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THE SECRETARY OF THE INTERIOR
WASHINGTON

April 21, 198/

Dear Reader:

The Alaska National Interest Lands Conservation Act (ANILCA) of 1980 set aside
more than 100 million acres of land in Alaska as national parks, preserves, wildlilc
refuges, and wilderness areas. At that time, the Congress specifically left open the
question of future management of the 1.5-million-acre coastal plain of the 19-million-
acre Arctic National Wildlife Refuge because of the area’s potentially enormous oil
and gas resources and its important wildlife values.

ANILCA directed the Department of the Interior to conduct biological and
geological studies of the Arctic Refuge coastal plain, and to provide the Congress
with the results of those studies and a recommendation on future management of the
area. The following report culminates more than 5 years of biological baseline
studies, surface geological studies, and two seasons of seismic exploration surveys.
The Arctic Refuge coastal plain is rated by geologists as the most promising onshore
oil and gas exploration area in the United States. It is estimated to contain more
than 9 billion barrels of recoverable oil, an amount approximately equal to Prudhoe
Bay, which currently provides one-fifth of U.S. domestic oil production.

In 1986, U.S. domestic oil production dropped 9 to 10 percent; production is
predicted to drop an additional 4 to 5 percent in 1987, if prices do not drop this
year. At the same time, U.S. oil consumption, which has exceeded domestic
production since the 1960’s, is expected to increase. Our oil imports are projected
to exceed 50 percent of consumption in the 1990’s. America’s growing reliance on
imported oil for the rest of the century could have potentially serious ramifications
for our national security.

The following report analyzes the poiential environmental consequences of five
management alternatives for the coastal plain, ranging from opening for lease of the
entire area for oil and gas development, to wilderness designation. A legislative
environmental impact statement has been integrated into the report.

Public hearings were held in January 1987 on a draft report and
recommendation. These hearings were attended by representatives of the
Governments of Canada and Alaska, Alaska Natives, other interested parties, and'the
general public. Seven thousand of the 11,000 comments received favored opening
the Arctic Refuge coastal plain for oil and gas leasing and development.

Based on the analyses conducted, public comment on the draft report, the
national need for domestic sources of oil and gas, and the Nation’s ability to develop
such resources in an environmentally sensitive manner as demonstrated by two
decades of success at Prudhoe Bay and elsewhere, | have selected as my preferrcd
alternative, making available for consideration the entire Arctic Refuge coastal pliin
for oil and gas ieasing. Although the entire area should be considered for leasing.
only a percentage would actually be leased, an even smaller percentage would b
explored, and--if oil is discovered--a still smaller percentage would be developad.



The step—by-step environmental planning, review, and evaluation
included in a leasing program provide the best opportunity for the Deps
decide what areas to lease, based on the most accurate and advanced
available at each step of the leasing process. Although the exact procet
upon the leasing program established by the Congress, compliance with i
Environmental Policy Act is required for each lease sale, exploration
development and production plan.

The following report provides information critical for the Congress to consl
determining the future management of the Arctic Refuge coastal plain.
Congress must enact legislation to authorize an oil and gas leasing program for
area. We will work with the Congress to ensure that any leasing program devel
will avoid unnecessary adverse effects on the environment.

Legislative proposals are currently in the Congress to establish the formula
sharing with the State of Alaska any revenues from an oil and gas leasing progra
the Arctic Refuge coastal plain. There also is a proposal that would direct a pol
of the Federal share of such revenues to conservation activities. We look forward:
working with the Congress on such matters as well as in determining futu
management of the Arctic Refuge coastal plain. My preliminary recommendati
(Chapter Vill) will become final upon formal transmittal to the Congress of the
following report. ‘

. Sincerely,

DONALD PAUL HODEL



TYPE OF ACTION

Recommendation for legislative action concerning
kiture management of the 1.5-million-acre coastal plain of
the 19-million-acre Arctic National Wildlife Refuge (referred to
tisrein as the “1002 area"), located in northeastern Alaska.

DESCRIPTION OF THE PROPOSED ACTION

The Secretary of the Interior recommends to the
tiongress of the United States that it enact legislation
directing the Secretary to conduct an ordery oil and gas
leasing program for the 1002 area at such pace and in
such circumstances as he determines will avoid
unnecessary adverse effect on the environment.

The 1002 area is the Nation's best single opportunity
to Increase significantly domestic oil production. It is rated
by geologists as the most outstanding petroleum
exploration target in the onshore United States. Data from
nearby wells in the Prudhoe Bay area and in the Canadian
Beaufort Sea and Mackenzie Delta, combined with
promising seismic data gathered on the 1002 area, indicate
extensions of producing trends and other geologic
conditions exceptionally favorable for discovery of one or
more supergiant fields (larger than 500 million barrels).

There is a 19-percent chance that economically

recoverable oil occurs on the 1002 area. The average of all
estimates of conditional economically recoverable oil
resources (the "mean") is 3.2 billion_barr Based on this

- estimate, 1002 area production by the year 2005 could
provide 4 percent of total U.S. demand; provide 8 percent
of U.S. production (about 660,000 barrels/day); and reduce
Imporis by nearly 9 percent. This production’could provide
net national economic benefits of $79.4 billion, including
Federal revenues of $38.0 billion.

ENVIRONMENTAL EFFECTS

Potential impacts were assessed for exploration,
development drilling, and production. Impacts predicted for
exploration and development drilling were minor or negligible
on all wildlife resources on the 1002 area. Production of oil
Is expected to directly_affect only 12,650 acres or 0.8
percent of the 1002 area. Consequences on species such
as brown bears, snow geese, wolves, moose, and the
Central Arctic caribou herd are expected to be negligible,
minor, or moderate.

Potential major_effects_on wildlife from production are
limited to the Porcupine caribou ﬁerg and reintroduced
muskoxen. "Major biological effects” were defined as:
widespread, long-term change in habitat availability or
quality which would likely modify natural abundance or
distribution of species. Modification will persist at least as
long as modifying influences exist.”

SUMMARY

ARCTIC NATIONAL WILDLIFE REFUGE, ALASKA, COASTAL PLAIN RESOURCE ASQES_
Heport and Recommendation to the Congress/Fmal Legislative Environmental Impact t
APRIL 1987
Prepared by the U.S. Fish and Wildlife Service, in cooperation with the U.S. Geological Survey and
the Bureau of Land Management, Department of the Interior, Washington, D.C. 20240.

The Porcupine caribou herd has #h
preference for calving on the 1002 area including
Jago River area (84,000 acres or 5.4 percent of
area). A potential consequence would be displace
portions of the herd seeking to calve in the upp
River area-the case only if the area were the
major producing oil field. It is unlikely, though p
that such displacement would result in any app
decline in herd size.

The potential effects of oil and gas activities
area’s muskoxen are unknown, although biologists p ]
that major effects could be: (1) substantial dlsp|acern
from currently used habitat and (2) a slowing of the ‘herd
growth rate, as distinguished from a diminution in herd. size

Potential effects on Native 'subsistence fall into two
categories: the village of Kaktovik and villages outside’
1002 area. In the case of Kaktovik, a major restriction "
subsistence activities could occur. This would likely resu
from the physical changes proximate to Kaktovik which
could interfere with traditional activities. Subsistence effects
on villages outside the 1002 area, including those in
Canada, are expected to be minimal.

ALTERNATIVES TO THE PROPOSED ACTION

Alternatives for the Congress that were discussed in
the report and legislative environmental impact statement
include: (1) Authorize leasing limited to a part of the 1002
area based on environmental considerations (Alternative B);
(2) authorize further exploration only, including exploratory
drilling (Alternative C); (3) continue current refuge status
with no further oil and gas activity allowed (Alternative D)
and (4) designate the area as wildemess (Alternative E).
For purposes of environmental impact statement analysis,
Alternative D is considered the "no action" alternative.
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BACKGROUND

The Arctic National Wildlife Refuge, in the
stern cormner of Alaska, was first established as the
National Wildlife Range by Public Land Order 2214 in
for the purpose of preserving unique wildlife,
#1#58, and recreational values. The original 8.9-million-
flange was withdrawn from all forms of appropriation
the public land laws, including mining laws but not
rig mineral leasing laws. This order culminated
sive efforts begun more than a decade earlier to
w# this unique part of Alaska.

‘The Alaska National Interest Lands Conservation Act
L3A), passed in 1980, established 16 National Wildlife
g% In Alaska, among them the 19-million-acre Arctic
anal Wildlife Refuge, hereafter referred to as Arctic
. The Arctic Refuge today encompasses the existing
_ﬁion-acre wildlife range and approximately 10 million
¢ acres of adjoining lands west toward the Trans-
ﬂ Pipeline System (TAPS) and south to the Yukon
Approximately 8 million acres, comprising most of
original Arctic National Wildlife Range, was designated
638,

ANILCA also redefined the purposes of the Arctic
- .

To conserve fish and wildlife populations and
habitats in their natural diversity including, but not
limited to, the Porcupine caribou herd (including
participation in coordinated ecological studies and
management of this herd and the Western Arctic
caribou herd), polar bears, grizzly bears,
muskoxen, Dall sheep, wolves, wolverines, snow
geese, peregrine falcons and other migratory
birds, and Arctic char and grayling;

ARCTIC NATIONAL WILDLIFE REFUGE, ALASKA,
COASTAL PLAIN RESOURCE ASSESSMENT

CHAPTER |

INTRODUCTION

‘Found on the refuge is a full complement of arctic fiora and

(i) To fulfill the international treaty obligations of the
United States with respect to fish and wildlife and
their habitats;

(iif) To provide, in a manner consistent with the
purposes set forth in subparagraphs (i) and (i),
the opportunity for continued subsistence uses by
local residents; and

(iv) To ensure, to the maximum extent practicable and
in a manner consistent with the purposes set
forth in paragraph (i), water, quality and necessary
water quantity within the refuge.

The Arctic Refuge offers wildlife, scientific,
recreational, and esthetic values unique to the Arctic
coastal ecosystem. In the Arctic Refuge, a person traveling
on foot or by boat can traverse a full range of North Slope
landscapes and habitats, because of the proximity of the
Arctic coast to the mountains. Mt. Chamberlin, 9,020 fest;
Mt. Isto, 8,975 feet; Mt Hubley, 8,915 feet; and. Mt
Michelson, 8,855 feet-the four tallest peaks in the Brooks
Range-are in the Arctic Refuge. The Arctic Refuge contains
the only extensive active glaciers in the Brooks Range.

fauna, including the calving grounds for the Porcupiné
caribou_herd, one of the largest in Alaska (approximatedy
180,000 caribou), and habitat for the threatened arcti:
peregrine falcon, lesser snow goose, and other migratey
bird species, and reintroduced muskoxen.

During the 1970's the Alaskan arctic coastal g
was the site of several studies on oil and gas po
possible oil and gas transportation corridors, and
resources (U.S. Department of the Interior, 1872

INTRODUCTION-BACGKCHI



‘The Alaska Matueat s Trgnsportation System studies on
he Range inchuded satensive biological studies, as did
tudies for this peandg and development of the TAPS to
the west of e Hangs,

shiug the 7 years ANILCA was being considered in
wess, and particularly during 1977-80, the issue of
% exploration and development on the 1.55-million-
i¢ Refuge coastal plain was fully debated. Some
s wanted the coastal plain designated as
g, and some favored opening it to oil and gas
As explained in the 1979 Senate Report:

e Committee was particularly concerned with the
R [Arctic National Wildiife Range]. In hearings
in markup, conflicting and uncertain information
as presented to the committee about the extent of
“oll and gas resources on the Range and the effect
development and production of those resources
would have on the wildlife inhabiting the Range and
the Range itself. The nationally and intemationally
_ recognized wildlife and wilderness values of the
. Range are described in the discussion of the
. Committee amendments to Title lll. The Committee

was determined that a decision as to the

development of the Range be made only with

162°

adequate information and the full participation of the
Congress." [Senate Report 413, 96th Cong. 1si
Sess. at 241(1979)].

Therefore, the Congress created section 1002 of
ANILCA to deal with the issue.

PURPOSE AND NEED FOR
THIS REPORT

Specifically, section 1002 of ANILCA requires the
Secretary of the Interior:
1. To conduct a comprehensive, continuing baseline
study of the fish and wildlife resources of the Arctic
Refuge 1002 area (fig. I-1). [Throughout this report
the term "1002 area" refers to that part of the Arctic
Refuge defined as the "coastal plain" by section
1002(b) of the ANILCA];

To develop guidelines for, initiate, and monitor an oil
and gas exploration program; and

! .
Ared illustrated o
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Figure I-1.--Index map of northern Alaska showing location of 1002 area in relation to the Arctic National Wildiife Refuge
(Arctic Refuge), the National Petroleum Reserve in Alaska (NPRA), and Prudhoe Bay. Four highest peaks in the
Brooks Range: C, Mt. Chamberlin; |, Mt. Isto; H, Mt. Hubley; M, Mt. Michelson.
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3. To prepare a "Report to Congress" which describes
the fish and wildlife resources of the 1002 area;
identifies and estimates the volume and areal extent
of potential hydrocarbon resources; assesses the
potential impacts of development; discusses
transportation of oil and gas; discusses the national
need for domestic sources of oil and gas; and
recommends whether further exploration,
development, and production of oil and gas should
be allowed. '

The U.S. Fish and Wildlife Service (FWS) has lead
responsibility for meeting these Congressional mandates.
Under an interagency memorandum of understanding (MOU)
dated June 1983, the Bureau of Land Management (BLM)
and the Geological Survey (GS) have assisted the FWS by
providing technical expertise in reviewing industry-proposed
exploration plans, conducting geologic studies and
assessing the hydrocarbon potential of the 1002 area, as
well as developing this report. The status of these
activities is reported herein.

BASELINE STUDY OF FISH AND
WILDLIFE RESOURCES

The FWS began biological baseline studies of
selected fish and wildlife species of the 1002 area during
the spring of 1981. An initial baseline report that described
the 1981 field season (spring-fall) and reviewed existing
literature was published in April 1982. The results of
subsequent field seasons (1982-85) were documented in
four annual baseline update reports and a final baseline
report. (See "References cited" for the listing of these
publications.) The final baseline report was published in
December 1986.

The 1002 area baseline studies represent more than
60 staff-years of research effort (that is, data collection,
analysis, and synthesis). Fifty-seven separate field studies
defined (1) the ecology, distribution, and abundance of fish
and wildlife species, (2) wildlife habitats within the 1002
area, and (3) the impacts of seismic exploration on tundra
vegetation.

Section 303 of ANILCA, which reestablished existing
refuges, specified that a purpose of the Arctic Refuge was
to conserve fish and wildlife populations. Among the
species or groups of species mentioned in section
303(2)(B)(i) that were studied on the 1002 area were

caribou, muskoxen, wolves, brown bear, wolverines,.

migratory birds, and fish, as well as the vegetation. The
Fish and Wildlife Service staff was assisted by the State of
Alaska Department of Fish and Game, Canadian Wildlife
Service, Yukon Department of Renewable Resources,
researchers from the Cooperative Wildlife Research Unit at
the University of Alaska, and volunteers. Investigative
techniques included visual observations, aerial censuses,
radio telemetry, and satellite tracking. These baseline
studies of the 1002 area are the basis for the description of
the biological environment in Chapter |l and the analysis of
environmental consequences in Chapter VI.

OIL AND GAS EXPLORATION PRt

Section 1002(a) of ANILCA authorized off
exploration on the 1002 area in a manner that wi
significant adverse effects on fish, wildlife,
resources. Exploration included surface geological
geophysical work but not exploratory drilling. i

The FWS published an environmental imp&,
statement in February 1983, and final regulations governing
exploration on the 1002 area were published in the Federal
Register on April 19, 1983 (48 Federal Reqister 16838-16872;
50 CFR 37). As required by section 1002(d), the :
regulations were developed to ensure that exploratory
activities did not have a significant adverse effect on fish
and wildlife, their habitats, or the environment :(FWS and
others, 1982, 1983).

~  During the summers of 1983-85, exploration crews
from 15 companies visited the 1002 area. No surface
vehicles were allowed; access was by helicopter. The work
involved field observations, surface measurements, mapping,
and collection of rock samples. Samples were analyzed for -
age and geochemistry (hydrocarbon-generation potential)
and porosity and permeability (hydrocarbon-reservoir
potential). The FWS carefully monitored all activities, and
no adverse effects on fish or wildlife were observed from
helicopter-supported surface exploration during summer
months. ~1

The FWS issued one permit for a helicopter-
supported gravity survey that was conducted during the late
summer of 1983. The permittee (International Technology
Ltd.) collected approximately 1,300 gravity readings from the
ground along a 1x2-mile grid covering the entire 1002 area.

