate
provides cover, decreases the chances of dislodgement, and
lessens swimming stresses in early life history stages,
probably resulting in higher alevin survival than for those
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hatching on exposed substrate (Kratt and Smith 1977). The
following are examples of observed spawning substrates in
Alaska:
© Fine (1 cm) gravel (Warner 1955)
"Pea;size" gravel in the outlet of Mineral Lake (Tack
1971
° Sand-to-small-cobble, with coarse sand and gravel to
about 2.5 cm in diameter, in four inlet tributaries to
Tyee Lake near Ketchikan (Cuccarease et al. 1980)
° Relatively fine (3.8 cm diameter) gravel, with most
material less than 1.25 cm, in outlets of two Kenai
Peninsula lakes (Krueger 1981)
Sand and fine gravel substrate, about 0.6 cm in diame-
ter, in the outlet of Tea Lake near the TAPS (McCart et
al. 1972)
° Silt and fine sand overlaid by organic detritus in
Million Dollar Creek, along the TAPS (Elliott 1980)
° Silt overlaying gravel in the main stem Colville River
(Bendock 1979)
° Gravel 0.5 to 7.6 cm in diameter (Kratt and Smith 1977)
Relatively uniform distribution of particle sizes from
0.75)mm to 28.1 mm at the outlet of Mineral Lake (Tack
1973
Juvenile and adult grayling in 27 streams along the route of
the TAPS were found to occupy pools with fine-grained
substrates (DenBeste and McCart 1984), but adults also
displayed a preference for coarse substrates, and both
juveniles and adults used rocks as cover (ibid.). In the
Susitna River, adult grayling use rocks with diameters over
8 cm for protective cover (Suchanek et al. 1984).
Cover Requirements
Newly emerged fry have limited swimming abilities, and they school
in shallow, protected stream areas with cover, low current veloc-
ities, and an abundance of food items. Irregular banks, with
shadows from boulders and overhanging vegetation, contribute
important cover for these rearing fry. Juvenile fish (age one
year and older) progressively move to faster and deeper stream
reaches (Vascotto 1970). O0lder fish commonly use logs, boulders,
and turbulence for in-stream cover (Krueger 1981, Sautner and
Stratton 1984). In streams along the TAPS, juvenile grayling were
found to use rock cover most extensively, but tc a lesser extent
they also use habitats with cutbanks or loose gravel or rock banks
providing cover, overhanging vegetation, deep water, in-stream
vegetation, and shade (DenBeste and McCart 1984). Adult grayling
preferred habitats with cover features typically associated with
banks, such as cutbanks, overhanging vegetation, in-stream vegeta-
tion, and shade, but also use rock cover and deep water to some
extent (ibid.).

©
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Iv.

NUTRITIONAL REQUIREMENTS

A.

Food Species Used

Grayling are opportunistic feeders, able to use a wide range of
food items, but they prey primarily on immature and emerging
aquatic insects (Armstrong 1982). Elliott (1980) found that
immature midges (Chironomidae) were the most frequently consumed
taxon by YOY grayling in spring, rapid-runoff, and bog streams
crossed by TAPS. Jennings (1983) found that chironomid pupae were
the most important food item for yoy grayling (length range
40-48 mm) stocked in ponds near Delta, Alaska. In the Chena
River, chironomid pupae and larvae made up 94% by volume of yoy
grayling (length range 11-16 mm) stomach contents (ibid.). Engel
(1973) found that grayling eggs comprised the bulk of the diet of
juvenile grayling found downstream of spawning adults in Crescent
Creek on the Kenai Peninsula. Adults feed primarily on immature
mayflies (Ephemeroptera), stoneflies (Plecoptera), dipterans, and
caddis flies (Trichoptera) (Bishop 1971, Bendock 1980, Craig and
Wells 1975, McCart et al. 1972). In 1akes, zooplankton may make a
significant contribution to the diet (Yoshihara 1972 and Wojcik
1954, cited in Armstrorg 1983, Schmidt and O0'Brien 1982). In
three lakes in Southwest Alaska, Russell (198C) found caddis fly
larvae and adults and cyclopoid copepods to be the most common
food qtems. Furniss (1974) found Diptera, stonefly, bettle
(Coleoptera), caddis fly, and Hymenoptera (bees and wasp) larvae
and adults, gastropods, and nematodes to be important food items
for grayling from four mountain lakes on the north side of the
Brooks Range. Salmon eggs, smelt eggs, and shrews have been
observed in grayling stomachs from the Naknek River in the Bristol
Bay area (Russell, pers. comm.). In the Chena River near
Fairbanks, grayling have been observed concentrating at the
downstream end of chinook and chum salmon spawning redds, feeding
on the salmon eggs that drift down during spawning activity
(Hallberg 1981). Whitefish eggs and mayfly and stonefly larvae
are dominant grayling food items in the Colville River during
October (Bendock 1979, 1981). Other food items include isopods
(ADF&G 1977), plant material (Craig and Wells 1975), fish (McCart
et al. 1972, Williams 1969), and lemmings (A1t 1978, Reed 1964).
Types of Feeding Areas Used

