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WELCOME AND INTRODUCTION

Wednesday, January 20, 1993



INTRODUCTORY REMARKS

Joy Geiselman
ITM Coordinator
Minerals Management Service
949 E. 36th Avenue
Anchorage, Alaska 99508-4302

Good morning. | am Joy Geiselman, the coordinator for this Information Transfer Meeting and
an oceanographer on the Environmental Studies staff of the Minerals Management Service. |
would like to welcome you and thank you all for attending this meeting. | would also like to
introduce Kathy and Chuck Mitchell with MBC Applied Environmental Sciences. They are MMS’
contractors for the logistics of this Information Transfer Meeting. Kathy, Chuck and | are here to
be of any assistance in regard to this meeting. So please find one of us if you have any
questions or problems or need any information. | just have a few brief reminders. Please feel free
to ask questions of the speakers. We do ask you to use the microphones in the center of the
room and also to identify yourself. This year's Information Transfer Meeting is an opportunity to
comment on the information base available for future OCS oil and gas lease sales proposed in
the Beaufort Sea, Chukchi Sea, and the Hope Basin. Comments can be made during the
question periods of the sessions or they can be written on the form found in your packet. These
forms can be turned in here at the meeting to Kathy, Chuck, to me or the Session Chairs or they
can be mailed to the Minerals Management Service. We also have in your packets some
feedback forms and mail list forms, if you would like to be on our mailing list.

There will be a published proceedings from this Information Transfer Meeting. If you would
like one, please be sure to register for the meeting.

Now | would like to introduce Alan Powers, the Regional Director for the Minerals
Management Service, Alaska OCS Region.
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WELCOME

Alan D. Powers
Regional Director
Alaska OCS Region
Minerals Management Service
949 E. 36th Avenue
Anchorage, Alaska 99508-4302

Good morning. |, too, would like to welcome you to the Region’s Fifth Information Transfer
Meeting. | suspect that this may be the Clinton Administration's first scientific meeting, but | am
not absolutely sure aboit that, so we can't really make that claim without doing a lot of checking.
This meeting is going to focus on the Arctic and it serves two purposes. First, it is an open forum
for the exchange of scientific information and ideas and as Joy mentioned, it serves as the
Information Base Review for three prospective lease sales in the Arctic: the Beaufort Sea, the
Chukchi Sea, and the Hope Basin. These sales are tentatively scheduled for 1995, 1996, and
1997, respectively. This meeting is a public meeting and is part of our public input process, and
every speaker will allow time for questions and discussions. | want to personally thank all of the
speakers for their time and effort. For without their contributions, the meeting could not be held.
The Outer Continental Shelf program, like many other Federal programs, has a contracting
budget. Consequently, there is increasing competition for the funding of new studies. New
undertakings must have solid justifications and must be shown to be superior to other funding
alternatives if they are going to be financed. Fortunately, both the Beaufort and Chukchi Seas
have aiready received considerable information-gathering attention. | don't want to leave it on a
low note like that, but that is kind of a fact of life for our agency and for a lot of other Federal
agencies. So now, so that the meeting can go on, I'll thank Joy and turn it over to the next
speaker.
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DECISION-MAKING UNDER THE AREA EVALUATION AND DECISION PROCESS

Robert J. Brock
Regional Supervisor
Leasing and Environment
Alaska OCS Region
Minerals Management Service
949 E. 36th Avenue
Anchorage, Alaska 99508-4302

The Area Evaluation and Decision Process (AEDP) provides a framework for the aclivities
which precede the decision of whether and under what condition to hold an individual Outer
Continental Shelf (OCS) oil and gas lease sale. These activities include coordination and
consultation, information acquisition, public input, environmental analysis, decision, and review
and comment procedures under the OCS Lands Act and the National Environmental Policy Act
(NEPA).

Coordination with and public input from interested and potentially affected parties is a vital
aspect of the AEDP. Extensive contact with Federal, state, and local governments, universities,
oil and gas industry, special interest groups, and the public assists in the acquisition and use
of environmental and geologic information in offshore natural gas and decision processes.

Two new steps were input in the process.

1. The Information Base Review (IBR) step which is what we are doing with this ITM. We
are reviewing the information available for the EIS and want your help in that process.

2. The proposed Notice of Sale (NOS) comes out with the draft EIS instead of after the
final EIS.

The major emphasis of the AEDP is the public input process. We accept input anytime —
if it arrives too late for one step, it will be picked up in the next step.

Public input is formally requested at:

1. Information Base Review so we can be sure we have the latest information available to
use in our process.

2. Call for Information and Nomination. Request for specific concerns with a specific area.
3. Scoping. Request to be sure the EIS covers all concerns.

4. Public Hearing. Formal hearings on the draft EIS.



1993 MMS — AOCS Information Transfer Meeting



THE ENVIRONMENTAL STUDIES PROGRAM: CURRENT STATUS AND RESEARCH PRIORITIES;
AND UPDATE ON THE NRC/NAS REVIEW OF THE ADEQUACY OF INFORMATION AVAILABLE
ON THE BEAUFORT AND CHUKCHI SEAS AND THE NAVARIN BASIN

Jerry L. Imm, Chief
Environmental Studies Section
Minerals Management Service

949 E. 36th Avenue
Anchorage, Alaska 99508-4302

It only seems like a year since we held the last ITM, and | guess it is because it was held just
a year ago. | want to add my welcome and appreciation to those attending, and those who are
presenting papers or otherwise participating. This, the Fifth Alaska OCS, ITM will focus on studies
related to the Beaufort and Chukchi Seas and to the Hope Basin. | will spend a little bit of time
on the studies program, and also on the National Review Committee/National Academy of
Sciences (NRC/NAS) review update. The purpose of the ITM is to share Minerals Management
Service (MMS) environmental, social and economic studies information and results gathered by
MMS and other agencies, academia and industry consultants. Our goal is to provide MMS and
the public with more up-to-date information on the research that has been performed since our
last Arctic-focused ITM. Again, | would like to repeat my thanks to those participating.

The purpose of the Environmental Studies Program (ESP) Is to:

1. Establish information needed for prediction, assessment and management of impacts on
the human, marine and coastal environments which may be affected by Outer Continental
Shelf (OCS) gas and oil activities (1978 OCSLA Amendments).

2. Enhance the leasing decision process by providing information on the status of the
environment pertinent to prediction of potential effects of gas and oil exploration and
development.

3. Identify ways and the extent that OCS development can potentially affect the human,
marine and coastal environment.

4. Ensure that information available or being collected is in a form that is useful to the
decision-making process, and

5. Provide a basis for future monitoring of post-lease OCS operations.

Again, the basic purpose has not changed, even though budgets, direction and focus have
changed many times over the years.

The ESP in Alaska is still experiencing change, and that may accelerate given the
uncertainties of possible new program direction. Since last year's ITM, the same conditions
largely apply to the Alaska program, except for a possible upturn in interest in the Arctic planning
areas sparked by ARCO's Kuvlum discovery and the continuing interest in Cook Inlet. We still
haven't received the benefit of the NRC/NAS review in the Chukchi, Beaufort Seas, and in the
Navarin Basin. We are still largely focusing on the Arctic areas, and in a general sense we have
more contemporary studies information in those areas than in others.

I can report that we are well on the way to the establishment of a significant cooperative
research effort with the University of Alaska, Fairbanks, and one that we are looking forward to
as a productive relationship.
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The NRC/NAS review panel did submit a Congressionally requested interim report to MMS
in June 1992, which was basically an update of activities to date. The panel also visited Alaska
in September of this year, and focused on receiving comments about the program from the
residents of Barrow in public meetings held there and also in Anchorage afterwards. They also
received a briefing from MMS, and are proceeding, and should be able to deliver the final report
by the September 1993 due date.



RESOURCE EVALUATION AND PETROLEUM POTENTIAL OF THE
BEAUFORT AND CHUKCHI SEAS AND HOPE BASIN

tarry W. Cooke
Alaska OCS Region
Minerals Management Service
949 E. 36th Avenue
Anchorage, Alaska 99508-4302

Larry Cooke has served the Federal Government as an evaluator of oil and gas resources for 20
years. His interests include resource assessment methods and offshore resource potential. He
received his B.S. degree in geology from Virginia Polytechnic Institute. Mr. Cooke currently
supervises the Resource and Economic Analysis Section of the Minerals Management Service.

INTRODUCTION

Minerals Management Service (MMS), an Agency of the U.S. Department of the Interior
(DOI), administers the Federal offshore minerals leasing program. The MMS independently
assesses the undiscovered oil and gas resource potential of the Outer Continental Shelf (OCS)
to identify areas for possible leasing and exploration. The Arctic Federal offshore, which includes
the Beaufort Sea, Chukchi Sea, and Hope Basin administrative planning areas. has favorable
geologic attributes for the formation of oil and natural gas accumulations. Alaska, in particular
the Arctic, has the highest potential for large oil accumulations in the United States. The question
is whether these undiscovered accumulations could be large enough to overcome constraints
related to the harsh environment and remote locations and the attendant high development and
transportation costs.

RESOURCE EVALUATION PROGRAM

The DOI is required by the OCS Lands Act and Amendments to periodically assess and
report to the Congress on the undiscovered oil and gas resource potential of the Federal
offshore (Dellagiarino 1986). MMS, through the Resource Evaluation Program (RE), estimates
both the undiscovered resources and the net economic value of specific tracts. RE addresses
the following questions:

* Is there ANY undiscovered, commercially recoverable oil and gas in the evaluation area?
* If any, then how much?
* What is it worth?

An early step in the resource assessment process is to acquire all available, relevant
geological and geophysical information. The information includes various surveys in drilled wells
in the area (if any), and grids of common depth point (CDP) seismic data collected during
offshore geophysical surveys. The seismic data is processed by computer to yield a seismic
profile, resembling a slice through the rock layers underlying the seafloor. Individual profiles are
interpreted and tied to existing well data, where possible. The profiles are collected in a grid.
Particularly strong subsurface reflectors corresponding to prospective rock layers are traced
across each profile and through the grid. Depths to the rock layer are mapped throughout the
grid and contoured to yield an image of the subsurface rock layer, showing various uplifts and
depressions, similar to a topographic map of the surface. Prospects are uplifts or other geologic
features which can capture migrating oil and gas.
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Geologic studies are initiated to assess whether key geologic attributes are present in the
area. Absence of any one of these attributes means that economic accumulations of oil and
gas will not be discovered. Adequate source rocks must be present to generate oil or gas in
sufficient quantities to fill traps. Reservoir rocks must be available with sufficient porosity and
permeability to store the hydrocarbons and allow them to flow when produced. Migration
pathways must exist to permit generated hydrocarbons to flow from the source to the reservoir.
A mechanism must exist to trap the oil and gas in the reservoir, and a dense seal or cap must
be in place over the reservoir to prevent the hydrocarbons from migrating to the surface. if
available data indicate that these geologic attributes are favorable for an area, then individual
prospects are assessed by estimating ranges of values for uncertain geologic variables.

In addition to geologic variables, engineering and economic factors are assessed. Even
though oil and gas accumulations may exist in an area, they may not be of sufficient size to
proceed with development.

Ranges of possible values for geologic, engineering, and economic values for individual
prospects are entered into an MMS drilling simulation program. The computer model simulates
the possible results if a drilling program is conducted. The results are a range of possible
answers with associated probabilities of occurrence.

The estimates are used:

» as a basis of analysis in socio-environmental studies and decision documents (e.g.,
Environmental Impact Statements);

+ as a basis for oil spill risk analysis studies;
» to estimate economic benefits which could result from a lease sale; and
+ as information to develop a 5-year leasing plan.

In the event that an area is offered for lease, RE determines the adequacy of bids received
on individual tracts, by using market criteria and a detailed tract evaluation method. Tract
evaluation provides a tract-specific risked net present value, based on estimates of resources,
development and production schedules, price and costs projections, tax considerations, and
geologic and economic risk factors.

The undiscovered, conditional ofl (a Tabl.e 1. MMS estimates of undiscovered oil for the
statistical quantity obtained if it is assumed Arctic OCS, January 1990.
that economically recoverable oil exists in the
areas) estimated by MMS, as of January,
1990, for the Arctic OCS is show in Table 1

Average High
(billion (billion

(Cooke, 1991). Area barrels)  barrels) MP
Chukchi Sea 5.96 13.10 0.23
BEAUFORT SEA POTENTIAL Beaufort Sea 1.66 4.69 0.23
Hope Basin 0.50 1.44 0.01

The primary geologic elements of Arctic
Alaska are illustrated in map view on Figure
1 (Sherwood 1993) and in cross-section on Figure 2 (Thurston and Theiss 1987). Particularly
noteworthy is the regional uplift known as the Barrow Arch, along which the producing fields
are located. The trough of the Arctic Alaska and Colville Basins is located south of the arch.
Like onshore Alaska, the Beaufort Sea has favorable geologic attributes, including rich source

10
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Figure 2. Beaufort Sea cross-section.

rocks, excellent reservoirs, various traps, migration paths, and seals. Existing production is from
an older rock sequence which contains excellent sources and reservoirs. Since 1946, over 30
oil and gas discoveries have occurred onshore and in the state offshore waters.

As shown in Figure 2, the older sequence ("E") thins onto the Barrow Arch. Future exploration
targets for the Federal OCS are primarily in a younger sequence (*B") north of the Barrow Arch.
This younger sequence is thick, but potential reservoirs are often thin and localized, with
moderate to good porosity.

The Beaufort Sea has had five lease sales and 25 exploratory wells, including the most
recent ARCO discovery at the Kuvium prospect. Over 1 billion barrels of oil (BBO) have been
discovered but not produced in Arctic Alaska (onshore and state waters). In spite of the favorable
geologic characteristics, a combination of low prices, high development and transportation costs,
and more favorable operating and regulatory conditions overseas has prevented the development
of what would be considered giant discoveries anywhere else in the U.S. The overriding question
in Arctic Alaska is whether accumulations will be of sufficient size to warrant development and
production. Economic viability of Federal OCS prospects is enhanced by their proximity to the
Trans-Alaska Pipeline System (TAPS).

CHUKCHI SEA

Two Federal lease sales have occurred in the Chukchi Sea Planning Area. The area contains
proven North Slope reservoirs, source rocks, and seals. Trap and migration factors are favorable.
Numerous prospects have been identified and mapped. The area is geologically complex, highly
faulted. and has been explored by only four wells. Economics and the harsh environment have
constrained exploration. Although the geologic elements are favorable, lack of transportation
infrastructure would restrict economic viability of discoveries to fields in the supergiant (greater
than 1 BBO) category.

12



Cooke — Resource Evaluation and Petroleum Potential of the
Beaufort and Chukchl Seas and Hope Basin

HOPE BASIN

Hope Basin has not had a previous Federal lease sale and is untested by exploratory drilling.
The Herald Arch separates the Chukchi Sea and the Hope Basin (Figure 1). Two onshore wells
show excellent reservoir properties. However, the area has complex faulting, smalier prospect
sizes, and young sediments which may nol have been adequately buried to generate oil. If
anything, the development and economic constraints described for the Chukchi Sea would be
even more severe for Hope Basin.

SUMMARY AND CONCLUSIONS

With the economic and engineering challenges of working in the Arctic, why even consider
the area for development? When compared with other oil producing nations of the world, the
U.S. has fallen to the "middle of the pack" in terms of proven oil reserves, having less than one-
tenth of the reserves of Saudi Arabia. The Arctic inevitably must be considered for development,
because it contains such a rich share of the nation’s increasingly meager hydrocarbon
endowment. A 1987 DOl assessment of undiscovered resources shows one-third of the
remaining United States oil potential to be in onshore and offshore Alaska (Mast et al. 1989).

Low oil and gas prices, high development and wransportation costs owing to logistics and
the harsh environment, and more favorable operating and regulatory conditions overseas impede
Arctic exploration. The Beaufort Sea has the highest near term potential, having proven
accumulations and access to onshore transportation facilitios. Chukchi has high oil potential,
but development potential is more questionable. Finally, Hope Basin is the least likely to
overcome economic constraints, given its location and the low oil potential.

With favorable geologic factors, the Arctic has the highest U.S. potential for large oil
accumulations. Technology, economics, and the stability of foreign sources will determine the
viability of future Arctic discoveries.
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QUESTIONS AND DISCUSSION
TOM NEWBURY: Was the Kuvium discovery right along the Barrow Arch?

LARRY COOKE: It is on the other side of the Arch. This is the coast line, the Arctic National
Wildlife Reserve down here, and Kuvium would be located in a position like this. So it is on
the far side of the Arch.

JERRY IMM: How many discoveries have actually been made in the Beaufort, on the OCS?
LARRY COOKE: Six that are producible.

BRUCE MATE: | have a question that might seem a little glib but | am sure it is complex. If | were
a market investor right now, | would see that lease sales might go at a more favorable price
right now because of the world conditions and the more favorable offshore markets for oil.
But if | were an oil company thinking about the long term investment before | could reap a
benefit, obviously the other sources of oil are cheaper. How do you go about bringing that
basis for judgement in your economic assessment of whether a bid is valued enough to let
a lease now from the stewardship side of your responsibility? | know it is a very difficult
question, I've asked something really hard, but could you give us just a kemnel of how you
perceive the near term or the far term when the present economics are so strongly dictating
a different direction?

LARRY COOKE: It is a very good question. He is asking how do you judge a bid with the current
economics? Is it better to go and lease something now or to wait? Is that essentially what
you are saying? And it is a good question. It really gets more into policy. Do we wait until
a future time? Right now we are basically going at a very slow pace in the Arctic. If you look
at bids, with the current prices, with the high up front costs, with the long lead times
necessary for development, that is going to drastically lower the value of those resources.
So you are right. That means that they are valued less today than if you had some vision that
prices would be high and stay fairly high. In fact that is what we have seen in the past when
prices were high and projections were that they would stay high. That is when we saw a lot
of development in the Arctic. Now development has backed off. There is sort of a low level.
In the last two sales in the Arctic, in the Chukchi and Beaufort, we had very low interest. So
| think it is sort of taking care of itself. If prices were projected to be higher, then | think you
would see the activity increase.

BRUCE MATE: | guess I'll pursue it just moment longer, seeing this is also considered a public
input session. It strikes me that the things that dictate the determination of whether a bid is
adequate or not are dictated by the long development time it will take to get oil out. But the
things that affect the price of oil can be as quick as a change in the Persian Gulf next week
or next month. it is a very difficult situation you face trying to balance these values, of present
value and future value. In public documents | have seen, there is not a good description of
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how you come to grips with that near term and long term value in a changing world. | would
love to see something like that in a format that was digestible by lay public.

LARRY COOKE: The only way that we can do it at this point it to use statistical methods that
allow you to look at a low cost scenario versus a high cost scenario. And the methods that
we do use in the tract evaluation allow you to input variables for things like oil price and have
it change. Running the model a number of times, coming out with a wide variety of results.
Ultimately, you are basing the decision on an average value that comes out of that. Those
are the tools that we have right now, that is what we are using. It is complex. In fact, when
we had the Gulf War the price spiked up for a short period of time and then fell back down.
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LEASING HISTORY, EXPLORATION, AND PRODUCTION ACTIVITIES
IN THE BEAUFORT AND CHUKCHI SEAS AND HOPE BASIN

Jeffrey Walker
Alaska OCS Region
Minerals Management Service
949 E. 36th Avenue
Anchorage, Alaska 99508-4302

Jeffrey Walker is a supervisory petroleum engineer with the Minerals Management Service (MMS).
Over the last 15 years, Mr. Walker has been involved with administering MMS's regulatory program
for oil and gas lease operations all over Alaska, from the Gulf of Alaska to the Beaufort Sea. Mr.
Walker is responsible for processing proposed exploration and development and production plans,
including technical reviews and coordination with other Federal and state agencies, local
communities, and other interests. Mr. Walker has a B.S. in geological engineering from the South
Dakota School of Mines.

INTRODUCTION

There have been seven Outer Continental Shelf (OCS) and six State of Alaska lease sales
in the Beaufort and Chukchi Seas. No offshore sales have been held for Hope Basin. A total of
75 exploratory wells have been drilled; 30 on the OCS, and 45 on state submerged lands. On
the OCS, there have been several discoveries, but none are currently economic to produce. A
major OCS discovery was announced by ARCO Alaska, Inc. (ARCO), for it's Kuvlum well drilled
55 miles northeast of Prudhoe Bay in the summer of 1992. Currently, the only offshore
production is from the Endicott Field from state submerged land near Prudhoe Bay. Exploratory
drilling is continuing on existing leases and is expected to continue in the near future. The
Minerals Management Service and the state plan additional lease sales in the Beaufort and
Chukchi Seas and Hope Basin.

LEASING HISTORY

The first Federal OCS lease sale in the Arctic was Beaufort Sea Sale BF held in 1979. Four
additional OCS lease sales have been held in the Beaufort Sea; Sales 71, 87, 97 and 124. In
the Chukchi Sea, two OCS lease sales have been conducted; Sales 109 and 126. There have
been no OCS sales held in the Hope Basin.

The State of Alaska has held six lease sales for the Beaufort Sea submerged lands. There
have been no state sales in the Chukchi Sea or Hope Basin.

Three OCS lease sales are scheduled for the Beaufort and Chukchi Seas and the Hope
Basin under the current 5-year OCS leasing program; Beaufort Sea Sale 144 is scheduled for
1995, Chukchi Sea Sale 148 scheduled for 1996, and Hope Basin Sale 159 is scheduled for
1997.

The State of Alaska has four sales scheduled for the Beaufort Sea, Sales 81 (1995), 83
(1995), 86 (1996) and 89 (1997). One sale is scheduled for the Chukchi Sea; Sale 82 (1995). The
state has no sale scheduled for the Hope Basin.

EXPLORATION

Thirty exploratory wells have been drilled on the OCS; 25 in the Beaufort Sea and 5 in the
Chukchi Sea. Forty-five wells have been drilled on state submerged lands in the Beaufort Sea.
In the Beaufort Sea, drilling on the OCS has ranged from east of Kaktovik to Dease Inlet. Drilling
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on state submerged lands has concentrated in the central Beaufort, closer to the Prudhoe Bay
area.

Seven discoveries have been announced on the OCS. None of these discoveries are
currently economic to develop. Two discoveries, North Star and Sandpiper, both located to the
northwest of Prudhoe Bay, are currently undergoing additional engineering and economic
analyses for their development potential. The recent Kuvium discovery announced by ARCO
could be the first commercial discovery on the OCS, pending results of additional drilling. The
Kuvlum discovery well was drilled by ARCO in the eastern Beaufort Sea during the 1992 open
water season. The well tested at 3,400 barrels of oil per day. The Kuvium discovery could
facilitate development of other marginal fields in the area.

Seven exploratory wells have been proposed for state lands during the 1993-94 winter
season. Offshore wells are Exxon Company, U.S.A.'s Thetis Island well, ARCO’s Jones Island
well, Amerada Hess Corporation's Northstar No. 3 well, and Conoco, Inc.'s, Badami well.
Onshore, ARCO has proposed three wells in the Kuukpik unit. For the OCS, no permits have
been submitted, but additional drilling at the Kuvium location by ARCO is anticipated during the
1993 open water season.

DEVELOPMENT

The only offshore development in the Arctic is currently the Endicott Field located to the
northeast of Prudhoe Bay. Plans are continuing for development of the Niakuk and Point
Mcintyre Fields.

SUMMARY

Recent discoveries, onshore and offshore, have maintained industry interest in conducting
exploratory drilling activities in the Arctic. The Federal and state governments are planning future
lease sales to make offshore lands available for additional exploration. The Kuvium discovery
in 1992 could be the first commercial discovery on the OCS and could facilitate development of
other discoveries in the area.

QUESTIONS AND DISCUSSION

WALTER RUSSELL: | noticed that Mr. Cooke had mentioned that there were two wells drilled in
the Hope Basin and | was wondering if Mr. Walker had any information on the Hope Basin.

JEFF WALKER: | do not, they were onshore wells...
LARRY COOKE: Two wells were drilled onshore, which indicated potential for reservoir rocks.

These wells are in the Selawik Basin, southeast of Hope Basin. Extrapolation of this
information indicates potential for reservoir, but source rocks remain a question.
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INTERNATIONAL ARCTIC MONITORING AND ASSESSMENT PROGRAM

Elizabeth Leighton
U.S. Foreign Setvice Officer
University of Alaska Fairbanks
302 Signers’ Hall
Fairbanks, Alaska 89775-1720

Elizabeth Leighton is a U.S. Foreign Service Officer who is currently on a temporary assignment with
the University of Alaska Fairbanks. Her areas of expertise are international Arctic affairs and U.S.
Arctic Policy. Ms. Leighton came to Alaska from an assignment with the Division of Polar Affairs in
the Bureau of Oceans and International Environmental and Scientific Affairs at the Department of
State where she was responsible for the development and implementation of U.S. Arctic and
Antarctic policy. Ms. Leighton attended Mount Holyoke College in Massachusetts, graduating cum
laude in 1983 with a B.A. in politics.

In June 1991, the eight Arctic nations' adopted the Arctic Environmental Protection Strategy
(AEPS). The Arctic Monitoring and Assessment Program (AMAP) forms the keystone of that
Strategy. AMAP is a circumpolar monitoring program designed to monitor and assess, on a -
continuing basis, threats to the Arctic environment. The AEPS established AMAP "so that
monitoring results may be used to anticipate adverse changes to the ecosystem and to prevent,
minimize and mitigate these adverse effects." Thic knowledge will form the basis of future
cooperative action to protect the Arctic environment.

BACKGROUND

It is important to understand the context in which AMAP was proposed and developed.
AMAP is one of a growing number of circumpolar cooperative programs. Heightened awareness
of environmental problems, increased autonomy of indigenous peoples, and last but not least,
the end of the Cold War, have changed the Arctic from a region of confrontation to one of
cooperation. This new political openness has brought us to the threshold of unforeseen

opportunity.
ARCTIC ENVIRONMENTAL PROTECTION STRATEGY

The AEPS is one of the fruits of these political and social changes in the Arctic. The Strategy
is a call to action and a plan for cooperation among the eight Arctic nations in protection of the
Arctic environment. The Strategy states, "the Arctic countries are committed to international
cooperation to ensure the protection of the Arctic environment and its sustainable and equitable
development, while protecting the cultures of indigenous peoples.”

The Rovaniemi Process represents the first time the Arctic nations have joined together to
work on common concerns. In addition to the "Arctic eight,” indigenous peoples groups, non-
Arctic countries and international organizations have been involved in the Strategy's
development. The Strategy notes that "pollution problems of today do not respect national
boundaries® and that the vulnerability of the Arctic to pollution "requires that action be taken now,
or degradation may become irreversible.”

In addition to AMAP, the AEPS includes two other areas for immediate action: 1) Emergency
Prevention, Preparedness and Response; and 2) Conservation of Arctic Flora and Fauna. These
initiatives work with AMAP concerning any monitoring needs.

'Canada, Denmark (Greenland), Finland, Iceland, Norway, Russia, Sweden, and the United States.
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EMERGENCY RESPONSE

This initiative deals with environmental emergencies stemming from marine and land-based
activities. Task force meetings have led to two main actions. First, Norway has agreed to review
the possibility of taking action within the International Maritime Organization in order to designate
the Arctic area as a Special Area under MARPOL 73/78. This designation would obtain
international recognition of the particularly sensitive character of ice-covered parts of the Arctic.
Second, the U.S. and Canada agreed to coordinate the preparation of a risk assessment of
activities that pose a potential threat of significant accidental pollution.

CONSERVATION OF ARCTIC FLORA AND FAUNA

The U.S. will host the second meeting on the Conservation of Arctic Flora and Fauna in
Fairbanks, Alaska in May 1993, This initiative calls for the exchange of information and data, and
cooperation on research and management of Arctic flora, fauna and their habitats. The 1992-
1993 action plan commits countries to the preparation of:

a protected area map of the Arctic

lists of rare, vulnerable and endangered species for the Arctic
circumpolar format for recording seabird colony data

a conservation strategy for murres

integration of traditional knowledge in conservation management.

The U.S. Fish and Wildlife Service (USFWS) is the lead agency for this effort. USFWS is
consulting with Federal and state agencies and non-governmental groups regarding the agenda
for the 1993 meeting.

ARCTIC MONITORING AND ASSESSMENT PROGRAM

The AMAP group has held several meetings since 1991, and established a task force to
create and implement the program. The Norwegian Government supports a small secretariat,
which ensures steady progress on preparation of the AMAP plan. The Canadian Government
supports a half-time position to the secretariat. The AMAP Task Force consists of the eight Arctic
countries. Observers and liaison groups aesociated with the AEPS also attend the task force
meetings.