During the winter months, when most wildlife species
were absent or were present in lesser numbers, seismic
operations were permitted. More than 1,300 line miles of
seismic data was acquired during the winters of 1983-1984
and 1984-1985. The seismic program provided subsurface
data on the area’s oil and gas potential. As the only
exploration technique involving mechanized surface
transportation, it posed the greatest possibility of adverse
environmental effects. Therefore, to avoid significant
adverse impacts, the FWS:

1. Allowed only one permittee (Geophysical Service
Inc.), representing an industry group of 23-2
companies, to collect seismic data,

2. Restricted activities in sensitive wildlife areas (such &

near bear dens) or where snow cover was Insufficiesnt:
to protect the tundra,

1Symbol indicates modification of draft riy
page 6 for full explanation of symbols,
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Limited the number of ine miles of selsmic survey to
only that amount necessary to yield data from which
to develop & credible ol and gas resource
assessment, and

ced full-time FWS monitors on each seismic crew.

y restricting or rerouting overland travel in areas of
inade uate snow cover or sensitive vegetation, the monitors
eﬁectlvely limited adverse environmental impacts. They also
collected data on the severity of the seismic surveys’
‘surface. :mpact in relation to snow depth, topography, and
'vegelatwn type. Several more seasons of followup studies
‘long-term impacts, if any, will supplement their
obsewatipns of short-term surface disturbance.

REPORT PREPARATION

Under provisions of the MOU, an “Interagency
Advssory Work Group" was formed in March 1984 to
oversee the preparation of this report. The work group,
headed by the FWS, comprised FWS, GS, and BLM
representatives. The group called on more than 50
technical experts within the three bureaus to contribute to
various sections of this report. Contributors are listed at
the front of this report.

This document provides the basis for the Secretary
of the Interior's recommendation to the Congress
concerning future management of the 1002 area. The
document fulfills the requirements of both section 1002(h) of
ANILCA and section 102(2)(C) of the National Environmental
Policy Act (NEPA) of 1969.

Section 1002(h) of ANILCA mandates that the report
must contain:

1. The identification, by means other than drilling of
exploratory wells, of those areas within the coastal
plain that have oil and gas production potential and
an estimate of the volume of the oil and gas
concerned (Chapter lll).

2. The description of the fish and wildlife, their habitats,
and other resources that are within the areas
identified under paragraph (1) (Chapter Il).

3. An evaluation of the adverse effects that the camying
out of further exploration for, and the development
and production of, oil and gas within such areas may
have on the resources referred to in paragraph (2)
(Chapter Vi).

4. A description of how such oil and gas, if produced
* within such area, may be transported to processing
facilities (Chapter V).

5. An evaluation of how such oil and gas relates to the

national need for additional domestic sources of oil
and gas (Chapter ViI).

4 ARCTIC REFUGE RESOURCE ASSESSMENT

6. The recommendations of the Secretary with respect

to whether further exploration for, and the
development and production of, oil and gas within
the coastal plain should be permitted and, if so, what
additional legal authority is necessary to ensure that
adverse effects of such activities on fish and wildlife,
their habitats, and other resources are avoided or
minimized (Chapter VIII).

~  The first seven chapters of this report also constitute

a legislative environmental impact statement (LEIS) pursuant
to section 1506.8 of the Council on Environmental Quality's
(CEQ) regulations to implement NEPA (40 CFR 1500-1508).
Chapters V and VI in particular discuss and evaluate five
major alternatives from which the Secretary’s
recommendation (Chapter Vill) has been derived. Those
alternatives are for the Congress to: (A) authorize full
leasing of the entire 1002 area; (B) authorize leasing limited
to a part of the 1002 area; (C) authorize further exploration,
including exploratory drilling, only; (D) continue current
refuge status with no further oil and gas activity allowed;
and (E) designate the area as wilderess. For the purpose
of EIS (environmental impact statement) analysis, alternative
A is considered the "proposed action" and Alternative D is
considered the "no action" or baseline alternative. ~

Estimates of conditional economically recoverable
resources described in Chapter |l form the basis for
hypothetical oil exploration, development, production, and
transportation scenarios outlined in Chapter IV which are
used in the LEIS to determine and measure environmental
impacts, and to discuss the national need in Chapter Vil.

~  Any Congressionally authorized oil and gas program

on the 1002 area would have some degree of cumulative
effect with other existing and potential activities on the
North Slope of Alaska, including State and Federal offshore
leasing programs, oil and gas exploration programs to the
east in the Canadian Arctic, and further Federal or State
leasing on the North Slope. Also possible is the further
expansion of oil and gas activities in and around Prudhoe
Bay. Chapter VI includes a general discussion of the
potential for cumulative effects. Where information is
available for a particular species, cumulative effects are
added to the individual impact discussions. ~ ’

~ Leasing and operations would be subject to all
appropriate Federal and State regulations and further
environmental evaluation at appropriate stages of the
development. Depending on the decision of the Congress,
this programmatic LEIS may suffice for initial leasing.
However, exploration proposals normally require site-specific
NEPA evaluations, and a development and production
proposal would require a site-specific EIS. Any future EIS
on development of the 1002 area would, to the extent
appropriate, be tiered on this programmatic LEIS. ~



~ |If leases are eventually developed, all applicable
Federal and State regulations would apply to oil exploration,
development, production, and transportation unless they
were superseded by the legislation enacted by the
Congress to open the 1002 area to leasing, and any
implementing regulations. Currently more than 36 Federal
and 5 State of Alaska laws, and 111 separate regulations
found in 6 separate titles in the Code of Federal
Requlations apply to oil and gas activities in Alaska. Some
examples are the National Wildlife Refuge System
Administration Act; Fish and Wildlife Coordination Act;
Endangered Species Act; Clean Water Act; Coastal Zone
Management Act; Alaska Native Claims Settlement Act;
Alaska Environmental Conservation Act, Title 46; Alaska Oil
Pollution Control Law; and Alaska Coastal Management
Act. ~

~  Section 303 of ANILCA, which establishes additions

fo existing refuges, requires that the Arctic Refuge be
managed “to fulfill the international treaty obligations of the
United States with respect to fish and wildlife and their
habitats * * *" [Section 303(2)(B)(ii)]. International treaties
and agreements related to fish and wildlife species that are
either resident, transient, or occasionally found in the 1002
area, include:

1. Convention on Nature Protection and Wildlife
Preservation in the Western Hemisphere, October 12,
1940 (56 Stat. 1354, TS 081), Article VI, Migratory
Birds.

2. Convention between the United States and Great
Britain (for Canada) for the Protection of Migratory
Birds (39 Stat. 1702; TS 628), as amended.

3. Convention with the Union of Soviet Socialist Republics
on the Conservation of Migratory Birds and Their
Environment (TIAS 9073).

4. Convention between the United States of America and
Japan for the Protection of Birds and Their
Environment (25 U.S.T. 3329, TIAS 7990).

6. Agreement on the Conservation of Polar Bears (TIAS
8409).

6. International Convention for the Regulation of Whaling,
Whaling Convention Act of 1949 [16 U.S.C. 916-
816(1)]. Article 1l of the act established the
International Whaling Commission.

7. Convention on International Trade in Endangered
Species of Wild Fauna and Flora (TIAS 8249).

~ PUBLIC INVOLVEMENT

During the early stages of preparing
draft report and detailed LEIS for departmental’
action was taken against the Department and thé
Wildlife Service by Trustees for Alaska &
environmental groups in Trustees for Alaska, et aj
A85-551 (D. AK. Feb. 25, 1986). The plaintiffs con
that the Department’s plans (that is, to circt
report/LEIS for public comment concurrently
submittal to Congress and to forward any
received and the Department’s responses sub
failed to fully comply with NEPA, and that the D
must provide an opportunity for public partici
preparation of the report/LEIS in advance of its s
Congress. The court ruled in favor of the plainti
court order dated February 25, 1986, the Depariment
directed to prepare both a draft and a final report/LEIS; :
permit public review and comment on the draft report/LE
The court further directed that public meetings on the
report/LEIS be held in Alaska and elsewhere and that the

Department’s responses to public comments be published
locally before or at the time the final report/LEIS is
submitted to the Congress. It was the position of the
Department and the Service that a draft report/LEIS need
not be circulated in advance and that a single detailed
report/LEIS, as provided for in 40 CFR 1506.8(b)(2), fully
complies with the requirements of NEPA.

Even though the government felt that the district
court's ruling was incorrect, the Department of the Interior
began the administrative process laid down by the district
court because a final report/LEIS had already been delayed
beyond the September 1986 deadline established by
ANILCA. Subsequently, the Department unsuccessfully
argued an appeal of the decision.

On November 24, 1986, the draft report/LEIS was
made available for public review and comment. Originally
scheduled to close January 23, 1987, the comment period
was extended to February 6, 1987, at the request of the
Governor of Alaska and others. Public meetings were held
January 5, 1987, in Anchorage, Alaska, January 6 in
Kaktovik, Alaska, and January 9 in Washington, D.C.
Copies of the report/LEIS were sent to all Federal, State
and local agencies with jurisdiction by law or special
expertise; to the Government of Canada and the Yukon and
Northwest Territories; to conservation organjzations; to
affected Native regional and village corporations and other
organizations; and to the oil and gas industry.

During the comment period, 11,361 letters were
received. The vast majority of these letters were generally
a statement as to either (1) make the 1002 area available
for oil and gas leasing, or (2) make the 1002 area a
designated wilderness. Of those letters, 7,491 favored
leasing and 3,707 favored wilderness designation. Letters
were received from individuals in every State in the Union
and Canada. Organizations, with such diverse positions &%
the Wilderness Society and the Alaska Oil and Gas
Association, were responsible for 821 of the comments.

INTRODUCTION-REPORT PREPARATION %



Substantive pomwasds o the gontent of the repon
feelf were received Wam 11 mspondents.  To facilitate

‘anaiyae&, t?m saswrents warg biroken down into the

3 © Finderad govesamaents, State and local
. rgasizations, and private individuals.
,,d substantive esmments was reviewed.
espanses are contained in the "Summary of
tiws wnd Public Comments® section of this report
guplicated In the appendix to this report (v. 2).
rt was modified as appropriate based on
recelved. Throughout the report, the symbol ~
1) passages that have been significantly modified
# draft LEIS published in November 1986 and (2)
al.

™~ DEPICTION OF CIVIL BOUNDARIES ~

~ “Civil boundaries are the limiting lines of jurisdictional

i authomy for the various levels of government. These
boundaries are shown on topographic quadrangle [and
other] maps of the Geological Survey, but they are
invariably derived from another source. The Survey does
not make original boundary surveys, and the boundaries
shown on the maps are not intended as conclusive
evidence of land ownership or jurisdictional limits. Original
boundary surveys executed by the appropriate organization
provide the definitive evidence for settling boundary
questions. Nevertheless, the boundaries shown on Survey
quadrangle maps are often regarded by the general public
and local authorities as representing authoritative locations.
For this reason, boundaries are delineated on these maps
as carefully as possible from available source documents;
but the fact remains that the source documents, not the
topographic maps, have primary legal significance with
respect to boundaries." From Thompson (1981, p. 73).
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CHAPTER I
EXISTING ENVIRONMENT

INTRODUCTION PHYSICAL GEOGRAPHY AND PROCESSES

The existing environment (this chapter) and Physical Geography
subsequent analysis of environmental consequences
(Chapter Vi) are described in terms of three components: The 1.55-million-acre 1002 area, located in the
physical, biological, and human. northernmost part of the Arctic Refuge between the Brooks
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Figure ll-1.—-Map of northeastern Alaska showing the 1002 area and
important nearby geographic features.
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Range and the Beaulort Soa (fig. ll-1), more than 250 miles
“above the Arctie Cirgle, Iz kv the tundra-covered Arctic
Coastal Plain Pravinge, the only extension of the Interior
Plains of Newth Amisrica in Alaska (Wahrhaftig, 1965). It is

wy the north by the Beaufort Sea, and on the
roftheast-flowing Aichilik River. The south
vy follows township lines and approximates the
slevation contour. The north-flowing Canning
s Rivers are the west boundary of the 1002 area
ctic Refuge. The 1002 area constitutes about 75
b’ the total coastal plain of the Arctic Refuge.

“ The 1002 area is about 104 miles in length at latitude
69951'N.  Maximum width s about 34 miles; minimum is 16
milas, south of Camden Bay, The area has 10 major
northward-flowing rivers and 14 smaller rivers or named
creeks, The majority of large rivers are braided; nearly all
he creeks, even the many small unnamed ones, have
extensive btimlmf systems,

Except for about 4 percent of scattered bedrock
outcrops, the 1002 area is covered by a thin mantle of
unconsolidated, frozen sediments of Cenozoic age that
range in thickness from a few feet to about 100 feet (fig.
II2). The outcrops are mainly poorly consolidated Tertiary
siltstone, mudstone, sandstone, and conglomerate in the
Marsh Creek and middle Jago River areas; a few minor
outcrops of Cretaceous and Jurassic shales along the
lower Jago River; and Cretaceous and Jurassic shale, near
the Niguanak River and in the Sadlerochit Spring area..

Oil seeps have been found in the Manning Point
area, about 6 miles north of the 1002 area, and near Angun
Point, within the 1002 area. Oil-stained sandstones crop
out near the middle reaches of the Katakturuk River; and
oil-bearing sands and shales having an odor of oil crop out
along the lower Jago River, about 10 miles south of Barter
Island.
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Morainal deposits — Composed of compact, silty, bouldery till

L] ‘ Slope degosits —Variable composition, ranging from silt to
Z bedroci

b I Bedrock

..............................

s Gontact

-——z—— Anticlinal fold

Figure l1-2.--Generalized surficlal deposits of the 1002 area. Map indicates surface materials only
and not what could be borrowed for fill. Geology by Carter, Ferrians, and Galloway (1986).



Despite the arctic climate prevailing during the
Pleistocene epoch, about 90 percent of the 1002 area is
unglaciated. A large valley glacier extended northeastward
approximately 12 miles into the area and probably about 7
miles along the Tamayariak River (southwest corner of 1002
area, map unit m on fig. 11-2). Smaller valley glaciers
extended about 4 miles into the area along the Hulahula
River, just across the 1002 area boundary along the Jago
River, and 2 miles along the Aichilik River. Glacial fluvial
deposits and eolian materials are widespread, even in
unglaciated areas.

The Beaufort Sea coastline, with its narrow beaches,
is low-lying, gradually receding, and irregular in shape. It
has numerous points, many offshore shoals, mudflats, spits,
bars, and low-lying barrier islands behind which are shallow
lagoons. The coast is punctuated by deltas, the most
pronounced being those of the Canning, Hulahula-Okpilak,
Jago, and Aichilik Rivers. Tides are small; the daily tide

rarely exceeds 1 foot, and the maximum annual tide is less '

than 3 feet. Wind tides occasionally exceed the maximum
lunar tides during periods of open water, particularly in late
September-early October. The coast is characterized by
bluffs commonly 4-5 feet high, locally as high as 25 feet.
The 50-foot topographic contour is generally 2-3 miles
inland, except at Barter Island, which is only about 3 miles
wide but is higher than 50 feet in the central area. In the
low-lying Canning River delta a comparable elevation is
found about 8 miles inland.

Lagoons and bays are generally shallow, 3-12 feet
deep, except for the greater-than-15-foot depths in Camden
Bay, where the 18-foot depth contour is within about 200
yards of shore. Camden Bay offers the best reasonably
deep, protected harborage along the coast of the 1002
area.

Climate

The climate of the 1002 area is arctic marine,
characterized by extremely low winter temperatures and
short, cool summers. Winds are persistent throughout the
year. Blizzards occur frequently during the long, dark
winter. Along the coast the climate is moderated by the
sea and is less extreme. Meteorological data are limited;
those of most value for this study are the marine data from
Barter Island (Kaktovik) and the data from Umiat (to the
west and about 75 miles inland, fig. I-1), which has more of
an arctic continental climate. Umiat is the closest area for
which inland climate records exist. The recorded minimum
for Barter Island was -599F in February 1950; the maximum
was +78CF, July 1978. For Umiat the minimum was -65°F
in February 1977 and the maximum +85°F in July 1977.
The maximum and minimum temperatures last only briefly,
often only minutes, and thus do not really affect either the
environment or man’s activities.

The average monthly temperaturé i
markedly affect the environment and man's ag
year to year, the average monthly temperatur
in winter, vary widely. At Barter Island, the av
temperature was +4.5°F in 1981, -21.8°F in 1983
the average January temperature was -11.2°
-42.19F in 1984. In summer, variations are less pr
but more important because the accumulation
days above freezing (thaw index) greatly infl
depth of thaw in the soil and the rate of the melting of i
on water bodies. Some of the important average mont
temperature data and temperature-related thaw indices
tabulated below. The thaw indices show that usual
approximately three times as much heat energy Is re(ieived
at the ground surface in the Umiat area during the summer
months, but that the effect of an unusually warm summer
can be relatively much greater at Barter Island.