Newly emerged fry have limited swimming abilities and spend the
first summer near their hatch site (Tack 1980). They school and
feed in shallow lotic habitats with lTow current velocities where
production of aquatic invertebrates 1is high (Cuccarese et al.
1980). In the Arctic Region, YOY grayling rear in small tundra
streams. The warm water and abundance of food in these small
streams provide favorable conditions for growth. Grayling fry are
able to equal the growth of char fry in the same river systems,
although the char may emerge four to six weeks earlier and at a
larger size (Craig and Poulin 1974). Immediately after spawning,
adults and large juveniles move to upstream locations or into
tributary streams or lakes rich in food (Tack 1980). Tack (1980)
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found that in large, rapid-runoff rivers, grayling consistently
home to their summer feeding streams and feeding Tlocations.
Vascotto (1970) observed that during the summer months grayling
were found almost exclusively in pools, where they established
feeding territories and, within each feeding territory, a feeding
range where all feeding activities took place. In pools with a
strong current, distribution was related to the strength of the
current and the availability of food in the benthic drift, with
the larger fish holding near the upstream end near the center and
smaller fish distributed downstream and to the sides (Tack 1980,
Vascotto and Morrow 1973, ADF&G 1983). Other 1literature also
indicates that rearing grayling concentrate in the lower reaches
of a stream and that larger (older) fish are found further up-
stream (Hallberg 1978, Tack 1971).

Factors Limiting Availability of Food

Grayling are visual feeders, relying primarily upon benthic drift
for nutrition. LCuring periods of high, muddy water, this drift is
unavailable to them. Schallock (1966) suggested that grayling and
slimy sculpin (Cottus cognatus) may compete for food. Though some
dietary overlap between the two species does occur (Sonnichsen
1981;, it is unlikely that competition for food takes place (Moyle
1977).

Feeding Behavior

Most grayling feed on the water surface or on the drift at mid
depth (Vascotto 1970); they also feed off the bottom during
periods of reduced benthic drift (Morrow 1980, Wojcik 1954).
Grayling in Takes tend to feed more on the bottom than those in
streams (Armstrong 1982). Feeding behavior varies with the size
of the individual and its hierarchical status (Vascotto 1970,
Vascotto and Morrow 1973). Tack (1980) suggests that the out-
migration of juvenile and spawned-out adult fish may allow YOY
fish to rear and feed in natal streams without competition.
Grayling are active feeders during the summer, ceasing to feed
only at darkness (Reed 1964). Grayling also feed during the
winter (A1t 1976, Bendock 1980). Prespawning and spawning fish
take food only casually as it drifts past; spent fish feed active-
1y (Bishop 1971, Craig and Wells 1975).

V.  REPRODUCTIVE CHARACTERISTICS

A.