The goals of AMAP are the development of a comprehensive monitoring program which will
lead to a definitive assessment of the state of the Arctic. AMAP was charged to focus on six
pollutant categories: heavy metals, persistent organics, radionuclides, acids, oil, and noise. The
highest priority is given to the first three. Climate change and ozone depletion are recognized
as serious threats to the Arctic and links and cooperation with global programs already working
on these issues are encouraged.

The monitoring plan outlines the *how and what* to monitor. It includes the following
components: atmospheric, terrestrial, freshwater, marine, and human heaith. The plan
encourages standardization of methodology along international parameters. The Inuit
Circumpolar Conference is preparing a proposal on the incorporation of indigenous knowledge
and concerns in the AMAP program.

AMAP is expected to provide information for detecting emerging problems, their possible

causes and the potential risk to the Arctic ecosystems including indigenous peoples. It will also
recommend actions required to reduce risks to Arctic ecosystems.
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The long-range timetable of the first phase of AMAP is as follows:

December 1992 AMATF Meeting - Program Adopted
1993-1995 Field Monitoring

1994 Assessment of Data

1996 Status Reports on the Arctic Environment

U.S. AMAP PROGRAM

AMAP is designed to build upon existing monitoring programs. The U.S. is now in the
process of completing its national implementation plan. This effort is led by a working group of
the Interagency Arctic Research Policy Committee, chaired by the Environmental Protection
Agency and National Oceanic and Atmospheric Administration. This group plans to conduct a
survey of agencies to identify what U.S. monitoring programs can contribute to AMAP, how to
coordinate these programs within the AMAP framework, and how gaps can be filled in the U.S.
implementation of AMAP.

AMAP is one of the few international environmental programs in the Arctic with serious
commitment from its members. The other Arctic countries are investing significant resources of
staff and funding towards the implementation of the program. In recognition of Russia’s severe
budget situation, the AMAP Task Force has identified assistance to Russia for its implementation
of AMAP as a major area of concemn.

CONCLUSION

The U.S. needs to make a serious commitment to AMAP. The success of the U.S.
participation depends on agencies like MMS. What resources are government agencies willing
to spend on this international effort? Are they willing to redirect funds from agency-specific
programs to cooperative, interagency efforts? Can programs be adjusted to fit AMAP goals and
objectives?

At the U.S. Arctic Policy Conference in Fairbanks in August, 1992, Buff Bohlen, Assistant
Secretary of State of Oceans and Environmental Affairs, commented, "Today, the Arctic is open
to the rest of the world as never before. Today, because of this openness, the Arctic challenges
us as never before."

He further stated, "We must now devise an Arctic Policy which will safeguard our national
security, not just in military terms, but by protecting the giobal human environment; not through
confrontation and suspicion, but by cooperative efforts among all Arctic nations and peoples.”

The intensified intemational concern for the environment is changing the way we view the
Arctic. U.S. Arctic Policy and the Federal agencies working in the Arctic need to reflect this new
view of the North and embrace the international opportunities, like AMAP, which will lead to a
comprehensive, ecosystem approach to Arctic environmental protection.

QUESTIONS AND DISCUSSION
JERRY IMM: In the priorities for the AMAP were organochlorines, radionuclides, and heavy
metals. And then you mentioned oit and gas and noise. | went to the meeting in Oslo in 1990

and they discounted noise and oil and gas. Are they still being considered now or are we
going to focus on just those three?
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ELIZABETH LEIGHTON: They are going to give the greatest priority to those three. Acidification
has come in a bit in terms of atmosphere, but oil and noise are going to be dealt with at a
later date. It was really because of budget constraints, also just in terms of getting the
program off the ground, that they would focus on those three priorities first.

BRUCE MATE: My congratulations to the whole panel; these are really excellent presentations
to start with. | am going to ask something of you, Elizabeth, that is similar to what | asked
Larry Cooke. | am sympathetic to the long lead times required for leasing, but our institutions
respond in very short scale time frames. For instance, the leasing process ! look at is now
selling "stocks® cheap with big future potential. At tremendous cost possibly, but you put
them on hold, if you are in that investment mode and you have resources to do it. From an
environmental standpoint, you are looking for commitments from countries and agencies
whose response to environmental studies is very short term at present. If there is a change
in the world market price of oil, it affects the leasing program and it affects the studies
program. Yet the basic environmental data you need to have a successful leasing program
in the Arctic does not change. It does require international cooperation. Do you see a plan
from the State Department, within your agency, of influencing the other Federal agencies,
whose budgets go up and down, balancing short term response situations to those longer
term needs. Do you see a way of doing that?

ELIZABETH LEIGHTON: | would argue that it is possible to shake loose from the short term or
the knee jerk reaction to problems, as we have seen to some extent with the Global Change
Program. Agencies were able to convince the Office of Management and Budget and their
funding people that they needed a long term commitment in order to do global change
studies. It has been a year by year struggie. But they have been able to get multi-year
funding. | think the same case can be made for Arctic monitoring, Arctic pollution issues.
There is a real awareness in Washington now that Arctic pollution is, largely because of the
radioactivity issue, a serious problem which needs a lot of investment. The recognition is
there. | think agencies need to argue for these multi-year programs. If they work together
instead of saying, we have our own monitoring program in the Beaufort and we want funding
for that, but rather work together as an interagency group and they might get a larger sum
of money. it may be possible to get some funds out of the State Department, or EPA may
be able to get larger amounts of money. But | agree that it is hard to get the multi-year
funding. Perhaps if the agencies pool together their resources and afford priority to
something like AMAP that could happen. We have a new Under Secretary that has been
named at the State Department for Global Issues. Perhaps that signifies more attention at the
State Department to these environmental problems.

RAY EMERSON: Kind of along that same line, is your program then trying then to interface with,
let's say, NOAA's Status and Trends program as well as EPA’s Environmental Monitoring and
Assessment Program (EMAP)?

ELIZABETH LEIGHTON: Yes, they are. Paul Ringold with EPA, in their Office of Research and
Development and Ed Meyers of NOAA are working together with other representatives of
Federal agencies in Washington to undertake a comprehensive survey of what monitoring
we are doing in the Arctic and try to see how these programs would fit into the AMAP
program. So EPA is aware of the linkage with EMAP and they are trying to make sure that
the parameters and methodologies are similar.

CLEVE COWLES: Considering the scale of some of the problems, for example, in the Soviet

Union, considering that 1996 will be an implementation phase of the State Department's
integrated program, and in light of your comments on the fact that other agencies’ programs
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could be influenced, what do you envision the structure of the public input to the
implementation of this circumpolar monitoring? Will it be handled under a NEPA-type
framework?

ELIZABETH LEIGHTON: The government has not prepared a NEPA-type response to this. But
I should say first that the program itself isn’t a State Department program. It is a U.S. national
response to an international effort. So it involves the entire administration, all of the Federal
agencies working in the Arctic and is represented by the Interagency Arctic Policy Group and
the Research Policy Committee. In terms of public input, there are a couple of avenues. At
the most recent AMAP meeting, there were representatives of indigenous peoples groups
and also the Environmental Defense Fund had someone on the U.S. delegation. The State
Department is also in the process of setting up a public advisory committee on arctic policy
issues. That could be another avenue for public input. Other than that there hasn't been a
specific effort to have a public briefing on arctic monitoring programs. Perhaps that is
something we can consider now that it is further along in its development. We would
welcome your suggestions on that.

ORSON SMITH: What are your views on recent efforts by the State of Alaska to initiate
commercial shipping of Alaskan goods to Europe via the Arctic Ocean with Russian
icebreakers?

ELIZABETH LEIGHTON: | am familiar with that, though | don't have the official State Department
view on it. | have forwarded the material back to them in terms of Law of the Sea implications
and sovereignly issues for passage of ships. | don't know if in the long term seeking a
special area designation for the Arctic Ocean in terms of restrictions on shipping practices
may have some implications. But | know that the State of Alaska is working in coordination
with the Fridtjof Nansen Institute in Norway which is conducting not only economic studies
but also environmental studies of the impacts of the shipping routes. That is all that | can tell
you now. The State Department hasn’t taken an official view, yea or nay, if this route is an
international shipping right or not.

CHUCK DEGNAN: The problem in small communities in the Arctic or sub-Arctic, given the
opportunity for public input through the public input process, is that the people do feel left
out because of their small numbers and thus not being paid attention to very closely. And
these may be the people that may be impacted the most, in their lifestyles, their customs.
How do you propose to improve the input from local people that are directly impacted?

ELIZABETH LEIGHTON: In the past, in the negotiation of AMAP up until now, | think the Federal
agencies have relied on the Inuit Circumpolar Conference (ICC) as the representative of
Native peoples in the Arctic for the U.S. | think, as | have discovered with the conservation
of flora and fauna initiative, that the ICC has been very helpful and is a good resource, a
good representative, but we need to go further than that. We have sent out information on
a much wider basis in Alaska. it may be that now is the time to make that recommendation
to EPA and NOAA as the leaders of this effort to undertake a more comprehensive
distribution of information and seek comments, particularly because of the human health
component. One other thing | should add; Denmark was the lead country, but | know that
the International Union for Circumpolar Health participated in the drafting of the proposal on
human health for monitoring.

CHUCK DEGNAN: One of the most bothersome parts is that the people who are the decision
makers and gate keepers for any type of policy respond to power groups. In the

implementation process the smaller communities are forced into large expenses to go
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through the administrative process to address problems. Now it may not seem as an
important issue for the majority of the people, but | want to particularly emphasize the
problems it causes the people who live in rural communities and that needs to be addressed
with sensitivity to individual people’s lives.

ELIZABETH LEIGHTON: | would like to talk with you afterwards on your suggestions, and how,
at this stage, the rural communities could be invoived.
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MMS POST-LEASE REGULATORY REQUIREMENTS AND EXPERIENCES
WITH FLOATING DRILLING UNITS IN THE ARCTIC

Jim Regg
Field Operations
Alaska OCS Region
Minerals Management Service
949 E. 36th Avenue
Anchorage, Alaska 99508-4302

James Regg has worked at the Minerals Management Service (MMS) Alaska OCS Region for the
past 10 years. He presently Is a Unit Supervisor in the Field Operations office, responsible for the
review of post lease operations for compliance with MMS pollution prevention requirements. Mr.
Regg has offshore experience in drilling and production operations, and with the MMS offshore
regulatory and inspection programs. Mr. Regg received his B.S. degree in petroleum and natural
gas engineering from the Pennsyivania State University.

INTRODUCTION

Prevention is a key ingredient in assuring the continuation of safe operations on the OCS.
The Minerals Management Service (MMS) regulatory program identifies specific requirements of
industry for the prevention of accidents which could threaten life, property, or the environment.
The emphasis for this discussion is on exploratory drilling with arctic-class floating drilling
systems. This paper will discuss the MMS prevention regulations, operating capabilities of these
systems, how they are regulated, and present the operating experiences to date in the U.S.
Beaufort and Chukchi Seas. The contingency plans which provide the operating guidelines for
floating drilling systems during severe weather and ice are also discussed.

CHALLENGES

Offshore oil exploration must be conducted in a manner which mutually exists with the other
uses of the OCS, and which protects the region's valuable resources. There are a number of
special challenges which must be met by operators drilling on the arctic OCS. These include:
dynamic weather, complex logistics; subfreezing temperatures; and seasonal ice requiring the
use of special procedures for the protection of men, equipment, and the environment. The
challenges of operating on the arctic OCS have been met and should not be viewed as
unmanageable problems.

FLOATING DRILLING SYSTEMS

Floating drilling units are used in water depths which exceed the capabilities of bottom-
founded units. In the arctic, they operate as part of a system which includes icebreakers: supply
ships; and environmental monitoring, analysis, and forecasting personnel. The systems owned
by Canmar and Gulf Canada have been the only ones used in the Beaufort and Chukchi Seas
to date.

The Canmar Explorer drill ships have conventionally shaped hulls which have been ice
strengthened for Arctic service (Figure 1). The drill ships can generally operate on location in
conditions ranging from 4/10ths ice concentration at breakup into 1-ft {roughly 30-cm) thick total
ice coverage at freezeup (Beaufort Sea Steering Committee Reports 1991). The Kulfuk is a
second-generation floating drilling unit formerly owned by Gulf Canada and now owned by
Canmar. The unit is a nearly round vessel with an inverted conical hull (Figure 1). The Kulluk was
developed to extend the floating drilling season and is capable of continuously operating while
breaking level, first-year ice four feet (1.2 m) thick moving at 1 foot per second (0.3 m/s)
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{Beaufort Sea Steering Committee Reports
1991). A number of articles have been
published about both drilling systems (Hinkel
and Thibodeau 1988, Pidcock and Fowler
1991, Gaida et al. 1983, Loh et al. 1984, Todd
1978).
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Both companies maintain Arctic Class IV
icebreakers and supply vessels in their fieets
to support the drilling units. An Arctic Class IV
designation means the icebreaker is capable
of travel through ice 4 feet (1.2 meters) thick Hahi
at the speed of at least 3 knots (1.5 m/s). Canmar Explorer Drillship
These vessels are used to break and deflect
hazardous ice. They also provide services
such as storage, transportation, oil spill
response, scientific research capabilities, and
anchor handling support. Icebreakers can
extend the typical drilling season beyond the
normal window; however, such extensions
may result in increased downtime (Hnatiuk
and Wright 1984).

THE OPERATING ENVIRONMENT

From a drilling operation perspective, the
Arctic seasons can be generally described in
terms of ice conditions: open water (summer),
broken ice during freezeup (fall) and breakup
(spring), and solid ice (winter}). The Arctic NN ]
floating drilling systems are generally limited ; - L1 P
to late breakup through early freezeup. It N :
should be noted that ice can be present / / \\\
anytime during the year in concentrations (or . ] 1 . -

conditions) which will require the suspension
of operations. Canmar Kufluk

Understanding and predicting
environmental conditions is necessary for ,'i}g:{ﬁ,g‘ 'Dc,:,‘i',?n";a{,nft’fp lorer Driliship and Kulluk

planning site-specific operations. In both the

Beaufort and Chukchi Seas, first-year and

multi-year ice are of great concern to floating drilling unit operations because of stationkeeping
capabilities and the potential for damage ice can present to the drilling unit and/or the wellbore.
In nearly all cases, the observed meteorologic and oceanographic conditions have been less
severe than predicted, providing a level of conservatism in operations planning.

PREVENTION
Prevention of accidents and oil spills is primarily the responsibility of the lessee. The MMS
prevention regulations (30 CFR 250) establish performance standards with which the lessee must

comply when conducting OCS operations. Complimenting the prevention requirements are
preparedness and planning. The Alaska OCS Region has strict requirements for contingency
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planning and oil-spill-response drills to ensure that a lessee is prepared to respond to, and clean
up, any spill which might result from OCS operations.

In carrying out the Department of the Interior’s responsibility to ensure safe and pollution-
free OCS activities, the MMS requires operators to obtain several permit approvals prior to
conducting operations. These permits and the MMS prevention rules are discussed below.

It is important to note that the Alaska OCS is in an exploration phase. Development will
require additional and extensive MMS and public reviews. Operations will be governed by
another stringent set of safety, pollution prevention, and planning requirements.

Exploration Plan

The EP includes a description of the drilling system, with an emphasis on the safety and
pollution-prevention equipment and procedures. A discussion of the type and sequence of
exploratory activities and a timetable which outlines the activity from start to finish are also
required. The EP describes the anticipated environmental conditions based on historical
information. An assessment of the expected effects is included to identify any potential adverse
and unavoidable effects on the environment. A complete listing of EP content requirements can
be found in the MMS offshore operating regulations (Code of Federal Regulations Subchapter
B 1991).

Application for Permit to Drill (APD) and Well Design

The APD discusses well-specific information, including the drilling, logging, casing, cement
and drilling-mud programs; anticipated pressures; geologic objective(s); well-control equipment,
procedures, and tests; and the maximum environmental conditions that the rig is designed to
withstand (Code of Federal Regulations Subchapter D 1991). A mud program is developed by
the lessee based on expected downhole conditions and reviewed by MMS as part of the well
plan. A ready-mixed heavyweight mud system, called kill mud, must always be available in
reserve as a contingency for unexpected downhole conditions. Adequate mud supplies must be
on the rig or readily available to ensure the ability to maintain well control. The APD must be
approved by the MMS before drilling can commence. The MMS also uses the APD process to
ensure all other required permits have been obtained by the lessee. A conservative approach to
the wellbore design and the drilling unit capabilities is viewed by MMS as necessary for safe
operations.

Floating Drilling Unit Requirements

Several special requirements are placed on Arctic floating drilling systems. The lessee must
provide information and any supporting evidence to the MMS that the drilling rig and equipment
are capable of performing the proposed activity at the proposed drilling location under all
anticipated environmental conditions. Current documentation of operational capabilities issued
by the American Bureau of Shipping, or other appropriate classification society. and either a
United States Coast Guard Certificate of Inspection or Letter of Compliance are required by the
MMS. Final approval to use the floating drilling unit at a specific location is given by the MMS
after considering all the site-specific environmental conditions that could occur while the drilling
unit is at the well location.
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Site Clearance

Site clearance is also required before a drilling unit can ' be moved to the drilling location.
This involves a survey of the seafloor for unique biological communities and archaeological
resources. Site clearance also involves a high-resolution survey for any seafloor or shallow
geological conditions, such as shallow gas, faulting, permatfrost, and ice gouging, which might
pose a hazard to drilling. The resulting survey information is reviewed by MMS to ensure
appropriate precautions have been built into the drilling program.

Blowout Prevention (BOP) Systems

The BOP systems are designed and installed to ensure well control. Redundancy within the
BOP system is required by the MMS to ensure safety and reliability, including: multiple pipe
rams; a shear ram capable of cutting drill pipe; and redundant controls including multiple remote
control panels. In some instances, completely redundant BOP stacks are kept in the proximity
of the drilling location. The use of non-freezing fluids are necessary for protection of the BOP
system from freezing.

Glory Hole

Protection of the subsea BOP equipment and wellhead is vital for floating drilling systems
in the Arctic. In areas where ice gouging is evident, the MMS requires the BOP stack to be
placed in a glory hole. The glory hole is dredged into the seafloor with a special bit to a depth
such that the top of the BOP stack is below the deepest ice gouge in the area. Typical glory hole
dimensions are 20 feet (6.1 m) in diameter and up to 40 feet deep (12.2 m). Two recent papers
have been published regarding the technical aspects of glory hole drilling (Meadows and Gilbert
1989; Shields 1991).

Training of Drilling Personnel

Well control, safety, and environmental training requirements are outlined in the MMS
regulations for all personnel associated with the drilling operation. The MMS has a certification
program for well-control schools consisting of basic and periodic refresher training which must
be completed by all drilling personnel prior to working on the OCS. The lraining requirements
involve "hands-on" and written testing designed to ensure that drilling personnet are capable of
operating safety systems and implementing well control procedures.

Weekly well-control drills with variations of personnel and situations are required. These drills
ensure the preparedness of all drilling crews to deal with a well-control emergency. The MMS
also has requirements for other drills, including fire, oil spill, hydrogen sulfide, and abandon
ship.

Inspections

The Alaska OCS Region employs a near-continuous inspection strategy to ensure that drifling
operations are conducted in a safe and environmentally sound manner. The MMS inspects the
drill rig and equipment prior to commencement of operations. During drilling operations, the
MMS inspector conducts daily inspections and observes critical operations to ensure the operator
is in compliance with the approved permits, plans, and lease stipulations. Verifying records is
another important aspect of the MMS inspection program. The MMS also actively inspects
approved training facilities with both announced and unannounced inspections to ensure
adequacy of the facilities and training programs.
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Critical Operations and Curtailment Plan (COCP)

A COCP details the criteria and structured procedures for suspending operations and
ultimately securing the wellbore prior to weather or ice conditions which could exceed the
operating limitations of the drilling unit. The COCP further details the conditions and procedures
for disconnecting and moving the drilling unit off location after the well has been secured, should
the environmental conditions exceed the floating drilling unit’'s capability to maintain station.
Curtaiiment of operations consists of various stages of "alerts® indicating deteriorating
meteorological, oceanographic, or wellbore conditions (Table 1). Higher alert levels require
increased monitoring, the curtailment of lengthy wellbore operations, and, if conditions warrant,
the eventual securing of the well. Ensuring adequate time to safely and efficiently suspend
operations, secure the well, and move off location is a key component of the COCP. Further
details on the COCP are available in a paper presented at the 1992 IADC/SPE Drilling
Conference (Regg and Kuranel 1992).

Table 1. COCP Alert Summary Table.

Alert Drilling Support
Level Meaning Response Response
Increasing Deteriorating environment or well conditions; Increasing Increasing:
Alert Decreasing time available to secure in advance  restrictions Surveillance
of hazard condition. on wellbore Monitoring
activities Forecasting
Ice breaking

OPERATING EXPERIENCES

Floating drilling systems have been used to drill approximately 50 exploration wells in the
U.S. and Canadian Arctic since 1976. Eleven of these wells have been drilled in the U.S. (Figure
2). Several of the wells required two seasons to complete, mainly due to multi-year, muilti-well
drilling programs; ice conditions; and a conservative approach to late-season operations.
Hazardous ice floes have been the predominant reason for suspended floating drilling operations
in the Beaufort Sea to date. Conversely, most Chukchi Sea suspensions have been due to winds
and waves.

For all operations, the number of days suspended as a percentage of "Total Days" ranged
up to 51% (Table 2). "Total Days" includes the number of days to drill, evaluate, and abandon
the well, as well as the time for glory hole operations. The Corona well had the highest
suspension percentage. The high value for the Corona well can be accounted for by noting that
the operator made several unsuccessful late-season attempts to construct the glory hole. Whale
migration restrictions at Corona prohibited ice-management activities during late September
through October 1985, resulting in 32 days of suspended activities. This demonstrates the
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U.S. Arctic Floating Drilling Unit Wells
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Figure 2. U.S. Arctic Floating Drilling Unit Wells.

Table 2. Floating Drilling Unit Experlences — U.S. Arctic OCS.

Well Year % Suspended Reason/Remarks
Beaufort Sea
Hammerhead1 1985 24 WOI: 10 days off well *
Hammerhead2 1986 4 WOW,; 0 days off well **
Corona 1985-86 51 WOI; 42 days off well ***
(24) (if no whale restriction)
Beicher 1988-89 20 WOI; 12 days off well
Galahad 1991 0 Late start; no WOW/MWO!
Kuvium 1992 32 WOI; 14 days off well
Chukchi Sea
Klondike 1989 1 WOW; 0 days off location
Burger 1989-90 7 WOW,; 2 days off location
Popcorn 1989-90 7 WOW; 2 days off location
Crackerjack 1990-91 36 WOI; 18 days off location
Diamond 1991 10 WOWMWOI; 2 days off location
* WOI = Wait on Weather
** WOW = Wait on ice
*** Includes 32 days off location in 1985 due to whale migration restriction (no ice breaking).
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importance of both ice management to the floating drilling units, and the effect of seasonal
drilling restrictions on the time available to drill.

In 1992, drilling operations at the eastern Beaufort Sea Kuvlum location had to contend with
several large multi-year ice floes. These floes were responsible for suspending operations on 32
percent of the "Total Days" with the Kulluk drilling unit off location a total of 14 days.

As noted earlier, a key component of the COCP is to ensure there is adequate time to
suspend operations, secure the well, and, if necessary, move the drilling unit off location. The
COCP has been effective in ensuring the continued safety of floating drilling operations in the
arctic. A wide range of COCP actions have been successfully implemented in response to
environmental conditions approaching the drilling system’s capabilities. In situations requiring
the suspension of operations and wellbore securing, the well has been abandoned consistent
with MMS rules.

CONCLUSIONS

The MMS regulations have been developed to ensure safe operations and to protect the
structural integrity of floating drilling units proposed for use under the dynamic environmental
conditions of the arctic OCS. Operations contingency plans such as the COCP have been
developed and implemented to ensure the safety of operations under prevailing arctic weather
and ice conditions.

Industry and the MMS continue to support research on sea ice, sea ice monitoring, and new
technology. The results of research efforts and past drilling experiences are continuously being
assessed for application to more efficient, safe, and economic floating drilling operations,
especially as activities proceed towards the deeper waters and more severe ice conditions in
the Arctic. The MMS is continually assessing its regulatory program emphasizing accident and
oil-spill prevention and planning requirements. The expanding information base coupled with the
experience gained, the emphasis on safety, and a conservative approach to conducting
operations have conlributed to the conduct of safe operations in the challenging frontier of the
Alaska Arctic OCS waters. Continued emphasis on prevention will ensure future floating drilling
operations are conducted in a safe and environmentally sound manner.

REFERENCES
Beaufort Sea Steering Committee Reports. 1991, Volume 7, Operating Seasons. April 1991.

Code of Federal Regulations, Title 30, Parts 200 to 699: Subchapter B - Offshore, Part 250, Oil
and Gas and Sulphur Operations in the Outer Continental Shelf, 30 CFR 250.33, (1991) 498.

Code of Federal Regulations, Title 30, Parts 200 to 699: Subchapter D - Offshore, Part 250, Oil
and Gas and Sulphur Operations in the Outer Continental Shelf, 30 CFR 250.64, (1991) 498.

Gaida, K.P., J.R. Barnes, and B.D. Wright. 1983. Kulluk - an arctic exploratory drilling unit. Paper
OTC 4481 presented at the 1983 OTC, Houston, May 2-5.

Hinkel, R.M. and S.L. Thibodeau. 1988. Experiences with driliship operations in the U.S. Beaufort
Sea. Paper OTC 5685 presented at the 1988 OTC, Houston, May 2-5.

31



1993 MMS — AOCS Reglon Information Transfer Meeting

Hnatiuk, J. and B.D. Wright. 1984. Ice management to support the Kulluk drilling vessel. Paper
84-35-94 presented at the 1984 Petroleum Society of CIM Annual Technicat Meeting, Calgary,
Alberta. June 10-13.

Loh, JKS., J.C. Stamberg, and K.P. Cusack. 1984. New generation arctic drilling system:
Overview of first year's performance. Paper OTC 4797 presented at the 1984 OTC, Houston,
May 7-9.

Meadows, BW. and D.C. Gilbert. 1989. Drilling and installing large-diameter caissons for
wellhead protection. Paper OTC 6128 presented at the 1989 OTC, Houston, May 1-4.

Pidcock, G.A. and D.R. Fowler. 1991. Relief well contingency plans for remote areas. Paper
IADC/SPE 21997 presented at the 1991 IADC/SPE Drilling Conference, Amsterdam, March
11-14,

Regg, J.B., and R.Y. Kuranel. 1992. Minerals Management Service regulation of fioating drilling
unit operations in the Beaufort and Chukchi Outer Continental Shelf. Paper IADC/SPE 23922
presented at the 1992 IADC/SPE Drilling Conference, New Orleans, February 18-21.

Shiclds, R.G. 1991. Large diameter glory hole drilling: The evolution from 12- to 20 ft diamecter.
Paper SPE 22122 presented at the 1991 IATC, Anchorage, May 29-31.

Todd, M.B. 1978. First offshore drilling in the Beaufort Sea. Paper OTC 3094 presented at the
1978 OTC, Houston, May 8-11.

32



OIL SPILL RESPONSE PREPAREDNESS

Tom Murrell
Field Operations
Alaska OCS Region
Minerals Management Service
949 E. 36th Avenue
Anchorage, Alaska 99508-4302

Tom Murrell is a Petroleum Engineer and has worked for the MMS in the Alaska OCS Region since
1981. He presently serves as the Operations Unit Supervisor in the Operations Review and Approval
Section of Field Operations. This section is responsible for coordinating the review of Oil Spill
Contingency Plans submitted in conjunction with OCS exploration and development plans.

OIL-SPILL-CONTINGENCY PLAN (OSCP) REQUIREMENTS

Before conducting exploratory drilling or production operations on the Outer Continental
Shelf (OCS), Minerals Management Service (MMS) regulations require each lessee to submit an
OSCP to the Regional Supervisor, Field Operations (RS/FO), MMS, for approval with, or prior to,
the submission of an exploration plan (EP) or development and production plan (DPP). The
OSCP is developed for the site-specific operations, based on the type, timing, and location of
the proposed activities. The OSCP must satisfy the conlent requirements and provisions identified
in 30 CFR 250.42 and the "Planning Guidelines For Approval of Oil Spill Contingency Plans"
developed jointly by the MMS and U.S. Coast Guard (USCG) (herein called guidelines). Each
OSCP is required by the regulations and guidelines to include:

A summary of all oil-spill trajectory analyses which are specific to the area of operations.
The summary must identify environmentally-sensitive areas and biological resources,
including birds and marine mammals, commercial fisheries, and subsistence resources
which may be impacted by the spilled oil and the strategies to be utilized for their
protection. The guidelines also require a risk analysis which indicates the number and
size of spills that could occur during the proposed operation.