Average temperatures and thaw index,
Barter Island and Umiat, 1976-84

Barter Umiat
Island
Average temperature (OF):
Coldest month.......ccoveniiinninens -33.1 4241
Warmest month .......ccccoerennnes +429 +58.0
Thaw index (degree days above
freezing):
Maximum (summer)........cc.ceeeene 793 2183
Minimum (summer) .. 456 1371
Average (SUMMEN) ....cccceeerevrennee 549 1671
~ In the Arctic, chill factor is more important than air

temperature in evaluating temperature’s effect. Strong winds
coupled with cold temperatures produce chill temperatures
sometimes colder than -1009F (-359F and a 30-mph- wind)
(Selkregg, 1975). The average wind-chill factor at Barter
Island during February 1984 was -80°F (-33.19F and 15.5-
mph wind). The combination of darkness and extreme cold
in winter makes outdoor work difficult and often
hazardous.~ S5

Precipitation on the 1002 area is light but frequent,
occurring as drizzle in the summer and as light snow'in the
winter. Published summaries indicate that the annual
precipitation at Barter Island averages 6.28 inches and
ranged from 2.93 inches in 1974 to 12.22 inches in 1955.
Average summer precipitation is 0.52 inch in June, 1.01
inches in July, and 1.09 inches in August. The reported
remaining 3.66 inches generally falls as snow throughout
the rest of the year. Rainfall rarely exceeds 0.5 inch in any
one day (three times in the last 15 years). On the North
Slope, relative humidity is generally high during the
summer--80-95 percent along the coast. During winter i
falls to about 60 percent. Absolute humidity in winter i&
generally low, often 5-20 percent.

EXISTING ENVIRONMENT-PHYSICAL



Snow can fall at any time in the 1002 area, although
snowfall is greatest during September-November and

January, with a lesser fall in May. Melting begins in late

May and Is largely completed in early June. Winds
continually redistribute snowdrifts, baring inland ridgetops
and drifting in the valleys, with drifts adjacent to stream
cutbanks sometimes 20 feet deep. Higher microsites, such
as tussock tops and high-center polygons, are frequently
exposed, with hard-packed snow drifted between them.
Felix and others (1987), traveling with the seismic crews in
the spring of 1985, noted that the area west of the
Sadlerochit River had significantly less snow than the
eastern part of the 1002 area. According to numerous
measurements taken throughout the 1002 area from January
to May, average depths of snow actually accumulated on
the ground were 12 inches in 1984 and 9 inches in 1985;
measured depths ranged from 0 inches to at least 32
inches (Felix and others, 1987).

~  During 1955-84, the recorded average seasonal
snowfall at Barter Island was 42.1 inches; the minimum was
19.9 inches in 1980-81, and the maximum 71.4 inches in
1961-62. Because the wind blows almost continuously, the
snow crystals break up and pack much like fine sand; the
snow often develops a density of about 0.4, As a result
the actual winter precipitation may be about four times the
3.66 inches officially reported (Black, 1954). Wyoming type
snow gauges indicate that snowfall is somewhat loss at
Barter (an average of 5.4 inches of moisture over the last 6
years) than at Deadhorse (an average of 6.2 inches of
moisture over the last 10 years) (George Clagett, Soil
Conservation Service, unpublished data). ~

Easterly winds predominate most of the year.
However, during January-April westerly winds are often
associated with storms. The windiest month usually is
January (mean 15.0 mph) and the calmest month, July
(mean 10.7 mph). The peak gust (westerly) recorded at
Barter Island was 75 mph in January 1980. Ice storms, or
occasionally heavy rains, occur in October and January.
The coast of the 1002 area can be subjected to storms
rolling in from the Beaufort Sea during the open-water
season. Even though Barter Island, the barrier islands, the
shallow lagoons, and often nearby sea ice provide some
shelter, these storms can severely erode the coastline.

In the 1002 area, particularly along the coastline and
up to 5 miles inland, fog frequently reduces visibility. Along
the coast, fog occurs most frequently during summer. At
Barter Island, it reduces visibility to 6 miles or less about
27 percent of the time during May-September, reaching a
maximum of 31.5 percent in August. Fog occurs an
average of 10 percent of the time during the rest of the
year. Inland, Umiat has fog about 15 percent of the time
during September-May, and less than 10 percent during
June-August. '

Stratus clouds are prevalent in the Arctic during
summer months, often persisting for weeks. The base of
these clouds is often below 700 feet. At Barter Island and
Umiat, clouds cover the sky 54 percent of the year.

10 ARCTIC REFUGE RESOURCE ASSESSMENT

In the winter, blowing snow and whiteouts can create
conditions in which neither shadows, nor horizon, nor
clouds are discernible, and depth perception and orientation
are lost. At Barter Island, blowing snow reduces visibility
to 6 miles or less about 10-22 percent of the winter. This
is in addition to loss of visibility caused by fog.

At Barter Island, the sun is continuously above the
horizon from May 15 to July 27, and continuously below
the horizon from November 24 to January 17. In winter,
when the sun is not more than 6° below the horizon,
twilight permits many activities; at that latitude moonlight
can be an important source of illumination. Twilight
amounts to 6 or 7 hours in late November and is reduced
to about 3 hours by December 21.

The arctic winter is characterized by frequent
temperature inversions. Whereas the air temperature in the
lower atmosphere normally decreases with increasing
altitude, in a temperature inversion, colder air is overlain by
a warmer layer of air. During the summer, surface
temperatures are warmer and fewer inversions occur.

Freczeup normally begins in early to mid-September.
Drier areas freeze first, sometimes cycling between freeze
and thaw for several days. Wet tundra and ponds freeze
over next, then lakes and rivers and protected shallow
lagoons. In wet areas as long as 8 weeks may be required
to completely freeze the "active layer" (that layer above the
permafrost which annually freezes and thaws). A sudden
cold snap, particularly if accompanied by wind, can freeze
over all the areas within a day or two. Freezeup in the sea
depends on late summer water temperatures, nearness of
the ocean icepack, winds, and prevailing air temperatures.
Generally, at least the nearshore sea is iced over by early
to mid-October. .

Thickness of the ice on the sea, lakes, and rivers is
determined by numerous factors, including insulating value
and thickness of the snow cover. Data from the Arctic
coast indicate ice thicknesses of 2 feet in mid- to late
November, 3 feet in mid- to late December, and 4 feet by
mid- to late January. At the end of winter, the average
maximum thickness of seasonal sea ice and fresh-water
lake ice is about 6 feet. Near the cutbank of a river or &
sea bluff where snowdrifts may be deep, the ice may be
only 15-20 inches thick, whereas in the middle of the river it
may be 6 feet thick. Similarly, should the winter
temperatures be average or even mild and the snowpack be
very light, the ice may be as much as 7.5-8 feet thick.

The ground is frozen until June. Rivers fed by
melting snow in the foothills may start to flow as early as
mid-May. Ponds, lakes, lagoons, and nearshore sea ice
begin to melt in early June. Ice on deeper lakes may not
completely melt until early to mid-July. lIce breakup in
coastal lagoons and nearshore areas depends on runoff
from the land, offshore grounding, and ocean currents.
Where runoff is negligible, melting follows a pattern similar
to that in deeper lakes. Melting of ice off river mouths is
markedly different: fresh-water runoff begins in late May,






: @m m m&m b&myw the Shaviovik has
iRt GO !@_Ms sivars I the 1002

i !mr sndl highm mﬁ@ and low water
The aversgn W | pwiperature in shallow
i s i&&&a) is about 5.40F

"'.i‘iﬂﬁ paim of fresh water.
o et of the geothermal profile
i midriver do not indicate an
¢hannel on either side of the bar
iu data from the 15- and 25-foot
i i present in the channel at the
%hi@h delays the freezing process.
tlvough and beneath shallow lakes are
iy, shallow rivers freeze to the bottom;
¢éis in the river bottoms rest on permafrost
iy Hivember, are also frozen.

wedges form when the upper few feet of ground,
{6 temperatures well below freezing, contracts and
usually In a polygonal pattern. Hoarfrost forms in
cracks and is cemented by spring meltwater, leaving

= /”

AT TN
W

o

T At s,

12 ARCTIC REFUGE RESOURCE ASSESSMENT

-+ _ ,,,//// \\\\\\ ~=~

TP |
/1\, _ J\
”””” \\\\ _ -
/// /2 /\\\\\\\ -

R RO S RPN Y S VIR YV ERTRTRN 7
NTTIICRAI ' ///////

a vertical stringer of ice. This ice limits expansion of
warming permafrost in summer and the adjacent mineral
soils are displaced upward; repeated cracking and widening
of the ice wedges over many years eventually results in
elevated ridges of material on each side of the wedges
(Lachenbruch and others, 1962). Polygonal ground is the
common surface feature in the 1002 area. Most polygons
range in diameter from 30 to 200 feet and are easily
recognized; some in the southen part of the 1002 area are
masked by tussock-type tundra. = Usually each polygon is
separated from the adjacent polygons by ice wedges a few
inches to several feet wide at the permafrost table. These
ice wedges are 10-18 feet deep and are interconnected.
Some small streams may have originated by the melting of
a long series of ice wedges. Beaded streams, the beads
located at the intersections of ice wedges, follow this
pattemn.

Most polygonal areas contain "low-centered".
polygons, characterized at the outer edges by upthrust
ridges that impede drainage from the polygon, giving the
enclosed area a rice-paddy appearance.

Where slopes near streams or some lake banks allow
drainage, "high-centered" polygons may occur. These
polygons originated in the same manner as low-centered

Small
deep lake

Figure 11-3.—Schematic diagram showing the effect of surface features on the distribution of
permafrost in the continuous permafrost zone. Modified from Lachenbruch, Brewer, Greene,
and Marshali (1862).






~. Several éprings occur along the north edge of the
eastern Brook;é Range. The largest of these is Sadlerochit
Spring, just inside the south boundary of the 1002 area (fig.
II-2). The spring flows year round; rate of discharge and
‘water temp‘_e“?ature are variable. Various discharges reported
for the sp(fng range from 21.2 cubic feet per second (cfs)
(Craig and McCart, 1974) to 35-53 cfs (Craig, 1977), and
88.3 cfs (Williams, 1970). Warm termperatures of between
439F (Cralg and McCart, 1974) and 50-580F (Craig, 1977)
have been measured. ~

Numerous small springs have been found on rivers
orin valﬁays south of the 1002 area where large icings have
been observed (FEIS, 1983; Williams, 1970). Selected
physical ﬁ‘arameters have been measured for some springs
(U.S. Fishiand Wildlife Service, 1982). Icings (aufeis),
especially those reported on rivers, require investigation to
determine Whether they result from discharge from true
springs c;qEE from freezing of meltwater in areas having
relatively steep gradient.

Tui?pidlty from suspended sediment impairs water
quality, §uspended—sedimem concentrations are highest in
the major streams and rivers during spring breakup and late
summer-and fall high-flow periods. During low-flow periods
most streams are almost clear. However, the Canning,
Hulahula, Okpilak, Jago, and Aichilik Rivers are somewhat
turbid; owing to glacial inflow from tributaries. Some
shallow lakes are turbid during summer, when wind and
wave action disturb bottom sediments. Aside from periods
of ‘turbidity, the water in most rivers and lakes is virtually
colorless. Tea-colored water, resulting from high

_.égchntrations of dissolved organic materials, is found in
_some smaller tundra streams and ponds.

~ Water quality of lakes and streams is lessened in
winter because salts and dissolved organic material are
~excluded from the downward-growing ice. Dissolved
““oxygen levels can be depressed in the water that remains
unfrozen owing to lack of aeration and the extended
darkness that limits photosynthesis. The concentration of
those materials depends on the ratio of water to ice as the
ice thickens. Water in lakes and river pools that freezes
nearly to the bottom is usually unpotable by late winter.
During summer, however, dissolved oxygen (DO) is at or
near saturation in lakes and streams. ~

Coliform-bacteria counts in lakes and ponds peak in
early June because of the "washing action" of surface.
runoff, A secondary peak follows in mid- to late summer in
areas where large concentrations of waterfowl arrive for
molting and staging (Boyd and Boyd, 1963).

~  lece in lagoons begins breakup in early June with an
influx of fresh, siit-laden, relatively warm water from river and
stream runoff and snowmelt, Much water initially flows over
the top of the sea lce; silt, as thick as 4-8 inches and
thinning seaward, has been deposited on the lce (Walker,
1973). Overflows can continue for several miles offshore,
until meeting cracks In the lce. In shallow lagoons (less

14 ARCTIC REFUGE RESOURCE ASSESSMENT

than about 6 feet deep), the ice is often frozen to bottom
and water may puddle on top until the ice becomes fre
and floats. Moats form along the shore in early June, an«
by early to mid-July the lagoons are generally ice free
Freezeup begins in late September-early October. ~

By the time the lagoons are ice free, the influx o

- fresh water, coupled with some ocean current-flushing o

hypersaline brines formed beneath the ice during the winter
drastically reduces salinity, often from as much as 32-3!
parts per thousand (ppt) to <10 ppt. Salinity graduall
increases during the balance of the summer owing to th
influx of marine water through inlets and lowered discharge:
of fresh water.

Erosion and Mass Movement

Water and wind are the major shapers of the
landscape because permafrost often is susceptible tc
erosion, as are the unconsolidated sediments supplied b
earlier nearby glaciers, and exposed river channels, deltas
and offshore bars and barrier islands. Water causes the
most erosion, especially during breakup. It flushes heawvy
sediment loads onto the sea ice; it undercuts high banks
and ice-rich terraces, causing frozen  blocks of soil to fal
into the rivers; and it builds deltas and mudflats. Ever
though the results of lateral erosion are obvious in the
multi-channel braiding of the major rivers, the gradients o
streams crossing the 1002 area demonstrate the potentia
for vertical erosion. Gradients range from approximately 12
feet per mile on the Canning River, to 30 feet on the
Hulahula and Aichilik, to 40 feet on the Katakturuk anc
Sadlerochit, to about 50 feet per mile on ‘Marsh Creek
which cuts through ridges of Tertiary sandstone anc
conglomerate.

Erosion along the coast and offshore during oper
water is less obvious. Leffingwell (1919) and MacCarthy
(1953) suggested that bluffs and beaches erode
approximately 3 feet per year; Leffingwell also reported ar
extreme shoreline recession rate of more than 30 feet pel
year. Wiseman and others (1973) measured 164 feet o
bluff erosion on the east end of Pingok Island, west o
Prudhoe Bay, during 3 weeks in 1972; this was also ar
extreme. Beach erosion varies greatly depending on storm
intensity and neamess of pack ice from place-to-place anc
year-to-year along the entire Beaufort coast. Three to €
feet of erosion per year may be the average. Erosion anc
deposition of eroded sands and gravel produces barrier:
island or spit migration, especially where no vegetation is
established. Such migration can introduce major variations
in the temperature and thickness of subsea permafrost.

Thaw lakes elongated north-south are characteristic
of the Arctic coastal plain farther west, but are not a
pronounced feature in the 1002 area, where the few small
lakes, except in the Canning-Tamayariak delta, are oriented
either randomly or somewhat east-west. Because prevailing



winds are not greatly different, the general absence of
north-south orientation suggests that the small thaw lakes
found there are enlarged more by freezing and thawing than
by mechanical (current) erosion.

Although precipitation is light, in summer the soils are
frequently water-saturated because (1) evaporation rates are
low, (2) the permafrost barrier prevents water loss to
underground aquifers, and (3) irregularities in the permafrost
table impede surface drainage. Despite the fact that
saturation is usually conducive to solifluction and creep or
slump in areas of steeper terrain, the surface impact of
these processes is not widespread because of the
generally coarse material involved. But once the surface is
disturbed, these processes can become active, especially
along coastal bluffs, terrace escarpments, lake margins, and
ridge slopes. Locally along a stretch of the Katakturuk
River and near Marsh and Carter Creeks, landslides have
occurred in weathered and poorly indurated Tertiary shale,
siltstone, and sandstone. In all areas having any
appreciable slope and exposed mineral soil, the soil
migrates gradually downslope because of seasonal frost-
Jacking of individual soil grains.

Wind erosion is generally confined to the Canning,
Hulahula, Okpilak, and Jago River deltas (where active
dunes are found along their western banks) and to sandy
river bluffs, exposed bars in braided rivers, and exposed
spits and barrier islands. Though considered to be a
summer phenomenon, wind erosion occurs during much of
the year, in exposed areas along river bluffs and on barrier
Islands.