Reproductive Habitat

Grayling usually spawn in unsilted rapid-runoff streams, bog
(tundra and foothill) streams, and 1lake idinlets and outlets.
Spawning does not occur to any extent in spring-fed streams or
silted rapid-runoff streams (Tack 1980). Craig and Wells (1975)
noted that grayling spawning in the Chandalar River drainage in
Northeast Alaska tends to occur in small, clearwater tributaries
with low stream gradients. These spawning tributaries tend to be
warmer and less turbid than the main stem of the Chandalar River
during the grayling spawning period (ibid.). Within rivers and
streams, grayling usually spawn in riffles composed of gravel or
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rubble (See III.A.3., Substrate, this report). Grayling have also
been reported spawning in slow, shallow backwater areas (Wojcik
1954, Bendock 1979), in a lake over large rubble and vegetated
silt (Bendock 1979), in a stagnant pond among sedges over an
organic bottom (Tack 1980), and over mud in a slough (Reed 1964).
Tack (1980) suggests that inasmuch as grayling adults home to the
feeding stream annually they probably also home to their natal
stream to spawn. Scale analysis indicates homing of grayling to
Badger Slough on the Chena River for spawning (Holmes, pers.
comm.;. Tagging studies in the Susitna River drainage indicate
that the majority of arctic grayling do return to the same stream
year after year, in many cases returning to the same specific area
within the stream (ADF&G 1983). Craig and Poulin (1975) also
suggested that some grayling may return annually to a particular
stream to spawn.

Reproductive Seasonality

Grayling populations in Alaska spawn between late April and early
July, with most spawning taking place between mid May and mid June
(Bendock 1979, Roguski and Tack 1970, Schallock 1966, Warner 1955,
Wojcik 1954). In the Bristol Bay area, grayling generally spawn
in May (Russell 1980). In 1982 and 1983, grayling in the Susitna
River drainage spawned from late May to mid June (ADF&G 1983,
Sundet and Wenger 1984). Grayling in the Chandalar River drainage
in northeast Alaska enter tributaries and spawn during the latter
half of May (Craig and Wells 1975). In Weir Creek, tributary to
the Kavik River in the Shaviovik River drainage on the arctic
coastal plain, grayling spawn in mid June (Craig and Poulin 1974).
Spawning time is also mid June in Happy Valley Creek, tributary to
the Sagavanirktok River (McCart et al. 1972). Grayling spawning
in small tributaries of the Colville River is completed by the end
of June (Bendock 1979). The spawning period often coincides with
the rising water temperatures and flooding of spring breakup.
Grayling typically ascend to spawning sites as soon as flow
conditions permit passage (Krueger 1981).

Reproductive Behavior

Males enter the spawning grounds and establish territories in
riffle areas, which they vigorously defend against other males.
Females remain in deep pools and enter the riffles only for short
periods to spawn (Tack 1971). The spawning act involves intensive
simultaneous body-arching and vibrating; no redd is dug, but small
depressions usually result from the spawning activity. During the
spawning act, the posterior portion of the female's body may be
forced into the gravel by the male's tail working vertically
(ibid.). Eggs are simultaneously fertilized and deposited 2 to
3 cm below the gravel surface (Kratt and Smith 1977, Van Wyhe
1962). The eggs are adhesive prior to water-hardening and have a
slightly higher specific gravity, enabling them to sink to the
bottom rapidly, where they are covered by settling material
loosened during the spawning act (Brown 1938, Warner 1955). The
female resumes her former resting position after spawning. Both
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sexes may spawn more than once with various partners (Krueger
1981). The duration of spawning activity may range from four days
to two weeks (Craig and Poulin 1975, McCart et al. 1972, Tack
1971, Warner 1955). Conflicting observations exist 1in the
literature concerning an apparent diurnal pattern of spawning
activity. Van Wyhe (1962) and Warner (1955) reported that most
spawning activity occurred between 8:00 P.M. and 4:00 A.M.
Russell (pers. comm.) has also observed grayling spawning at night
in Lower Talarik Creek in Southwest Alaska. Other observations,
however, indicate that spawning activity occurs only during
daylight hours and probably ceases during the evening (Bishop
1971, Kruse 1959, MacPhee and Watts 1976, Scott and Crossman 1973,
Tack and Fisher 1977). Williams (1968) noted that grayling from
Tolsona Lake near Glennallen, Alaska, entered Bessie Creek to
spawn only at dusk and after dark. In contrast, grayling from
Moose Lake entered Our Creek during all hours (ibid). Williams
hypothesized that the difference may be due to the lack of cover
in Bessie Creek.