An identification of response equipment which is committed and available (onsite, locally,
and regionally) and the associated response times, together with materials, support
vessels, and procedures to be employed in responding to both continuous discharges
and spills of short duration and limited maximum volume. The response equipment and
strategies must be suitable for anticipated environmental conditions in the area of
operations. The guidelines establish that equipment should be capable of operating in
8- to 10-ft seas and 20-knot winds, with deployment in the 5- to 6-ft range. The guidelines
also establish that the quantity and capability of the equipment should be related to the
risk analysis. A recovery rate of at least 1000 barrels of oil per day is considered
appropriate unless the risk analysis suggests a higher rate is warranted. The response
times established by the guidelines are 6 to 12 hrs for initial recovery actions, with
prestaged equipment, depending upon location and weather. Ifthe risk analysis indicates
shoreline contact sooner than 6 to 12 hrs, response times must be accordingly adjusted.
For extraordinary spills, the guidelines establish that additional equipment shall be
available within 48 hrs.

A dispersant use plan including an inventory of the dispersants which might be proposed
for use, a summary of toxicity data for each dispersant, a description of the types of il
on which each dispersant is effective, a description of application equipment and
procedures, and an outline of the procedures to be followed for obtaining approval for
dispersant use. The guidelines establish that the types and quantities of dispersants
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proposed for use must be related to the risk analysis taking into account toxicity,
expected oil composition, and water temperature. A target response of 24 hrs or less
from the time the spill occurs is established by the guidelines.

A plan for inspecting and maintaining response equipment.

Establishment of procedures for early detection and timely notification of an oil spili,
including a current list of names, telephone numbers, and addresses of the responsible
persons and a%ernates who are to receive notification of an oil spill and the names,
telephone numbers, and addresses of regulatory organizations and agencies to be
notified when an oil spill is discovered.

Well-defined and specific actions to be taken after the discovery of an oil spill, including:

- Designation by name or position of an oil-spill-response operating team comprised
of trained personnel available within a specified response time, and a description of
the training such personnel will receive;

- Designation by name or position of a trained oil-spill-response coordinator who is
charged with the responsibility and is delegated commensurate authority for directing
and coordinating response operations; and

- A planned location for an oil-spill-response operations center and a reliable
communications system for directing the coordinated overall response operations.

Provisions for the disposal of recovered oil, oil-contaminated material, and other oily
wastes. This section must describe both the interim storage of such oil and material, and
the ultimate disposal options available.

Provisions for monitoring and predicting spill movement. The guidelines also require that,
if electronic or mechanical instrumentation is used, threshold detection sensitivities and
limitations of equipment must also be provided.

Provisions for ignition of an uncontrollable oil epill and the guidelines to he followed in
making the decision to ignite. The guidelines also require the identification of an
operator's representative who has the authority to order the ignition of an uncontrollable
well causing a massive spill event.

Identification of the location where inspection, training, and response-drill records will be
kept.

All plans are reviewed by Federal and state agencies, local government, and the pubilic to
ensure that each plan is appropriate for the type and scope of activities proposed, the
environmental conditions of the area, and the biological resources at risk. The OCS plan must
be updated at least annually.

TRAINING AND DRILLS

The MMS requires that operators conduct oil-spill-response drills to demonstrate their
preparedness to implement an approved OSCP. These exercises include equipment-deployment
drills and tabletop exercises. The drills are observed by the MMS, and representatives of the
USCG, State of Alaska, and local governments often participate in these drills.
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RESPONSE CAPABILITIES

Historically, offshore exploration and development activities account for a very small
percentage of oil that has been spilled, and large catastrophic spill events are rare from such
operations. Even so, the MMS requires that operators be prepared to respond to large spills.
The amount of ail that can be recovered or burned in situ varies greatly depending upon the
amount and type of oil spilled, the ability of industry to respond to the spill before it has had a
chance to spread over a wide area, and the oceanographic conditions during the spill-response
effort. Technology currently exists that is capable of containing, recovering, and disposing of oil
spilled from offshore facilities. Strong winds, high sea states, dynamic ice conditions, and
emuisification of oil can greatly reduce spill-response effectiveness. Industry and government are
working together to improve spill-response capabilities and to better understand existing
technology.

QUESTIONS AND DISCUSSION

CALEB PUNGOWIYI: Last summer or last spring, the Arctic Research Council issued a paper
stating that there currently did not exist technology to clean up oil in ice infested waters.
What is your response to that statement from the Arctic Research Council?

TOM MURRELL: From a generic standpoint | think | would disagree with that. The capability to
clean up oil in the arctic depends an awful lot on the environmental conditions at the time
of the spill. Let me put on another chart here. | kind of anticipated some of these questions.
This one doesn’t necessarily relate entirely to the arctic, but it does relate to spill response.
When we talk about the arctic we talk about several different seasons. We talk about a very
short open water season, which is very analogous to other parts of the world. Some parts
of the arctic have a very long solid ice period where it is essentially frozen ice. There are also
parts of the arctic where they have broken ice most of the year; very, very tough dynamic
conditions to clezn up in. In response to your questions, there are time when you can use
conventionai clean up techniques in the open water. They will work as well in the arctic as
they do elsewhere. There will be times when the ice is frozen completely over and you can
work on the ice and clean up oil on top of the ice, under the ice. There will be times when
the ice is moving very fast and it will be completely broken up and you may not be able to
respond with anything other than maybe burning. So | guess the answer is there are times
that they can respond to a spill in the arctic and there are times that they can’t respond to
a spill in the arctic. But that is true everywhere in the world.

CALEB PUNGOWIYI: A couple more questions. Last suminer, Alaska Clean Seas had proposed
to do a demonstration of such a burn in the Beaufort Sea. It was approved by MMS and
other Federal agencies, except for EPA who had some concerns about the proposed burning
for environmental reasons. Is it because they have different standards for the environment
compared to MMS?

TOM MURRELL: As | understand it, there was a problem with EPA actually going through the
permitting process of allowing the company to dump the oil in the water. It was a timing
criteria where EPA had a certain amount of time to process the permit in order to get it done
for the 1992 season. Essentially the time ran out. EPA pretty much failed to act on the permit
request by the company. But | might also add that there are other offshore burn tests that
are being planned and that, hopefully, will take place this year. There is an offshore burn test
that is currently being proposed and being sponsored in part by the Minerals Management
Service, Environment Canada and others offshore Newfoundland. That particular test we
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hope will take place this year and will give us much of the same information from the Alaska
Clean Seas-Coast Guard bum. There is also another burn test that is being currently
proposed to take place offshore Russia. It is just in the very preliminary stages right now. The
Coast Guard is proposing that, it is just sort of a transformation of what was being proposed
in the Beaufort Sea. Now it is going to hopefully take place in Russian waters this year. That
is in the very, very preliminary stages right now. In fact, they have just had meetings in the
last couple of weeks. | believe they have presented it to the Regional Response Team here
last week. So hopefully, we will have some additional information on burning.

CALEB PUNGOWIYI: A last question, you mentioned the amount of oil that would be considered
a major spill to be 5,000 barrels per day. What is the rate that Kuvium is currently capable
of producing?

TOM MURRELL: As | understand, Jeff (Walker) said this morning that it was tested at 3,400
barrels per day...

CALEB PUNGOWIYI: So in other words, for you to consider something major it would have to
be something bigger than Kuvium?

TOM MURRELL: | am not sure what you mean by major. The test rates and what a well will flow
are really two independent things. When we start talking about a worst case situation an
open hole flow of oil, that can vary from a very small amount to a very large amount
depending on the pressure and what kind of obstructions there are in the well. The 5,000
barrel per day figure is a figure that has been pretty much bantered around for the last
several years and agreed upon by most of the agencies as a realistic worst case situation
for exploratory operations. | think we have to recognize that there will be many instances, if
there was a blowout, that the flow rate would be much less. There could be some instances
where the flow rate could be more. | think it is a good planning standard and that is pretty
much what we have adopted. | think it has pretty much stood the test of time anyway.

PAM MILLER: | was wondering about the upcoming burn plans for this summer, since Federal
agencies are participating in the design of those, will there be any opportunity for public
comment?

TOM MURRELL: Are you referring to the Russian burn?
PAM MILLER: Yes, and the Newfoundland burn, as well.

TOM MURRELL: The Newfoundland burn is pretty well along in its permitting process. | guess
I am not really sure what the Canadians did for public input into that particular process. |
really can’t answer that. But it is a good opportunity, | am glad you asked that question,
because Ed Tennyson, who is with our Technology Assessment and Research branch will
be here on Friday to talk to ITM. He is going to be talking about our research program. He
is the one who has been very much in charge of that whole effort and | sure that he will be
happy to answer that question.



OIL AND GAS EXTRACTION POINT SOURCE CATEGORY OFFSHORE SUBCATEGORY
EFFLUENT LIMITATION GUIDELINES AND NEW SOURCE PERFORMANCE STANDARDS

Cindy Gilder
U.S. Environmental Protection Agency
Joint Pipeline Office
411 W. 4th Street
Anchorage, Alaska 99510

Cindy Gilder has worked for the U.S. Environmental Protection Agency for over ten years. She
presently serves as the EPA representative at the Joint Pipeline Office. Ms. Gilder received her B.S.
in civil and environmental engineering from Clarkson University and her M.B.A. from Simmons
College.

BACKGROUND

The Clean Water Act invests in the U.S. Environmental Protection Agency (USEPA) the
authority to regulate discharges to waters of the United States. National Pollutant Discharge
Elimination System (NPDES) permits specify the standards a discharger or a group of
dischargers must meet. USEPA issues regulations which help guide NPDES permit writers. The
regulations are just one of the many tools USEPA permit writers use as a basis for writing
NPDES permits. Examples of other tools include water quality standards, effluent discharge data,
and ocean discharge criteria. Examples of other tools include water quality standards, effluent
discharge data, and ocean discharge criteria.

After more than 10 years, EPA has issued Best Available Technology Economically
Achievable (BAT) guidelines and New Source Performance Standards (NSPS) for offshore oil and
gas dischargers. BAT is the pollution control technology "existing” sources and "new” dischargers
must use and NSPS is the cutting edge of poliution control technology that “new* sources are
required to use.

Prior to the final guidelines/standards being issued, USEPA permit writers were mandated
to use their Best Professional Judgement (BPJ) to issue permits. Permits to date have
requirements based on proposed guidelines and standards in conjunction with technical
expertise. The final guidelines set limits and mandate the use of specific technology; the limits
established and technology mandated are similar to the current permits requirements.

THE NEW RULES

Both "new” and "existing” sources are affected by the new rules. "New* sources must comply
with the New Source Performance Standards. *Existing* operations and "new* dischargers must
comply with the final BAT guidelines. Production and development operations are *new” sources.
Exploration activities are NOT "new" sources.

in Alaska, the Minerals Management Service is only leasing exploration activities. Since
exploration is not a "new” source, the final New Source Performance Standards will have little
effect on offshore exploration permits in Alaska.

For "existing" sources, those that may be production or development operations, the new
rules have little effect in Alaska. As noted above, Best Professional Judgement was used to
establish permit conditions. The conditions established are similar to the new requirements;
permits which will be reissued will not be substantially impacted by the new rules.
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A few differences do exist and will generate changes to permits issued in the future. The
most significant change is the addition of a numeric toxicity limit for the discharge of muds and
cuttings. For existing permits, permit writers in Region 10 used the proposed toxicity criterion as
a basis for their BPJ evaluation of muds/additive systems discharged. Now that the guidelines

have been signed, permit writers will incorporate the BAT-based toxicity limit.

Table 1 details a few of the Guidelines. This Table should not be used as a summary of the

rules which are found in 40 CFR Part 435.

Table 1. BAT Final Rule (Atfects only New and Existing Discharges).

Weli Treatment,
Workover &
Completion Fluids

Deck Drainage
Produced Sand

- NTE 42 mg/l max. daily
- NTE 29 mg/l avg. daily

Oil & Grease
- NTE 42 mg/l max. daily
- NTE 29 mg/l avg. daily

No free oil

No discharge

BAT Final Rule .
(Atfects only New & Existing Dischargers)
Wastestream Alaska *Lower 48"
Muds & Cuttings Discharge OK seaward of shore No discharge 0-3 miles
- toxicity NTE 30,000 ppm SPP Beyond 3 miles:
- no free oil - toxicity NTE 30,000 ppm SPP
- no discharge diese! - no free oil
- Hg NTE 1 mg/kg in barite - no discharge diesel
- Cd NTE 3 mg/kg in barite - Hg NTE 1 mg/kg in barite
- Cd NTE 3 mg/kg in barite
Produced Water Oil & Grease Oil & Grease

- NTE 42 mg/l max. daily
- NTE 29 mg/l avg. daily

Oil & Grease
- NTE 42 mg/l max. daily
- NTE 29 mg/l avg. daily

No free oil

No discharge

MPORTANT!

In the Offshore subcategory, the only new and existing dischargers in Region 10 thal are
subject to the above limitations are:
- all exploration operations

- currently permitted production & development operations (e.g., Endicott)

Currently permitted production and development operations in Cook Inlet are not subject to
these limitations because they are in the Coastal subcategory of oil and gas discharges.

Current and future NPDES permits issued by Region 10 for the Alaskan OCS will not, in all
cases. be as shown above. This is because of the effect that other permit-writing tools
(e.g., § 403(c), water quality standards) will have on the development of limits.

SUMMARY

In summary, the guidelines and standards do not have much effect in Alaska. This is due to
several factors, including the overall status of exploration activities in Alaska and how Region 10

has issued permits in the past.
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EPA’S OUTER CONTINENTAL SHELF AIR REGULATIONS

Alison Bird
State of California
Environmental Protection Agency
Department of Toxic Substances Control
P.O. Box 806
Sacramento, California 95812-0806

Alison Bird has worked for the U.S. Environmental Protection Agency for seven years; her most
recent position was as the Coordinator for Outer Continental Shelf Activities. In this position she was
responsible for the recent promulgation of EPA's OCS Air Quality Regulations. Ms. Bird is currently
working with the California Environmental Protection Agency on an EPA special assignment. She
holds a B.S. in chemical engineering from the University of California at Berkeley.

BACKGROUND

On September 4, 1992, the Environmental Protection Agency (EPA) published the Outer
Continental Shelf (OCS) Air Regulations, codified at 40 CFR Part 55. An overview of the rule's
purpose, structure, and general procedures will serve as the framework to describe the specific
requirements for OCS sources adjacent to Alaska including: permitting procedures, control
requirements, area-wide permits for exploration, public notice and comment, and future
requirements.

EPA developed the OCS rule in response to §328 of the Clean Air Act (the Act) as amended
on November 15, 1990". The Act transferred authority to regulate air emissions from OCS
sources, except those OCS sources adjacent to the States of Texas, Louisiana, Mississippi, and
Alabama, from the Minerals Management Service to EPA. §328 directed EPA to establish
requirements to control air pollution from OCS sources to attain and maintain Federal and state
ambient air quality standards and to comply with the requirements of Part C of Title | (more
commonly referred to as prevention of significant deterioration, or PSD). For sources located
within 25 miles of states’ seaward boundaries, such requirements must always be the same as
if the OCS source were located in the corresponding onshore area (COA). New sources must
comply immediately, existing sources have until September 4, 1994, to comply.

OCS SOURCE DEFINITION
Any equipment, activity or facility which:
*emits or has the potential to emit any air pollutant,
*is regulated or authorized under the OCS Lands Act and,

*is located on the OCS or in or on the waters above the OCS.

The definition above is contained in §328. §328 also specifies that emissions from vessels
that service or are associated with an OCS source must be treated as direct emissions from the
OCS source when the vessel is en route to or from the source and within 25 miles. This

'42 U.S. C. 7401, et seq.

39



1993 MMS — AOCS Region Information Transfer Meeting

effectively increases the emissions of the OCS source for purposes of modeling and permitting.
At the present time, all OCS sources subject to 40 CFR Part 55 are engaged in the exploration
or development and production of oil and gas. A drill ship is considered to be an OCS source
and must receive a permit before commencing any drilling operation.

The rule contains two regulatory regimes: a nearshore regime that extends seaward 25 miles
from states’ seaward boundaries and an outer regime that begins where the nearshore regime
ends and extends seaward to the limits of the U.S. jurisdiction. Sources in both regimes must
comply with the requirements of §55.13, EPA's PSD requirements, and to the extent that they
relate to ambient standards, new source performance standards (NSPS), and the national
emissions standards for hazardous air pollutants (NESHAPS). EPA plans to revise §55.13 to
include the Federal operating permit program and the enhanced compliance and monitoring
regulations when promuigated®. In addition, sources in the nearshore regime are subject to the
applicable state and local requirements of the COA, as set forth in §55.14. For Alaska, the COA
can simply be considered the State of Alaska.

in the nearshore regime EPA had very little discretion regarding the OCS requirements. EPA
reviewed the onshore rules and incorporated those that could be applied to OCS sources, with
the exception of administrative and procedural requirements. It is necessary for EPA to
incorporate the onshore requirements into Fedcral law before they can be enforced on the ocCSs,
because by definition the OCS lies outside state jurisdiction. §55.14 will be updated on a routine
basis to incorporate any changes made to the onshore requirements.

The rule regulates cnly those pollutants and their precursors for which there exist state or
Federal ambient air quality standards. EPA has set national ambient air quality standards
(NAAQS) for six pollutants: lead, particulate matter, carbon monoxide, sulfur dioxide, nitrogen
dioxide, and ozone. Some states have set ambient standards for additional pollutants and in
such cases requirements related to those pollutants are included in §55.14.

The Administrator may delegate authority to implement and enforce the OCS requirements
within the nearshore regime to a requesting state or local agency. A delegation request should
demonstrate that; there is an OCS source adjacent to the state, that Part 55 has been adopted
into state law, and the agency has the authority and resources to implement and enforce the
requirements. A delegated agency will use its own administrative and procedural requirements
to implement and enforce the OCS requirements. Such requirements will include public notice
and comment procedures, and may possibly include hearing boards, and the issuance of
variances.

The requirements that apply to a particular OCS source may vary depending on its distance
from shore, the attainment status of adjacent onshore areas, whether the source is "new” or
"existing" as defined in §328, and whether the rule is administered by EPA or a delegated
agency. For clarity, all further discussion of the requirements applicable to OCS sources adjacent
to Alaska are predicated on the following statements.

* Al OCS sources adjacent to Alaska are new OCS sources.

¢ EPA administers the rule.

e The COA is Alaska, and Alaska state requirements apply in the nearshore regime.

2proposed Rule, 40 CFR Part 55, Federal Register Vol. 56, No. 234
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REQUIREMENTS OF THE NEARSHORE REGIME

The owner or operator of a new source proposing to locate within 25 miles of the Alaska
state seaward boundary will be required to submit a notice of intent (NOI) to the EPA Region 10
Office and to the state air pollution control agency. The NOI must include specific information
about the proposed source necessary to determine the source’s projected onshore impacts and
the applicability of onshore requirements, such as the proposed location and the estimated
emissions from the source. A complete list of the information to be submitted appears in §55.4.

The NOI serves two purposes. First, the NOI triggers the COA designation process; for OCS
sources north of Alaska, the COA will be the State of Alaska by default. For exploratory sources,
the COA is always the nearest onshore area. If exploration is followed by construction of a
production facility, the COA for that source will be designated according to the procedures of
§55.5. Second, the NOI will trigger EPA review of the requirements of the OCS rule to determine
whether they are "consistent" with the requirements of the COA. If the requirements are
inconsistent, EPA will initiate a rule update to assure that the proposed new source is subject
to the same requirements that would apply if the source were proposing to locate onshore. The
OCS source cannot submit a permit application until the rule update is proposed, and the final
permit cannot be issued until the rule update is final.

OCS sources adjacent to Alaska must comply with the state PSD program, an opacity limit,
and perform a risk assessment for the nearest population center. Briefly, PSD requirements
include preconstruction modeling to determine increment consumption and verify that the source
will not cause an exceedance of the NAAQS, possible preconstruction or post-construction
monitoring, and the application of the best available control technology (BACT). For exploration
operations, typical BACT requirements will consist of technology to reduce nitrogen oxides (e.g.,
injection timing retard), a smokeless flare, and use of low sulfur fuel. If an operator believes that
compliance with a control technology requirement is technically infeasible or will result in an
unreasonable threat to health and safety, the operator may request an exemption from that
requirement. Exemption requests will normally be considered during the permitting process and
are discussed in more detail below. Until there is an operating permit program for onshore
sources, the PSD permit functions as both a permit to construct and a permit to operate.

REQUIREMENTS OF THE OUTER REGIME

Operators proposing to locate in the outer regime adjacent to Alaska will face permitting and
control requirements nearly identical to those in the nearshore regime. Federal rather than state
PSD requirements apply but the two programs are nearly identical. State requirements for opacity
and risk assessment will not apply in the outer regime. The most significant difference between
the two regimes is the lack of procedural requirements that must be completed prior to the
submittal of a permit application. Because there is no need to determine a COA or maintain
consistency with onshore requirements the NOI, COA, and rule update procedures are
unnecessary.

EXEMPTIONS

An unusual feature of the OCS rule is the provision for exemptions from control technology
requirements. Congress recognized that many applicable onshore rules were adopted without
the consideration of operating conditions on the OCS. An exemption may be granted when a
control technology requirement is technically infeasible or will cause an unreasonable threat to
health and safety. Exemption requests should accompany the permit application. Each request
must be accompanied by suggestions for substitute controls, an estimate of the added emissions
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due to the substitutions, and preliminary information regarding the acquisition of any offsets that
will be required if the exemption is granted. The request must include information that
demonstrates that compliance with a requirement would be technically infeasible or cause an
unreasonable threat to health and safety. When an exemption is granted the permitting agency
must impose another requirement as close in stringency to the original requirement as possible.
Emissions that result from an exemption must be offset by emission reductions not otherwise
required by the Act.

The public will have the opportunity to comment on exemption requests during the notice
and comment period for the permit application. If a delegated agency is implementing the OCS
rule, that agency must reach a consensus decision on any exemption request with the Minerals
Management Service and the U.S. Coast Guard. If consensus is not reached, the exemption
request is automatically referred to the Administrator for decision. In such cases, separate public
notice and comment procedures will apply to the permit application and the exemption request.
The final decision by the Administrator must be incorporated into the permit issued by the
delegated agency. The rule also provides a procedure to submit an exemption request when no
permit is required. All exemption decisions may be appealed to the Administrator.

AREA-WIDE PERMITS

The development of area-wide permits is a relatively new concept that originated onshore
to address asphalt batch plants. These sources are analogous to drill ships in the sense that they
are movable stationary sources and EPA plans to use the same basic approach to permitting
both types of sources. The advantage of an area-wide permit is that it will allow an operator to
drill multiple exploratory wells over a period of years without getting a separate permit for each
well. The permit will be valid for two to five years, be limited to a specified geographic area, and
be based on the maximum potential impact as modeled by the applicant. This approach has the
potential to significantly reduce the time and money expended on permitting exploratory
operations.

QUESTIONS AND DISCUSSION
MAUREEN MCCREA: | know what the OCSLA is, but | don’t know what a PSD is?

ALISON BIRD: PSD is shorthand for Prevention of Significant Deterioration. It is mandated by Part
C. of Title 1 of the Clean Air Act. To comply with Part C, EPA issued regulations and they are
contained in 40 CFR 52.21. States can take delegation of PSD program if they have
acceptable regulations. So a lot of states including Alaska adopted PSD requirements. ltis
basically a preconstruction permitting program. In Alaska it acts as an operating permit
program too. If there isn't an operating permit program, and you violate the terms under
which you were allowed to construct, then you are in violation of the PSD permit.

NANCY SWANTON: Do you anticipate having an area-wide permit in place for the Beaufort Sea
for the 1993 drilling season? And, If not, what are your thoughts right now with regard to
handling the needs?

ALISON BIRD: We hope to have an area-wide permit in place by then. | think that we have
enough time to do it. It is a matter of negotiating between EPA and the source as to what
the terms of the area-wide permit are going to be. As | mentioned there isn’t a lot of
precedent even onshore. So if the source chooses to they can get an area-wide permit, but
maybe not exactly on the terms that they want. They will have to sacrifice something in order
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to get the permit submitted on time for us to review it. On the other hand, there is enough
time for everybody to get what they want. It just depends on how the process goes.

PAM MILLER: | was just curious to know a little bit more about monitoring requirements, who
does it, and how often, and what type of equipment is required?

ALISON BIRD: Well, it varies. There are several kinds of monitoring. First of all, there is
preconstruction monitoring; post-construction monitoring; process monitoring; and ambient
monitoring. It is usually the source’s obligation to do the monitoring and EPA determines
what the monitoring requirements are. A lot of it is discretionary and it is decided by the
regional meteorologist based on what he feels the quality of the database is to start with and
whether or not the initial monitoring results bear out what the model said was going to
happen. There is a lot of variation. There is also source specific monitoring of individual
pieces of equipment. That is fairly standardized.
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MARINE MAMMAL MANAGEMENT SYSTEMS

Jack W. Lentfer
Marine Mammal Commission
P.O. Box 2617
Homer, Alaska 99603

Jack Lentfer is a member of the Marine Mammal Commission who lives in Homer, Alaska. He has
been a wildlife biologist with the U.S. Fish and Wildlife Service and the Alaska Department of Fish
and Game. His area of marine mammal specialization is polar bears. Mr. Lentfer received B.S. and
M.S. degrees in wildlife management from Montana State College.

The primary groups involved with marine mammal management in Alaska are the Federal
government, the State of Alaska, and Native coastal residents. International agreements are also
a part of marine mammal management.

Much of the authority for marine mammal management is contained in the Marine Mammal
Protection Act of 1972, as amended in 1981, 1986, and 1988. The general intent of the Act is to
prevent the depletion of marine mammal species and populations as a resuit of human activities
and to restore species and populations that have been depleted as a resuit of human activities.
The primary objective of marinc mammal management under the Act is to maintain the health
and stability of the marine ecosystem. Whenever consistent with this objective, the goal is to
obtain an optimum sustainable population keeping in mind the carrying capacity of the habitat.

Under the Act, the Secretary of Commerce is responsible for all cetaceans and pinnipeds
except walruses. Responsibility has been delegated to the National Marine Fisheries Service.
The Secretary of the Interior is responsible for walruses, polar bears, sea otters, manatees, and
dugongs. Responsibility has been delegated to the Fish and Wildlife Service. The Act established
the Marine Mammal Commission and the Committee of Scientific Advisors on Marine Mammals
to overview and provide advice to Federal agencies on actions needed to implement the Act. The
Marine Mammal Commission has no regulatory authority.

A key provision of the Marine Mammal Protection Act is the moratorium on the taking of
marine mammats in U.S. waters, with taking defined as harassing, hunting, capturing, or killing,
or attempting to harass, hunt, capture, or kill. The Act provides for waiving the moratorium on
taking and returning marine mammal management authority to states. The State of Alaska
considered requesting return of management until the late 1980s, but is no longer doing so.
The State is actively involved, however, in assessing and regulating human activity as it affects
marine mammal habitat under state jurisdiction, conducting cooperative and contractual studies
with Federal agencies, and working with Native user groups as they become more involved with
marine mammal management.

Another key provision of the Act is the exception to the moratorium on taking which allows
Alaska Natives to hunt marine mammals for subsistence and handicraft purposes, provided
taking is not wasteful. In recent years Native user groups have become organized and are
becoming more active in management. These groups include the Eskimo Whaling Commission,
Eskimo Walrus Commission, Alaska and Inuvialuit Beluga Whale Committee, Alaska Sea Otter
Commission, North Slope Borough, and Indigenous Council for Marine Mammals.

International agreements also play a role in management. The International Whaling
Commission authorizes the taking of bowhead whales, based on culturaland subsistence needs.
Agreements on polar bears include the five-nation Agreement on Conservation of Polar Bears
and the Beaufort Sea Polar Bear Management Agreement between the Inuvialuit Game Councit
of the Northwest Territories, Canada, and the North Slope Borough of Alaska. Representatives
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of Russia and the United States are exploring the possibility of a management agreement for
the shared population of polar bears in the Chukchi and Bering seas. Management agreements
with Russia have also been suggested for other shared populations of marine mammals in the
Chukchi and Bering seas.