Seismicity

There has been some earthquake activity in the 1002
arca, but historically the level of this activity is low.
tarthquakes of magnitude 6 and larger on the Richter scale
of intensity are potentially destructive; earthquakes of
magnitude 5 could cause local damage. Since the mid-
1960's epicenters of at least 6 shocks (5 of them offsnore)
having magnitude greater than 4.0 have been located within
about 40 miles of the 1002 area between longitudes 143°W
and 146O0W. Uncertainties in epicenter locations are
«stimated to be about 25 miles.

No active faults are known through surface
teconnaissance, but more detailed geologic investigations
might reveal evidence of geologically recent movements.
Ihere is evidence of offshore seismic activity in the
tteaufort Sea. The area historically is one of the least
scinmically active in the State (U.S. Department of the
Interior, 1976, "Alaska" volume, map on p. 84).

Seismically active faults may occur; accordingly,
earthquake potential within or adjacent to the 1002 area
may be specified as a maximum expectable earthquake of
magnitude 5.5 (U.S. Department of the Interior, 1976,
'Alanka” volume, p. 86; Page and others, 1972). The
maximum expectable earthquake is the largest earthquake
that may reasonably be expected to occur. The probability
ol such an earthquake is low.

~ Air Quality ~

Human activity currently affects air qualty #: #
Alaska only near villages and the Prudhoo Bay:¥:
development area. Air quality is strongly depestessi s
local meteorological conditions and topography.

Strong temperature inversions on the coastal psis
particularly during the winter, often begin near ground teves
and hinder vertical air circulation and mixing. An Inversion
if coupled with low, near-surface wind spceds, can produce
prolonged stagnant air conditions, especially in arvas having
topographic obstructions such as hills and mountains
Although inversions are common in the 1002 aroa,
persistent surface winds tend to prevent air stagnation.

In recent years Arctic haze has been reported, with
the suggestion that some pollutants originate from the Ural
Mountains (USSR) industrial complex (Rahn and Lowenthal,
1984). In April 1986, the National Oceanographic and
Atmospheric Administration (NOAA) made one flight to
investigate Arctic haze over Prudhoe Bay. At the time of
the flight, there was a pervasive haze from several
thousand feet to 20,000 feet in elevation, with clean air
between that layer and the ground (Russell Schnell, NOAA,
unpublished data). At higher altitudes, the sulfur dioxide,
nitrous oxides, nitric acids, and ozone typically found in
haze from the USSR were present. Lower levels of the
haze were relatively clean, .indicating that there was no
contribution to Arctic haze from Prudhoe Bay activities.

Carbon-dioxide concenfrations in the Arctic naturally
show an annual cycle (Kelley and Weaver, 1966; NOAA,
1975). Concentrations are higher during the winter and
under the snow (Kelley and Weaver, 1966); they are at their
minimum in August, corresponding closely to the maximum
vegetative bloom on the tundra.

Data on air quality in the 1002 area have not been
acquired. However, because human activity is low, air
quality in the 1002 area and the rest of the Arctic Refuge is
expected to be generally very good, with ambiént
concentrations for air pollutants nearly at background levels.
Current air pollutant concentrations are expected to result
from a combination of natural sources and the residue’ of
Arctic haze. Particulate matter (PM) can occur at high
concentrations even in remote areas and in the absence of
human activity due to windblown dust, soil or other surface
cover.

Some data are available from Alaska’s North Slope.
Table II-1 summarizes monitoring data collected at Prudhoe
Bay for a full year. The Environmental Protection Agency
(EPA) reviewed these data and accepted them as meeting
its siting, quality assurance, and other monitoring guidelines
During the data-collection period, North Slope production
averaged about 1.5 million barrels per day. Arctic Rofuye
air quality is assumed to be at least as good as the
ambient concentrations shown in table II-1.
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Noise

Amblent nolse levels over most of the 1002 area are
ksw wnd result predominantly from natural sources or
proensses.  During the winter, the principal sounds are
thase ssssscisted with the wind. Noise carries considerable
distances (but not upwind), especially during calm, cold
{(-#0%} eonditions because of the increased air density.
Wity nedses, ichiding those of wave action, occur during
the sumimei. Manmade sounds are confined to village
activities and 1o some lsolated activities, such as hunting.
Other manmatie sources are aircraft, vehicle, and equipment
operations,
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BIOLOGICAL ENVIRONMENT
Terrestrial and Fresh-Water Environments
VEGETATION

The Arctic Refuge coastal plain is in the tundra
region (Aleksandrova, 1980), where moderately wet to dry
habitats are mostly continuously vegetated with low-growing
(generally less than 1 foot high) plants such as sedges,
grasses, mosses, lichens, small herbs, and dwarf shrubs.
Taller shrubs are restricted to drainages and to south-facing
slopes. Soils are underlain by permafrost having thaw
depths of less than 6 inches in colder coastal areas to
more than 36 inches in some riverbeds.

Early classifications categorizing the Arctic Refuge
soils, landforms, vegetation, and land cover were developed
from interpreted, color-infrared photographs (scale 1:60,000)
and from a ground-truth reconnaissance survey in 1981. A
preliminary Landsat land cover map based on high-altitude
satellite photography and a derived simplification were
produced in October 1981 (Walker and others, 1982). A
second revised land-cover map was produced in 1984; field
verification of that revision is ongoing. For example,
verification shows that willows are not easily visible on
Landsat photographs and may be underrepresented on
current maps. The 17 cover classes identified in the 1002
area are one forest, three scrub, four herbaceous, four
scarcely vegetated, and five other types (table 1i-2).
Dominant vegetation within each 1002 area terrain type is
discussed under that terrain type. Each vegetation type
and correlations among classification systems are described
in the final baseline report (Gamer and Reynolds, 1986).

~  The FWS is currently examining the status of 30 plant
taxa in Alaska that may be threatened or endangered with
extinction. This list was published December 15, 1980 (45
FR 82480), with supplements published in 1983 (48 FR
53640) and 1985 (50 FR 39526). One candidate plant
species, Thlaspi arcticum, occurs in the 1002 area (Murray,
1980b; Felix, Lipkin, and others, 1985). An endemic of the
Alaska-Yukon region, T. arcticum is known from several
widely disjunct areas. Within the Arctic Refuge scattered
populations have been found in eight locations ranging from
alpine sites on the upper Okpilak, Sadlerochit, and Canning
Rivers to gravel bars, river terraces, and dry bluffs on the
1002 area along Marsh Creek and the Katakturuk River (pl.
1A). It is also found in shrub tundra, dwarf heath, and
occasionally in tussock tundra. At least three of these
sites (Okpilak Lake, Katakturuk River, and Marsh Creek)
contain more than 100 plants each. This small, white to
lilac-colored mustard plant flowers very early and is easily
overlooked when past flowering. ~




sl 11-2.~-Landsat-identified vegetation cover classes and correlation with the U.S. Fish and Wildlife Semiue
wetland classifications, 1002 area of the Arctic National Wildlife Refuge.

=
S

sguse of rounding, does not add to 100 percent. Class names were developed during mapping for Arctic
Hational Wildlife Refuge comprehensive conservation plan and are not identical with earlier class names by
£2: A, Walker and others (1982). Wetland types from Cowardin and others (1979)]
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Wetlands
Sover class Acres  Percent Classification Acres
wsiduous forest tall scrub.. 20 <0.1 Palustrine, forested, broad-leaved deciduous,
temporarily flooded.
Total forest.........coeeevvenen. . <1

{iy prostrate dwarf scrub.... 10,330 0.7 Non-wetland. .....
3 FAoist prostrate dwarf 389,180 25.2 Palustrine, scrub-shrub, broad-leaved decuduous. 389,1
i scrub, saturated.
5{ Masic erect dwarf scrub ...... 113,000 7.3 Palustrine, scrub-shrub, broad-leaved deciduous 113,00
£

S

emergent, persistent, saturated.

o Total SCTUD.....vvvvvuerererssnnes 33.2
e Very wet graminoid.......ceee... 3,910 0.3 Palustrine, emergent, permanently flooded............. 3,910
;? ;s Wet graminoid.......cccocrvueneene. 211,430 13,7 Palustrine, emergent, semipermanently 211,430
éé . flooded or seasonally flooded.
Efss’ Moist/wet tundra complex.... 238,660 154 Palustrine, emergent/scrub-shrub, broad-leaved 238,660
:;f deciduous, semipermanently flooded or :
%fss seasonally flooded. &
e Moilst graminoid tussock 465,350  30.1 Palustrine, emergent/scrub-shrub, broad- 465,350
tundra. leaved deciduous, saturated.
Total herbaceous................ 59.5
Scarcely vegetated scree ..... 430 <0.1 Non-wetland. .....
Scarcely vegetated flood 21,100 1.4 Palustrine, scrub-shrub, broad-leaved deciduous, 21,100
plain. temporarily flooded.
Barren flood plain................. 30,350 20 Riverine, unconsolidated shore, temporarily 30,350
flooded or seasonally flooded. =,
Barren scree... ceersenenes 230 <1 Non-wetland. - ’
Total scarcely vegetated
=TT T 3.4 )
Clear water (lakes, 17,290 1.1 Palustrine, open water, permanently flooded; or 17,290
ponds, rivers). lacustrine, limnetic, open water, permanently
flooded; or riverine, open water, permanently
flooded.
Clouds-SNOW-iCe ......cccrinrincees 2,530 2 Non-wetland. -
Shallow water... 450 <1 Riverine, unconsolidated shorefopen water. .......... 450
Offshore water.........c.cvveene.. 40,880 2.6 Marine, subtidal, open water; or estuarine, 40,880
subtidal, open water.
Shadow 1,160 A Not applicable. -
Total other......cevniisererereenees 4.0
TOTAL 1,546,300 100.1 seeenennnns 1,631,620
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WETLANDS

Approximately 99 percent (1.53 million acres) of the
1002 area is classified as wetland according to the FWS
Classification of Wetlands and Deep-water Habitats of the
U.S. (Cowardin and others, 1979) (table 1I-2). The FWS
defines wetlands as lands transitional between terrestrial
and aquatic systems where the water table is usually at or
near the surface or the land is covered by shallow water.
Wetlands must have one of the following three attributes:
(1) at least periodically, the land supports predominantly
hydrophytes; (2) the substrate is predominantly undrained
hydric soils; (3) the substrate is nonsoil and is saturated
with water or covered by shallow water at some time during
the growing season of each year. (Note: The FWS has
prepared a preliminary list of hydrophytes and other plants
occurring in wetlands of the United States in this
classification system. The U.S. Soil Conservation Service
has prepared a list of hydric soils for use in this
classification system.)

Non-wetland, upland habitat in the 1002 area is
generally restricted to sparsely vegetated sites outside
active flood plains where the depth to permafrost is great
enough to allow for well-drained soils. Areas having a
dense vegetative cover are characterized by permafrost
occurring at shallow depth due to the insulating effect of
the organic mat. The soil in these areas remains saturated
at or near the surface throughout most of the growing
season. The vegetation is composed mainly of species
typically adapted for life in saturated soil conditions.

TERRAIN TYPES

Six regionally significant terrain types (Walker and
others, 1982) occur within the 1002 area. Five are
discussed below. The sixth is the 131 square miles of
ocean water within the 1002 boundary (5 percent).

FOOTHILLS

Foothills cover about 45 percent of the 1002 area.
Between the Canning and Sadlerochit Rivers, an east-west
distance of about 47 miles, low foothills rise from Camden
Bay to the base of the Sadlerochit Mountains, 18-34 miles
from the seacoast. The hills are as high as 1,250 feet and
are interspersed with the drainages of the Tamayariak River,
Katakturuk River, Marsh Creek, Carter Creek, Itkilyariak
Grook, and the Sadlerochit River (fig. 1I-2). Barren gravel
etopa oul on the crests of several hills, particularly near the
Katakiupruk River.  East of the Sadlerochit River the foothills
sre faither from the coast.

Yegelation s dominated by sedges and tussock-
lofrning sedigss  Dwarl willow or birch are common but
sparasty chatribauled  Moasos and lichens are important
compranesita sl bsneka vegetation.  The main Landsat cover
clanses W the bxdh#s afre molst graminold tussock tundra,
mesle eect dward sciub, and moist prostrate dwarl scrub.
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Frost-scars are often a component of tussock tundra and
can constitute as much as 80 percent of the surface.
Parallel and subparallel water tracks, commonly present,
give the slopes a ribbed appearance. These water tracks
are shallow, vegetated drainage channels that conduct
snowmelt waters, and perhaps subsurface waters, during
the thaw season. String bogs are often found in the
channels, suggesting slow mass movement of the saturated
soil. Vegetation in the water tracks is commonly dwarf
shrubs, mainly dwarf birch and diamond-leafed willow.

RIVER FLOOD PLAINS

~  River environments (about 25 percent of the 1002
area) are among the most complex terrains. They include
the barren deltas and braided channels of the larger rivers,
the terraces and alluvial areas associated with old river
channels, and the deltaic formations at the base of the
foothills that possibly represent an ancient sea level
(Institute of Arctic and Alpine Research, University of
Colorado, unpublished data, 1982). Riverine systems
consist of an active channel and one or more terraces.
Most major rivers have braided channels about 0.6 to 2.5
miles wide. Most of the diamond-shaped islands between
channels are inundated sporadically each year during
snowmelt from late May to early June. These islands may
be either unvegetated or vegetated. Unvegetated islands
are subject to intensive water and ice scouring, and consist
of gravel with little soil development. Vegetated islands are
elevated slightly above the normal high water mark because
of channel cutting and have a wide range of vegetation
coverage, depending upon the extent and frequency of
inundation. If present, soils consist of various thicknesses
of silt loam, loam, and fine sandy loam over gravel and
gravelly sands. ~

Land cover associated with river systems ranges from
totally barren river gravels and mud to tundra
indistinguishable from that in nonalluvial areas. The braided
channels are subjected to intense disturbance during spring
breakup. In addition, meandering streams and braided
rivers are constantly changing their channels. Slightly more
stable areas are often only partially vegetated but may
contain a wide variety of taxa, making them among the
most floristically rich sites in the region. Willows are
common on vegetated gravel bars and may form extensive
thickets; however, these thickets are not nearly so
extensive as the riparian willow communities found farther
west along the Sagavanirktok, Kuparuk, and Colville Rivers
(fig. I-1). The relatively limited supply of riverine willow
within the 1002 area is of significance to several wildlife
species, as are riparian areas that are often snow-free
earlier than other parts of the coastal plain. Smaller
streams and quiet interchannel areas of the larger rivers
have lush sedge and willow stands. Willow height varies
with the amount of winter snow cover and summer
temperature regime. Willows near the coast are mostly
prostrate, whereas near the south boundary of the 1002
area, shrubs occasionally exceed 6 feet in height.



Land-cover categories for this area include clear
water, barren and scarcely vegetated flood plain, wet
graminoid, moist/wet tundra complex, dry prostrate dwarf
scrub, and moist graminoid tussock tundra.

HILLY COASTAL PLAINS

Extensive areas of gently rolling topography cover
more than 22 percent of the 1002 area. East of the
Hulahula River and parallel to the coast are numerous
slightly elevated ridges and depressions, most having less
than 100 feet of relief. Flat, gently sloping (5 percent or
less) interfluve areas contain complexes of moist/wet
tussock tundra associated with poorly developed flat-
centered ice-wedge polygons. Ridges are mainly vegetated
with moist prostrate dwarf scrub, moist graminoid tussock,
and moist/wet tundra complex. Frost boils and hummocky
ground are common. The depressions between ridges
contain thaw-lakes of clear water and wet graminoid tundra.
Stream drainages are well defined and have large expanses
of relatively well drained terrain.

FLAT THAW-LAKE PLAINS

Thaw-lakes, drained lake basins, and expanses of
low-centered ice-wedge polygons occur locally, primarily
near the flat braided-river deltas, and cover 3 percent of the
1002 area. Thaw-lakes are generally elliptical, shallow (2 to
6 ft), and geomorphologically short-lived. They form as a
result of disruption of the vegetation and organic cover of
the polygonized tundra. Thaw of the ice-rich, near-surface
materials and melting of ice wedges can result in a pool of
standing water and development of a shallow pond that
eventually becomes a thaw lake. The best examples of
thaw-lake topography are: (1) at the confluence of the
Canning and Tamayariak Rivers, (2) a narrow coastal belt
extending east of the Canning and Tamayariak Rivers, and
(3) a narrow zone between the delta of the Hulahula River
and a point a few miles east of the Jago River.

Except for the vegetated basins of relatively recently
drained lakes, some form of microrelief, mostly low-centered
polygons and string bogs, is nearly always present on
thaw-lake plains.