Age at Sexual Maturity

The point at which sexual maturity is reached varies and is
probably more related to size than to age (Armstrong 1982). In
the interior systems and the lower Kuskokwim River, lower Yukon
River, Seward Peninsula, and Tanana River, grayling reach maturity
by age 4, 5, or 6 (A1t 1977, 1978, 1980; Armstrong 1982; Wojcik
1955). Most grayling begin spawning in the Bristol Bay area at
age 5 (Russell 1980). Grayling from Crescent Lake on the Kenai
Peninsula mature at age 3 or 4 (Engel 1973).

Grayling in the upper Susitna River mature at age 4 or 5 (ADF&G
1983, Schmidt and Stratton 1984). In the North slope systems,
most grayling appear to mature later, at ages 6 or 9 (Armstrong
1982). Craig and Wells (1975) noted that the age at which
grayling reach sexual maturity in the Chandalar River drainage is
highly variable, ranging from ages 5 to 10 in the Chandalar River,
ages 6 to 8 in Monument Creek, and ages 4 to 9 in Strangle Woman
Creek. Grayling in the Pilgrim River near Nome are nearly 100%
mature by age 6 (A1t 1980). Grabacki (1981) found that upper
Chena River ?Interior Alaska) populations subject to heavy fishing
pressure showed slower individual growth rates, younger average
age, and lower natural mortality than populations in areas free of
fishing pressure. Longevity is variable, with northern
populations generally living longer than southern populations. In
some unexploited populations, a high percentage 1ive beyond age 8,
with some surviving up to at least age 22 (deBruyan and McCart
1974, Craig and Poulin 1975, Craig and Wells 1975).

Frequency of Breeding

Grayling spawn annually upon maturation (deBruyan and McCart 1974,
Craig and Wells 1975, Engel 1973, Tack 1980, Williams 1969).
Fecundity

Fecundity varies, apparently depending on the size of the fish and
the stock. Williams (1968) sampled eight greyling from Bessie
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Creek, which connects Tolsona and Moose lakes, and found an
average fecundity of 4,490 eggs per fish. Schallock (1966) found
an average fecundity of 5,350 eggs from 24 Interior Alaska
grayling. Individual fecundities ranged from 1,700 eggs for 267
mm-long fish (fork length) up to 12,350 for a 400 mm-long fish.
An average fecundity of 8,968 was found for 20 grayling from the
Yukon Territory (deBruyan and McCart 1974, cited in Armstrong
1982), with no significant correlation between fecundity and fish
length.

Incubation Period and Time of Emergence

Embryo development is rapid (13 to 32 days) and is directly
correlated with water temperatures (Bishop 1971, Kratt and Smith
1977). Kratt and Smith (1977) found that arctic grayling eggs in
northern Saskatchewan hatched in 32 days at a mean daily tempera-
ture of 5.8°C. Field studies in Interior Alaska by Warner (1955)
and Wojcik (1954, 1955) indicated that at an average water
temperature of 7.8°C eggs eyed in 14 days and hatched in 18 days,
and eggs incubated at a mean temperature of 15.5°C hatched in
8 days. In another field study, eggs incubated at an average
water temperature of 8.8°C eyed at 10 days and began hatching in
13.7 days (Bishop 1971). Alevins remain in the gravel and almost
completely absorb their yolk sacs before emerging (Kratt and Smith
1977). Young-of-the-year are present by June 5 in the Bristol Bay
area (Russell 1980).