The Marine Mammal Protection Act authorizes the Secretaries of Interior and Commerce to
issue permits allowing the take of non-depleted marine mammals incidental to commercial
fisheries. The Act was amended in 1981 to allow the Secretaries to waive the general permit
requirement when only small numbers of marine mammals were involved and the effects of the
take would be negligible. In 1988, fishermen were exempted from both the general permit and
*small take® provision for a period of five years, while the National Marine Fisheries Service
obtained better information on marine mammal-fisheries interactions and developed an alternative
regime to govern such interactions. The Service's recommended regime was provided to
Congress in November 1992. Among other things, it recommends retaining the Act's goals of
maintaining marine mammal populations at optimum sustainable levels and reducing incidentai
take to as near zero as feasible. It recommends that the Secretaries be given authority to
authorize the incidental take in fisheries of depleted as well as non-depleted species and
populations, including species and populations listed as endangered and threatened under the
Endangered Species Act, when such taking would not significantly slow recovery. It recommends
criteria for classifying fisheries, and a procedure for estimating biologically acceptable removal
levels, taking into account the status, and any uncertainties concerning the status, of the affected
marine mammal stocks.

The Marine Mammal Protection Act also provides that the Secretaries of Interior and
Commerce may authorize the incidental, unintentional taking of small numbers of both depleted
and non-depleted marine mammals by U.S. citizens engaged in non-fisheries activities (e.g., in
offshore oil and gas exploration and development) if after notice and opportunity for public
comment, the Secretary (1) finds that the taking will have a negligible impact on the affected
species or stock, and will not have an unmitigable adverse impact on the availability of the
species or stock for Native subsistence uses and (2) by regulation, prescribes permissible
methods of taking and requirements for monitoring and reporting such taking. This provision
has been, and is being used, by both the National Marine Fisheries Service and the Fish and
Wildlife Service to authorize the unintentional taking of bowhead whales, beluga whales,
Xralr:ses, polar bears, and ice seals incidental to oil and gas exploration and development off

laska.

The Marine Mammal Protection Act requires development of conservation plans for species
designated as depleted and encourages development of conservation plans for non-depleted
species and populations that might benefit from such plans. The National Marine Fisheries
Service has started but not completed conservation plans for northern fur seals and harbor seals.
Conservation plans drafted by the Marine Mammal Commission for walruses, sea otters, and
polar bears are being finalized by the Fish and Wildlife Service.

Marine mammals are also protected by the Endangered Species Act which requires recovery
plans for endangered and threatened specles. Plans have been prepared for humpback whales,
right whales, and Steller sea lions, but not for bowhead whales. Another provision of the
Endangered Species Act directs consultation with the Secretary of Commerce or Interior to
ensure that any action authorized, funded, or carried out by any Federal agency is not likely to
jeopardize the continued existence of any endangered or threatened species, or resuilt in the
destruction or adverse modification of habitat critical to the survival of the species. If the
Secretary finds this will occur, he must suggest reasonable and prudent alternatives which he
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believes could be taken by the Federal agency or applicant in implementing the proposed
agency action.

Congress will consider reauthorization of the Marine Mammal Protection Act in 1993. Topics
likely to be considered include: the recommended regime to govern fisheries-marine mammal
interactions: Native subsistence taking: taking and permits for public display, scientific research,
small takes, and importation; sport hunting of polar bears and implementation of habitat
protection provisions of the International Polar Bear Agreement; and trade and embargo
concerns.

QUESTIONS AND DISCUSSION

TOM NEWBURY: You mentioned that when the Marine Mammal Protection Act will be reviewed
that part of that deals with fisheries-marine mammal interactions, what are some of the
changes that might be made there?

JACK LENTFER: The National Marine Fisheries Service in the recommendations that have
already gone to Congress has set up a system for determining an allowable take of marine
mammals incidental to commercial fishing opcrations. They call this the PBR - Potential
Biological Removal. If Congress were to act on this, it could set a cap on the numbers of
marine mammals that could be taken by fisheries and possibly by other activities outside
of fisheries.

BRUCE MATE: Jack, you indicated that the new system will involve a new term, "Potential
Biological Removals." Removals are more like capture, hunt, kill than the old term “take,”
which included harassment. The new system isn’t removing the consideration of “take?"
Take" is still left in the regulations, correct? They aren't just looking at animals removed
from the environment?

JACK LENTFER: No, take, in the broadest sense, will still include harassment and these types
of things. But the fisheries regime, as | understand it, is involved specifically with removal.

BRUCE MATE: Can | ask you some specifics about the permit changes you expect to see
happen in science, capture and display? My understanding is that those removals will also
be part of the same removal quota that the fisheries will be working with. Also, if there were
a natural or man-induced disaster that killed a lot of animals, the *fisheries"” quota might be
exceeded and fishing in all areas might be closed immediately. Is that your understanding
of that?

JACK LENTFER: It is my understanding that this is a possibility, yes.

BRUCE MATE: That has some really enormous consequences for everybody in this room. | just
want everybody to know it because if, as a scientist, | go in and get a permit and my
expectation is to do work in September and there is something that happens in April and
the entire quota is taken by some disaster, | will not be able to do my work in September.
And there will be other people that may be in that same situation. | only bring it up so that
everyone can comment during the open time period when these amendments are being
considered.

JACK LENTFER: | would guess, as a scientist, if your taking were live capture and release, and
if the animals were not removed from the population, this would be in a different category
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than if you removed animals from the population for scientific study. Animals that were
removed from the population would go into the PBR, but | doubt that animals that were
taken for study but not removed from the population would go into the PBR.

BRUCE MATE: Thank you. One last question with regard to the changes you expect to see
suggested for the permit system, could you be more specific about what changes you
expect to see in that permit area?

JACK LENTFER: There is some discussion about streamlining the permit process so that they
didn't have the lengthy review process; that Fish and Wildlife Service and National Marine
Fisheries Service had the authority to authorize certain types of permits within a 30 day
period. .

LISA ROTTERMAN: Two quick questions for you, Jack. The first one is very quick. Has the
Marine Mammal Commission yet had an opportunity to review the amendments coming
from Region 7 of the U.S. Fish and Wildlife Service? And if so, does the Marine Mammal
Commission have any kind of a formal opinion on that package yet?

JACK LENTFER: It is being circulated and so far there has not been consultation within the
Commission as to what kind of position to take on their proposed amendments.

LISA ROTTERMAN: A second question which is related: Has the Commission had an opportunity
to put out a formal statement in response to the National Marine Fisheries Service’s proposal
regarding fisheries and marine mammal interactions?

JACK LENTFER: No, we have not done that either. The copy that | received, | have had less than
a week. So we have not reviewed that either.

LISA ROTTERMAN: What some folks have said off the record is that they feel that package may
be, the quote that | have heard several times is "dead on arrival." If that were the case, what
wouid happen? So If that package as it now stands were rejected, what would happen in
terms of the Marine Mammal Protection Act reauthorization process and particularly fishery
interaction rules? What are the possibilities?

JACK LENTFER: | assume NMFS would have to go back to the drawing board and they would
have to put some interim regulations in place. They could extend the present five year

interim exemption where fisheries operations did not have to get a small take exemption.
Possibly this would be extended until they came up with a new set of recommendations.

CALEB PUNGOWIY!: On this new regime that is being proposed by National Marine Fisheries
Service, back in 1988 when the waiver was provided for the fisheries, they were to do a five
year study on the effects of commercial fishing on the removal of marine mammals.
Has that study been done; have they come out with a report that backs up this new regime?

JACK LENTFER: | am not aware of a report, per se. | think a lot of their things have been
incorporated into the new regime. | don’t know if we have National Marine Fisheries Service
represented, Ron Moris are you up on this?

RON MORRIS: The data has been analyzed under much pressure and it is being used, but it is
not in report form since 1988. But the data has been collated and it is available for people
to look at but it hasn’t been issued in any report form.
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CALEB PUNGOWIYI: The same question that Lisa asked, if this Potential Biological Removal is
going to set a limit on how much can be taken, our question would be how does that affect
the Native exemption and the taking of marine mammals by the indigenous people in the
Bering Sea?

JACK LENTFER: That is a very good question, a key question. | went through the regime when
| received it to see if that was addressed specifically and | don't believe it is. It looks like it
is kind of glossed over. | think that is part of what the reauthorization hearings will be about
and it will be debated in Congressional hearings within the next four to five months.

CALEB PUNGOWIYI: The oil industry, in the past, has been reluctant to apply for a permit for the
taking of marine mammals during the exploration process. A couple of years ago, Shell
Western was taken to court. Before that court matter was resolved they did finally get the
permit from Fish and Wildlife to take marine mammals. You mention in here about the
permits for industry, are there going to be changes in regard to the permit process?

JACK LENTFER: Again, this could happen during the reauthorization hearings. | don’t have too
much insight into that. | think some of the glitches that went on have been worked out and
things are proceeding more smoothly with regard to these incidental take permits that are
issued by Fish and Wildlife Service and NMES.

RON MORRIS: The incidental take for the oil industry will be reevaluated in five years. At this
point, as far as the National Marine Fisheries Service is concerned, every oil industry activity
that has gone in the arctic has had the appropriate incidental take applications submitted to
us. I only know of one far off case, | think it was Halliburton that was going to do some
seismic work near the Russian line, and they didn’t apply for one. But all of our animals have
been protected or permits have been applied for and received.
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THE EXPANDING ROLE OF ALASKA'’S INDIGENOUS PEOPLES
IN MARINE MAMMAL MANAGEMENT AND RESEARCH

Lisa Rotterman
Rural Alaska Community Action Program, Inc.
Indigenous People’s Council for Marine Mammals
P.O. Box 200908
Anchorage, Alaska 99520

Dr. Rotterman is currently employed by Rural Alaska Community Action Program as a marine
mammal biologist/planner to wark with the Indigenous People's Council for Marine Mammals. She
received her M.S. and her Ph.D. in ecology and evolution, with a minor in genetics, from the
University of Minnesota. She conducted her genetics research at the National Institute of Health
where she was a guest researcher. She has conducted studies of avian behavior and ecology, and
the effects of heavy metals and stress on infant non-human primates. Since 1984, she has
collaborated with Dr. Charles Monnett on studies of the population biology, behavior and genetics
of sea otters in Alaska, including studies aimed at determining the impact of the T{V Exxon Valdez
oil spill on sea otters. She has previously been affiliated with the Universities of Minnesota and
Washington, NIH, and Alaska Pacific University.

The indigenous people of Alaska are increasingly becoming involved in decisions about the
use of marine mammals, the use of marine environments in the areas in which they live, and
in marine research, including research on marine mammals. The primary purposes of this paper
are to briefly:

1) provide background necessary for interpreting this trend in the context of broad trends
in policy concerning research and environmental protection of the arctic, including some
discussion of policy recommendations of indigenous, academic and governmental entities
relevant to the role of indigenous people in marine mammal and other natural resource issues;

2) provide specific information about the indigenous Peoples’ Council for Marine Mammails
(IPCMM), a recently-formed coalition of groups sharing, among other goals, the goal of
enhancing the role of Alaska's indigenous peoples in marine mammal management and
research, including a few examples of the recent activities of the IPCMM and its member
commissions; and

3) comment on factors that can and will affect the success of attempts to integrate and
communicate diverse cultural perspectives concerning the study and use of marine mammals
and marine ecosystems, and thus, that will affect the long-term role of indigenous aor other
entities in studies of, and decisions about marine mammals and the ecosystems in which they
live.

BACKGROUND

The significance of the activities of Alaska’s indigenous peoples in marine mammal issues,
including the formation and activities of the IPCMM and its member commissions, goes beyond
any specific effects on marine mammal management, marine mammal research, or the status of
any particular marine mammal species. The larger significance of the existence and actions of
groups such as the IPCMM stems from the fact that they are manifestations of a changing arctic
policy in which indigenous people will likely play an expanded role in natural resource
management and research in regions in which they live. This change results from several factors
including: increasing demands by indigenous arctic residents; increasing support for various
indigenous perspectives from non-indigenous entities, especially western social scientists; and
from the effect of these forces on national and international policy makers. As it is necessary
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to understand this background in order to fully understand recent developments regarding the
role of indigenous people in marine mammal issues, selected, but representative statements of
particular perspectives are presented and discussed.

Indigenous Perspectives

It is important to understand that Alaska’s indigenous people have been, and are becoming
increasingly vocal and active in discussions of natural resource use. In statements issued by
diverse groups, representing organizations including individual villages, regional entities (e.g., the
Bering Sea Coalition and the North Slope Borough), and international bodies (e.g., the Inuit
Circumpolar Conference), indigenous peoples are requesting and, increasingly more often,
demanding, that they have a direct role in research occurring in their region and in decisions
about the environment of their region. At a 1985 conference on arctic policy, an indigenous
leader (Ahmaogak 1986) made the following comments:

"It is of the utmost importance that Arctic residents be involved in both the formulation and
implementation of Arctic research policy...As residents of the Arctic, we want to become
more involved in research and policy decisions that affect us. We intend to move forcefully
in whatever forums are available to us...(T)here should be provisions made for obtaining
the basic data needed for the sound management of subsistence use Arctic animals. This
lack of critical data is particularly obvious for such important subsistence use animals as
the...walrus...This lack of critical data...seems to assure continued controversy regarding
harvest levels, industrial impacts, and management schemes...We also wish to clearly state
that we, as Arctic residents, want to be involved in the gathering of such data and in the
formulation of management plans for our subsistence use animals.”

Indigenous leaders, such as L. Merculieff, one of the original founders of both the Bering
Sea Caalition and the IPCMM, have alsc been clear in stating their views about the importance
of integrating traditional knowledge into decision-making processes relating to the study and use
of ecosystems in their region and, relatedly, about the ramifications of the exclusion of
indigenous people and their knowledge:

*...Aboriginal groups feel...their voices and their knowledge of the environment are failing
on deaf ears® (Merculieff 1990:10). "There is, in the Native community, a growing sense of
disenfranchisement and distrust of western institutions with a consequent growth of legal
and civil confrontations...(P)art of these failures can be attributed to the lack of understanding
of the difference in world-views and the role the lack of understanding plays in the success
or failure of everything we do to provide solutions to human survival* (Merculieff 1990:16).
*...(C)oastal peoples in the Bering...", Chukchi and Beaufort Seas, and the North Pacific
Ocean “..fully understand that the lack of recognition of traditional ways of knowing....and
the lack of meaningful participation in decisions which affect what and how research and
management is conducted in the ecosystems in which they live, serve to undermine the
strength of the cultures and source of sustenance of coastal peoples.” (Merculieff, L. A.,
unpublished discussion paper for the Bering Sea Coalition).

At the international level, indigenous leaders have stated that “the direct involvement of
indigenous peoples in all decision making processes concerning the management, research and
allocation of resources" is required to ensure subsistence harvesting by indigenous people can
continue (Simon et al. 1991).

52



Rotterman — The Expanding Role of Alaska’'s Indigenous Peoples
in Marine Mammals Management and Research

Perspectives of Social Scientists

Numerous social scientists have also concluded that there is a need for direct participation
by indigenous peoples in decisions about wildlife management and research (e.g., Bielawski
1984; Gunn et al., 1988; Weetaluktuk 1979), and, generally, in decisions about human uses of
the environment in regions in which they live. Relatedly. and also in agreement with views
expressed by indigenous leaders, many social scientists have repeatedly recommended that
indigenous ecological and environmental knowledge be incorporated in such decisions, and that
there be greater emphasis on effective cross-cultural communication of results from western
scientific research to the villages (Bielawski 1984). Feit (1988) reaches conclusions similar to
Merculieff's (1990, unpubl. manuscript) regarding the ramifications of exclusion of indigenous
people and their knowledge from the decision-making processes, i.e., that it is likely that
continued failure to have direct involvement of indigenous peoples in wildlife management will
lead to further disintegration of relations between western and indigenous cultures, further
breakdown of indigenous cultures, with resultant damage to the wildlife populations and
ecological systems upon which the indigenous people depend (Feit 1988; Merculieff, unpubl.
manuscript). Hopkins et al. (1990) concluded that scientists and managers can derive important
benefits from knowledgeable indigenous people and warned resentment generated by the
exclusion of indigenous people could harm scientific inquiry in the arctic.

Citing specifically the example of the relationship between the Alaska Eskimo Whaling
Commission and the National Marine Fisheries Service in the regulation of the Alaskan harvest
of bowhead whales as a beneficial and desirable relationship among indigenous people and
governmental entities, an international working group of social scientists recently gave a strong
endorsement to co-management (e.g., of wildlife) relationships in which "...user groups and
public authorities jointly establish cooperative arrangements to improve and implement
management systems... (Western Regional Science Association Working Group 1992)."

Perspectives of International Bodies

The International Union for the Conservation of Nature and Natural Resources of the
Commission on Ecology has established a Working Group on Traditional Ecological Knowledge
(Freeman and Carbyn 1988). A commission of the United Nations has stated that “...the ability
of Indigenous people to apply and to develop*® their ecological *knowledge and to share this
knowledge with others is vital for overcoming environmental degradation throughout the world
(Egede 1992:21)."

U.S. Government Perspectives

U.S. government policy statements regarding the role of indigenous peoples in natural
resource research and decision-making are less ambitious and enthusiastic than those of
indigenous leaders, the aforementioned social scientists, or cited commissions within the United
Nations. However, certain entities within the U.S. government have issued policy statements
calling for an expanded role for indigenous people and their knowledge in decisions about the
use and study of arctic environments.

U.S. arctic policy objectives call for: a) increased involvement of indigenous people and
their knowledge in research and habitat use decision-making, b) the undertaking of
multidisciplinary studies to improve knowledge of the marine environment, and c) the promoting
of "scientific research on...aspects of science which are most advantageously studied in the
Arctic® (Interagency Arctic Research Policy Committee, 1987:xi). The statement entitled "Principles
for the Conduct of Research in the Arctic,” which was prepared by the Interagency Social
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Science Task Board, at the direction of the Interagency Arctic Research Policy Committee (the
entity established to develop national Arctic research policy), states:

*The following...principles are to be observed when carrying out or sponsoring research
in...northern regions or when applying the results of this research...This statement addresses
the need to promote mutual respect and communication between scientists and northern
residents. Cooperation will contribute to a better understanding of the potential benefits of
Arctic research for northern residents and will contribute to the development of northern
science through traditional knowledge and experience...Reasonable opportunities should be
provided for the communities to express their interests and to participate in the research...The
researcher should, where practical, incorporate the following elements in the research design:
a) Use of local and traditional knowledge and experience..." (U. S. Arctic Research
Commission 1992: Appendix C).

The U. S. Arctic Research Commission is currently turning its attention to the *...need for
meaningful participation of indigenous people in the planning, conduct and application
of...(arctic)...research* (U.S. Arctic Research Commission 1988}.

Thus, statements from both indigenous leaders and the U.S. government stress
communication, cooperation and participation. and the potential for contributions to northern
science from traditional knowledge. However, the emphasis for a direct indigenous
decision-making role appears to be absent from current governmental policy statements. To the
knowledge of this author, it is not yet clear how *meaningful participation" will be defined at the
federal level, and thus, to what extent governmental policy will aid indigenous people in their
empowerment endeavors in the natural resource management and research arenas. Moreover,
typical federal procedures for making research and management decisions about natural
resources in genera!, and about marine mammals in particular, do not afford indigenous peoples
a direct role in the making of such decisions. More typically, and increasingly, indigenous people
are included as advisors, with no actual decision-making role. One striking example of the
disparity existing between the goals of indigenous people for involvement and current federal
government procedures is the absence of an indigenous Alaskan on the Steller Sea Lion
Recovery Team. Current U.S. governmental procedures do not generally afford indigenous
people the role they have requested in natural resource management. However, increasingly,
indigenous organizations are initiating marine mammal management, and. to a lesser extent.
research, activities on their own, sometimes in collaboration with western scientists.

THE INDIGENOUS PEOPLES’' COUNCIL FOR MARINE MAMMALS (IPCMM)
Purpose and Goals

As noted above, indigenous leaders have said that indigenous people intend to move ahead
forcefully to become involved in natural resource and environmental research and
decision-making and they have. One initiative taken by Alaska's indigenous peoples to increase
their involvement and effectiveness in, specifically, marine mammal issues, is the formation in
Dec. 1991 of the Indigenous Peoples’ Council for Marine Mammals (IPCMM) (originally named
the Indigenous Council for Marine Mammals, and renamed in the late 1992). The IPCMM is
currently comprised of nine organizations that recognized that they had overlapping goals,
common needs, and mutual concerns. These arganizations, listed in alphabetical order, are the:

Alaska and Inuvialuit Beluga Whale Committee
Alaska Eskimo Whaling Commission (AEWC)
Alaska Sea Otter Commission (ASOC)
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Arctic Marine Resources Committee

Bristol Bay Native Association

Eskimo Walrus Commission (EWC)

North Slope Borough (NSB) Department of Wildlife Management
Pribilof Aleut Fur Seal Commission

Southeast Native Subsistence Commission.

Thus, the IPCMM is a coalition comprised of autonomous organizations. These organizations
meet as peers to address issues of mutual concern and interest and they arrive at decisions by
consensus.

The goals of this coalition include, but are not limited to, the following:

a) to enhance information sharing and other communication amongst indigenous
communities and organizations;

b) to have direct involvement of indigenous peoples in marine mammal management
and research

) to facilitate the development of new, and expansion of existing, indigenous research
programs on marine mammals and the marine environment

d) to enhance the use of traditional knowledge into management and research
processes

e) to facilitate the development if indigenous marine mammal management programs

and to facilitate co-management agreements for marine mammals in which
indigenous organizations and the U.S. government share management
responsibilities

f to insure the continued use of marine mammals by indigenous peoples

a) to maximize the efficiency and effectiveness of the indigenous community on issues
of common concern through the pooling of knowledge, experience and resources,
and if consensus is reached, to present a unified indigenous position on marine
mammal issues

Relevant Activities

Both the IPCMM itself, and its member organizations, have taken steps that enhance the
role of indigenous peoples in marine mammal issues. While it is beyond the scope of this paper
to review these activities fully, a few examples are given below.

1) MMPA reauthorization. A primary focus of the IPCMM in 1992 and early 1993 was the
upcoming (1993) reauthorization of the Marine Mammal Protection Act (MMPA), including the
review of draft and regional proposals for amendments prepared by the U.S. Fish and Wildlife
Service and by the EWC. As of the beginning of February, 1993, it had not yet been decided
whether the IPCMM would develop a document regarding the MMPA and potential amendments
to it, or whether individual commissions would pursue their own proposals.

2) Marine mammal management. The EWC and the ASOC are both involved in developing
management plans for walrus and sea otters, respectively, and representatives of both
organizations have participated in groups advising the federal government in its development of
management plans for these same species. Both groups have either contracted with and/or hired
biologists to aid in the development of these plans.
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The IPCMM issued a resolution to the North Pacific Fisheries Management Council
supporting the establishment of a "no bottom-trawl zone* around the Pribilof Islands to protect
vital fur seal, sea lion and sea bird habitat.

3) International agreements. The NSB Department of Wildiife Management and the Inuvialuit
Game Council initiated, signed and implemented the NSB and the Inuvialuit Game Council
Management Agreement for the Polar Bears of the Southern Beaufort Sea. With western
scientists acting in an advisory capacity, the participants in this agreement set harvest limits for
both Canadian and Alaskan indigenous hunters for the population of polar bears shared across
the Canadian and U.S. borders.

Staff of the EWC participated in the development of the Protocol of Intentions on the
Conservation and Regulated Use of the Bering and Chukchi Seas Polar Bear Population
Common to the United States and Russia, signed in October 1992 by representatives of the two
governments. This "Protocol of Intentions,” calls for "coordination and cooperation with
international and Native organizations whose activities are connected with the study and
conservation of polar bears... ." It specifically calls for the inclusion of representatives of Native
peoples on working groups to prepare proposals for a formal management agreement for the
Bering and Chukchi polar bear populations.

4) Research programs. Many of the organizations within the IPCMM have ongoing, or plan
to initiate, research programs. A few examples will be given here. The NSB Department of
Wildlife Management has an active research program on the bowhead whale, including survey
work, harvest monitoring, etc. The AEWC developed a proposal regarding traditional knowledge
of the bowhead. Both the IPCMM and the ASOC hired western scientists to provide staff support
to their respective commission members. In the case of the ASOC, the biologist wili develop
both a general sea otter management plan and specific management plans for various regions.
The Alaska and Inuvialuit Beluga Whale Committee secured funds to initiate research on the
Beluga whale. This committee is working with biologists from the Alaska Department of Fish
and Game in this endeavor.

5) Harvest monitoring. The Rural Alaska Community Action Program (RurAL CAP), acting
for the IPCMM, entered into a cooperative agreement with the Alaska Department of Fish and
Game on a program to determine the harvest of sea lions and harbor seals by indigenous
people. RurAL CAP is acting in an advisory capacity to ADF&G and is acting as an intermediary
between ADF&G and indigenous marine mammal organizations concerning this project.

6) Enforcement and education. Many of the commissions within the IPCMM are, or have
previously been, involved in providing information to villages about legal issues affecting marine
mammals.

The most noteworthy action taken recently in the area of enforcement was the primary role
taken by the EWC as part of its ongoing efforts to halt the illegal harvesting of wairus. The EWC
asked the U.S. Fish and Wildlife Service to initiate an investigation, termed operation "Whiteout"
that resulted in the arrest and conviction of several walrus hunters for the wasteful take of walrus.

7) Traditional knowledge. Several proposals were developed by indigenous entities (AEWC
and {PCMM) that can be used in the future to seck funding for activities aimed at the
documentation and integration of traditional knowledge of marine mammals.
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Final Remarks

As noted throughout this paper, the role of Alaska’s indigenous people in marine mammal
issues is currently expanding. However, at this time it is unclear to what extent indigenous
people will achieve goals such as co-management, the development of integrated research
programs, the widesproad acceptance of traditional forms of knowledge, etc. That is, it is
currently unclear what the jong-term role of indigenous people in marine mammal issues will be,
regardless of the rather clear current trend towards increasing involvement. Governmental
support and support of the general public will be critically important, as program establishment
and execution will require considerable financial resources. Governmental support to date has
been lukewarm, at best. and, thus, the perceptions of the public will become increasingly
important if indigenous groups expect to attempt to move beyond the current status quo to roles
with greater direct responsibility.

It is the personal opinion of this author that several factors will be paramount in determining
the long-term role of indigenous people or any other group in activities affecting marine
mammals. First, and foremost, will be the status of the marine mammal! populations themselves.
Second, will be the ability of the indigenous, or any other, organization to aid in the assessment
of that status and to affect the status in a positive manner. If indigenous people are successful
in ensuring or even improving the health of marine mammal populations, their role in marine
mammal research and management will likely increase. If they are not successful, or even if the
primary public perception is that they are not contributing to that positive outcome, then it is
likely that either the status quo will be maintained or that their role will be diminished. Thus, a
third factor will be the ability of indigenous groups and leaders to gain broad support for their
positions. In particular, support for key initiatives from the environmental community will be
crucial. Currently, there is widespread dissatisfaction with the approaches of the resource
management agencies towards management and study of many natural resources. Many people
and groups are receptive to new approaches. Thus, the present time is a critical one and the
actions of the indigenous community on key, highly visible issues, such as the decline of the
Steller sea lion, will, | believe, impact the long-term role of indigenous people in the natural
resource area more broadly.

The current complexity and seriousness of issues involving marine mammals demands that
all intorested parties, regardless of their cultural and political backgrounds, come together to
seek solutions in an atmosphere of mutual respect. mutual trust, and with open minds. The
extent to which such effective communication, mutual respect, and mutual trust can be
established among people from diverse cultural backgrounds will be critical in determining the
future role of indigenous people in marine mammal issues. There are obstacles. For example,
many individuals that are not trained in the western sciences do not understand the research
process, nor do they understand the differences between applied and basic research, or the
differences between the process of applying information to achieve social change, the expression
of political opinion and the non-political process of acquisition of needed information. Most
non-scientists are unaware of the great diversity in training among "scientists” or even "biologists."
Most non-scientists do not understand the highly personal nature of basic scientific inquiry, and
the unique perspectives, methodologies, and approaches that scientists bring to their work.
These obstacles have already led to difficulties for scientists working on behalf of indigenous
organizations (personal observation). Conversely, many scientists, particularly those who do not
thomselves conduct long-term research, often discount or even dismiss the value of local and
traditional knowledge. Often western scientists are unwilling to listen to a style of presentation
of information that is different from that to which they are accustomed. in general, it will be
important for all participants to remember to treat each other fairly, to be willing to discuss
perspectives and differences, and to avoid "knee-jerk" responses that are borne, usually, from
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ignorance. Bureaucrats, hunters, policy-makers, political leaders and scientists, must be willing
to understand that there are profound differences both among and within people holding any of
these, or other, labels. They must evaluate, as possible, the intent of their cross-cultural
colleagues and then if finding common ground, communicate to arrive at solutions. Current
resource and habitat management issues require that all interested parties come together with
open minds and ears to seek solutions to complex problems, be it western researchers being
willing to listen to indigenous elders or vice versa.

if truly innovative and cross-cultural solutions are to be found to the challenges of today's
and the future’s environmental and natural resource issues, all participants in the solution must
be willing to put aside cultural and racial biases. All participants must be willing to at least
honestly evaluate, and to attempt to understand, perspectives differing from his or her own.