The microtopography of thaw-lake plains (elevation
variations of only a few feet) is the major influence on the
distribution of plant communities, and small elevation
differences create distinct patterns of plant communities and
soil associations (Wiggins, 1951; Cantlon, 1961; Britton,
1857; D. A. Walker, 1981). The perched water table is very
close to the surface, or slightly above, for most of the area
except for polygon rims and lake bluffs. The Landsat land-
cover categories in the thaw-lake plains include moist/wet
tundra complex, moist prostrate dwarf scrub, wet and very
wet graminoid, clear water, dry prostrate dwarf scrub, and
moist graminoid tussock.

MOUNTAINS

Alpine terrain represents only a few square milos in
the 1002 area (about 0.05 percent), mostly above 1,970 font
elevation west of Sadlerochit Spring. Sadlerochit Spring is
of special interest because poplar and other distinct plant
species occur there (Murray, 1980a).

Vegetation communities in these areas are complex
and are interspersed with unvegetated rocks and talus
slopes. The character of the well-vegetated slopes varies
considerably, but the more completely vegetated areas have
extensive moss mats with numerous prostrate shrubs, such
as mountain avens, prostrate willow, and small forbs.
Limestone areas are of particular interest because unique
assemblages of plants, such as the bryophytes associated
with seeps in limestone, are present (Brown and Berg,
1980; Steere and Murray, 1976). The main land-cover
classes include barren and scarcely vegetated scree and
dry prostrate dwarf scrub.

~ Special Terrestrial and Aquatic
Environments ~

Within the 1002 area, four distinct areas have been
identified for their special natural characteristics.

SADLEROCHIT SPRING SPECIAL AREA

~  Sadlerochit Spring and the immediate area (640
acres), in the southern part of the 1002 area west of the
Sadlerochit River (pl. 1A), have been nominated as a
National Natural Landmark (Bliss and Gustafson, 1981).
The National Natural Landmark program was established to
encourage the preservation of areas illustrating the diverse
ecological and geologic character of the United States.
Areas qualifying as National Natural Landmarks must be

free of disturbance and capable of retaining and

perpetuating their inherent natural qualities, as well as .
having exceptional scientific research and education values.” *
Sadlerochit Spring is unique on the coastal plain because
of its large discharge and almost constant temperature,
which maintains an open channel for nearly 5 miles
downstream during the coldest part of the year. Located
on the coastal plain near the foothills, it is one of the
largest perennial springs on the North Slope of Alaska.
Reported discharges range from 21.2 to 88.3 cfs (Craig and
McCart, 1974; Craig, 1977; Williams, 1970); its waters are
warm (500-58°F) and support a dense population of tiny
organisms (macro-invertebrates) (400 to 500 per cubic foot)
and populations of arctic char and arctic grayling (Craig,
1977; Craig and McCart, 1974; Williams, 1970). Sadlerochit
Spring is a wintering area for fish (pl. 1B); such places are
extremely limited on the 1002 area and are generally
associated with the larger springs. Several plant and bitd
species not found anywhere else this far north are
associated with this spring. Muskoxen use the area
throughout the year. ~
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: ng area have been
y for the unusual plant
diverse wildlife (pl. 1A).
salues, exploration activities
o &d@amchﬁ Spring area is used
sistence harvest, particularly in winter,
lovik camp at the spring and hunt
“““ amd Wentworth, 1982).

18 HWER‘-‘BEAUFORT LAGOON ~

ea of approximately 133,700 acres at the mouth

* Kongakut River, and extending along the coast from
rcation Bay to Angun Lagoon, was identified as a
ential National Natural Landmark (Koranda and Evans,
76). Most of this proposed National Natural Landmark
lios east of the 1002 area within the Arctic Refuge
Wilderness.. However, about 25,000 acres extends into the
extreme northeast corner of the 1002 area. The area was
recommended for designation as a National Natural
Landmark because it contains:

An offshore bar and lagoon ecosystem which
supports a relatively diverse marine biota and
terrestrial biota using the area for nesting and
migration rests.

1.

An Arctic river which flows from the mountain front
and enters the lagoon ecosystem, perpetuating the
marine conditions of fresh water throughout most of
the summer, and the presence of spruce trees in the
upper course of the river, accompanied by elements
of the boreal flora (Koranda and Evans, 1975).

~ ANGUN PLAINS ~

On the eastern end of the 1002 area, one complete
township (T. 6 N., R. 38 E.) was identified as a potential
National Natural Landmark primarily because of its special
geologic features. The area serves as " * * * a good
example of the glacial gravel outwash plains found near the
- areas of maximum Pleistocene glaciation" (Detterman, 1974).

~ JAGO RIVER ~

# has been proposed (Viereck and Zasada, 1972)
that purts of the Jago River drainage be included in a
systeim of *Ecologicnl Reserves® in Alaska. The area
contains & complete array of tundra and flood-plain
vegetation fypes and provides habitat for a cross-section of
all Arctic Blope wildiife specles. The drainage contains a
glacier and outwash, so srctic river system, delta sand
dunes, an arclic coastal lagoon system, small tundra lakes
and streams, and offshore islands, The proposals
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suggested that specific areas for inclusion in the- natural
area system (that is, Research Natural Area) be selected by
refuge personnel. No selections have been made.

Coastal and Marine Environment

Coastal-marine habitats in the 1002 area include
offshore, nearshore, open coast, delta, and barrier
island/lagoon-mainland shore areas, and those parts 'of the
coastal uplands directly affected by storm surges and
marine saline intrusions. These areas provide essential
shelter, staging areas, and other life supports to resident
and migratory fish and wildlife populations. Beaches, spits,
and bars occur throughout the area. Although permafrost
probably underlies these sites, it does not enter into the
soil taxonomy. The inland extent of coastal habitats,
biologically defined as the maximum inland reach of storm
surges, is identified in many areas by the "strandline" of
large drift logs and other debris, and by the extent to
which salt spray and ingress of saline water affects the
vegetative cover along the coast.

The North Slope Borough (NSB) Coastal
Management boundary includes State lands within the 3-
nautical-mile offshore territorial limit, extending inland
approximately 25 miles, and State lands up certain streams
to include anadromous fish spawning and fish overwintering
habitat. The NSB developed a Coastal Management
Program approved by the State on April 17, 1985, under the
framework of the Federal Coastal Zone Management Act
and the Alaska Coastal Management Act of 1977 (AS
44.19.891-894 and 46.40). However, the Federal Office of
Ocean and Coastal Resource Management in the
Development of Commerce denied approval on August 8,
1986. The Program was not approved because the Federal
officials felt it did not provide adequate consideration of the
national interest in energy facility siting as required by
Section 306(c)(8) of the Coastal Zone Management Act. It
did not provide an adequate balance between energy
development and subsistence use, but instead unduly
restricted energy facility siting.

Concurrent with the Coastal Management Program,
the NSB initiated planning programs and sociocultural and
economic studies. : The NSB Comprehensive Plan and Land
Management Regulations became effective January 1, 1983,

Under section 307(c)1 of the Federal Coastal Zone
Management Act, Federal activities directly affecting the
coastal zone must be consistent with the approved State
Coastal Management local program to the * * * * maximum
extent practicable." The NSB Coastal Management Plan
noted that the Hulahula, Okpilak, and Aichilik Rivers within
the 1002 area had values warranting special attention (NSB,
1984a).



GGioals of the State-approved NSB Coastal
wgement Program relevant to government and economic
les in the area are described at the end of this
apiter under "State and Local Political and Economic
@ms." Most applicable to the coastal and marine
ghment is the program goal of protecting the natural
onment and its capacity to support subsistence
ities.

During the recent seismic and surface geologic
ation programs on the 1002 area, the FWS consulted
sely with the State of Alaska, Division of Governmental
dination, to ensure that the exploration proposals were
ysistent with the State’'s Coastal Management Program.
} development is allowed on the 1002 area, the FWS would
fitinue this coordination. The State would review all
yurajects and development plans for consistency with
#ixastal zone management standards. ~

Fish and Wildlife Resources

The fish and wildlife on the 1002 area are discussed
By species, in five categories: terrestrial mammals, marine
mammals, birds, fish, and threatened and endangered

$pecies.
TERRESTRIAL MAMMALS

-» CARIBOU ~

The Porcupine and part of the Central Arctic caribou
herds are found within the 1002 area during various times
ol the year. Each herd has specific distributions,
movement patterns, and herd dynamics.

The Porcupine caribou herd (PCH) is an international
resource, estimated by the Alaska Department of Fish and
Game (ADF&G) to contain 180,000 animals in 1986. The
herd is increasing and is the sixth largest herd in North
America (Whitten, 1987). The Western Arctic herd
(population 220,000-240,000) is the only herd in Alaska
larger than the PCH (Williams and Heard, 1986). Earlier
estimates of the PCH populations were as low as 101,000
(LeResche, 1972). The most current photocensus of the
herd was for 135,000 animals in 1983 (Whitten, 1984); more
recent estimates are projections using productivity and
mortality estimates. The lower levels of. earlier estimates
may reflect either a truly smaller population or less accurate
or less complete survey techniques, or a combination of
these factors. Caribou populations fluctuate unpredictably
over the long term. The long-term maximum and minimum
population of the PCH and the carrying capacity of the
area are unknown.

The PCH ranges over 96,100 square miles of
northeast Alaska and northwest Canada (figs. /-4 and II-5),
and constitutes the largest population of large mammals
shared by the two nations.
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usually taking place in the area between the Hidshs
and the Canadian border (fig. II-5).

Spring migrations to the calving grounds st
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the Continental Divide in Alaska and in central Vi
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Il-4). Timing and routes of PCH migrations vary anfiuisiy
depending on winter distributions, snow conditions, and the
onset of spring weather. Most PCH caribou migrate frosms
Canada, moving westward along the northemn foothills of
the Brooks Range to reach their calving grounds. In some
years caribou also pass through the first snow-free
mountain valleys east of the Aichilik River in Alaska. As
spring progresses, caribou in the foothills spread northward
along a broad front, mostly following the major river
corridors and associated terraces where snowmelt has
advanced.
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Figure IlI-4.--General range, migration routes (arrows),
and winter range (shaded) of the Porcupine caribou
herd. Solid circles indicate exploratory drill holes.
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PCH caribou have calved on the 1002 area every
year for which detailed records have been kept (1972-86).
(See fig. 11-5)) Usually they begin to arrive on their calving
grounds during mid- to late May. The first calves are born
during the last week of May; peak calving occurs during
June 4-8. Although calving has been observed in a variety
of terrains, most calves are born in snow-free areas of
sedge tussock uplands. Vegetation provides camouflage;
this background presumably reduces predation on calves.
Also, predator densities are apparently lower in these areas
and, subsequently, call survival Is better (U.S. Fish and
Wildiife Service, 1982; Mauer and others, 1883; Whitten and
others, 1984, 1985).

Detalled observations of the PCH calving areas were
made during 1972-86. The earier Information, 18972-77, was
gathered as part of the Arctic Gas studies for a proposed
gas pipeline from Prudhoe Bay across the Arctic Refuge to
Canada. The Canadian Wildlife Service and Yukon Wildiife
Branch conducted studies of the PCH during 1978-81
because of their concerns with potential oil and gas
developments in the Yukon and Northwest Territories. The
most detailed studies were part of the section 1002
baseline study, 1981-85, by the FWS in cooperation with
the ADF&G and Canadian wildlife biologists. As a result of
these studies, areas have been delineated where caribou
were most abundant (concentration areas) at the peak of
calving activity (pl. 2A and fig. II-5).

Densities for entire calving concentration areas in
each year, 1983-85, were calculated using data collected
from radio-collared females and with the following six
assumptions.

1. The distribution of radio-collared adult female caribou
are representative of that segment of the herd at the
time of calving.

2. The population of the PCH was 135,000, 149,000,
and 165,000 in 1983, 1984, and 1985, respectively
(Whitten, 1987).

3. Adult females (those at least 3 years old) make up
35 percent of the total population (Whitten and
Cameron, 1981).

4. The natality rate is 80 percent (Bergerud, 1980).

5. Yearlings make up approximately 12 percent of the
total PCH population (Whitten and Cameron, 1981).

6. One-third of the yearlings are on the calving grounds
at calving time; up to 60 percent of these are in
peripheral areas and the remaining 40 percent in
concentration areas (Whitten and others, 1984; FWS,
unpublished data).
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Calculated densities ranged from 46 to 128 caribou
(including cows, calves, and yearlings)/square mile for each
calving concentration area, 1983-85 (FWS, unpublished
data). Prior to 1983, caribou densities in areas identified as
concentration areas are largely unknown. However, limited
measurements made in 1972 near the Jago River showed
densities ranging from 8.2 to 375 caribou/square mile during
June 10-17 (McCourt and others, 1974). As the difference
between high density concentrated calving areas, and low
density peripheral or scattered calving areas is readily
apparent, use of the term “concentrated" by previous
observers was assumed to reflect densities of similar
magnitude.

On the basis of intensive counts using helicopters,
as well as radio-telemetry surveys, calving concentration
areas were found to contain predominantly adult females
and their calves, and peripheral areas had proportionately
more barren females, yearlings, and young males (Whitten
and others, 1984; FWS, unpublished data). Consequently,
the concentrated calving areas have been deemed to be
the most important calving areas because (1) they support
most of the parturient females and their calves, and (2) they
are the areas having the highest caribou densities.

The open rolling hills and adjacent thaw-lake plains
between the Hulahula and Aichilik Rivers have supported
calving concentrations during 10 of the 15 years, 1972-86.
Precise boundaries of concentrations vary annually.
However, there has been a consistent and continued focus
on this area by calving caribou for several generations (fig.
1I-5). The repeated use of certain portions of the
concentrated calving area and the generally high
reproductive success of cows calving in or near the area
implies preference and value over other areas. Thus, these
areas are considered valuable and important to the PCH.
Of the 3 million acres identified as concentrated calving
areas, 828,000 acres (28 percent) are within the 1002 area.

During years when snowmelt on the coastal plain is
early, a broad zone north of the foothills is used for
calving. In such years calving concentrations tend to be
more northerly and scattered calving extends to the coast.
In years when calving is skewed to the east, usually due to
late snowmelt on the coastal plain and/or deep snow on
migration routes, there has been a distinct, consistent
westward movement to the coastal plain after calving. The
annual variability in concentrated calving areas is illustrated
in figure II-5. Directional movement lessens once caribou
have reached the calving grounds. During and immediately
after calving, foraging caribou use vegetated riparian
habitats as well as tussock uplands. Riparian areas (pl.
2A) are used as travel corridors and feeding areas in both
spring and summer (Garner and Reynolds, 1986).



In all years of study, 1972-86, a majority of the PCH
used the 1002 area for calving and/or postcalving activities.
Hecently the percentage of PCH cows using the 1002 area
for calving was estimated to be 74 percent in 1983, 35
porcent in 1984, 82 percent in 1985, and 24 percent in
1086. The 1983-86 estimates were extrapolated from
locational data from radio-collared cows (Garmner and
Reynolds, 1984, 1985, 1987; FWS, unpublished data). In
1984, 38 percent of the PCH calved adjacent to the 1002
area, east of the Aichilik River, then within a week moved
with their calves onto the 1002 area to join the 35 percent
that calved on the area. Although only 24 percent of the
PPCH calved in the 1002 area in 1986, essentially the entire
herd moved into the 1002 area after the calving period.

In Arctic areas, caribou reproduction is highly
synchronous. The majority of calving occurs within a 2- to
1 week period, when a single calf is born to most adult
females (3 years old). Caribou calves are precocious, able
1o stand and nurse within 1 hour after birth. They are
capable of travel with adults within a week. The first 24
hours of life is critical, when a behavioral bond is formed
between the calf and its mother (Bergerud, 1974; Lent,
1964).

After calving, small bands of cows with newbom
calves gradually merge into larger groups. Yearlings, barren
females, and bulls occupying the southern and eastern
periphery of the calving grounds begin to mix with the
cows and calves, ultimately forming huge postcalving
aggregations. By late June or early July aggregations of
80,000 or more caribou are common. Postcalving
movements and aggregations show considerable annual
vitiation.

Although rather small in proportion to the herd's
entire range, the calving/postcalving area is an important,
identifiable habitat repeatedly used by the PCH during
these critical life stages. The reason for repeated caribou
use of this area is unclear. Varying combinations of several
fuctors in any given year-for example, advanced emergence
of new vegetation, scarcity of predators, early snowmelt,
topography, and/or proximity to insect-relief habitat
{Cameron, 1983)--are probably responsible for the annual
vatiations in use.

As temperatures rise in mid- to late June, swarms of
mosquitoes emerge in the 1002 area. Harassment on
warm, calm days by these insects drives the caribou into
dense aggregations and results in their movement to areas
of relief.  The groups usually move into the wind, seeking
welief on points, river deltas, mudflats, aufeis, large gravel
bars, barrier islands, shallows of lagoons, and higher
«lovations in the mountains (pl. 2A). In some years there
can be a gradual westward shift across the coastal plain
and northern foothills.

The postcalving season is the low point of the
annual physiological cycle when energy reserves of
parturient cows are especially low. The stresses of winter,
pregnancy, migration, birth, lactation, hair molt, antler
growth, and insect harassment draw heavily upon this
segment of the population (Dauphine, 1976; White and
others, 1975). Access to insect-relief habitat and forage
during this period may be critical to herd productivity. In
early July the herd usually moves east and south, vacating
the 1002 area by mid-July. In some years, residual groups
numbering as many as 15,000 animals have remained on
the 1002 area and adjacent foothills and mountains through
August. Occasionally, remnants of such groups (up to
2,000 animals) have wintered in northern mountains and
foothills.

A draft international agreement for management of the
PCH has been negotiated between the Governments of the
United States and Canada. The State of Alaska and
Canadian Territorial governments, as well as local users,
participated in the negotiations. Other interested parties
also attended the meetings. The purpose of the draft
agreement is to facilitate U.S./Canadian cooperation and
coordination of programs and activities aimed at long-term
conservation of the PCH. The agreement will ensure that
the PCH, its habitat, and interests of users of the PCH are
given effective consideration in evaluating proposed activities
within the range of the herd. All activities having a
potential impact on the conservation of the PCH or its
habitat will be subject to impact assessment and review
and may require mitigation under the agreement. The
agreement would establish an eight-member International
Porcupine Caribou Board, made up of four members from
each country, to make recommendations and provide advice
on those aspects of conservation of the PCH that require
international coordination. The Board would serve as a
means of exchanging information on and facilitating
cooperative planning for the PCH throughout its range.
The draft agreement, initialed by the principal negotiators in
Seattle, Washington, December 3, 1986, is being reviewed.~,
and discussed through public informational meetings in
both countries before signing.

The PCH is harvested in both the United States and
Canada. The harvest by individual Native villages is highly
variable, depending upon herd movements. Recent annual
harvests from the PCH by Kaktovik, the only village
adjacent to the 1002 area, have ranged from 25 to 75
animals (Pedersen and Coffing, 1984). Annual harvest of
the PCH throughout its range was estimated at 3,000-5,000
animals (LeBlond, 1979). The harvest varies greatly from
village to village and from year to year within the same
vilage. The annual harvest at Arctic Village, Alaska, ranges
from 200 to 1,000 (LeBlond, 1979). During 1963-86 annual
harvest of the PCH within Canada averaged approximately
1,800 animals for the years in which data were available
(Yukon Territory Wildlife Branch, Canadian Wildlife Service,
unpublished data).
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The Central Arctic caribou herd (CAH) has been
increasing, and in 1985 numbered about 15,000 animals
(Ken Whitten, ADF&G, unpublished data). Since the CAH
was recognized as a separate herd in the mid-1970's
(Roseneau and Stern, 1974b), its range has been entirely
north of the Continental Divide, from the ltkilik and Colville
Rivers on the west to the Sadierochit River on the east (pl.
2B). The TAPS (Trans-Alaska Pipeline System), Dalton
Highway, and Prudhoe Bay-Kuparuk oil fields lie within the
herd's range (fig. I-1). In July 1983 the herd comprised 46
percent cows, 21 percent calves, and 33 percent bulls
(Hinman, 1985).

Females of the CAH wintering in the mountains and
foothills near the western part of the 1002 area migrate
north-northwest across the rolling uplands south of
Camden Bay to the calving grounds on or near the
Canning and Staines River deltas. They also move
northward along the Canning River.

CAH calving activity has been concentrated in two
areas: (1) west of Prudhoe Bay in the vicinity of Kuparuk
and Ugnuravik Rivers (including recent oil development in
the Milne Point and Kuparuk areas); and (2) east of
Prudhoe Bay, mainly in the Bullen Point to Canning River
delta area. Most years as many as 1,000 females calve in
the Bullen Point to Canning River delta (pl. 2B). Scattered,
low-density calving extends as far east as the Sadlerochit
River. Little or no calving has been observed in the TAPS-
Prudhoe Bay oil-field area since about 1973 (U.S. Fish and
wildlife Service, 1982; Whitten and Cameron, 1985);
however, concentrated calving has never been documented
in the area.

After calving, some CAH caribou move southeastward
to the uplands south of Camden Bay. During the insect
season (July) there is often a strong eastward movement
along coastal habitats between the Canning River delta and
Camden Bay, the area used by as many as 7,000-8,000
caribou of the CAH for postcalving and for insect relief,
given 1985 population levels (pl. 2B). During late summer,
about 1,000 animals may remain scattered west of the
Sadlerochit River and north of the Sadlerochit Mountains,
primarily within the 1002 area. Riparian areas are used for
travel as well as spring and summer feeding areas (Roby,
1978). In late summer and fall, CAH caribou are scattered
across the coastal plain south of Camden Bay, in foothills
north of the Sadlerochit Mountains, and in uplands south
of the Sadlerochit Mountains where they remain for the
winter. During most winters, scattered groups of CAH
caribou range throughout the 1002 area west of the
Sadlerochit River and adjacent uplands to the south. The
number of wintering animals ranges from a few hundred to
a thousand.

The annual harvest of CAH caribou by Kaktovik
residents has most recently been estimated to be 25-75
animals (Pedersen and Coffing, 1984). This harvest occurs
along the coast during the summer when residents can
travel by boat and inland during the fall and spring when
snowmachine travel is possible (pl. 2D).
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MUSKOXEN

Muskoxen were exterminated from the North Slope by
the late 1800’s, so carrying capacity and past historic levels
are unknown. In an effort to reestablish an indigenous
population, 64 muskoxen were reintroduced to the Arctic
Refuge in 1969 and 1970 (Roseneau and Stern, 1974a).
The muskox population has grown exponentially since 1974
(fig. 1I-6) because of high productivity and low mortality. In
1985, the postcalving refuge population was estimated at
476, more than triple that in 1979.

Muskoxen are highly social and are usually found in
mixed-sex herds. Herd size varies seasonally, the smallest
herds occurring during the rut in August. Many bull
muskoxen do not remain with a mixed-sex herd for long
periods of time, but move from herd to herd, associate with
other bulls in small groups, or travel alone (Reynolds and
others, 1985). In response to predators or other threats,
muskoxen form a compact defensive formation.

Muskoxen have used the same areas along the
Niguanak-Okerokovik-Angun, Sadlerochit, and Tamayariak-
Katakturuk Rivers for the past several years, with
approximately 80, 160, and 230 animals, respectively, using
those drainages. Muskoxen using the Sadlerochit and
Tamayariak areas seem to be part of the same
subpopulation, whereas animals in the Okerokovik area
seem to be a separate subpopulation. Many of the cows
marked for the baseline study research in 1982-85 have
remained in these areas (pl. 2C) and show a high site-
specific fidelity. Riparian areas are important travel cormidors
and muskoxen regularly feed there year-round. Mixed-sex
herds are also dispersing into new areas on the Katakturuk
River and drainages east of the Aichilik River.
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Figure ll-6.—Estimated numbers of muskoxen in post-
calving populations in the Arctic Refuge, 1972-84.



‘Table 1I-3.--Observed muskox range within the Arctic
Hational Wildlife Refuge and within the 1002 area, 1982-85.

Within Within Percent of
Arctic 1002 area total use

Refuge (acres) area within
(acres) 1002 .area

High seasonal or year-

round use with

6alving....cocoecinncnnnae 251,000 207,000 82
High seasonal or year-

round use without

alving.......cevvvevinnene 211,000 158,000 75
Fetal observed range,

tneluding high-use

LT T 1,116,000 760,000 68

Though not migratory, muskoxen apparently move in
#@gponse to seasonal changes in snow cover and
“wegelation. In summer and fall, they are often found in
fiparian habitats along major drainages, where they feed on
ilows and forbs. In winter and spring many animals move
adjacent uplands having less snow cover in order to
teed on tussock sedges (Reynolds and others, 1985).
Proliminary FWS data indicate that muskoxen apparently
teduce both their movements and activity during winter,
gfobably as an adaptation to conserve energy. Table II-3
#nd plate 2C show the extent of muskoxen habitat within

#asonal or year-round use areas where muskoxen have
freen observed most frequently, year after year.

Hunting of muskoxen on the Arctic Refuge under
srmit from the Alaska Department of Fish and Game
tarted in 1983. Five bull-only permits have been issued
nhually; the 1983, 1984, 1985, and 1986 harvests were 4,
. 4, and 3, respectively.

@ Arctic Refuge and 1002 area and delineate those

MOOSE

~  Patterns of moose distribution north of the Brooks
Range vary seasonally (pl. 1C). Winter concentrations
occur south of the 1002 area where as many as 203 and
239 moose have been counted in the Canning and
Kongakut River drainages, respectively (Garner and
Reynolds, 1986). A few moose are scattered in other river
drainages (U.S. Fish and Wildlife Service, 1982; Martin and
Garner, 1984, 1985). ~

In late May or early June small widely dispersed
groups of moose move northward along riparian systems.
Moose using the 1002 area have dispersed from
populations to the south and use a variety of habitats in
July and early August. The number of moose at any one
time probably does not exceed 25. In late August, moose
begin to aggregate; the largest groups are found south of
the 1002 area in October during the rut. Most moose
using the 1002 area move southward to winter in valleys of
the Brooks Range. Riparian willow species comprise a
major part of the forage used by moose; mountain alder,
where available, is an important winter food.

Subsistence hunters from Kaktovik take one or two
moose annually (Jacobson and Wentworth, 1982). Other
hunters harvest a few moose, generally less than 10
annually, from the North Slope of the Arctic Refuge. Most
of this harvest is in the Canning River and Kongakut
drainages, and nearly all is outside the 1002 area.

DALL SHEEP

Although the estimated total population of Dall sheep
within the original 8.9-million-acre Arctic Refuge is
approximately 6,800, Dall sheep are rare on the -1002 area,
because suitable habitat is lacking. The Sadlerochit
Mountains contain an estimated 270 sheep, and constitute
the northernmost extent of their range in North America (T.
G. Smith, 1979).

Traditional summer range consists mainly of alpine
slopes and meadows. Winter range, limited mostly by
topography, consists of usually south-facing windblown
slopes and ridges. FWS surveys indicate that Dall sheep
have used the lower foothill terrain near Sadlerochit Spring,
mostly in winter; in summer, they cross this tundra area in
moving to other habitats (D. Ross and M. A. Spindler,
unpublished data, 1981).
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WOLVES

Wolves are found throughout Alaska’s North Slopfa.
The population density is lower on the 1002 area than in
areas farther south. Wolves occupy large home ranges. In
winter wolves tend to congregate in areas of overwintering
caribou and possibly moose or Dall sheep. Daily
movement depends on availability of prey. Estimates of
density for restricted geographic areas vary widely, but
most fall within the range of 6 to 200 square miles per wolf
(Mech, 1970). Wolves mate in March, and pups (usually 4-
7 per litter) are born in dens 2 months later. Although the
1002 area appears to contain suitable denning habitat, no
dens have been found. Dens have been found in
mountainous terrain 10 to 40 miles south of the 1002 area.
The number of wolves using the 1002 area on a seasonal
basis is low and apparently does not exceed 5-10 animals
annually.

~ Populations in or adjacent to the 1002 area were
depressed in the late 1970’s by an outbreak of rabies. A
similar outbreak occurred in 1985 when nine dead wolves,
including six radio-collared animals, were found. Five of the
animals were confirmed as rabid. Historical den sites on
the Kongakut, Hulahula, and Aichilik Rivers were deserted in
1985, and the death from rabies of breeding wolves was
suspected as the reason. However, four new dens were
found, three occupied by wolves which were remnants of
earlier packs. ~

Wolves on the North Slope prey on caribou, moose,
sheep, ground squirrels, small rodents, and birds. Wolves
are typically associated with drainage systems which they
use as travel corridors. They are also attracted to riparian
areas because of the abundance of prey, including ground
squirrels. During the summer when prey is most abundant,
wolves are distributed throughout all 1002 area habitat
types (U.S. Fish and Wildlife Service, 1982; Haugen, 1984,
1985; Weiler and others, 1985). Wolves are hunted and
trapped by Kaktovik residents, who harvest most in the
Hulahula, Sadlerochit, and Okpilak River areas (Jacobson
and Wentworth, 1982; Weiler and others, 1987). Generally,
fewer than 10 wolves are harvested annually, usually south
of the 1002 area.

28 ARCTIC REFUGE RESOURCE ASSESSMENT

ARCTIC FOXES

Arctic foxes move seasonally between summe,
breeding habitats in tundra and winter habitats along the
northern Alaska coast and onto the sea ice (Chesemore
1967). Their range is limited by habitat and interspecifi
competition with red foxes. Periodic outbreaks of rabieg
can reduce fox populations. Productivity of foxes is relateq
to abundance of microtines (small rodents). Foxes regulate
their food supply, despite fluctuating prey availability, by
caching food in early summer when prey is abundant anq
utilizing these food caches and carrion in late summer
when fewer prey are available. At Demarcation Bay arctic
foxes spent most of their time in medium-relief, low-genter
polygon and meadow habitats, preying on small mammalg
and bird nests (Burgess, 1984). In 1979 when rodents
were at low population levels, foxes at Demarcation Bay
depended mainly on birds and eggs. No pups were
produced that year (Burgess, 1984).

Arctic foxes are trapped in the winter by Kaktovik
residents for fur. The number taken annually fluctuates
according to their abundance. In years of abundance more
than 100 foxes may be taken. Most trapping is within 15
miles of the coast, mainly on or near Barter Islang
(Jacobson and Wentworth, 1882).

WOLVERINES

Wolverines frequent all types of terrain found in Arctic
areas, as evident from observations and tracks. Rivers and
mountains are frequently associated with territorial
boundaries. Snowdrifts are important for wolverine den
sites, and, in the tundra, remnant snowdrifts in small
drainages are used by females for rearing their offspring
(Magoun, 1985).

A few wolverines inhabit the 1002 area. Accurate
population figures are unavailable, but a rough estimate of
the 1002 area population can be made from the wolverine
densities and assumptions used by Magoun (1985) for
estimating the population in the Western Arctic. Using
Magoun’s assumptions, the estimated density for the 1002
area is 90 wolverines. This figure may not be accurate:
Magoun’s area and the 1002 area are not identical; Magoun
studied a virtually unexploited population whereas
wolverines in the 1002 area and environs are routinely
harvested by Kaktovik residents. Furthermore, sighting
records for the 1002 area are sparse; recent FWS studies
have resulted in very few sightings.

Wolverines feed opportunistically and have been
reported pursuing large ungulates such as caribou, moose,
and Dall sheep, though they are more commonly
scavengers than predators. In the Arctic, ground squirrels
are an important food (Rausch and Pearson, 1972).
Caribou are scavenged, particularly during May and June
when they are numerous. During June and July, wolverines
prey on birds and eggs.




Kaktovik residents hunt wolverines most frequently in
thills and northern mountainous areas of the

ihe 09 it Hulahula, and Okpilak Rivers. ADF&G records
5adlerochr:é;t an average of about one wolverine per year is
indicaté td' this may be an underestimate because of
narveste 'repofﬁng‘ Magoun (1985) believed that harvest
incompleteManagement Unit 26A (Western Arctic) was 2 to
in game reater than reported. During the winter of 1980-
10 times ng wolverines were taken by Kaktovik residents
81, se;:‘,n and Wentworth, 1982). Wolverines are
(Jaco* es harvested by trappers near the village of
5°meu.;(n These animals are mostly subadults that may be
Kaktovi n onto the 1002 area from the foothills to the
dispers! I? is not known whether the 1002 area wolverine

south- sident or transient.

population is re

GROWN BEARS

Brown bears seasonally use the 1002 area. Brown
pears north of the Brooks Range are at the northern limit of
their range. At periods of greatest abundance (in June)
use is estimated at one bear per 30 square miles, or
approximately 108 bears (Garner and others, 1984). These
populations are characterized as having low reproductive
rates as a result of short periods of food availability, large
individual home ranges (95 to 520 square miles), and
nabitats that provide little protective cover (Reynolds and
others, 1976; Reynolds, 1978; Garner, Weiler, and Martin,

1983).