Solutions to problems involving marine mammals and their environments will require that
both indigenous and western entities be capable of putting aside intra and inter-cultural
territorially. Control for control sake is a concept that must be shed, by the government, and by
all organizations. All cultural and political groups must be willing to be self-critical, and to avoid
faling into dogmatic traps, realizing that no culture or philosophy has a monopoly on either
wisdom or ignorance. All organizations, cultures and communities have both enlightened and
ignorant elements. Self-critical and seff-enforcing actions such as those taken by the EWC to
stem wasteful take of walrus need to be applauded and rewarded both within and outside of the
culture taking the laudable action.

in the end, it will be the future health and well-being of marine mammal populations against
which all management and research endeavors, regardless of cultural origin, will be evaluated.
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INTRODUCTION

Approximately 75% (range 57-81%) of the 1980-1988 average subsistence annual harvest
of 128 polar bears (Ursus maritimus) in Alaska (range 89-292) has occurred in western Alaska
(Schliebe 1986, 1990). The early research effort on polar bears in Alaska was concentrated in
the Capo Lisburne to Barrow area, while more recent research has focused on the Beaufort Sea
from Barrow eastward into Canada. A research project on polar bears that seasonally occur in
waters of western Alaska was initiated in spring 1986 with the capture and the fitting of satellite
telemetry collars on ten aduit females. The primary objective of this project is to determine the
population size and status of polar bears that occupy the Chukchi and Bering seas. The purpose
of this presentation is to describe the seasonal movement and distributional patterns of polar
bears that occupy the Chukchi and Bering seas.

METHODS

Capture and marking activities were limited to western Alaska from 1986 through 1989, but
was expanded into a cooperative research with Russian scientists in 1990 when it became
apparent from satellite tracking data that the population of bears was shared with Russia (Garner
et al. 1990, Garner and Knick 1991). A total of 130 different female polar bears have been
capturod and fitted with satellite collars between 1986 and 1992. Satellite telemetry has provided
data on polar bear movements in western Alaska that was impossible to collect prior to the
development of this technology (Fancy et al. 1988, Harris et al. 1990). Inherent failure rate of the
collars is approximately 10% (Garner et al. 1989).

Satellite collars transmit signals to overflying satellites which process these signals and
calculate location of the transmitter (Fancy et al. 1988). The duty cycle used for polar bears in
western Alaska was a 3-day cycle. Multiple locations are recorded during each transmission
cycle, but only one location per transmission cycle was used to examine movement and
distributions. This location was selected using a combination of location quality parameters and
the relationship of the various locations to the previous location. Movement vectors were
determined using great circle methods and a 24-hour rate of movement was calculated based
upon the hourly movement rate. Seasonal designations correspond to pack ice conditions as
follows: maximum ice cover 1 January - 30 April; receding ice pack 1 May - 15 August; minimum
ice pack 16 August - 15 October; advancing ice pack 16 Oclober - 31 December.

RESULTS

Movement data from 120 female polar bears fitted with satellite telemetry transmitters during
1986 - 1992 in western Alaska and eastern Russia indicate widespread movement of polar bears
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Figure 1. Distribution of marked female polar bears In relation to the edge of the seasonal pack ics,
June 1990 through January 1991 (ice edge is depicted by dark line).
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between the two countries. Alaskan waters of
MEAN OF MEAN RATES FOR EAGH BEAR the northermn Bering Sea and the Chukchi Sea
A. are seasonally occupied by polar bears from
November through March each year. This
seasonal occupation is directly related to ice
pack distribution and timing (Figure 1). Bears
move north into the northern Chukchi Sea
and northeast into the northeastern East
Siberian Sea during spring with the receding
pack ice. Bears remain associated with the
pack ice during the summer months, then
advance south and southeast with the
advancing ice edge during fall. The northern
1900 1901 12 Bering Sea is normally occupied by mid-
December each year.
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Figure 2. Seasonal rates of movement (km/day) of km'; Amstrup 19.86)' Marked bears were
satellite instrumented female polar bears, 1985 annually present in U.S. waters for only 25-
through 1992, A) Rate calculation based upon 30% of the year, with the highest proportions
mean rate for individual bears. B) Rate calculation of marked bears occurring during the winter

based upon all bears. and spring months (Garner et al. 1990).
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Limited maternal denning has been documented in western Alaska, with a majority (>95%)
of maternal dens occurring in Russian territory on Wrangel and Herald islands and along the
northern coastline of the Chukotka Peninsula. Several dens on pack ice northeast of Wrangel
Island have also been recorded.

SUMMARY

Data from 120 female polar bears fitted with satellite telemetry transmitters during 1986 -
1992 in western Alaska and eastern Russia indicate widespread movement of polar bears
between the two countries. Alaskan waters of the northern Bering Sea and the Chukchi Sea are
seasonally occupied by polar bears from November through March each year. Bears move
north into the northern Chukchi Sea and northeast into the northeastern East Siberian Sea
during spring with the receding pack ice. They remained associated with the pack ice during the
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summer months, then advanced south and southeast with the advancing ice edge during fall.
The northern Bering Sea is normally occupied by mid-December each year. Area occupied by
six bears with locational data >300 days averaged approximately 250,000 km? (range 145,000
- 351,000 km?). Marked bears were annually present in U.S. waters for only 25-30% of the year,
with the highest proportions of marked bears occurring during the winter and spring months.
Limited maternal denning occurs in western Alaska, with a majority (>95%) of maternal dens
occurring in Russian territory on Wrangel and Herald islands and along the northern coastline
of the Chukotka Peninsula.
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QUESTIONS AND DISCUSSION

CALEB PUNGOWIYI: There is always discussion or talk that the Beaufort Sea population is
separate from the Chukchi population. Is there...
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GERALD GARNER: Jack hypothesized that the Beaufort and the Chukchi populations were
somewhat separated from the imaginary line that went off some 45° from Point Lay. There
has been some discussion about moving that down to Icy Cape. What we have seen from
the work that | am doing in western Alaska and work that Steve Amstrup is doing in northern
Alaska, is that there are bears that have been radio collared in northern Alaska that we catch
in western Alaska. But they always go back to northern Alaska, except in one or two notable
instances. One of those was a bear that denned in the Barter Island area, wound up denning
on Wrangel Island. Another instance is a bear that just went over the pole and is now off the
northern coast of Greenland. We have not had any of the bears that we have captured in
western Alaska that have moved past Prudhoe and again they have returned to western
Alaska. The one area where there is confusion is between those bears that are captured
between Point Lay and Barrow. You can capture the animals there but until you have
followed those animals for one or two years, you don't know who they belong to. This is an
area where there is interchange between bears from western Alaska and from northem
Alaska. The genetic work that we have done has indicated that there is very low difference,
from the mitochondrial DNA. It appears that there is a level of separation but it is not a wall.
There is interchange.

DON HANSEN: As you mentioned Gerald, you aren't able to put tags on the males but do you
have any indication whether the males have comparable movements?

GERALD GARNER: The information on male movements is primarily from northern Alaska, the
work that Steve Amstrup is doing and the work that Jack did in the past. All of that
information relies on mark-recapture or mark and showing up in a Kill at some later time.
There is some indication that there is some movement but unfortunately using those
methodologies you will not detect long range movements and if there is some type of cycle
you won't detect that. We don't really know what males are doing. There appears to be a
breeding population or a breeding area that lies to the west of Barrow, between Barrow
and say, Point Lay, or excuse me, all the way down to Cape Lisburne. In the spring you'll
find an inordinately large number of adult males in that area compared to other age and
sex classes. This has been my experience. | don't see that down south of Point Hope, north
of Savoonga.

RAY EMERSON: When you were talking about your movement patterne, do you factor out the
ice movement itself? There are some bioenergetics there that they are probably just riding
the flow.

GERALD GARNER: This results are confounded with ice movement. The thing that we have not
overlaid on these movement rates or vector analyses is at the same time, sometimes bears
are moving with ice, therefore getting a partial free ride. Sometimes they are moving against
ice. When they are moving north during the spring, when ice is receding, many times they
are actually moving against the ice flow.
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HANDBOOK FOR OIL AND GAS OPERATIONS IN POLAR BEAR HABITATS

Joe C. Truett
P.O. Box 211
Glenwood, New Mexico 88039

Dr. Joe Truett has worked on a variety of environmental research projects on Alaska’s Outer
Continental Sholf since the mid-1970s. Most of his work during this period was sponsored by one
or more of the Bureau of Land Management, the National Oceanic and Atmospheric Administration,
and the Minerals Management Service, and was conducted through LGL Ecological Research
Associates. Dr. Truett currently works as an independent contractor, but is completing the project
described at this meeting under the auspices of LGL.

Oil exploration and development activities in polar bear habitats come with a responsibility
to protect human life and property from bears and to avoid unnecessary disturbance or harm to
bears. The purpose of this handbook, now nearing completion, is to help industry operators
minimize polar bear-human encounters and to suggest ways of alleviating problems when
encounters are unavoidable. To these ends, it addresses several topics: (1) polar bear biology,
(2) what attracts bears to industry sites, (3) systems for detecting bears that approach camps,
(4) bear deterrence, (5) personnel responsibilities and training, (6) relevant laws and regulations,
and (7) design and operation of industry camps. It also provides a step-down protocol for
responding to bear encounters. Guidelines are presented for preparing site-specific bear
interaction plans for operations that are to be conducted in bear habitat.

Polar bears come equipped with extraordinary physical abilities and senses. OCS operators
planning and operating camps must be aware of the capabilities of these bears, because their
strength, agility, sense of smell, and curiosity comprise a particularly effective combination for
finding, entering, and exploring sites of operation.

Several distributional and behavioral characteristics of polar bears help operators determine
the best strategies for avoiding problems. Most, but not all, bears frequent shallow nearshore
areas only in winter when ice covers the water. During this time they feed mainly at the outer
edge of the fast ice or beyond where broken ice enables them to better catch seals. Seals are
the mainstay of their diet, but they may locate and attempt to exploit other potential food sources
— including garbage, industrial materials, and even humans — by the techniques they use for
detecting and catching seals.

Once a bear finds a camp or other industrial site, it will often approach and enter the site.
Food or garbage odors emanating from camps are particularly enticing. If the bear gets a food
reward, it is almost certain to investigate similar situations thereatfter.

When encountered close at hand by humans, many bears will move away, but others may
not. Female bears with cubs may attack people to protect their young. Other attacks may have
predatory intent; these are more likely to result in human deaths. Appropriate responses to bear
attacks may help persons being attacked to survive, but the best defense is to avoid close
encounters in the first place. .

Bears are attracted to sites of human activity primarily in search of food, although other
motivations such as general curiosity or shelter-seeking may sometimes be involved. Bears can
smell food odors at great distances, especially strong odors such as garbage or exhaust from
camp kitchens, and may travel many kilometers upwind seeking out the source.

Bears may investigate camps even when conventional foods are absent. The stimuli for
such investigations are sometimes unclear to people. The bears sometimes consume items not
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viewed by humans as food, e.g., plastic, vinyl, ethylene glycol antifreeze, and drilling mud
additives. Sometimes bears visiting sites of operations seem to be seeking sanctuary from open
water or weather. However, the main attraction is strong food odors, and reducing these is a
major step toward keeping bears from coming to industry sites.

Bear detection systems at industry sites help prevent bear-human conflicts by giving early
warning of a bear's presence. Various systems have been used: (1) humans or dogs as
monitors, (2) trip wires and electronic detectors, (3) remote sensing devices such as surveillance
radar and infrared imagers and sensors, and (4) floodlights.

Different types of operations, e.g., seismic trains, drilling operations, or temporary field
camps, may call for different detection systems. Human monitors are useful at most kinds of
operations, often in conjunction with floodlights, trip wires, or some other mechanical or
electronic system. Tripwire systems have proved useful and cost effective at gravel- and ice-
island drilling operations. New developments in microwave, radar, and infrared security systems
may in the near future make these remote-sensing devices practical for relatively permanent sites
of operation.

Systems to deter bears from places where they are not wanted often are necessary.
Currently, many of the deterrence techniques available are not iegal to use by unauthorized
persons in the United States because their use may constitute the “take” of a bear, which is
illegal under the Marine Mammal Protection Act. Deterrence techniques that are usually illegal
under this Act include using noisemakers such as cracker shells, screamers, and bangers,
human and dog monitors approaching or pursuing bears; driving bears with helicopters and
ground-based vehicles; and firing projectiles such as plastic bullets and rubber batons. Whether
it is legal to use taped sounds, electric fences, and chemical sprays to deter bears is unclear.

Only passive devices such as physical barriers, bear-proof containers for food and garbage,
artificial lighting, and chemical coatings on materials are generally considered legal for industry
personnel to use. Because it is illegal for unauthorized persons to use active deterrence systems,
and because obtaining the timely assistance of authorized persons may be difficult, avoiding
situations where active deterrents are necessary is the best strategy.

Three categories of personnel are responsible for dealing with polar bear problems at arctic
operations sites: (1) bear monitors, (2) monitor supervisors, and (3) all other personnel. Bear
monitors (or "watches”) are responsible for bear detection, maintenance of personnel waming
systems, and personnel safety. Monitor supervisors oversee all aspects of on-site safety and
observation related to polar bears. All other personnel are responsible for reporting and
responding to bear visits as required by the monitor and monitor supervisor.

Bear monitors and monitor supervisors are best selected from among specific kinds of
individuals. Monitors ideally have a strong sense of responsibility, good observational abilities,
patience, an interest in safety, and a basic knowledge of bear biology. Monitors may
simultaneously have other responsibilities such as loader operator, ice surveillance crew member,
or safety officer. In any case, monitors need special training in observation, recording and
reporting, and in the use of some kinds of deterrents. Monitor supervisors are best selected for
their supervisory skills, their ability to communicate with others, and their understanding of the
need for consistency and accuracy in reporting.

Training programs for all personnel are crucial for safe operations in polar bear habitats.
Availability of effective personnel trainers and training materials is highly desirable. All personnel
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must know their responsibilities, and how to camry them out under various circumstances and
various types of operations.

Federal, State, and Borough governments all have laws or regulations that affect industrial
interactions with bears and bear habitat. The Federal laws and regulations governing “take" of
bears probably affect most industry operations more than do State or Borough regulations, which
relate mostly to protection of bear habitat or bears as a subsistence resource.

The U.S. Minerals Management Service (MMS) is the Federal agency that controls permitting
related to oil and gas operations in polar bear habitat. Permit requirements often include
stipulations from other Federal agencies and from State agencies. A recent development in
permitting is the opportunity for each proposed operator to obtain authorization from the U.S.
Fish and Wildiife Service for any unintentional “take" of a polar bear during the operation.

Proper design and operation of industrial sites go far toward preventing problems with polar
bears. Reducing the attractiveness of the site to bears, training personnel how to react to bears,
and installing appropriate detection and deterrent systems should be planned in advance of site
construction and operation.

Basic rules for cffective site design and operation are:

* Locate the site where bears are normally scarce,

* Reduce the attractiveness of the site to bears,

* Make work areas and potential bear hiding places inaccessible to bears,

* Design the placement of facilities to enhance visibility,

* Teach personnel about bears and bear behavior,

* Establish strict rules for handling and storing food and garbage,

* Make detailed plans for detecting bears and accommodating their presence,

* Design the site to facilitate deterrence, and

* Have a contingency plan in case detection and deterrence systems should fail.

The details and applicability of these rules will vary among the various kinds of sites. Seismic
operations, drilling and production facilities, temporary camps, winter roads, and aircraft
operations are all different in their specific needs.

A protocol for dealing with bear encounters (Figure 1) should be adopted at work sites and
explained to personnel during training sessions. The protocol should explain personnel
responsibilities, provide information on agency personnel to contact if this becomes necessary,
and lay out the course of action to follow when a bear is discovered near or in an industry
camp.

A bear interaction plan is required to be submitted when operations are planned in polar

bear habitat. This plan should describe site location and layout, site operations, and bear
observation and reporting methods. It should include a risk assessment section that delineates
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Encounter imminent

Bear monitor
or observer:
Alert site supervisor
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ALL PERSONS

Keep watch for bears and
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Bear sighted in
surrounding area

Person sighting bear:
Notify designated bear monitor

Encounter not imminent

ALL PERSONS:

Move to secure location

Bear does not
leave control area

Stite supervisor:

NOTIFY IMMEDIATELY
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Figure 1. Polar bear encounter
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the locations of specific areas in and around the camp where risks from bears are high, where
risks are moderate, and where personnel can find refuge from bears.

QUESTIONS AND DISCUSSION

TOM LOHMAN: At the very end of your presentation you said that polar bear interaction plans
are going to be required with drilling operations, is that correct?

JOE TRUETT: Yes.

TOM LOHMAN: We've had a great reluctance, in fact, outright refusal by the State of Alaska to
include polar bear interaction plans on state lands or waters; the State saying that it is a
Federal responsibility. Is anybody in the room, any of the Federal people in the room,
working with the state to try to work out that problem?

LORI QUAKENBUSH: | work for Fish and Wildlife Service. | understood that that was for a
specific situation. | believe you are talking about the coal company on the west coast?

TOM LOHMAN: That is just one. It is not a one time situation. We've had refusal on some of the
drilling operations, in fact the ones proposed coming up in the Colville area.

LORI QUAKENBUSH: | was only familiar with the one on the west coast where it was actually,
| believe, a native-run company. In that case, the State decided not to push the issue. But
we were informed by the State that they would be requiring it for other things.

TOM LOHMAN: Thanks, Lori. We can talk about it later. We have as much trouble watching our
own people over in the coal projects as we do watching industry. Also, for Gerald, were
there any observed interactions or avoidances of the drilling operations that took place in
the Chukchi Sea with the collared bears that you were talking about?

GERALD GARNER: There were no bears in the area. The thing | didn’t mention because we
didn't have time was that in the Chukchi Sea the past activity all occurred in open water.
None of the collared bears have been near those facilities at that time. When they come
south, they are on the ice edge. They may float by.
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DISTRIBUTION AND ABUNDANCE OF BELUGA WHALES AND SPOTTED SEALS IN
THE CHUKCHI SEA, INCLUDING RECENT FINDINGS AT KASEGALUK LAGOON

Kathryn J. Frost and Lloyd F. Lowry
Alaska Department of Fish and Game
1300 College Road
Fairbanks, Alaska 89701

Kathiyn Frost is a marine mammal biologist for the Alaska Department of Fish and Game in
Fairbanks, Alaska. For the last 18 years she has conducted research on the distribution, abundance,
natural history, and food habits of Alaskan marine mammals, with particular emphasis on ice-
associated species. Her most recent work involves studies of habitat use and movements of spotted
and harbor seals using satellite telemetry. Ms. Frost received her B.S. in biology from Tulane
University and her M.S. at the University of California at Santa Cruz.

INTRODUCTION

Beluga whales (Delphinapterus leucas) and spotted seals (Phoca largha) are seasonally the
most abundant marine mammals in the Kasegaluk Lagoon region of the northeastern Chukchi
Sea. They regularly use the coastal zone and lagoon waters during summer and autumn.
Belugas feed, calve, and probably molt in nearshore waters. Spotted seals haul out to rest on
sand bars and spits, and may feed in marine waters or on anadromous fishes in estuaries and
rivers. Both belugas and spotted seals are important subsistence resources for local residents.
The village of Point Lay regularly harvests belugas and in some years belugas may make up
over 50% of the annual harvest of wild foods. Despite the large numbers of beluga whales and
spotted seals using Kasegaluk Lagoon and their importance to coastal residents, prior to 1989
there were no systematic studies of either species in this region.

In 1989-1991, the Minerals Management Service (MMS) funded the Alaska Department of
Fish and Game (ADF&G), under subcontract to LGL Alaska Research Associates, Inc., to
investigate the use of Kasegaluk Lagoon by spotted seals and beluga whales by conducting
aerial surveys. In addition, a joint project was conducted in 1991-1992 by ADF&G, the North
Slope Borough (NSB), and Texas A & M University, with supplemental funding from MMS, to
attach satellite-linked transmitters to spotted seals to investigate their movements and habitat
use. This report summarizes the findings of these studies (see Frost etal. 1992, 1993, and Lowry
et al. 1993 for complete presentation of study results).

METHODS AND RESULTS

Aerial surveys for belugas were conducted during early to mid-July 1990-1991 using a high-
wing twin-engine Aero Commander Shrike. Surveys were conducted at 305 m altitude and a
ground speed of approximately 220 km/hr. A combination of pre-selected transects and search
surveys was used to provide the best possible coverage between Barrow and Cape Sabine
(Figure 1). One observer sat on each side of the aircraft and counted belugas within a strip
extending out 0.9 km from the flight line. Whenever animals were sufficiently concentrated, they
were photographed using color slide film. Belugas were counted by projecting slides on a white
paper screen and marking each animal.

Belugas were seen on every survey during 3-14 July 1990 and 4-16 July 1991. Maximum
counts were 1,212 in 1990 and 938 in 1991, compared to maxima of 670-1761 during 1978-
1987 (Table 1). It is not clear whether differences in annual maxima represent inter-annual
differences in abundance or simply differences in the proportion counted. Counts may be
affected by weather, water turbidity, behavior, and distribution, as well as the actual number of
animals present.
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Figure 1. Map of the Kasegaluk Lagoon study area in the northeastern Chukchi Sea. Dashed lines
indicate standard transects flown during beluga whale surveys.
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Table 1. Maximum counts of beluga whales seen The earliest and largest sightings of
?37{.‘_*'1";; surveys In the Kasegaluk Lagoon reglon,  pejygas were at the south end of the study
‘ area near Omalik Lagoon. Later sightings

No. of Maximum Count occurred near the passes north of Point Lay

Year Surveys  Location(s) Number Date | @nd in the pack ice off Icy Cape. Data from
other years indicate that whales sometimes
1978 1 Kukpowruk Pass 879 7/10 | arrive by 22 June and always leave the area
1979 3 Akoliakatat Pass 1761 7/15 by late July. The presence of nearshore
198t 5 Akunik Pass (70) 670 7/8 gravel beds and warm, low-salinity water

icy Cape (600) probably combine to make this region
1987 9 Omalik 930 7/6 important as a place for belugas to molt. It is
1990 12 Omalik 1212 7/5 unclear how much feeding occurs in the area.
1991 12 Naokok Pass 938 7/6
1992 9 Naokok Pass 96 717 The beluga harvest at Point Lay usually

occurs during early July. Local boats
cooperate to drive belugas to shallow water
near the village where they are killed. Since
1977 the average annual harvest of belugas by Point Lay has been 23-25, with a range of 0-
64. For the period 1986-1991, the annual average was 35.

Aerial surveys for spotted seals were conducted during several five to seven day survey
periods spread over the open water season in 1989-1991. Survey aircraft included a Cessna
206 on floats, an Aero Commander Shrike, and a Cessna 207 on wheels. A single observer sat
in the right front seat facing the barrier islands and passes. Altitude varied depending on weather,
but was usually 305 m in 1989 and 914 m in 1990-1991. Seals were counted with the aid of 7-
power binoculars while the aircraft circled each haulout. Large groups of seals were
photographed using black and white T-max film. Negatives were enlarged to 20 x 25 cm prints
and counts were made by marking each seal on a mylar overlay.

Surveys for spotted seals were flown between Naokok Pass at the south end of Kasegaluk
Lagoon and Pingorarok Pass at the northeast end. Spotted seals were seen hauled out only
on particular spits and shoals near Utukok Pass, Akoliakatat Pass, and Avak Inlet. None were
observed hauled out at the passes south of Point Lay. They were present in the area from mid-
July through early November. Numbers counted were highly variable but exceeded 1,000 on
many days in July, August, and September (Figure 2). The maximum count was about 2,200.
Water level and weather both appeared to affect the number of seals that hauled out. Few seals
were present in late October and November. During this time they were hauled out on broken
ice near the passes.

Spotted seals were very responsive to disturbance by aircraft. Because they were so
responsive, survey altitude was increased from 150-305 m in 1989 to 914 m in 1990-1992. Even
at 914 m, they sometimes moved off the haulout and into the water when the aircraft was 2 km
away. Statistical analysis of the response of seals to the survey aircraft at different altitudes
indicated that it is necessary to fly at altitudes greater than 986 m to have a greater than 50%
chance of not disturbing a group of seals. Seals were much less responsive to aircraft when
they were hauled out on ice in autumn.

During 4-7 August 1991, eatellite-linked transmitters were attached to four spotted seals in
Kasegaluk Lagoon. These units transmitted data for 64-259 days, and provided information on
movements and diving behavior. The last signal was received on 12 April 1992. A fifth transmitter
was attached to a seal at Kasegaluk Lagoon in August 1992. That unit was still transmitting
through December 1992,
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Hauling out bouts of seals were irregular, infrequent, and of variable duration. During August-
October, when seals were hauling out on land, individual seals spent 1%-14% of their time
hauled out. The four seals combined spent 6% of their time on land and 94% of their time at sea.
During November through mid-April, the average amount of time hauled out on ice was also 6%,
with a range from 0%-51%. Mean duration of a hauling out bout on ice was 5.8 hr. During
August-October, seals hauled out with equal frequency at all hours of the day. In November-
February, peak haulout occurred during 0200-0700 hrs and 1700-2100 hrs. in March-April seals
hauled out mostly during midday, from 1100-1600 hrs.

During the time that transmitters were functional, the seals moved over great distances.
Minimum distances over which seals were tracked ranged from 2,300 to 9,600 km. During
August-October, seals made trips to sea from coastal haulouts in the eastern Chukchi Sea. Most
of the tagged seals used both Akoliakatat and Utukok passes at different times throughout the
autumn. Usually their movements to sea were to the southwest. Two seals spent most of their
time between Kasegaluk Lagoon and Point Hope and up to 200 km off shore. One seal made
two trips from Kasegaluk Lagoon to just north of Bering Strait and back.

Seals began their southward migration in late October and November. Two of the three with
functional transmitters went into Kotzebue Sound where they hauled out at known haulouts. All
three passed through Bering Strait during 4-23 November. Two then moved to the west, briefly
using haulouts on the Chukotka Peninsula, and the third went into Norton Sound. All were near
Saint Lawrence Island in mid-December. After December, seals moved generally southward,
presumably with the advancing sea ice front.

Data from satellite-tagged seals has provided significant new insight into the behavior and
movements of spotted seals. Tagged seals moved much greater distances and spent much
less time hauled out during late summer and autumn than was expected. Data clearly indicate
that many more spotted seals use the Kasegaluk Lagoon region than are counted during
surveys. Hauling out is not synchronous, and some seals were away from haulouts when counts
were made. When 2,200 seals were counted in September 1991, only 1 of 4 tagged scals was
hauled out in Kasegaluk Lagoon. Additional tagging studies will continue to add to our
understanding of distribution, abundance, and habitat use by spotted seals.

SUMMARY

The Kasegaluk Lagoon region provides important habitat for spotted seals and beluga
whales, with several thousand beluga whales and spotted eeals using the arca cach year. Peak
use by beluga whales is from late June until late July. Spotted seals are present and haul out
from mid-July until freeze-up in late October or November.

Preliminary satellite-tagging studies have shown that spotted seals spend on average only
6% of their time hauled out on land or on ice. During summer and autumn when they are in
the Chukchi Sea, they may travel long distances and spend several weeks at sea between
haulout bouts in Kasegaluk Lagoon. These studies demonstrate that aerial surveys provide only
minimum estimates of the abundance of spotted seals.

Future studies should continue to monitor distribution and abundance of belugas and spotted

seals by aerial surveys. In addition, satellite-linked telemetry should be used to learn more about
movement patterns and behavior or both species.
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QUESTIONS AND DISCUSSION

NORA FOSTER: Am | correct in saying that you observed by your satellite the spotted seals
feeding off of Point Hope and Cape Lisburne, in that area?

KATHY FROST: Yes.

NORA FOSTER: What are they feeding on?