Brown bears are found throughout the entire 1002
area. They appear in late May and are generally most
abundant during June and July when caribou are most
plentiful. The bears breed during this same period. There
are two known high-use areas. One, used by 50-70 adult
bears and cubs, is in the southeastern part of the 1002
area where caribou calving is concentrated. The second,
used by 15-20 bears, is a much smaller area along the
upper reaches of the Katakturuk River (pl. 1D). Moderate-
use areas (30-80 bears) are located between and around
the high-use areas and are generally used for a shorter
period (June-July). (Note that bear numbers from each use
area cannot be added because they represent different
times of residency. Each bear may use more than one or
al areas delineated.) After caribou leave the 1002 area in
early July, brown bears gradually move south into the
foothills and mountains (Garner and others, 1983, 1984,
1985). Riparian areas are used as travel corridors. Brown
bear habitat changes seasonally according to food
dailability (U.S. Fish and Wildlife Service, 1982). Spring
foods include vegetation, carrion, caribou, ground squirrels,
and rodents. River courses frequently contain abundant
Prey as well as preferred vegetation. During mid- to late
Summer, brown bears shift to eating horsetail, grasses, and
Sedges. In the fall, they eat wild sweetpea roots,
Gowberries, blueberries, bearberries, and ground squirrels
id other rodents (Phillips, 1984).

Denning occurs in late Sept

depending on soil conditions (the 12: r:z;rmzr;f b0ctober,
to support den excavation) and weather (Pearso: f:ozen‘
Reynolds and others, 1976; Garner and others, 1983‘ 1:76,
1985). Most dens are in the foothills and mountains‘ s o
of thg 1002 area; only seven of 199 (3.5 percent) knc;u(h
den sites within the northeast portion of the Arctic Reﬂ:N :
have been found on the 1002 area (Garner ang othe?s
1983, 1984, 1985; Garner and Reynolds, 1986). Cubs are‘
born in January and early February. Litters range from one
to three; the average litter for bears using the 1002 area is
1.9 (Garner and others, 1984). Brown bears emerge from
winter dens in late April through May. On the 1002 area
the survival rate among cubs and yearlings ranges from
zero to 100 percent. Causes of juvenile mortality are not
well known, but a major cause is probably the kiling of
juveniles by mature males such as occurs in other brown
bear populations (Stringham, 1983).

Kaktovik residents harvest an average of 2 brown
bears annually. The bears are taken opportunistically on
the 1002 area or farther south in the foothills or mountains
(Jacobson and Wentworth, 1982). The sport harvest within
the Arctic Refuge north of the Brooks Range averages 2-4
brown bears annually. Virtually all sport harvest is south of
the 1002 area.

ARCTIC GROUND SQUIRRELS AND OTHER RODENTS

Arctic ground squirrels are found throughout the 1002
area in colonies restricted to well-drained soils free of
permafrost. Ground squirrels hibernate from late September
through May (Garner and Reynolds, 1986). Activity
resumes in the spring, before the snow begins to
disappear. Mating is followed by a 25-day gestation period.
Young ground squirrels grow rapidly in preparation for
winter hibernation.

Ground squirrels are a subsistence food for Kaktovik
residents. They are also important in the diets of snowy
owls, rough-legged hawks, brown bears, golden eagles,
arctic foxes, red foxes, and wolves.

Other rodents found on the 1002 area include the
collared lemming, brown lemming, and tundra vole. Red-
backed voles and tundra voles may occur in the foothills in
the southern part of the 1002 area. The brown lemming is
the leading herbivore along the coast, and in high
population years can account for more plant consumption
than ungulates (Batzli and others, 1980). Their impact on
the vegetation is cyclic and corresponds to the 3- to 5-year
population cycle. Lemmings and voles are active all year,
grazing frozen plant material and breeding under the snow.
Maximum population densities occur after successful winter
reproduction. Shallow snow depths result in low
temperatures under the snow, creating an energy stress
that can reduce winter reproductive success.
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MARINE MAMMALS

Fourteen species of marine mammals may occur off
the coast of the Arclic Refuge. Some of these--the spotted
seal and walrus--are occasional visitors. Others such as
the killer whale, gray whale, humpback whale, fin whale,
narwhal, harbor porpoise, and hooded seal are rarely seen
because this part of the Beaulort Sea is al the extreme
margin of their ranges. Five of the species were evaluated:
polar bear, ringed seal, bearded seal, beluga whale, and the
endangered bowhead whale.

~ Al marine mammals # U8 walers are protected
under the Marine Manunat Protection At of 1972 (16 U.S.C.
1361). The goal of that Act ig 1o reslore and maintain
marine mammal populations at their oplimum sustainable
population levelz, as well as to prolect subsistence
opportunities for Alaskia Natives.,  The Act establishes a
moratotium on the taking (including harassment) and
imponation of marie mammals except by Alaska Natives for
nonwasteful subsistence of handieraft purposes,  Required
negotiations to encourage international arrangements for
research and conservation of all marine mammals have
resulled in the 1876 International agreement on polar bears
as discussed In that section, ~

POLAR BEARS

~  Polar bears are closely associated with pack ice of
the Arctic Ocean throughout most of the year. The
Beaufort Sea population of polar bears is estimated to be
1,300-2,500 (Amstrup and others, 1986). Some females
move to coastal areas, and occasionally farther inland,
during October and November to seek maternity den sites.
Pregnant polar bears, and later their cubs, probably spend
more time on the 1002 area than other segments of the
polar bear population. Other groups of polar bears
seasonally frequent the coastal periphery of the area.
Recapture of polar bears marked by the FWS in recent
years indicates that an influx of females accompanied by
cubs as old as 20 months and subadult animals coincides
with the fall ice-edge advance to the shoreline. ~

~  Polar bear dens have been found as far as 250 miles

offshore and 32 miles inland. Eighty-five percent of dens
located in 1983-86 were offshore. The onshore area from
the Colville delta to the Canadian border is used by the
Beaufort Sea population for denning. However, the most
consistently used land denning areas were on and adjacent
to the 1002 area where 1-2 dens were found by radio
telemetry in 5 of the 6 years between winter 1981-82, when
the FWS began a continuing study of North Slope polar
bears, and winter 1986-87 (Amstrup, 1986; FWS,
unpublished data). The ideal denning sites are riverbanks,
draws, and the leeward side of bluffs and hills where snow
accumulation is sufficient to support den construction.
Sixteen dens were found in the 1002 area between 1951
and 1986 through FWS radio telemetry studies and Native
reports (pl. 1E; Garner and Reynolds, 1986, table 15, p.
293; FWS, unpublished data). Another five dens have been
located on ice near the 1002 area. ~
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~  Three different parts of the 1002 area (pl. 1E) have
been generally delineated as confirmed denning areas, tha
is, areas in which polar bear dens and denning activit
have been observed during more than one winter. Dens o
denning activities have also been observed in other 100:
area locations, but data are inadequate to confirm recurren
use. Ten of the 12 land dens found through radic
telemetry studies (1981-86) have been located on the Arctic
Refuge; the other two were on Hershel Island, Canada. ~

Female polar bears that den on land move onshore
to seek out den sites in October and November, depending
on ice movement and ice buildup (Lentfer and Hensel
1980). Denning females give birth to 1 or 2 cubs in
December or January, and bears emerge in late March ol
early April, depending upon weather conditions. The female
and cubs generally remain near the den, making shor
forays for 1 to 2 weeks until the cubs gain strength and
become acclimated to outside conditions. Soon thereafter,
they move to the sea ice to feed on seals. Many females
with new cubs concentrate their foraging on the shore-fast
ice, which can extend out to 30 miles.

When the nearshore ice breaks up in the spring, the
bears move with the sea ice and many concentrate at the
south edge of the pack ice. This position varies seasonally
but usually is between the coast and latitude 72°N.

Except for a shore lead, the Beaufort Sea is ice
covered year-round. Nearshore open water begins to
freeze in September or October, and nearshore ice does
not melt untii May or early June. Male and nondenning
female polar bears inhabit the sea ice throughout the
winter. The distribution of polar bears is influenced by the
availability of their major prey species, ringed and bearded
seals, which concentrate in areas of drifting pack ice
(Lentfer, 1971; Stirling and others, 1975). Ringed seals
probably constitute 95 percent of the polar bear's diet
(Burns and Eley, 1978).

Polar bears are protected under the provisions of the
Marine Mammal Protection Act of 1972. Additionally, an
international agreement for the conservation of polar bears
was ratified in 1976 by the governments of Canada,
Denmark, Norway, the Union of Soviet Socialist Republics,
and the United States of America. The treaty requires
management of shared populations by consultation. Article
Il requires that appropriate actions be taken to protect
ecosystems of which polar bears are a part, especially
denning and feeding sites.



Large numbers of polar bears have concentrated
seasonally in some years along the coast of the Arctic
tieluge near the village of Kaktovik where whale carcasses
«an be scavenged (Amstrup and others, 1986). Each year
many bears are available to local subsistence hunters, but
in most recent years the kill has been small (FWS,
unpublished data). Annual subsistence harvest of polar
bears by local residents was as high as 23 to 28 in 1980-
#1, at least one polar bear was confirmed as being taken in
each of the following 6 years, with two bears being taken
@ 1084-85 and three in 1985-86 (table 1I-7) (Schliebe, 1985;
Jacobson and Wentworth, 1982; FWS, unpublished data).
Heslricting the take of females and family groups to ensure
population stability was a purpose of the November 1986
agreement between the North Slope Borough Fish and
twme Management Committee and the Inuvialuit Game
©ouncil in Canada. ~

nt ALS AND WHALES

Ringed seals, bearded seals and, occasionally,
wpotted seals are found in the Beaufort Sea and along the
«oast north of the coastal plain, including the lagoons of
the 1002 area (Garner and Reynolds, 1986; U.S. Fish and
Wildlife Service, 1982). Although there is some evidence of
singed seals within the refuge in summer and fall, their
ptimary habitats are generally outside the 1002 area.
finged seals use stable, shore-fast ice as their primary
pupping habitat (T. G. Smith, 1980). To improve chances
of successfully rearing pups, older, more-dominant female
ringed seals select and actively defend territories on stable
shore-fast ice for pupping. Subadult and younger females
are forced to construct lairs on active pack ice, increasing
the chances of predation by polar bears. Bearded seals
are chiefly associated with the pack-ice edge throughout
the year. Primary breeding and pupping habitat is
associated with the ice edge. A small number of bearded
seals remain in northern ice-bound areas. The extent of
autive pack ice use by seals within the 1002 area is not
woll understood. However, seals in Canada do occupy
active pack ice, a preferred hunting area for polar bears (T.
€ Smith, 1980).

Kaktovik residents harvest spotted, ringed, and
bearded seals for subsistence, though relatively few are
lakon (Jacobson and Wentworth, 1982).

Bowhead and gray whales are listed as endangered
zpacies. Gray whales are occasionally found in the
Boaufort Sea north of the 1002 area (U.S. Fish and Wildlife
%eivice, 1982). The bowhead whale inhabits waters
sitshore from the Arctic Refuge in September and October
t¢hing its fall migration along the Beaufort Sea coast. The
zuuthern boundary of the bowheads’ fall migration corridor
is generally the 66-foot isobath, although they are
accasionally seen in shallower water. These whales feed in
flemarcation Bay east of the 1002 area; they also may use
walors off the 1002 area (National Marine Fisheries Service,
tunld), Belukha (beluga) whales also migrate through
walats north of the 1002 area.

Bowhead whales are taken for subsiatence &y
Kaktovik residents. During 1981-85 the annual haiveat hag
averaged one whale, with an average ol ono adbtiosal
whale struck and lost each year.

BIRDS

~  One hundred thirty-five species of birds have been
recorded on the Arctic Refuge coastal plain (Garner and
Reynolds, 1986, 1987). The majority are migratory, present
only from May to September. Six species are considerad
permanent residents--rock and willow ptarmigan, snowy owl,
common raven, gyrfalcon, and American dipper. The
common and hoary redpoll, ivory gull, and Ross' gull are
occasionally seen in winter on the 1002 area. Twenty-one
species are found offshore, mostly from late July to mid-
September, with distribution generally limited to within 35
miles of shore. Sixteen offshore species breed locally on
coastal tundra or barrier islands (Bartels, 1973; Divoky,
1978). Greatest concentrations of summer resident
waterbirds on the Arctic Refuge occur in two general
habitats: shallow coastal waters and tundra wetlands
(pl. 3, Aand B). ~

~ Birds begin using coastal lagoons when the snow
melts in late May and river overflows cover lagoon deltas,
providing the first open water of the season. Habitat use
during the breeding season (mainly June and July) varies
with bird species. Peak numbers of birds are often seen in
August and September during staging and early migration.
Smaller numbers are present until freezeup in late
September or early October, when most birds leave the
area. ~

~ Lagoon areas are important during all phases of the
avian life cycle. More than 35,000 waterbirds of up to 33
species (primarily oldsquaw) may use the coastal lagoons
during the open-water period (July-September) (Gamer and
Reynolds, 1986). As many as 11,000 birds may be present
in a lagoon at one time. Some birds move from terrestrial
nesting habitats into shallow lagoons, bays, and sand spits
to molt, finding protection from predation during this
flightless stage. The lagoons are also important feeding
areas for oldsquaw, eiders, scoters, and other ducks,
loons, phalaropes, terns, gulls, jaegers, and black guillemots
(Divoky, 1978). ~

Migratory birds range internationally; nesting and
wintering grounds and migration routes may occur not only
in different countries but on different continents. Inter-
national treaties for the protection of migratory birds have
been ratified between the United States and the Union of
Soviet Socialist Republics, Japan, Canada, and Mexico. In
addition, measures for the protection of migratory birds aro
contained in the Convention on Nature Protection and
Wildlife Preservation in the Western Hemisphero, an
agreement to which the United States is a party.

Species-specific information follows, under five

categories: swans, geese, and ducks; scabirds and
shorebirds; raptors; ptarmigan; and passerines.

EXISTING ENVIRONMENT--BIOLOGICAL 3%



SWANS, GEESE, AND DUCKS

~ Tundra swans are common breeding birds of the
thaw-lake plains. As many as 100 nests and 280 to 485
adult swans have been counted on the 1002 area during
annual surveys (Garner and Reynolds, 1986). Swans arrive
in late May and early June and concentrate on the
Canning-Tamayariak delta, the Hulahula-Okpilak deita, Barter
Island lakes, Jago River wetlands, the Aichilik-E gaksrak
deltas, and lakes in the Demarcation Bay area (pl. 3A).
Spring surveys in 1982-85 showed an average density of 1
swan per 0.67 square mile in concentration areas. These
areas apparently offer highly desirable swan nesting and
feeding habitat. Average density for the overall 2,960-
square-mile area studied was 1 swan per 7.7 square miles.
Swans depart the breeding grounds from late August to late
September, those swans with young being last to leave
(U.S. Fish and Wildife Service, 1982; Bartels and Doyle,
1984a, b: Bartels and others, 1984; Brackney and others,
1985a, b). ~

Four species of geese regularly use the 1002 area:
Canada geese, black brant, greater white-fronted geese, and
lesser snow geese. Canada geese and black brant may
breed there each year; however, the size of the breeding
population is unknown, and the coastal plain is not a major
nesting area. Geese nest on islands and peninsulas
associated with the drained-basin wetlands of the thaw-lake
plains and river flood plains. Canada geese with broods
seek lakes and lagoons for protection shortly after their
goslings hatch. Brant breeding areas are usually found
near the mouths of large rivers. In late June, nonbreeding
and failed breeding pairs begin to molt. Some of these
individuals may move west prior to molting (pl. 3B). Several
hundred molting Canada geese and brant have been
observed in late July and early August along the Arctic
Refuge coastline.

~ Staging lesser snow geese congregate on the Arctic
Refuge coastal plain in mid-August and may remain through
late Sepiember (pl. 3B). These geese nest chiefly on
Banks Island (200,000 breeding birds), Anderson River delta
(10,000 breeding birds), and Kendall Island (1,000 breeding
birds) (Krebs, 1983) in Canada and, prior to fall migration,
most move westward into the 1002 area only as far as the
Hulahula River. Several hundred snow geese may use the
Canning River delta and Katakturuk Plateau during fall
staging. More than 595,000 birds were estimated for the
entire staging area on the coastal plain in Alaska and the
Yukon Territory, Canada in 1985 (FWS, unpublished data).
The maximum estimated for the Arctic Refuge coastal plain
(the 1002 area plus adjacent Wilderness coastal plain) was
325,760 in 1978 (Spindler, 1978), with an 11-year average of
136,000. The average number of geese using the 1002
area is 105,000, an approximate average of 22 percent of
the Western Arctic population. Distribution of staging snow
geese on the 1002 area is highly variable. Preferred
staging areas shift annually among the Niguanak-Okerokovik
area, the Jago-Bitty-Okerokovik area, the Jago-Bitty-Okpilak
River area, and the lower Aichilik and Angun Rivers between
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the 400- and 1,000-foot contours. Staging geese move as |
far as 225 miles west of their southward migration corridor
on the Mackenzie River to take advantage of the fooq }
resources on the Yukon and the Arctic Refuge coasty §
plain. The geese feed heavily to accumulate fat reserves #
for the fall migration flight. Significant weight gains have §
been reported in fall staging snow geese on the North
Slope (Patterson, 1974; Brackney, Masteller, and Morton,
1985a). ~ 3

As many as 10,000 greater white-fronted geese anq
10,000 black brant use the Arctic Refuge coastal plain for
fall staging and migration from late August through mig.
September. The white-fronted geese congregate with snoy
geese and move east during migration (Martin and Moitoret,
1981) to the Mackenzie River, then south through the
Mackenzie River valley and into the Canadian Provinces ang
the western U.S. (Koski, 1977a, b; Bellrose, 1980; Bany,
1967). Coastal salt marshes and mudflats in the river
deltas are especially important "habitat for the westwarg.
migrating black brant at this time (pl. 3B). During spring
migration, reported arrival dates for geese range from mig.
May to early June (Martin and Moitoret, 1981; Garner anqd
Reynolds, 1987). Brant rely heavily on vegetated coastal
mudflats during spring migration when the availability of
suitable foraging areas is critical to ensure healthy arrival on
the breeding grounds.