KATHY FROST: Our guess is fish, Nora. That is kind of tha state of the knowledge. By the time
the hunters get them hauled out at Utukok Pass, they have been travelling for 24 to 26 hours,
and so by and large their Gi tracts are empty. Based on other studies and collections from
other areas, Arctic cod is probably a likely candidate. If they are feeding in the nearshore
area or more particularly when, | suspect crangonid shrimps are a fairly big player in there.
The sand shrimps, the crangonid shrimps, are very abundant along that coastline. | think the
belugas are probably also taking crangonids.



FALL DISTRIBUTION AND RELATIVE ABUNDANCE OF BOWHEAD, GRAY AND
BELUGA WHALES IN THE ALASKAN CHUKCHI SEA, 1982-91

Sue E. Moore
Maritime Services Division
Science Applications International Corporation
3990 Old Town Avenue, Suite 105A
San Diego, California 92110-2931

Sue Moore was Principal Investigator of the MMS-funded 'Chukchi Whales Study’ from 1989-92, and
Field Manager of aerial survey and acoustic monitoring studies for endangered whales in the
Beaufort and Chukchi seas from 1981-87. Her research interests are cetacean population dynamics
and bioacoustics. Ms. Moore received her B.S. in biology from the University of California, San
Diego, her M.S. in biology from San Diego State University, and is currently pursuing a Ph.D. in
biological oceanography at Scripps Institution of Oceanography.

INTRODUCTION

In September 1989, the Minerals Management Service (MMS) awarded the Maritime Services
Division of Science Applications International Corporation (hereafter SAIC; formerly SEACO/SAIC)
a 3-year contract to monitor the fall distribution of endangered whales, and secondarily all other
marine mammals in the Alaskan Chukchi Sea via aerial surveys. The study area extended from
the Bering Strait to 73°N latitude between 154°W and 169°W longitude, and thereby included
MMS Chukchi and Hope Basin Planning Areas and the western portion of the Beaufort Sea
Planning Area (Figure 1a). Several marine mammal species seasonally occur in this region. In
fall, bowhead whales (Balaena mysticetus) and gray whales (Eschrichtius robustus)’, both
Federally listed as endangered species, co-occur in the northeastern portion of the study area,
while beluga whales (Delphinapterus leucas) and several species of pinnipeds occur throughout
the region. Bowhead whales were the species of principal interest during the study due to their
endangered status and because they are the focus of an annual subsistence hunt by Alaskan
Eskimos. Results of the 3-year study were subsequently integrated with the marine mammal
sighting database from aerial surveys conducted each fall 1982-88, with a summary review of all
data presented in Moore and Clarke (1992).

METHODS

Line transect and search aerial surveys were flown in a Grumman Goose (G21G) over
portions of the Alaskan Chukchi Sea study area each fall 1982-91. The study area was divided
into survey blocks (Figure 1b), such that one or, with favorable conditions, two blocks could be
surveyed completely on one flight. Surveys in blocks north of 72°N latitude commenced in 1987.
During surveys, two principal observers maintained a continuous watch for marine mammals
from large port and starboard side windows in the aircraft cockpit, while an observer/recorder
entered flight data on a portable computer at a window seat aft of the cockpit. Surveys were
usually flown from mid-September through October, aithough effort varied among years. From
1982-87, survey effort shifted between the Alaskan Beaufort and Chukchi seas depending on the
timing of the bowhead whale migration and ongoing offshore oit and gas exploration activities.
In 1988, the survey period was limited to 1-16 October, with effort focused on the northern half
of the study area. Surveys were directed solely to the Alaskan Chukchi Sea study area from
1989-91, however, dedicated surveys were restricted to the periods 3-11 October and 26
October-7 November in 1990, due to the appropriation of the aircraft and crew for search and
rescue operations. Surveys were fiown at 305 to 458 m altitude, at speeds of 222 to 296 km/hr.

'Gray whales were removed from the list of endangered species on 30 December 1992.
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Figure 1. Chukchi Sea study area depicting the boundaries of the Chukchi and Hope Basin Planning
Areas, and the western portion of the Beaufort Sea Planning Area (A); survey blocks In the Alaskan
Chukchi Sea study area (B).



Moore — Fall Distribution and Relative Abundance of Bowhead, Gray,
and Beluga Whales in the Alaskan Chukchi Sea, 1982-91

The higher altitudes were maintained when weather permitted to maximize visibility and to
minimize aircraft disturbance to marine mammals.,

BOWHEAD WHALES

70°10'N latitude, with a few sightings near or within lease area boundaries in the north-central
Alaskan Chukchi Sea. Cumulative (1982-91) bowhead whale relative abundance was highest in
survey block 12 (2.47 whales/survey hour), and block 13 (0.68 whales/survey hour), where
whales were seen feeding in some years, and block 18 (0.81 whales/survey hour; Figure 2b)
where whales were seen breaching and flipper slapping in some years.

Bowheads were seen in the study area from 18 September through 31 October over the
1982-91 survey seasons. However, some whales were seen in the study area prior to the onset
of surveys in 1984 and 1987-91 (Moore 1992). The timing of the bowhead migration into the
Chukchi Sea during the survey season, inferred from cumulative (1 982-91) daily random-only
sighting rates in survey blocks 12 and 12N, reflected relatively high sighting rates on 18 and 22
September, followed by relatively low rates in late September that increased to sighting rate

other (Watson U?=0.356, p<0.02), suggesting that most bowheads approach Point Barrow on
a westerly course, then turn and swim southwest after passing the Point. Bowheads seen north
of 72°N latitude in the north-central Alaskan Chukchi Sea do not seem to fit this paradigm,
however. Whales seen north of 72°N exhibited headings between 180° and 300°T, with an
average swimming direction of 267°T (r=0.73, p<0.05; n=6). This heading was not significantly
different from the average swimming direction of whales south of 72°N in the Chukchi Sea
(Walson U’=0.030, p<0.50), suggesting that whales seen north of 72°N latitude in the Alaskan
Chukchi Sea may be part of a general west-southwest dispersion pattern rather than a
dichotomous component of the migration. Fall sightings of bowheads along the Chukchi
Peninsula coast (see Moore and Reeves 1993) suggest some bowheads may occur in the
south-central Alaskan Chukchi Sea during late October and November, although none were seen
there during this study.

GRAY WHALES

There were 60 sightings for a total of 174 gray whales from 16-30 September, 63 sightings
for a total of 115 gray whales from 1-15 October, 44 sightings for a total of 135 gray whales from
16-31 October, and 167 sightings for a total of 424 gray whales overall 1982-91 (Figure 4a). No
gray whales were seen in 1985, and the three gray whales seen in 1988 were those trapped in
the heavy ica north of Point Barrow. The overall pattern of gray whale distribution highlights the
importance of coastal waters between Point Barrow and Wainwright, and offshore areas in the
north-central and south-central Alaskan Chukchi Sea. Gray whale distribution in survey blocks
14 and 14N appears related to prey availability near Hanna Shoal. Although Hanna Shoal has
not been sampled for gray whale prey, the occurrence of feeding whales there (indicated by
whales with mud plumes) and not elsewhere in the northern Chukchi Sea suggests that these
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Bowhead, Gray and Beluga Whales in the Alaskan Chukchi Sea, 1982-91
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Moore — Fall Distribution and Relative Abundance of
Bowhead, Gray and Beluga Whales in the Alaskan Chukchi Sea, 1982-91

waters represent a feeding area that the whales move into when ice recedes. Gray whale relative
abundance was highest in survey block 23 (11.23 whales/hour) and block 22 (5.19 whales/hour),
with lesser indices calculated for block 13 (1.17 whales/hour), block 14 (0.68 whales/hour) and
block 14N (0.62 whales/hour; Figure 4b). Gray whale relative abundance decreased in.the
northern blocks (12,13,14,14N) and increased in the southern blocks (22,23), in the latter half of
October, suggesting that grays begin their fall migration from the Chukchi Sea by mid-October.
Gray whale swimming direction was significantly clustered about 239°T (p<0.05), although the
actual course that whales take as they migrate from the Chukchi Sea is unknown.

BELUGA WHALES

There were 487 sightings for a total of 3,972 beluga whales in the study area from 1982-
91 (Figure 5a). Beluga distribution was relatively nearshore east of Point Barrow, but dispersed
west of there, with whales seen as far north as ca. 74°N and as far south as ca. 69°30’N latitude
in the Alaskan Chukchi Sea. Over half of the total number of whales (51%, n=2,024) were seen
in two of the heavy-ice years (1983,1988). Beluga relative abundance was highest in block 16N
(24.5 whales/hour) and block 12 (10.14 whales/hour; Figure 5b). Relative abundance in survey
blocks 14N, 15N and 16N was three to eight times higher than in blocks 14, 15 and 16
suggesting that more belugas occcur in the northern waters of tho study area than in waters
farther south. Beluga fall migration timing and route in the Chukchi Sea are not well understood
(Clarke et al. 1993). Swimming direction was significantly clustered about 252°T (p<0.001) for
whales seen from 154° to 157°W longitude, and about 249°T (p<0.001) for belugas seen west
of there. These data sets were not significantly different (Watson U*=0.105, p<0.50) suggesting
that belugas disperse southwest from the western Beaufort Sea across the Alaskan Chukchi Sea.

SUMMARY

All three cetacean species reviewed here occur in coastal waters from about Point Lay to
Smith Bay in the MMS Chukchi Sea and western Beaufort Sea Planning Areas each fall.
Bowhead and gray whales feed there and belugas migrate through these waters. In addition,
gray whales feed and beluga and bowhead whales migrate through offshore waters in the
northern Chukchi Sea Planning Area. Gray whales feed in the Hope Basin Planning Area at
least through late October in some years, and opportunistic sightings suggost that some
bowhead whales may migrate through the area in late fall.
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Figure 5. Cumulative (1982-91) beluga whale distribution depicting 487 sightings for a total of 3,972
whales (A); and beluga whale relative abundance In the study area (B).
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QUESTIONS AND DISCUSSION

BOB DAY: You said that off of Barrow, in this plume east of Point Barrow, that the bowheads are
feeding primarily on euphausiids?

SUE MOORE: | believe so. That is what the stomach data generally showed.

BOB DAY: Now are they ever feeding on copepods, like some of those larger oceanic copepods
that are advected north into the Chukchi?

SUE MOORE: Well, they do feed on copepods, but | think the stomach data, which Kathy (Frost)
would know more about, suggest that in Barrow they are feeding more likely on euphausiids.

KATHY FROST: Most of the Katovik whales are eating copepods. The Katovik whales are eating
more copepods than the Barrow ones.
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MARINE MAMMAL SURVEYS AND SUBSISTENCE COORDINATION
DURING INDUSTRIAL ACTIVITIES IN THE BEAUFORT SEA

Bob Griffeth
Environmental Affairs
ARCO Alaska, Inc.
P.O. Box 100360
Anchorage, Alaska 99510

Dr. Robert Griffeth has worked as a consultant for ARCO Alaska, Inc. since 1984. His areas of
work involve liaison with Alaska Native communities, Native hire initiatives, field environmental and
monitoring studies associated with exploration projects particularly as these concern marine
mammals. His professional experience has included extensive field work, research, and publication
on rurally dispersed indigenous societies in West Africa and Alaska. He received his Ph.D. from
Northwestern University in history and anthropology.

INTRODUCTION

Since 1989, ARCO Alaska, Inc. and AMOCO Production Co. are the only two oil and gas
companies which have conducted exploratory drilling operations in the Beaufort Sea.

Three of ARCO’s four drilling operations took place from bottom-founded units. The units
were towed to location and maintained in a warm standby mode until after the fall bowhead
migration had been declared over. These three operations were: The Stinson #1 project (1989-
90) located in State of Alaska waters offshore from Brownlow Point (west Camden Bay)
employing Global Marine’s Concrete Isiand Drilling System (CIDS); Fireweed #1 project (1990-
91) 13 miles offshore Camp Lonely west from Harrison Bay using CANMAR's Single Steel Drilling
Caisson (SSDC/MAT); and the Cabot #1 project (1991-92) 28 miles east from Point Barrow also
using the SSDC/MAT.

The fourth exploratory program (Kuvium #1 in 1992) was carried out in west Camden Bay
waters that exceed the depth capabilities of any existing bottom-founded unit. The operation
therefore employed the BeauDril conical floating platform Kulluk and its associated ice
management, supply, and oil spill response vessels during the season of open water and new
fall ice formation. ARCO announced a promising oil and gas discovery at Kuvium #1 and is
presently seeking all necessary permissions to follow that up with a second year's exploratory
work in summer 1993, :

AMOCO completed the Belcher prospect exploratory well located well offshore in the eastern
Beaufort in 1989. This project employed the Kulluk floating platform. In 1991 the Galahad
prospect north from Camden Bay was drilled using CANMAR's Explorer /I drillship.

Marine geophysical work was carried out at various locations in the east, mid, and western
Beaufort Sea at different times during 1989 and 1990. However, no seismic programs that
overlapped the bowhead whale migration were staged in either 1991 or 1992.

THE MARINE MAMMAL MONITORING EFFORT

All the offshore oil and gas exploratory operations described here contained specific
monitoring programs, the emphasis of which was invariably upon the bowhead whale migration.
Prior to 1990, specific monitoring plans were designated and supervised by the Minerals
Management Service (MMS) in the case of Outer Continental Shelf (OCS) operations, and by the
Alaska Department of Natural Resources for operations undertaken in state waters. ARCO’s
Stinson #1 project is the only one which fell within the latter category.
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Beginning in 1988, a group of oil and geophysical companies began a process of applying
to National Oceanic and Atmospheric Administration/National Marine Fisheries Service
(NOAA/NMFS), the agency responsible for management supetvision and enforcement of rules
governing the "incidental, non-intentional take of six species of whales and seals" during the
course of otherwise legal and permitted exploratory operations. These rules were published in
July 1990. They prominently featured the requirement to conduct site specific monitoring
programs at each individual exploration location. In previous years, off-site studies or scientific
experimental programs were sometimes conducted in addition to site specific monitoring. But
since 1990, the aim has focused on the effort to determine whether or not *takes" occur as a
consequence of assumed industrial "noise disturbance," especially to migrating bowheads.

Following the 1990 season, the first to which the new incidental take rules applied, a joint
agency monitoring guidelines workshop was held in Seattle. Agency personnel from NMFS, the
MMS, U.S. Fish and Wildlife Service (USFWS) and appropriaté Alaskan regulatory authorities;
representatives of the scientific community, scientific contracting firms, environmental
organizations, Alaskan whaling associations, and oil industry all participated in hammering out
a set of monitoring guidelines which have determined both the scope and the elements of every
program undertaken since their adoption.

Disturbance by industrial noise is thought by some to constitute the most likely cause of
taking. Some, but by no means all, past monitoring reports appear to contain evidence that
bowheads avoid moving into and through industrially ensonified zones close to the noise source.
Many senior eskimo whaling captains have expressed the view that the bowhead migration has
been influenced in this fashion which, in some instances, has caused the whales to swim further
offshore from areas where they had been successfully hunted in past years (Griffeth 1992).

The result is that the monitoring guidelines adopted in 1990 require industry offshore
operators to employ three methods of seeking evidence on the matter of “takes" by noise
disturbance: (1) Aerial surveying for distribution and relative abundance of marine mammals
within a 40 kilometer radius of offshore exploratory operations plus behavioral observations
intended to document any noted changes in such assumed indicators as swim speed and
direction, respiratory rates, etc; (2) Visual observations made from aboard drill rigs and support
vessels; (3) Acoustic monitoring encompassing both the acoustic localization of calling marine
mammals in relation to the industrial noise source, and precise physical acoustic measurements
of that source and the characteristics it exhibits as it moves through the marine medium
(transmission losses, received sound levels, etc.). Although Beaufort Sea late summer/early fall
environmental conditions (below minimum flight ceilings and, above all, sea ice conditions) have
precluded carrying out alil these three elements on every monitoring program so far conducted
under the adopted guidelines, a substantial body of data has been acquired.

It is important to indicate here the range of variation which has characterized each of the
fall migration monitoring efforts since 1989. That year was exceptional in that calm seas and very
little ice were present until well into mid-October. This allowed ARCO to move the CIDS to the
Stinson location relatively early (mid-August) where it remained on warm standby until the
conclusion of the bowhead migration. The monitoring effort consisted of shipboard observations,
physical acoustic measurements, and localization of calling marine mammals. It was also one
of two instances in which migrating bowheads approached the drill rig within <200m and were
observed from the deck of the CIDS (Hall and Francine 1990 and 1991).

1990 was also ice free during the migration, although high sea states were responsible for

curtailing a good deal of planned marine seismic acquisition work. Even so, ARCO’s Fireweed
operation mounted a full visual observation and acoustical program. This was the second
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instance under review here where migrating bowheads passed very close by an offshore drilling
unit operating at warm standby (Hall, et al. 1991). Western Geophysical Company, which
conducted various seismic programs between Harrison and Camden Bays in 1990, sponsored
an aerial monitoring program in conjunction with its work (Brueggeman et al. 1990). ARCO
independently reported on its components of the 1980 seismic work (ARCO 1991).

ARCO'’s Cabot exploratory prospect and AMOCO's work at Galahad prospect took place
in 1991, the first from the bottom-founded SSDC/MAT unit and the second from the Explorer Il
driliship. Moving, dynamic ice throughout virtually the whole season created severe difficulties
in carrying out the acoustic localization components of both programs although conditions at
Cabot did permit the acquisition of some calling data. Aerial surveys were conducted at both
locations and the results for Cabot reported in Gallagher, et al. 1992a and for Gallagher et al.
1992b. A final report on monitoring activities at ARCO's Kuvium #1 location in 1992 will be
available in April 1993. Moving ice floes significantly impacted the Kuvium exploration effort, and
early sea ice freeze-up conditions curtailed effective aerial observations for migrating bowheads
for all but one day in October, although it is clear the whales continued moving past the area
despite the ice conditions.

The very nature of site specific monitoring requirements has meant that no definitive
conclusions on the issue of takings at the locations discussed heore can be made without
reference to a broader area of coverage. However, it would appear that migrating bowheads do
maintain a relatively greater distance from operations conducted from floating units and their
associated support vessels than they do from other offshore operations which, in at least several
cases, includes active seismic work. What combination of human-caused activities (e.g., noise
disturbance), natural environmental conditions (sea ice, feeding opportunities for bowheads), and
bowhead behavioral responses that account for variations in the annual fall migration may be
very difficult to determine solely from site specific monitoring programs. At the same time, they
do greatly enrich the database on a major set of those variables.

Finally, all operations discussed here include the additional component of monitoring for
polar bear aclivity. In years of summer ice concentrations (1991, 1992), polar bears are routinely
included in the sighting data if they appear either within visual sighting distance of the drilling
platform, any of its associated support vessels, or from aerial surveys. In the case of winter
operations, detailed reports of polar bear sightings from the frozen-in bottom-founded rigs are
made as part of regularly scheduled observations made from the rig deck. At some point, polar
bears have been observed near or adjacent to all the exploration programs reviewed above.

PLANS OF COOPERATION AND OTHER COORDINATION WITH NORTH SLOPE INUPIAT
COMMUNITIES

The single most important area of contact — and potential conflict — between offshore oil
and gas operations and the resident Inupiat communities of the Beaufort Sea involves the
traditional fall bowhead whale hunts by Kaktovik, Nuigsut, and Barrow. During the 1970s up
through 1984, this issue was addressed by the imposition of seasonal drilling restrictions which
preciuded the majority of offshore seismic and drilling activity once the annual fall bowhead
migration had begun in early September.

Since, clearly, oil and gas exploration in all but the shallower nearshore waters could not
be accomplished under such severe restrictions, industry sought to create a conflict avoidance
mechanism that would allow both parties to accomplish their aims during the usual open water
window that extends into October. The result, beginning in 1985, was a negotiated agreement
between industry, the Alaska Eskimo Whaling Commission (AEWC) and the communities of
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Nuiqsut and Kaktovik. This agreement was termed Cooperative Programs for the Beaufort Sea,
or more popularly, The Oil/Whalers Agreement. Its central features were: The establishment of
a radioc communication system between all whaling vessels from the Nuigsut and Kaktovik
communities and all offshore industry operations so that industry could be alerted to avoid any
possible conflict situations with active whaling crews; a system of mutually agreed repoiting
procedures; and, industry commitments to render emergency assistance to whaling crews in
distress should such situations arise (and they have on various occasions).

In the years since 1985, the agreement has been amended to take account of the substantial
body of experience which has accumulated. The tlitle of the 1992 agreement was “Conflict
Avoidance Procedures for the Beaufort Sea" and resulted from pre- and post-season meetings
in Deadhorse between signatory parties. One item of particular importance concerned the
perception that industry, through its own required marine mammal monitoring programs, might
be in a position to provide direct assistance to the hunting effort. Industry, the AEWC, and the
whaling captains have been especially sensitive to this perception and have taken particular
pains to avoid communicating real-time location information on the positions of migrating
bowheads that might be interpreted as direct industry involvement in the hunt. However, once
a whale has been successfully struck and landed by a traditional whaling crew, the agreement
does make provision for industry to provide logistical assistance to the whalers to insure that
meat spoilage does not occur and that the butchered product is efficiently transported to the
whaling community. This provision mainly touches the Nuigsut whaling crews whose camps are
located on Cross Island, north of Prudhoe Bay, and some seventy miles by boat back to the
village. In 1992 the Nuiqsut whalers acquired a small barge following a successful grant
application to the Bureau of indian Affairs (BIA) to meet this need directly themselves.

A second major concern of North Slope residents with respect to offshore oil and gas
exploration involves oil spill planning and preparedness. Numerous community meetings have
been held in which this topic has been addressed. ARCO has taken a special interest in working
directly with Nuigsut, Kaktovik, and Barrow by sponsoring the training (a forty-hour, hands-on
course with refreshers) of ten person oil spill response teams in each of these communities.
Team members serve as key environmental advisors to ARCO spill response managers (helping
to identify sensitive shorelines and wildlife areas, advising on winter on-ice operations, serving
as liaison to their respective communities). Trained team members have also regularly
participated in on-site response exercises at the drill rigs thamselves. The first teams were trained
in 1989 and 1990. Subsequently, Alaska Clean Seas — the industry North Stope oil response
coop — has also recruited and trained additional local community members as responders.

A third area of coordination between industry and the North Slope villages involves local
hire initiatives. ARCO in its operations — including offshore programs — has aggressively
recruited employees from the local communities. As a result, anywhere from 15 to 30% of those
employed on all projects beginning with Stinson in 1989 have been Alaska Native Slope
residents.

CONCLUSION

Coordination with the North Slope Inupiat communities to insure joint use of the Beaufort
Sea during the bowhead whale migration appears to have succeeded. While outstanding
questions remain about what influences, with what effects, are produced by industrial operations
on migrating bowheads, the evidence acquired to date through monitoring programs appears
to indicate that the whales maintain some distance from floating drill rig operations whereas they
have closely approached operations employing bottom-founded units. The degree to which
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avoidance of the floating rigs by whales impacts the traditional whale hunt remains under
discussion by industry and the Inupiat whalers.
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QUESTIONS AND DISCUSSION

TOM NEWBURY: | wanted to say that | appreciate your frankness about the observations at
Kuvium. | appreciate also the distinction you made between the results of monitoring at
bottom-founded operations and floating operations with ice management vessels. Right now
there is no distinction between the monitoring guidelines for bottom-founded operations and
for floating operations. There is just one set of guidelines that was developed at a National
Marine Fisheries Service-MMS sponsored meeting. I think in the future it would be worthwhile
to discuss a distinction in the monitoring guidelines for bottom-founded operations as
opposed to floating operations, particularly considering that at bottom-founded operations
sightings have been made visually from the rig.

BOB GRIFFETH: Well, Tom just as long as you don’t try to cut us out of the summer work. One
of the problems is, of course, that we have to have joint use of the same area in what
conceivably is a competition with migrating whales. And the fact that if you are in water
over 85 ft deep you simply must use a floating operation using existing equipment. By the
way, there are only two units in the world that can do this bottom-founded, wel there are
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three actually. And as a consequence of that, it is a structure potential conflict. But you are
right that more careful attention should be paid to the fact that one is, at least from the point
of view of noise disturbance, obviously one is a more potent source than the other.
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REACTIONS OF MIGRATING BOWHEAD AND BELUGA WHALES TO NOISE FROM
SIMULATED INDUSTRIAL ACTIVITIES IN ICE LEADS DURING SPRING

W. John Richardson
LGL Limited
environmental research associates
22 Fisher St., P.O. Box 280
King City, Ontario L7B 1A6
Canada

Dr. John Richardson is Exacutive Vice President of LGL Ltd., environmental research associates.
He has been based in LGL's Ontario office for the past 20 years. He specializes in studies of the
behavior and ecology of marine mammals and birds. Dr. Richardson received his B.Sc. in biology
from McMaster University, Hamilton, Ontario; and his Ph.D. in animal behavior from Cornell
University, Ithaca, New York. For the past 12 years he has been conducting MMS-funded studies
of the reactions of marine mammals to human disturbance.

Underwater sound is important to marine mammals in sensing their environment and in
communicating with one another. Underwater sound attenuates siowly in seawater, and strong
sounds are often audible many kilometers away. Many activities associated with offshore
hydrocarbon exploration and production introduce man-made noise into the sea. This noise
may sometimes interfere with ("‘mask”) the abilities of marine mammals to hear calls from other
marine mammals, or to hear other important natural sounds. In addition, certain man-made
sounds cause changes in marine mammal behavior, sometimes to the point of displacing them
from favored locations.

Prior to 1989, all work on reactions of bowhead whales to industrial sounds had been done
during late summer or autumn when the whales were in open water or at most light ice
(Richardson and Malme 1993). The applicability of these results to the heavier ice conditions
present in other seasons was uncertain.

In spring, the Western Arctic population of bowheads migrate north to Point Barrow, and
then east across the Beaufort Sea to Canadian waters, following leads and cracks in the ice
when possible. Belugas take a generally similar route, although many of them tend to be farther
offshore.

To date, offshore exploration has not been permitted during spring in or near the main lead
system around northwastern Alaska. The National Marine Fisheries Service concluded in 1988
that *...development and production activities in the spring lead systems used by bowhead
whales for their migration would be likely to jeopardize the population. ..NOAA Fisheries will
reconsider this conclusion when new information...become[s] available”. Noise from oil industry
operations was one of NMFS' concemns. The Minerals Management Service funded our study
in order to provide some of the data needed for a re-evaluation of the question of jeopardy.

The primary objectives were (1) to determine the physical acoustic conditions prevailing in
spring lead systems, insofar as these would affect the likely radius of influence of man-made
noise; (2) to determine the short-term behavioral reactions of bowheads and (when possible)
belugas to platform and icebreaker noise; and (3) to coordinate with other studies and hunters
to maximize data collection and avoid interference.

METHODS

During the springs of 1989-91, LGL Ltd. and subcontractor Greeneridge Sciences Inc. used
an underwater sound projector to broadcast recorded industrial sounds into the water along the
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spring migration route of bowheads and belugas. One crew travelled out onto the ice by
helicopter in order to deploy the underwater sound projector and to make ice-based
observations of whale behavior close to the projector during playback and control periods.
Another crew in a Twin Otter aircraft obtained aerial observations of the distribution, movements
and behavior of the whales as a function of distance from the projector under playback and
contral conditions (Richardson et al. 1991).

In 1989-90, we tested the reactions of bowheads and belugas to playbacks of the steady,
low-frequency sound from a drilling operation on a grounded ice pad. The projected sounds
dropped below the natural ambient noise level and became Iinaudible at distances ranging from
1 or 2 km on days of high ambient noise to 10 km or more on days of low ambient noise
(average about 5 km from the projector). In 1991 we tested the reactions to playbacks of the
more variable sound from an icebreaker {Robert LeMeur) breaking ice. The icebreaker sounds
varied in level as the ship moved forward into the ice, came to a stop, backed up, and repeated
the cycle. The frequency content of the icebreaker sounds was also broader and more variable
than that of the drilling sounds.

For logistical and other reasons, the area east of Point Barrow is the most practical area
for the study. We consulted annually with the Barrow Whaling Captains’ Association (BWCA) and
North Slope Borough Department of Wildlife Management to ensure that the work was done in
a manner that did not interfere with the bowhead hunt or with any whale census activities
planned for the year in question. In 1989-91, it was agreed that the study could be done in an
area east of Point Barrow. Almost all sound playbacks had to be done from pack ice, because
very few whales travel atong the landfast ice edge in the area well to the east of Point Barrow.
in 1991, with the agreement of the BWCA, some playbacks were done from the landfast ice edge
closer to Barrow after spring whaling had ended and when there was no whale census.
Additional fieldwork planned for 1992 was postponed to a later year at the request of the BWCA
and North Slope Borough because of their concerns that it might be perceived as interfering with
the full-scale bowhead census that was attempted in 1992. (There had been no full-scale census
in 1989-91))

RESULTS
Bowhead Whales

During the playbacks of steady drilling sound in 1989-90, we often saw migrating bowheads
passing within 1 km or less of the operating projector, well within the ensonified area. There was
evidence that some migrating bowheads diverted their courses enough to remain a few hund-
red meters to the side of the projector on most occasions. However, some bowheads came with-
in 200 m of the operating projector, most notably on a day when the only available lead through
otherwise-heavy ice passed within 200 m of the projector. There was no evidence that bowhead
migration was blocked by the projected drilling sounds, and no evidence that they avoided the
projector by distances exceeding 1 km, We began to follow some bowheads when they were as
much as 5 km from the operating projector, but we did not see diversion of migration paths until
the whales were within a few hundred meters.

Although bowheads often approached well within the ensonified region, several aspects of
their behavior were altered to a statistically significant degree when they came within 1 km. Less
consistent and less conspicuous behavioral changes extended out to at least 2 km and possibly
as much as 2-4 km. In particular, bowheads approaching the projector sometimes turned more
frequently than normal, slowed down, or exhibited altered surfacing and respiration patterns
{Richardson et al. 1991).
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Overall, we found that bowheads migrating through the leads in spring showed no obvious
reaction to the steady low-frequency drilling noise when its received level (RL) was low, up to
~12 dB above ambient. Subtie changes in behavior became evident when the RL was ~12-18
dB above ambient. When ice conditions allowed, bowheads often diverted to avoid RLs more
than ~25 dB above ambient. When the only migration corridor through the ice passed close to
the noise source, migration was not blocked by exposure to steady drilling sounds at levels
40+ dB above ambient.

The above conclusions were based on the 1989.90 playbacks of one type of steady low
frequency drilling sound. Responsiveness of spring-migrating bowheads in other situations, and
to other types of sounds, may differ. To test that possibility, in 1991 we did further playbacks with
the more variable icebreaker sound. Unfortunately, weather and ice conditions at Barrow were
very poor for our purposes during the spring of 1991. We obtained only a few preliminary data
from the icebreaker playbacks. Those limited data showed that a few bowheads continued to
migrate past the projector within the area ensonified by the varying icebreaker noise. Howsver,
more fieldwork is needed to obtain enough data to compare the relative responsiveness of
bowheads to steady vs. variable sounds.

Beluga Whales

Belugas showed no obvious reaction to the steady drilling sound until they approached
within 200-400 m. Even then the reactions were inconsistent and brief. Belugas continued past
the operating projector after, at most, a few minutes hesitation. Some individuals approached
well within 100 m, where levels of the steady drilling sound were 30 dB or more above the
natural ambient level. As in the case of bowheads, more data on their reactions to the more
variable icebreaker sounds are needed. Howaver, at least a few migrating belugas came well
within the ensonified area without evidence of hesitation or diversion.

The beluga is one of the few species of marine mammals for which hearing sensitivity has
been measured at low as well as high frequencies (Johnson et al. 1989). Belugas have very
sensitive hearing at high frequencies, but at low frequencies they can hear only strong sounds.
This may be a major part of the reason why spring-migrating belugas came quite close to the
projector when it was broadcasting industrial sounds, which are predominantly at low
frequencies. We suspect that no reactions were seen at distances more than 200-400 m because
that was the maximum distance at which belugas could hear the low frequency drilling sounds,
even though hydrophones sensitive to low frequencies could usually detect these underwater
sounds as much as several kilometers away from the projoctor.

CONCLUSIONS

Playbacks of continuous low-frequency drilling noise did not cause biologically significantly
alterations in the migration route of bowhead whales visible in open water amidst the pack ice
and in parts of the nearshore lead system during spring migration east of Point Barrow. There
were, howaver, small-scale alterations in the courses of some individual whales that came within
1 km. There were also statistically significant changes in many other aspects of the behavior of
bowheads approaching within 1 km of the projector. A few behavioral variables were apparently
affected at distances out to 2-4 km. The biological significance of these changes in bowhead
behavior is less obvious; most aspects of behavior that were affected near the noise source were
affected for only about 2-1 hour. These results all refer to one particular type of continuous low-
frequency drilling sound. Additional data are needed to determine how migrating bowheads react
to other types of man-made sounds that might occur in the leads during spring.
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The underwater sound playback techniques that we have used have limitations. They cannot
perfectly reproduce all attributes of the underwater sound field from a large oil industry operation,
and do not reproduce attributes that a whale might sense by other cues like vision or olfaction.
However, the playback method provides a way to obtain some data on the potential effects of
noise from industrial operations before any operations of those types have begun. Like any other
data, the significance of these playback results must be interpreted carefully. However, playbacks
provide some of the information needed for a re-evaluation of the question of possible jeopardy
to bowheads migrating through leads around northern Alaska in spring.
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QUESTIONS AND DISCUSSION

DON HANSEN: | wonder if you would clarify something? You said that for the belugas, you didn’t
have any reactions to the ice breaker noise?

JOHN RICHARDSON: As | said, we have very few data and one would not want to draw
conclusions from them yet. We did see some belugas that swam within a few hundred
meters of the projector with no evidence of hesitation or diversion. At that distance we could
very easily detect and measure the sound level from that projector in the water.

DON HANSEN: The ice breaker noise, some of those noises are of a higher frequency aren’t
they?

JOHN RICHARDSON. There were some higher frequency components. Thus, one would suspect
that belugas might react to it at a considerably greater distance than they did relative to the
steady, low-frequency drilling sound. Information from studies in the Canadian High Arctic
back in the mid- to late 1980s would lead one to suspect that belugas might react to weak
sounds from a distant ice breaker.

BOB DAY: One question | had is with respect to the sound environment along the North Slope.
| don’t know much about sound in water, but it has always been my impression that the
rate of movement can be strongly affected by density, and especially where you have strong
salinity fronts, for example, in fresh water inputs in the marine environment, say the Colville
River or the Sag, one of those. You can actually have a sound barrier produced, sound
bouncing off that salinity front. Has anybody pondered that in terms of long-term
management for places to locate drilling rigs as a possible sonar shield?
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JOHN RICHARDSON: You are certainly right that those kinds of effects occur. They are things
that we measure when we try to determine the sound exposure levels during our
experiments. However, | don't recall anybody using one of those phenomena as a criterion
in choosing rig locations.

PAM MILLER: 1 was just curious to know, and perhaps Dr. Griffeth would be interested in chiming
in on this too, most of the research that | am familiar with conceming effects of industrial
activities concerns basically short-term responses. So | am very interested to know what
type of research you feel needs to be done to really get at the question of cumulative and
long-term impacts of industrial activities?

JOHN RICHARDSON: You are quite right that that has always been a major problem. Studies
like the one | have discussed here look at short-term behavioral reactions. The link between
short-term reactions and long-term effects on individuals and populations, which are
ultimately what people are most concerned about, is tenuous at best. One type of study that
can be done involves long-term monitoring of distribution and movement patterns. That
should be done before, during and perhaps even after industrial activities take place in an
area. These types of studies often don't get started in time to provide adequate "before" data.
The MMS-funded distributional work on arctic whales is a good example of a long-term
monitoring program for distribution and movement patterns. Similarly, we have tried to
interpret distributional data on bowheads around the oil rigs that were operating extensively
in the summering grounds of the bowheads in the Canadian Beaufort back in the early
1980s. However, it is difficult to obtain enough information in a systematic way over a long
enough period, including pre-development as well as development years. Another approach
is to address the question of habituation. This might be done by going back to the same
animals repeatedly, using radio tags to relocate them, and testing whether their sensitivity
to noise changes after repeated exposures. That approach has been attempted once, during
a study funded by Amoco and done by D. Wartzok et al.

BOB GRIFFETH: It is probably just the irony of the situation, but increasingly since the incidental
take regulations were promulgated in July 1990 and the guidelines that were subsequently
issued from joint agency monitoring workshops honed the kinds of questions that industry
is being asked to address very specifically, to site-specific monitoring for takes. They are
saying we don’t want you to do anything else except this. So while the question that you
raise is a reasonably good one, it is not cheap either way, but the point is that we are
obligated to fulfil our first obligation which is site-specific monitoring for determining the
level of takes. And probably it is an artifact of the Marine Mammal Protection Act, | think.

STEVE LANDINO: John, | was wondering, subsequent to your next round of studies, if you plan
to project noises from more than one ice breaker at the same time rather than just the
single?

JOHN RICHARDSON: Well, there are lots of things like that that we have thought of as being
nice things to do, but most of them are not in the plans. It takes a long time to get an
adequate sample of observations of the types we need. Hence, the number of different
stimuli that we can test is very limited. There is a long list of things that we would like to
do, but practically we can’t do more than a few of them.
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Bruce R. Mate is a professor of wildlife and oceanography at Oregon State University who has
conducted marine mammal research since 1968. He has determined the migration routes of sea
lions along the west coast of the United States; investigated heavy metals and organochlorines in
pinnipeds; studied marine mammalffishery conflicts; and pioneered satellite-monitored radio tracking
of small and large cetaceans. He has MMS-funded projects on the satellite-monitored movements
of right whales in the North Atlantic, bowheads in the Arctic, and sperm whales in the Gulf of
Mexico.

Twelve bowhead whales (Balaena mysticetus) were radio tagged from 30 August to 5
September 1992 off the Mackenzie River delta in the Canadian Beaufort Sea. The purpose of the
project was to acquire dive habits and movement data from the end of the open water feeding
season in the Canadian Beaufort Sea and similar information on the fall migration west through
the Alaskan Beaufort. The tags were Argos (satellite-monitored) radio tags with customized
controller boards packaged in a cylinder (2" diameter and 6" long). They were attached by
means of a 150# compound crossbow and a subdermal folding barb at each end of the
cylinder. ’

Whales were tagged at close range from a platform extending 2 m over the starboard bow
of the 14 m research vessel Annika Marie. Tags were located on the back of the whale
approximately 2 m behind the blow hole. All tags were applied within a single week to subadult
whales in an area of 40 square kilometers.

The tags monitored information on dive durations, depths and temperatures during eight
daily summary periods. Each tag transmitted 256 bits of information whenever it surfaced.
Without a duty cycle, estimated transmitter life was 32 days. It took two sequential transmissions
to provide a full suite of sensor data for the previous 6-hr summary period.

The movements of eight whales were tracked for periods varying from 4-34 days and
distances of 500 km to nearly 5,000 km. Over 12,000 km of movements were tracked during the
course of 123 tag days. The longest attachment was confirmed by a message from one tag after
50 days. Six of the tags stopped functioning due to low battery power (a monitored variable).

While some individuals stayed in the vicinity of Mackenzie Bay, others concentrated activities
around Herschel Island and Demarcation Bay before heading west. The concentration of activity
around Herschel Island and Demarcation Bay adds credence to the suggestion that these areas
are important feeding areas. for bowhead whales prior to the fall migration. Most of the animals
spent their time inside the 500 m contour but some went into deeper waters directly north of the
Mackenzie Bay/Herschel Island complex. This suggests there is not a highly cohesive migration.
Instead, individual whales migrate at their own pace and initiation of the western movement is
not from a single well defined environmental cue.

Two whales moved west of Prudhoe Bay. One whale was tracked across the Chukchi Sea
following the heavy ice edge to Wrangel Island and then south. This is the first documentation
of bowhead migration through the Chukchi Sea and evidence of the importance of the ice as a
major migratory cue.
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The sensor data acquired from these tags suggest that bowhead whales conduct ionger dives
and spend a higher percentage of their time submerged than any other species of baleen whale.
Specific information on maximum duration of dives, maximum surfacing periods, deepest dives
and percentage of time spent at different dive depths is presently under analysis and will be part
of the project’s final report to Minerals Management Service.

Tags identical to those used on bowhead whales will be applied to sperm whales in the Gulf
of Mexico in 1993. Sperm whales are reputed to be the longest and deepest diving of all

cetaceans. The sperm whale research is sponsored by the Gulf Region of Minerals Management
Service.

QUESTIONS AND DISCUSSION

DON HANSEN: You mentioned about that one anomaly, where whales surface in ice to breathe
but the transmitter is not exposed and results in the illusion of longer dives and less time at
the surface. | was wondering whether that could be occurring more often? In other words,
whales, in fact, may be spending more time on the surface rather than what you said, five
percent, due to where the tag is located on the whale versus what the whale is doing?

BRUCE MATE: Yes, you are right. There is a potential bias, even in open water, but we have
enough information in open water from this and other species to feel confident that there is
a real difference between bowheads and other species. We actually locate this tag a little
differently on the bowhead than we would on another baleen whale species. On other baleen
whales, we would locate the tag 1-2 meters behind the blow hole. Bowheads have a
conspicuous neck that wouldn’t surface in that area, so the tag is located farther back. Our
field observations suggested that the tag surfaced quite regularly. The presence of a high
proportion of short duration dives also suggests we are not missing much. If, for instance, the
tag were only exposed as the whale fluked up on a “terminal dive," we would not have seen
short dives in open water. We are confident that bowheads really are substantially different,
both in the durations of dives and percentage of time submerged. But there is the potential
for some bias, such as | mentioned in the ice. And | would emphasize again, | am sharing
with you preliminary information and it should not be quoted until our analyses are completed.
There is about an 18% error rate in Argos data and we have rushed to eliminate much of the
errored information to share this preliminary evaluation with you today, but we are not done.

CALEB PUNGOWIYI: Could the battery situation be developed where you could track these
animals for a longer period of time, like out to their wintering areas?

BRUCE MATE: Yes, we will get to that point. We originally planned to use different software to
reduce the transmission rate to 8 hr/day. That would have probably tripled the duration of
operation from transmitting 24 hr/day as we did this summer. The smaller prototype unit |
showed you has less batteries, but will have a location-only capability with a very short
transmission so we can extend its operation to four to six months; | believe hydrodynamic
drag contributes a lot to tag loss, especially when large animals travel at high speeds
routinely. This would promote pressure necrosis and tag loss. By the way, we have seen right
whales in the North Atlantic after they lost their tags, and there was little swelling, no tissue
sloughing, and no significant scarring. We are quite pleased that whales do not react
adversely to tagging. We believe the tags do not cause the whales problems, and thus we
are collecting data from healthy "normal* individuals.
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Stephen D. Treacy has worked at the Minerals Management Service (MMS), Alaska OCS Region,
Environmental Studies Section for the past 9 years designing and administering studies on marine
mammals and seabirds. He has been Project Manager of the MMS Bowhead Whale Aerial Survey
Project since it began in 1987. He previously conducted research on fur seals, gray whales, and
Dall's porpoises for National Marine Mammal Laboratory and headed research on marine mammal
feeding habits for Washington State Game Department. Mr. Treacy has a B.S. in biology from
Marshall University, with additional study in marine and wildlife subjects at University of Washington.

INTRODUCTION

Bowhead whale monitoring by the Environmental Studies Unit, Alaska OCS Region, Minerals
Managemeont Service (MMS), has become an important component in mitigation of potential
effects of offshore exploration, especially through its determination of the timing and axis of the
fall bowhead migration in arctic waters. The MMS (or, previously, the Bureau of Land
Management) has funded bowhead whale surveys in the Beaufort and Chukchi Seas since 1978.
In 1987, Alaska OCS Region staff formed the MMS Bowhead Whale Aerial Survey Project
(BWASP) to conduct aerial surveys of the fall bowhead whale migration in the Beaufort Sea.

The goals of the ongoing MMS program follow:

1. Provide real-time data to MMS and the National Marine Fisheries Service {(NMFS) on the
general progress of the fall migration of bowhead whales across the Alaskan Beaufort Sea,
for use in implementing overall seasonal drilling restrictions and limitations on
geological/geophysical exploration;

2. Monitor temporal and spatial trends in the distribution, relative abundance, habitat, and
behaviors (e.g., feeding) of endangered whales in arctic waters:

3. Provide annual analyses of long-term interyear trends in the median depth (or north-south
positioning) of the migration axis for bowhead whales;

4. Provide an objective wide-area context for management interpretation of the overall fall
migration of bowhead whales and site-specific study results;

5. Monitor behaviors, swim directions, dive times, surfacing patterns, and tracklines of selected
bowhead whales;

6. Record and map beluga whale distribution and incidental sightings of other marine
mammals; and

7. Determine seasonal distribution of endangered whales in other planning areas of interest to
MMS.
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METHODS

The study area for the 1992 aerial surveys includes the Beaufort Sea between 140°W and
157°W longitudes south of 72°N latitude (Figure 1).
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Figure 1. Fall 1992 study area showing study blocks.

Aerial surveys were flown August 31 through October 23, 1992 in a de Havilland Twin Otter
Series 300 equipped for arctic operation and aerial surveys of endangered whales, with bubble
windows for downward visibility.

Data collection and analyses replicated standard procedures developed and used in past
years (1979-1991). These methodologies are described in detail elsewhere and incorporated
herein by reference (Treacy 1988, 1989, 1990, 1991, 1992).

Two basic types of aerial survey data--random-transect surveys and search surveys--were
collected to accomplish the listed objectives:

1. Random-transect surveys were flown in survey blocks to determine bowhead whale
distribution patterns, to estimate relative abundance and density, and to determine the
location of the migration axis. Whales recorded, regardless of distance from a random-
transect line, are used in determining the median and mean water depths at bowhead
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sightings. Only those whales sighted within one kilometer of a random-transect line are
included in calculating densities.

2. Search surveys were flown to locate whales and observe their behavior enroute to transect
blocks or when diverting from transects to monitor selected pods. Search surveys did not
follow a preset flight pattern, but data from non-random surveys were considered combinable
with random-transect data to obtain distribution patterns, relative abundance, and behavior
of whales and other marine mammals.

RESULTS

The Fall 1992 season (from August 31, 1992 through October 23, 1992) was notable for its
moderately heavy sea-ice, similar to conditions for the Fall 1984 and 1985 surveys.

During the Fall 1992 season, the MMS BWASP conducted whale surveys over enough
kilometers (44,645 km) of arctic water to circumnavigate the planet. The number of kilometers
surveyed, mostly over the Alaskan Beaufort Sea, was the highest since the inhouse project
began in 1987 and does not count miles flown overland en route to and from the study area.
The average survey flight was almost 1,000 km.

The longer flights resuited from improved flying weather this fall and an improved fuel
capacity in the Twin Otter aircraft used by the project. The duration of each flight varied with
survey conditions, but some were up to 7 hours long. As a result of the improved weather and
fuel capacity, total flight hours greatly exceeded our 150 hour goal proposed in the Fall 1992
Project Management Plan.

Preliminary totals of MMS arctic surveys from August 31, 1992 to October 23, 1992 include:
315 bowhead whales, 635 beluga whales, 45 bearded seals, 606 ringed seals, 203 polar bears,
1 walrus, S unidentified cetaceans, and 163 unidentified pinnipeds observed during 205.78 hours
of survey effort that included 98.93 hours on randomized transects. The last sighting of bowhead
whales during this Beaufort Sea study occurred on October 21, 1992. No other species were
observed.

Total numbers of polar bears and ringed seals observed were the highest since 1982. The
numbers of beluga whales and bearded seals were the highest noted since this inhouse study
began in Fall 1987. In addition to the large number of polar bears (n=203), there were many
sites where polar bears had killed other mammals (n=27) and polar bear tracks (n=636) noted
over much of the study area. On September 12, 1992, project personnel spoited a dead
bowhead whale just east of Kaktovik, Alaska, in association with several polar bears. On October
4, 1992, a high count of 30 polar bears was noted near this carcass.

The project extended its work an additional 3 days in October 1992 in order to monitor a
large concentration of over 100 bowhead whales that appeared to be feeding near Point Barrow,
Alaska. The concentration of whales was first noted on October 15, 1992, and was subsequently
monitored until it dispersed on October 21, 1992,

DISCUSSION
Daily information on bowhead distribution, movements, and behavior during the westward
migration of the whales across the Alaskan Beaufort Sea was communicated daily to the

Regional Supervisor, Field Operations, Alaska OCS Region, MMS, in Anchorage, Alaska for use
in implementing permit restrictions, as needed, for drilling and seismic explorations. Data
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showing daily flight effort, sightings of bowhead whales, and other information received from a
survey sponsored by ARCO Alaska Inc. at Kuvium Prospect, were also telefaxed to MMS,
Anchorage. All daily reports were made available to NMFS in Anchorage.

Data on observed sea ice conditions from each day's flight were communicated to the U.S.
Navy/National Oceanic and Atmospheric Administration Joint Ice Center for continued use in
ground-truthing satellite imagery. The previous day’s data on the bowhead whale migration was
transmitted to the Alaska Eskimo Whaling Commission (AEWC). Field coordinations were
continued with the oil industry-whalers’ conflict avoidance group located in Deadhorse, Alaska.

A dead bowhead whale, spotted by project personnel on September 12, 1992, was reported
to NMFS, the oil industry-whalers’ conflict avoidance group, and AEWC.

REFERENCES

Treacy, S.D. 1988. Aerial Surveys of Endangered Whales in the Beaufort Sea, Fall 1987. OCS
Study MMS 88-0030. U.S. Dept. of the Interior, Minerals Management Service. Anchorage,
AK. 141 pp.

Treacy, S.D. 1989. Aerial Surveys of Endangered Whales in the Beaufort Sea, Fall 1988. OCS
Study MMS 89-0033. U.S. Dept. of the Interior, Minerals Management Service. Anchorage,
AK. 101 pp.

Treacy, S.D. 1990. Aerial Surveys of Endangered Whales in the Beaufort Sea, Fall 1989. OCS
Study MMS 90-0047. U.S. Dept. of the Interior, Minerals Management Service. Anchorage,
AK. 104 pp.

Treacy, S.D. 1991. Aerial Surveys of Endangered Whales in the Beaufort Sea, Fall 1990. OCS
Study MMS 91-0055. U.S. Dept. of the Interior, Minerals Management Service. Anchorage,
AK. 107 pp.

Treacy, S.D. 1992. Aerial Surveys of Endangered Whales in the Beaufort Sea, Fall 1991. OCS

Study MMS 92-0017. U.S. Dept. of the interior, Minerals Management Service. Anchorage,
AK. 92 pp.

106



MONITORING MARINE MAMMALS IN THE CHUKCHI SEA DURING
INDUSTRIAL ACTIVITIES USING ICE-MANAGEMENT TECHNIQUES

Jay Brueggeman
Ebasco Environmental
10900 N.E. 8th Street
Bellevue, Washington 98004-4405

Jay Brueggeman is the manager of Environmental Services for Ebasco Environmental. He has both
B.S. and M.S. degrees in wildlife biology and over 20 years of related experience. He has
conducted marine mammal research in the Antarctic, Arctic, and North Pacific Ocean since 1972.
The research has focused on multispecies studies using aircraft and vessels to assess abundance,
distribution, and habitat use patterns. Species-specific studies have addressed bowhead whales,
pacific white-sided dolphins, Risso’s dolphins, walruses, and sea otters. These studies have been
funded by MMS, NOAA, NMML, Shell, Chevron, Arco, and Amarada Hess.

Studies were conducted to determine the response of walruses to exploratory drilling
operations at two remote prospects in the northern Chukchi Sea between June 29 and October
8, 1991. Drilling or icebreaker operations were conducted by Shell Western E & P, Inc. at the
Crackerjack Prospect between July 5 and August 30, and by Chevron U.S.A. at the Diamond
Prospect between August 31 and October 5. Monitoring studies covered a broader period in
order to characterize walrus use of the prospects before and after operations. The Crackerjack
and Diamond drill sites are approximately 312 km and 175 km west of Barrow, Alaska,
respectively. Pack ice limited actual drilling of the wells to 31 of 57 (54%) days at Crackerjack
and 27 of 36 (75%) days at Diamond. Operations at each drill site involved two Arctic Class 2
icebreakers, one Arctic Class 3 icebreaker, one driliship, one barge with tug, and two Puma
helicopters. An Arctic Class 4 icebreaker was also used at the Crackerjack site from August 28
to 30. The current studies were a continuation of a 3-year marine mammal monitoring program
that began in 1989.

Aerial surveys and vessel-based observations were conducted at each prospect. Aerial
surveys were flown from a Twin Otter aircraft at a 305 m altitude in a 100 km X 45 km grid
consisting of 9 north-south transect lines spaced 11.1 km apart. The middle transect (line 5)
included the drill site, and the actual number of transects lines flown each day varied from about
7 lines at the more distant Crackerjack Prospect to 9 lines at Diamond Prospect, in order to
accommodate aircraft fuel range. The length of the transect lines also varied according to ice
conditions. The southern ends of the lines usually corresponded to the ice edge and the
northern ends to approximately 90-100% ice coverage since most walruses occur in lower
percentages of ice cover. Surveys were flown before, during, and after drilling or icebreaker
operation at each prospect in order to assess changes in walrus distribution and behavior
relative to operation activities. In addition, vessel-based observations were conducted from the
Class 3 icebreaker, Robert LeMeur, by trained marine mammal observers during the entire period
of operations. Acoustic measurements were also conducted to characterize the sound levels of
the Robert LeMeur during icebreaking activities.

There were almost 110,000 sightings of walruses recorded during 44,685 km of aerial survey
effort during the monitoring program. Approximately 13% (14,593) of the walruses sighted
occuired in the survey grid at Crackerjack during 11,812 km (26%) of all effort. Seventy of these
sightings were recorded on 4 flights before operations, 14,522 sightings on 21 flights during
operations, and 1 sighting on a single flight after operations. Over four times as many sightings
were made outside the survey grid during flights between Barrow and the prospect. The highest
single day walrus count totaled 18,134 individuals, of which 5,090 were found in the survey grid.
Approximately 29% (31,779) of the walruses sighted occurred in the survey grid at Diamond
during 7,588 km (17%) of all effort. These included 7,021 sightings recorded on 3 flights before
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operations, 9,163 sightings on 4 flights during operations, and 15,595 sightings on 3 flights after
operations. Fewer than 5% of the sightings were recorded outside of the grid during transit
flights. The highest single day count was 10,119 walruses, all of which occurred in the grid. Over
94% of the walruses encountered during the Crackerjack and Diamond monitoring programs
were associated with the pack ice.

Walruses occurred across the entire southern margin of the pack ice surveyed between 157°-
168°W. Most walruses observed during the Crackerjack monitoring program were considerably
(>55 km) east of the drill site, primarily along or near (<24 km) the ice edge. Those recorded
in the Crackerjack grid were closely associated with larger aggregations, which moved
northeastward and northward out of the region by early August. The Crackerjack drillsite,
therefore, appeared to be on the westemn periphery of the area used by walruses during the
northward migrations, and walrus occurrence at Crackerjack appeared to be transitory.
Conversely, most walruses observed during the Diamond monitoring program were in the survey
grid. In addition, walruses observed earlier in the season were south of the Diamond drill site.
The Diamond drill site, therefore, appeared to be in the area used by walruses during the
northward and early southward migrations. Relatively large aggregations of walruses occurred
north of this drill site, in the vicinity of Hanna Shoals during September and October, suggesting
that the Diamond dirill site is south of an important walrus feeding area. Use of the area was
strongly associated with the presence of pack ice.

The broadscale effects of the drilling/icebreaker operations on walruses were evaluated from
the survey aircraft according to four parameters: (1) density, (2) association with pack ice, (3)
distance from ice edge, and (4) distance from sound source. Only one of these parameters, 4)
distance from sound source, indicated a possible change in the distribution of walruses related
to icebreaker operations at Diamond. The recorded number of walruses tended to increase with
increasing distance (0-48 km) from the sound source on 2 of 3 days suitable for analysis.
Movements of the animals, however, appeared to be more strongly influenced by the location,
configuration, and composition (concentration and floe size) of the pack ice. Detection of
broadscale changes may have been limited by the spacing of the flightlines, which was dictated
by the inherent variation of the navigation system and the need to minimize aircraft-caused
disturbance on adjacent flightlines. The inability to detect such changes at this scale, for muttiple
parameters, suggests that the responses were subtle, short term, localized, and/or confounded
by other factors such as environmental conditions or walrus social behavior.

Small scale responses relative to distance from various icebreaker activities were evaluated
from the Robert LeMeur for 487 groups of walruses. Reaction rates were highest for icebreaking
(30% or 43 groups), slightly lower (27% of 344) for running, maneuvering, or jogging and lowest
(6% of 100) when the vessel was drifting or anchored. Almost halif of the observation time was
associated with the vessel drifting/anchored, and approximately equal proportions (15-22%) of
time were associated with each of the other activities. The most frequently elicited reaction was
attentiveness (63%), followed by movement away (18%), escape or splash into water or from ice
flow (15%), and lastly, approach (4%). The proportion of walruses reacting to the icebreaker
operations, relative to distance, was highest (62% of 93 groups) when within 0.46 km of the
icebreaker, intermediate (45% of 94) between 0.46-0.93 km, and lowest (3% of 297) beyond 0.93
km. These results show that walruses responded to the icebreaker over a range of distance and
during all vessel activities, but reactions primarily occurred within 0.93 km of vessel when it was
moving under power or icebreaking.