Several species of ducks use the 1002 area, the
coastal lagoons, and nearshore Beaufort Sea waters during
summer. Ducks arrive during spring migration in late May
and early June (Martin and Moitoret, 1981; Gamer and
Reynolds, 1986). Early-arriving ducks are attracted to
overflow water at river mouths until open water becomes
available in nearby lakes and wetlands. Northem pintai,
American wigeon, greater scaup, oldsquaw, common eider,
and king eider breed on the 1002 area; the oldsquaw is the
most numerous breeder. Nesting density throughout the:
1002 area is generally low; locally, nesting densities in:
wetland complexes around river deltas and other coasta
areas may be higher.

Probably more important than breeding habitat, the:
lakes and wetlands, coastal lagoons, and nearshore;
Beaufort Sea waters provide important molting and staging:
areas for several duck species. Oldsquaw are the va
majority of waterbirds using the 1002 area. As many
33,000 postbreeding oldsquaw congregate in coas
lagoons, nearshore waters, and large open lakes during
midsummer molt period and remain throughout the summe:
The movement of oldsquaw and common and king ei
continues to late summer. Fall migration includes movemé
of females, juveniles, and late-molting individuals along
Beaufort seacoast. Many ducks that breed outside 1
1002 area use coastal lagoons and nearshore waters
staging areas during molt and fall migration. In midsumi
scoters (especially surf scoters) and eiders (especial
common eiders) move westward along shorelines a
lagoons. At the same time, pintails migrate eastward 0
the coastal tundra.
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and their eggs are taken for subsistence.
waterfow| st occurs from May through early June,

st harve taken throughout the summer (Jacobson

s are 1982). From July 1985 to July 1986,
. arvested approximately 513 geese,
251 ducks (S. Pedersen, ADF&G,
virtually all species of waterfowl are

Jnpu l|dsquaw peing the most abundant and geese the
sed. ©
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species of seabirds are known to breed in the

seve'n three jaegers (pomarine, parasitic, and long-

(002 area dlis (glaucous and Sabine’s), arctic tern, and
wailed): N{O got Jaegers are widely distributed over all
piack guiliem biﬂ their breeding population is comparatively
napitat tYpes‘t in years of high microtine populations.
small exCeFL"s and arctic terns are widely distributed,
Glauc.ous ?eateSt densities in tundra wetlands near the
reaching g(hey occur in limited numbers on the 1002 area.
coaé" Pu‘ dlis and black guillemots are highly localized.
sabine ® Enown nesting areas of Sabine’s gull in the 1002
me o0 n the Canning River delta. Black guillemots nest
area 88 (‘:\e coastal beaches and shorelines. Gulls, termns,
oy <°2 ers feed and nest along the coastline and major
and :al ivers. Jaegers feed on small birds, eggs, insects,
g:\;gs, and carrion (U.S. Fish and Wildlife Service, 1982).

. Shorebirds are present on the coastal plain from mid-
May through the end of September in all habitats (pl. 30).
Tundra habitats within river delta areas and riparian habitats
are particularly important to nesting and staging shorebirds.
Eighteen species of shorebirds- have been recorded as
sreeding on the coastal plain. Most abundant are pectoral
and semipalmated sandpipers, lesser golden plovers, red-
necked and red phalaropes, ruddy turnstones, and long-
niled dowitchers. Other common breeders are Baird's, stilt,
and buff-breasted sandpipers; dunlin; black-bellied and
semipalmated plovers; and wandering tattlers.. Occasionally
snipes and whimbrels nest on the coastal plain. Along the
coast, seasonal fluctuations in shorebird numbers are
characterized by highs each year in mid-June (arriving
birds), early July (nonbreeding transients), and late August
(departing birds). More than 2 million shorebirds are
estimated to be present on the coastal plain from mid-June
to mid-July (U.S. Fish and Wildlife Service, 1982). Mudflats
on river deltas, particularly the Canning, Okpilak/Hulahula,
and Jago, and thaw-lake ponds along the coast are

mportant stopping points for several species of migratory
shorebirds. ~

RAPTORS

~

Rough-legged hawks, golden eagles, gyrfalcons,
::er!ins. snowy and short-eared owls, as well as the
featened arctic peregrine falcon are found on the coastal
l;‘"‘;}”‘;’er(»‘\d.dmonal details are in the subsequent section on
" anegnne falcon.) Rough-legged hawks nest on river
near steep foothill slopes; golden eagles nest in

the foothills and mountains of the Brool
nest on the cliffs along rivers or on i
and owls nest on the open tundra

use the coastal plain mostly as a (fpel.ed?r%. a:.;hese pirds
generally arrive in mid-May, except for gyﬁalconsa\;ﬂ?apmrs
resident and begin nesting as early as March FI’Ch ore
prey upon small rodents, ptarmigan, waterfowL.andapt:rs
birds, and so their populations and distributions va, ° .er
the availability of prey. Snowy owl and short-eargd v::th|
population peaks are directly related to the microtine cyc;:
Concentrations of 25-75 golden eagles (mostly immaturé
birds) are found on the PCH calving grounds and

ks Range: gyrfalcons
Solated upland cliffs:

_postcalving areas, where they prey on young calves and

scavenge caribou carcasses (Mauer, 1985). ~
PTARMIGAN

Willow ptarmigan and rock ptarmigan are common
breeders and fairly common winter residents of the 1002
area. Both species are less common near the coast than
inland, but rock ptarmigan are more common than willow
ptarmigan at coastal sites. Little is known of the wintering
status of these species on the 1002 area, although they
are present. A general northward migration of willow
ptarmigan occurs in April and early May as flocks totaling
several thousand birds move from the Brooks Range north
toward the 1002 area. |In the spring, ptarmigan are
commonly observed in riparian willow or on exposed ridges
and bluffs where the earliest snowmelt occurs; later they
move elsewhere for nesting. Rock ptarmigan nest in nearly
all habitats except the very wet sites; willow ptarmigan
prefer drier upland sites with moist sedge shrub or tussock
habitat. In the postbreeding season, flocks and broods of
both species usually move into riparian willow habitat.

Willow and rock ptarmigan are frequently hunted for
subsistence by Kaktovik residents. In midwinter, willow
ptarmigan are hunted on the 1002 area. Rock ptarmigan
are hunted mostly in the spring (April-May).

PASSERINES

Many passerines, or perching birds, use the 1002
area during summer (pl. 3C). Erect riparian willow stands
support the highest nesting density and diversity of
passerine species. The common and hoary redpolls, white-
crowned sparrow, yellow wagtail, and American tree
sparrow are largely restricted to riparian willow thickets or
adjacent riparian Dryas terrace or gravel bars which also
support willow growth. Savannah sparrows use similar
habitats, but are also found in uplands, tussocks, and
coastal areas. Snow buntings seem to be limited to bluffs
near the coast and around buildings. Lapland longspurs
are the most abundant species nesting in all tundra types.
Only two passerine species are resident, the common raven
and the American dipper. Some raven nesting areas are
shown on plate 3D. American dippers are probably
restricted in winter to the only open water available, which
is near Sadlerochit and Shublik Springs.
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FISH

~ Fish in the Arctic have developed extreme
adaptations to a harsh environment. There is a limited
period in which food is available to fish and generally a
limited area in which they can survive during the long
winter, ~

Coastal waters of the Beaufort Sea in Alaska contain
62 marine and anadromous species, including arctic char,
arctic cisco, arctic flounder, arctic cod, boreal smelt, and
fourhorn sculpin (Craig, 1984). Nearshore waters and the
brackish lagoons provide migrational corridors for
anadromous fish and are extremely important feeding areas
for these species.

Marine nearshore waters are important spawning an.d
overwintering areas for some marine fishes such as arctic
cod, arctic flounder, and fourhorn sculpin. River deltas are
also believed to be important overwintering areas.
Suitability of deltas for overwintering depends largely on the
salinity tolerances of species using the areas.

~  The Canning River has been studied more than any
other fresh-water system in the 1002 area. Species
reported include arctic char, arctic grayling, round whitefish,
ninespine stickleback, and burbot. Arctic flounder, fourhom
sculpin, broad whitefish, arctic cisco, and least cisco have
been reported in the lower river near the mouth. Pink,
chum, and sockeye salmon have been reported in the
Canning River but are thought to be strays from other
systems. Lake trout are found in several lakes within the
Canning River drainage but outside the 1002 area. Other
streams in the 1002 area (pl. 1B) that support major fish
populations are listed below. ~

Artic char

Arctic

River system grayling Resident Anadromous

Tamayariak River.........
Itkilyariak Creek ..........
Sadlerochit River.........
Hulahula River.............
Akutoktak River...........
Okpilak River .............
Aichilik River................

XX X X X X X
>

These and many other smaller streams and coastal
lakes have populations of ninespine sticklebacks. The
other major streams (Katakturuk River, Marsh Creek, Carter
Creek, Jago River and tributaries, Niguanak River, Sikrelurak
River, Angun River, and Kogotpak River) apparently do not
support major fish populations. They may support fish
locally and serve as summer feeding areas for a few fish
but seemingly lack adequate overwintering habitat.
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The drainages that originate in or transect the 100
area range from small intermittent-flow tundra streams to th
Canning River which has an estimated 50-year floog
discharge of 13,500 cfs (Childers and others, 1977), The
integrity of riparian areas is important for maintenance of
water quality and fish stocks on the coastal plain. Mogt of
the water results from precipitation, surface permafrost-thaw
processes, deep-lake drain, or springs. Peak flows are
associated with snowmelt in early summer or with rainfa)
during late summer and fall. By late October, most river
have no measurable flow. As riffie areas freeze to th,
bottom, overwintering fish become isolated in deeper pogjg
spring areas, or brackish river deltas. Substantia]
movement from summer feeding areas to small overwinteriy
areas has been recorded (West and Wiswar, 1985). |g,
accumulation is thickest from late March through early May,

Available fish overwintering habitat, such as deeper
pools, is greatly reduced in early spring. Although pog
depth is important, several other factors affect suitability fo
overwintering. These factors, which ultimately affac
dissolved oxygen concentration, include density gf
organisms in the pool area, species’ physiologic|
tolerances, volume of the pool, temperature, amount of
organic matter, and the influence of springs. Overwinten‘ng
habitat is probably the greatest factor limiting Arctic
anadromous and fresh-water fish populations (pl. 1B).

Springs supply most, if not all, of the free-flowing
water during late winter. The importance of springs for
spawning, rearing, and overwintering arctic fish populations
has been well documented in the Arctic Refuge and other
Arctic areas. Macro-invertebrates (aquatic insects
consumed by fish) are generally much more abundant and
diverse in springs and spring-fed sections of stream
channels than in other Arctic Refuge stream habitats
(Glesne and Deschermeier, 1984).

Lakes are uncommon in the 1002 area. The few that
exist are generally thaw lakes located along the coast.
Lakes less than 6 or 7 feet deep generally lack fish over-
wintering capabilities: they either freeze to the bottom by
late winter or their water quality is poor due to freeze
concentrations of dissolved solids and low dissolved-oxygen
levels. Lakes near the coast may be brackish, owing to
saltwater intrusion or windblown ocean spray. In contrast
to lakes further inland, some shallow coastal lakes may be
important summer feeding areas for anadromous and marine
fish, depending on access.

Coastal lakes near the Canning River delta, sampled
during summer, have contained arctic char, arctic grayling,
arctic flounder, round whitefish, and broad whitefish (Ward
and Craig, 1974). In deeper mountain and foothill lakes
south of the 1002 area, arctic char, arctic grayling, and/or
lake trout may be found. The lakes best known and most
widely used for recreation and subsistence are Lake Peters
and Lake Schrader in the headwaters of the Sadlerochit
River. These contain all three of the aforementioned fish
species.



Most Native subsistence use of fish occurs along the
Arctic char and arctic cisco are the primary species
during summer when they are present in large

pers in the Arctic Refuge lagoons. The arctic cisco is
num'nternational resource believed to originate in the
n lkenzie River in Canada. Some subsistence use of
Ma‘?c cod occurs in winter in apparent response to its
?rcuased abundance during that time. Arctic cod (Lowry
mc;eothers, 1978) also constitute more than 95 percent of
f:e diet of ringed seals which, in turn, are the major prey
of polar bears. Some winter subsistence fishing also
occurs at fresh-water overwintering sites. The most notable
of these are Fish hole 1 and Fish hole 2 on the Hulahula
River (pl- 1B) where arctic char and arctic grayling are
caught through holes in the river ice.

coast.
caught

a

sport fishing is currently minimal because of difficulty
in access and seasonal limitations on fish abundance.

THREATENED AND ENDANGERED SPECIES

-~ The Endangered Species Act of 1973 (16 U.S.C.
1531) provides for the conservation of endangered and
threatened species. Taking, importing, transporting, or
seling endangered and threatened species is prohibited
under the Act, except for nonwasteful subsistence purposes
by Alaskan Natives or non-Natives who are permanent
residents of Alaskan villages. Federal agencies are
prohibited from any action that would jeopardize the
continued existence of listed species. ~

BOWHEAD AND GRAY WHALES

Bowhead and gray whales are listed as endangered
under the Endangered Species Act of 1973, as amended.
Both species migrate into or through the Beaufort Sea,
north of the 1002 area, although sightings of gray whales
are rare. In-migrations of bowheads occur after spring
breakup, and out-migrations take place before fall freezeup.

ARCTIC PEREGRINE FALCON

Listed as a threatened species under the Endangered
Species Act of 1973, the arctic peregrine falcon is the only
terrestrial threatened or endangered species found in the
1002 area. In Alaska, most peregrine falcons nest on
ledges of cliffs or bluffs along river courses, but cliff habitat
is not abundant in the Arctic Refuge north of the Brooks
Range. But a few peregrines have been reported nesting
there in past years (Cade, 1960; Roseneau and others,
1976; Amaral, 1985; Amaral and Benfield, 1985).
Historically, peregrines occupied eyries along the Canning,
Katakturuk, Sadlerochit, Hulahula, Jago, Aichilik, and
Kongakut Rivers (U.S. Fish and Wildlife Service, 1982).
Among the eyries formerly or potentially occupied by
peregrines within the Arctic Refuge, only two are within the
1002 area. These sites are on bluffs along the Sadlerochit
River near the spring and at Bitty Benchmark on the Jago
River (pl. 3D).

Peregrine falcons are highly mi
. Lo grato
relatively short time in Alaska. Arctic Der;yg,.i::: spend a
arrive at their North Slope eyries between Apri o4 ge:efalw
7, lay and incubate eggs between May 15 ang Jul nd May

young fledge (leave the nest) during August (U.S'YF.‘ZSL, and
Wildlife Service, 1882). Generally, the breeding séaso:ni:

defined as the period from April 15 to August 31,

There appears to be a significant movement of arctic
peregrine falcons through the 1002 area from late August to
mid-September (Martin and Moiteret, 1981; U.S. Fish and
Wildlife Service, 1982). The number and timing of these
observations suggest that at least some North Siope arctic
peregrines migrate along the coast of the Beaufort Sea.
The lagoons, river mouths, and bays concentrate shorebirds
and waterfowl, which are favored prey of the peregrine.

Nesting of peregrines in the Arctic Refuge north of
the Continental Divide was documented in 1972-73 when
three sites near the confluence of the Marsh Fork and
Canning River 40 miles south of the 1002 boundary were
occupied (Roseneau, 1974), and in 1984 and 1985, when
pairs nested along the Canning and Aichilik ‘Rivers outside
the 1002 area. Several sightings during June and July have
been reported from the 1002 area (U.S. Fish and Wildiife
Service, 1982; Amaral, 1985; Amaral and Benfield, 1985;
Oates and others, 1986). The significance of these
observations is unclear, as the birds did not appear to be
associated with nest sites, yet the observations do indicate
that, in addition to those present during migration, a few
scattered peregrines (possibly nonbreeders) can be found
in the 1002 area during the breeding season.
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