In addition to the observations of walruses, a series of acoustic measurements were made

as part of the environmental monitoring program. These measurements were made when the
Robert LeMeur was involved in ice management activities at the Crackerjack Prospect. The
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purpose of the measurements was to determine the underwater and airborne radiated noise
and underwater source level spectra. Sonobuoys were used to obtain the data. The highest
recorded radiated noise levels were produced during full power operation while the Robert
LeMeur pushed against a stationary pressure ridge. The overall source leve!l was 189 dB re 1
uPa at 1 m for this condition. The source levels and spectra for ice management at this site
were comparable to data obtained previously at other sites. Because of high transmission loss
for under-ice propagation, the estimated audible range for full power operation was 12 km when
based on a comparison with ambient noise associated with moderate sea state at the ice edge.
A limited set of airbome data was obtained and analyzed. These data showed that the
underwater radiated noise from ice management activities was considerably higher relative to
normal underwater ambient noise levels than was the airbome radiated noise component when
compared to airborne ambient noise data over open water.

The results of the study show that potential for take was low relative to the size of the
population because: (1) walruses were dispersed over a broad area, even at Diamond, (2)
activities of the driliship and icebreakers were largely confined to the drill site, (3) broadscale
responses to the operation, as reflected in changes in walrus distribution, were not consistent
among four parameters used to measure effects, (4) smaller scale measurements from the
Robert LeMeur indicated that behavioral responses of walruses were largely limited to the
immediate vicinity of the icebreaker, and (5) the dynamic moavement of the pack ice (12-24
km/day) likely reduced exposure time of hauled-out walruses to the underwater radiated noise
levels that were estimated to reach ambient levels at 12 km from the icebreaker.
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USE OF KASEGALUK LAGOON, CHUKCH! SEA, ALASKA, BY MARINE BIRDS

Stephen R. Johnson
LGL Limited
environmental research associates
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Canada

Dr. Stephen Johnson has worked at LGL for the past 18 years and presently is Senior Vice-Prasident
of the Canadian company. Over the past 22 years, Dr. Johnson has worked in arctic regions of
Alaska, Canada, Greenland, Svalbard, Norway and Russia. His areas of research have included
coastal ecosystem processes, seabird ecology and physiology, waterfow! ecology, and marine
mammal ecology and behavior. Dr. Johnson received his B.S. at Humboldt State College, his M.S.
at Kansas State University, and his Ph.D. at the University of British Columbia. He also conducted
postdoctoral research at the University of Alaska, Fairbanks, and at the University of Auckland, New
Zealand.

INTRODUCTION

This study was designed to determine the use of the Kasegaluk Lagoon system in the
northeastern Chukchi Sea (Figure 1) by birds. The communities of Point Lay and Wainwright
are located along this section of the Chukchi Sea coast of Arctic Alaska. Residents of these
communities use local marine bird and mammal resources for subsistence. In 1989, 1990, and
1991 oil and gas wells were drilled on leases in the Chukchi Sea offshore from the Kasegaluk
Lagoon area; this area may be the focus of petroleum exploration and development activities
in future years. As a consequence, there has been a need for more information on the temporal
and spatial distribution and abundance of birds and mammals in and adjacent to the Kasegaluk
Lagoon area.

BACKGROUND

About 100 species of birds have been recorded in various marine and terrestrial habitats in
the Kasegaluk Lagoon region (Roseneau and Herter 1984). Of these 100 species, only 13-15
aro relatively common. In particular, four species or species groups of waterfom! — geese such
as black brant (Branta bemicla nigricans) and greater white-fronted geese (Anser albifrons
frontalis), eiders (S. mollissima v-nigra, S. spectabilis, S. fischeri and Polysticta stelleri) and
oldsquaw (Clangula hyemalis) — are known to use habitats in and adjacent to Kasegaluk Lagoon
for nesting (eiders), molting (eiders and oldsquaw), and feeding (all species). Several of these
waterfow are important in local and national economies: thousands of eiders (and a few
oldsquaws) are harvested by subsistence hunters throughout the Bering-Chukchi-Beaufort region,
and Federal and state agencies have expressed concern over declining populations of some
eiders. Thousands of black brant and greater white-fronted geese are harvested by hunters along
the Pacific Flyway in Western North America.

Of about 40 species of shorebirds known to occur in the region, only six — red and red-
necked phalaropes (Phalaropus fulicarius and P. lobatus, respectively), pectoral sandpiper
(Calidris melanotos), dunlin (C. alpina), western sandpiper (C. maur) and semipalmated
sandpiper (C. pusilla) — are common in tundra nesting habftats, in barrier island-lagoon habitats,
or adjacent coastal marsh habitats. In addition, Pacific and red-throated loons {Gavia pacifica,
G. stellata), black guillemot (Cepphus grylle), arctic tern (Sterna paradisaea) and glaucous gull
(Larus hyporboreus) use habitats in and adjacent to Kasegaluk Lagoon for feeding and/or nesting
(Roseneau and Herter 1984).
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Figure 1. Kasegaluk Lagoon study area, Chukchi Sea, Alaska.

Before this study began we speculated that bird use of Kasegaluk Lagoon may be quite
similar to that of other Arctic lagoons that have been studied in Alaska. Information in the
literature indicated that the oldsquaw, eiders, glaucous gull and phalaropes were the dominant
bird species during most of the open water season in Kasegaluk Lagoon, a situation that is very
similar to other lagoons along the Arctic coast of Alaska. Possible exceptions to this generality
were the presumed larger numbers and higher densities of common eiders in the Kasegaluk
Lagoon area. Several thousand black brant were also reporied to pass through the Kasegaluk
Lagoon area during fall migration (Lehnhausen and Quinlan 1982). Some of these species, such
as the oldsquaws and some of the eiders, reportedly arrive in mid- to late summer (late July
through August) to feed and moilt (Lehnhausen and Quinlan 1982, Roseneau and Herter 1984,
Gill et al. 1985). It was reported that large numbers of eiders may molt offshore from Kasegaluk
Lagoon and that eiders aggregated in marine and lagoon habitats, especially near the passes
linking lagoons with the nearshore Chukchi Sea. it was also reported that geese may concentrate
in marsh habitats along the mainland shoreline of the lagoon (Roseneau and Herter 1984).

Table 1 describes the expected relative abundances, habitat types used and periods of
occupancy of birds in the Kasegaluk Lagoon area, based on this historical information. The four
dominant species or species groups of birds suspected to be present in the Kasegaluk Lagoon
system during the spring through fall open-water period were (1) brant, (2) eiders, (3) oldsquaws
and (4) shorebirds (Lehnhausen and Quinlan 1982, Roseneau and Herter 1984).

OBJECTIVES

The overall objective of this part of the study was to determine the uses by birds of the
Kasegaluk Lagoon area. There was sufficient information in the literature from previous work in
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Table 1. Total number of bird sightings and individuals seen both on- and off-transect during 5 aerlal
surveys In Kasegaluk Lagoon, Chukchl Sea, Alaska, 24 August to 11 September 1989.

9% of Al 9% of All 9% of All 9 of Al

No. Bird No. Indiv. No. Bird No. Indiv.

Species Sightings Sightings Indiv.  Birds Species Sightings Sightinge Indiv.  Birds
Yellow-billed Loon 4 0.1 5 0.0 Greater White-fronted Goose 49 15 1,329 0.8
Pacific Loon 114 35 200 0.1 Canada Goose 4 0.1 55 0.0
Red-throated Loon 76 23 122 0.t Black Brant 543 16.7 143918 70.2
Unid. Loon 42 1.3 79 0.0 Tundra Swan 28 0o 7 00
Al Loons 238 73 408 0.2 AN Waterfowt 1.873 57.7 195015 95.1
Black Guillemot 8 0.2 10 0.0 Unid. Phatarope 7 0.2 39 0.0
Parasitic Jaeger [] 0.2 [} 0.0 Dunlin 1 0.0 5 0.0
Long-tailed Jaeger 3 0.1 7 0.0 Whimbrel 1 0.0 1 0.0
Glaucous Gull 910 280 2687 13 Black-beltied Plover 10 03 28 0.0
Heiring Gull 1 0.0 1 0.0 Lessor Golden Plover 3 0.1 9 0.0
Arctic Tern 12 04 20 0.0 Unid. Plover 2 0.1 12 0.0
AR Seabirds 940 289 2731 13 Unid. Small Shorebdird o4 29 8,505 3.2
Red-breasted Merganser 44 14 2239 11 Unid. Large Shorebird 3 0.1 [ 0.0
Northern Pintail 55 1.7 267 0.5 AN Shorebirds 121 37 6,005 33
Greater Scaup 2 0.1 76 0.0 Northern Harrier 2 0.1 2 0.0
Unid. Scaup 17 05 421 0.2 Golden Eagle 1 0.0 1 0.0
Oldsquaw 478 147 24879 120 Bald Eagle 1 0.0 1 0.0
Common Eider 437 135 7.048 34 Gyrfalcon 2 0.1 2 0.0
Unid. Eider 3 0.1 54 0.0 Snowy Ow! 62 19 64 0.0
Black Scoter 3 0.1 18 0.0 AN Rapiors [_] 21 70 0.0
White-winged Scoter ] 03 200 0.1 Common Raven 3 0.1 3 0.0
Surt Scoter 80 25 1,155 0.6 Snow Bunting 2 01 31 0.0
Unid. Scoter 4 0.1 - ] 0.0 Northern Wheatear 3 0.1 4 0.0
Unid. Diving Duck 109 34 12,552 6.1 Unid. Passasine 2 0.1 10 0.0
Lesssr Snow Goose 8 0.2 168 0.1 ANl Passerines 10 03 48 0.0
AN Birds 3,248 100 204,985 100

Kasegaluk Lagoon, Peard Bay and other lagoons that had been studied to indicate that
Kasegaluk Lagoon was generally similar in form and function to other lagoons, such as Simpson
Lagoon and lagoons farther east in the Alaskan Arctic. At the same time, it was suspected that
there were some characteristics of the Kasegaluk Lagoon system that may be distinct from othor
Arctic Alaska lagoons, as follows:

1)

2

3)

4

The Alaska Coastal Current flowing into the Chukchi Sea from the Bering Sea may
influence ecological processes in the Kasegaluk Lagoon area.

The passes leading into Kasegaluk Lagoon may attract many species of vertebrates
(marine mammals, birds, fish), and these areas may be of special importance in this
arctic lagoon system; such large concentrations of vertebrates at passes are not typical
of Beaufort Sea lagoons. :

Much of Kasegaluk Lagoon, especially the southern portion, appears to be quite shallow
(< 1 m) and may not support key species of vertebrates to the same extent as deeper
lagoons elsewhere.

Unlike the situation in most Beaufort Sea lagoons, temperature and salinity regimes in the
Kasegaluk Lagoon system appear to be greatly influenced by periodic heavy rainfall in the
western De Long Mountains and resultant increased discharges from the Utukok, Kokolik
and other rivers that feed into the lagoon. These changes in temperature and salinity
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probably influence the distribution of invertebrates and perhaps some of their vertebrate
predators (e.g., birds and marine mammals).

Our approach to this study included reliance on existing relevant information coupled with a
focused program of research on the key species of birds in the lagoon system. The study was
structured to test the following general premise:

Kasegaluk Lagoon supports special habitat uses (alternatively, typical habitat uses) by
vertebrates, uses that are not duplicated (alternatively, are duplicated) in lagoon habitats
elsewhere in the Alaskan Arclic.

We carried out a study that involved (1) a review of information (and re-analysis of some data)
concerning bird use of the Kasegaluk Lagoon area, the Peard Bay-Franklin Spit area, and
lagoons in the Alaskan Beaufort sea, and (2) an aerial survey program that quantitatively sampled
various regions and major habitats in and adjacent to Kasegaluk Lagoon.

STUDY AREA

Kasegaluk Lagoon is situated along the Chukchi Sea coast of Alaska about 300 km SW of
Point Barrow, Alaska (Figure 1). The lagoon extends from about 69°16'N, 163°18'W in the
southwest to about 70°30°'N, 160°25'W in the northeast. Icy Cape, located at 70°20°N, 161°51W,
is a prominent coastal feature situated about two-thirds of the way north along the outer coast
of Kasegaluk Lagoon. In total, the lagoon is about 200 km long — 135 km from the extreme
southwest end to Icy Cape, and 65 km from Icy Cape to the extreme northeast end. The rolling
foothills of the De Long Mountains are immediately adjacent to the southern end of Kasegaluk
Lagoon. Farther north, virtually the entire mainland shoreline of the lagoon is backed by low
tundra bluffs: vertical relief along these bluffs varies from near sea-level in river deitas and creek
mouths to nearly 10 m along some sections at the north end of the study area.

Five major rivers or inlets drain into Kasegaluk Lagoon: the Nokotlek River and Avak Inlet
flow into the northern part of the lagoon, and the Utukok River, Kokolik River, and Kukpowruk
River drain into the southern part of the lagoon. Several well vegetated islands with high vertical
relief are present in the deltas of the Utukok and Kukpowruk rivers. Most of these islands are
covered with tundra vegetation, have extensive lakes and ponds, and are separated from the
mainland by river ctannels and mudflats.

Barrier islands of silt, sand, and gravel shelter the entire length of Kasegaluk Lagoon except
where passes allow an exchange of water between the lagoon system and the Chukchi Sea. In
total 11 sets of passes breach the barrier islands, eight southwest of Icy Cape and three
northeast of Icy Cape (Figure 1). The largest passes (i.e., those that appear to allow the greatest
exchange of water) are Utukok Pass, located southwest of icy Cape, and Akoliakatat Pass,
Nokotlek Pass, and Pingorarok Pass, all located northeast of icy Cape (Figure 1).

Barrier islands and shoals on the lagoonward sides of the islands are generally devoid of
vegetation except for the region south of Utukok Pass. Barrier islands in this region, and
especially in the region south of Kukpowruk Pass are low and subject to flooding during periods
of high water. Such periodic flooding has created extensive marshes with smali lakes, ponds and
luxuriant vegetation on these sections of the barrier islands. Islands and portions of islands on
the lagoon-side of the barrier islands farther north support far less vegetation, with the exception
of the shoals and small islets adjacent to the barrier islands 5-10 km north of Point Lay. These
islets have extensive patches of lyme grass (Elymus spp.).
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Kasegaluk Lagoon varies considerably in width and depth. The northeastern portion of the
lagoon (northeast of Icy Cape) is relatively deep (3-4 m in many places), is no wider than 8 km
at its widest point off the mouth of Avak Inlet, and lagoon waters are relatively clear. Southwest
of lcy Cape the lagoon is shallow (generally less than 2 m), no wider than 10 km at its widest
point off the mouth of the Utukok River, and is turbid. The most southwesterly part of the lagoon
(i.e., the area southwest of the Kukpowruk River delta) is very shallow — only a few centimeters
deep in many areas. Mudflats in this area are often exposed and are mostly covered with an
orange/red-colored algae. The lagoon waters and beaches adjacent to Akoliakatat and Nokotlek
passes are the only other regions of the study area where primary production is evident. In this
part of the lagoon green algae (probably Ulva spp.) is visible in the water column, on the lagoon
bottom, and washed-up on beaches, especially in late summer.

The influence of lunar tides is relatively inconsequential in the Kasegaluk Lagoon area —
daily fluctuations are generally less than 15 cm. Winds, however, appear to play a very important
role in regulating water levels in Kasegaluk Lagoon. Winds from the north or east appear to result
in a mass transport of water offshore, thereby lowering lagoon water levels. Winds from the south
or west drive water into the lagoons, thereby causing water levels to rise. Sustained winds may
cause water levels to rise or fall to extreme levels. Extensive areas of mudflats may be exposed
in the shallow southern part of the lagoon (e.g., south of the Kukpowruk River delta), and in the
shallow area around Icy Cape, when sustained winds prevail from the north or northeast. In
contrast, water levels may rise nearly 1 m or more in these same areas when sustained strong
winds blow from the south or southwest. During periods when lagoons are filling, distinct plumes
of clear marine water are visible as intrusions into the lagoon. Conversely, during periods when
lagoons are draining, distinct plumes of turbid lagoon water are visible flowing out into the
nearshore marine system. Wind direction and speed, as well as water levels, may change
considerably from one day to the next, and may vary considerably from one end to the other of
the 110-nautical mile-long lagoon system.

Seaward of the barrier islands water depths increase to 10 m within about 2 km of shore.
The exception is Blossom Shoals at icy Cape where water as shaliow as 5 m extends seaward
at least 5 km. Bottom substrates are composed of beds of gravel along most of this section of
the Chukchi Sea coast, especially south of Point Lay and the area northeast of Icy Cape (Lewbel
1984).

Kasegaluk Lagoon is ice-covered for about 7 months — from early November through late
May or early June. The nearby Chukchi Sea freezes in late November, and in some years ice
may remain in the Blossom Shoals-Ilcy Cape area until early July.

Habitats in the study area are of four general types (Figure 2); (1) mainland shoreline, (2) mid-
lagoon, (3) barrier island, and (4) nearshore marine. Mainland shoreline habitats consist of
coastal tundra interspersed with ponds, lakes, streams, marshes, rivers and river deltas. The
lagoon margin of the mainland shoreline consists of a sand or mud beach. During low-water
periods this habitat is continuous with adjacent mud and sand flats. Mid-lagoon habitats are
relatively uniform throughout the study area. Except for the shallow areas east of Icy Cape, and
the area at the extreme southern end of the study area, both of which are exposed during low
water, this habitat consists exclusively of lagoon waters. Barrler lsland habitats consist mainly
of sand and gravel beaches and beach ridges with little vegetation cover except for the southen
sections of the barrier islands (i.e., mostly south of Point Lay). In the north, most of the barrier
island chain and adjacent lagoon-side shorelines are devoid of vegetation and consist of gravel,
sand and mud beaches, shoals, spits and islets. The passes connecting the lagoon with the
Chukchi Sea are major features of this habitat type. Nearshore marine habitats are relatively
uniform along the entire length of the study area except adjacent to the passes and near ley
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Figure 2. Locations and numbers of aerial survey transect lines in the Kasegaluk Lagoon study area.

Cape-Blossom Shoals. Near passes seaward flowing plumes of lagoon water may be extensive,
and near icy Cape-Blossom Shoals waters are shallow and the general orientation of the coast
changes from N-S in the south to E-W in the north.

METHODS

We surveyed four separate strips of habitat in the Kasegaluk Lagoon study area (Figure 2).
One strip was along the mainland shoreline and sampled most shoreline, coastal marsh and
river delta habitats used by geese and some ducks, and tundra habitats used by a variety of
terrestrial birds and mammals. A second strip was through mid-lagoon habitats and sampled
areas used by feeding seaducks, and seabirds. A third strip was along the lagoonside shoreline
of the barrier islands and sampled (1) all of the major passes from the marine system into the
lagoon and (2) barrier island shoreline habitats used by resting and feeding waterfowl (geese
and ducks), shorebirds, gulls and temns. The fourth strip was located in the nearshore Chukchi
Sea about 0.5 km seaward of and parallel to the barrier islands, and sampled marine habitats
used by seabirds and marine waterfowl (phalaropes, gulls, terns, guillemots, brant, eiders,
oldsquaws, etc.). Each of these survey strips was approximately 200 km (110 nmi) in length, and
was subdivided into six shorter transects (Figure 2). Each transect was further subdivided into
1-min. time intervals that corresponded to about 3-3.5 km at a survey speed of approximately
175-200 km/hr.

SURVEY TECHNIQUES

Complete aerial surveys of the study area were conducted on each of two consecutive days,
weather permitting. In 1989, sets of surveys were at about 1 week intervals between 24 August
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and 11 September. In 1990 sets of surveys were at about two week intervals between 27 July
and 10 September. Surveys in 1991 were designed to provide supplementary information for the
entire lagoon system in the late July-early August period, and to provide more information on the
distribution and abundance of brant. Pairs of surveys were flown twice in 1989 (24-26 August and
3-4 September), and an additional single-day survey was flown on 11 September 1989 (5
surveys). Pairs of surveys were flown four times in 1990 (8 surveys in the period 27 July-10
September). In 1991 a single pair of surveys of all transects was flown on 30 July-1 August, and
another set of surveys designed to count brant was conducted on 26 August (4 surveys).

Most aerial surveys for this study were conducted from a float-equipped Cessna 206 with an
ARNAV-50 long range navigation (LORAN) system for determination of transect start and end
points and locations of important features in the study area. In 1991 two surveys (on 30 July and
1 August) were conducted in an Aero-Commander Shrike with the same type of navigation
system. Since the survey path was adjacent to a shoreline in all surveys, geographic features
were also used to determine the start and end points of transects. Surveys were conducted with
one observer in the front right seat and one in the rear left of the aircraft.

All surveys were conducted at an altitude of approximately 45 m ASL and at a ground speed
of approximately 175 km/h, which is standard procedure for accurately surveying marine birds
from the air (Bradstreet 1979, McLaren 1982). Observers dictated into portable tape recorders
all sightings made both on-transect (within a 200 m strip on each side of the aircraft) and off-
transect (beyond the transect strip). Information recorded included systematic details about the
transect and each sighting. The floats on the Cessna 206 aircraft obstructed downward visibiity
and precluded observation directly under the aircraft, so the inner edge of each transect strip
was about 50 m to the side of the flight track, and the outer edge was 250 m to the side.

An audio-intervalometer was used to divide all transects into 1-min time-periods that
corresponded to transect segments of approximately equal length (assuming constant ground
speed). This procedure fixed the position of each sighting within approximately 3 km. For each
time-period (transect segment) the genoral and specific habitat type was recorded. This
procedure enabled the calculation of animal densities on a per-time-period basis as well as on
a per-transect or per-habitat type basis. On-transect observations were used to calculate the
numbers of birds seen per sq km and on- plus off-transect observations were used to calculate
the numbers of birds seen per linear km.

RESULTS

Aerial surveys of Kasegaluk Lagoon in 1989, 1990, and 1991 indicated that waterfowl were
by far the most abundant group of birds present in the area, notwithstanding different sampling
efforts during the three years of study (Tables 1-3). In 1989, 1990, and 1991, 57.7%, 41.7%, and
30.8%, respectively, of all bird sightings and 95%, 69.1%, and 61.8%, respectively, of all individual
birds recorded were waterfowm, mainly black brant and oldsquaws. Brant used the lagoon during
mid- to late August through early September primarily for staging (feeding and resting) prior to
continuation of their southward migration. As many as 40% of the entire Pacific Flyway brant
population were recorded in the study area in late August of 1989 and 1991,

Oldsquaws using the lagoon were primarily molting males, as in other Alaskan Arctic lagoon
systems. Glaucous gulls, arctic terns and small shorebirds were also present in the Kasegaluk
Lagoon system in large numbers and these species were also considered to be key species.
Glaucous gulls nested on the barrier islands and grassy islets along the lagoon barrier istand
margin, and were more common and concentrated in late July-early August 1990 when several
dozen whale carcasses were present along the lagoonside beach of the barrier island adjacent
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Table 2. Total number of bird sightings and individuais seen both on- and off-transect during 8 aerlal
surveys in Kasegaluk Lagoon, Chukchi Sea, Alaska, 27 July to 10 September 1990.

% of All 9% of All % of All 9% of All
No. Bird No. Indiv. No. Bird No. Indiv.
Species Sightings Sightings Indiv.  Birds Species Sightings Sightings Indiv. Birds
Yoltow-billed Loon 14 0.2 18 0.0 Unid. Duck 4 0.1 33 oo
Pacific Loon 126 17 168 0.1 Lesser Snow Geose 23 0.3 1,033 05
Red-throated Loon 215 30 31 01 Greater White-fronted Goose 187 26 10,008 4.6
Unid. Loon 16 0.2 18 0.0 Canada Goose 7 0.1 108 0.0
A Loons 3an 5.1 513 02 Black Brant 858 118 82,008 38.1
Black Guillsrnot 1 0.0 1 0.0 Tundra Swan 48 08 138 0.1
Thick-billed Murre 2 0.0 2 0.0 AN Waterfowt 3019 41.7 150,462 9.1
Small Alcid 1 00 1 0.0 Lesser Sandhill Crane 7 0.1 25 0.0
Pomarine Jaeger 1 0.0 1 0.0 Red Phalarope’ 8 0.1 50 0.0
Parasitic Jaeger 34 0.5 54 0.0 Northern Phatarope 1 0.0 1 0.0
Long-taited Jaeger 5 0.1 8 0.0 Unid. Phatarope 81 11 3,101 14
Unid. Jaeger 5 0.1 5 0.0 Long-billed Dowitcher 3 0.0 83 0.0
Black-legged Kittiwake 38 0.5 733 03 Dunlin 8 0.1 279 0.1
Glaucous Gull 2,282 315 15480 71 Bar-tailed Godwit 1 0.0 3 0.0
Herring Gull 3 0.0 3 0.0 Black-bellied Plover 18 0.2 ral 0.0
Sabine’s Gull 17 0.2 58 0.0 Lesser Golden Plover 13 0.2 209 0.1
Arctic Tern 718 99 11,204 52 Unid. Plover 1 00 4 0.0
Aleutian Tern 2 0.0 5 0.0 Unid. Small Shorebird 387 53 30,441 14.0
Unid. Tern 1 0.0 [} 0.0 Unid. Large Shorebird 89 1.2 4,395 20
Northern Fulmar 2 0.0 2 0.0 AN Shorebirds 008 84 38640 178
AN Seabirds 3,112 430 27,081 1227 Northern Harrier 3 0.0 3 0.0
Red-breasted Merganser 65 09 4,555 21 Rough-tegged Hawk 1 0.0 1 0.0
Grecon-wingod Toal 11 0.2 &3 0.0 Goldon Eagle & 0.1 [ 0.0
Northern Pintail 301 42 6989 3.2 Gyrfalcon 4 0.1 4 0.0
Greater Scaup 1 0.0 60 0.0 Peregrine Falcon 3 0.0 3 0.0
Oldsquaw 796 11.0 33,084 152 Short-eared Owl 2 0.0 2 0.0
Common Eider 609 84 6540 3.0 Snowy Owi 78 11 79 0.0
King Eider ’ 1 0.0 4 0.0 AN Raptors 98 13 87 0.0
Unid. Eider 1 0.0 2 0.0 Common Raven 5 0.1 9 0.0
White-winged Scoter 1 0.0 4 00 Snow Bunting 9 0.1 120 0.1
Surf Scoter 56 08 348 0.2 Unid. Passerino 15 0.2 88 0.0
Unid. Scoter 2 0.0 s 0.0 AN Pussorines 29 o4 215 0.1
Unid. Diving Duck 50 07 4534 21
AN Birds 7,242 217,849

to Point Lay. Arctic terns, and probably a small number of Aleutian terns, also nested in the study
area, mainly on the barrier islands and on the grass-covered islets 5-10 km northwest of Point
Lay.

About half of all bird sightings during both years of surveys were in lagoon habitats, mainly
along the lagoon-barrier island margins. Nevertheless, three of the five key species examined
in detail in 1980 (brant, glaucous gull and arctic tern) plus 'Ali Birds’ showed a preference for
'Ocean Beach’ habitat. Only the oldsquaw and arctic tern showed a preference for the passes
joining the lagoon with the nearshore Chukchi Sea. Arctic terns and small shorebirds showed
a strong preference for mudfiat habitats exposed during strong northerly or northeasterly winds.
Under these conditions mudflats were exposed mainly in shallow regions of the lagoon, i.e., in
the extreme southwestern part of the study area (south of Neakok Pass) and in the area
::ng\ediately east of Icy Cape. Only small shorebirds showed a preference for coastal marsh

abitats.

Although several key bird species recorded during aerial surveys of Kasegaluk Lagoon
(oldsquaw, glaucous gull, small shorebird) are also key bird species in other Alaskan Arctic
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Table 3. Total number of bird sightings and individuals seen both on- and off-transect during 3 aerial
surveys In Kasegaluk Lagoon, Chukchl Sea, Alaska, 30 July to 26 August 1991.

% of All % of All % of All 9% of A
No. Bird No. Indiv. No. Bird No. Indiv.
Species Sightings Sightings Indiv. Birds Species Sightings Sightings Indiv.  Birds
Yettow~billed Loon 2 0.1 2 0.0 Bilack Brant 274 7.3 50,472 39.7
Pacific Loon 438 13 55 0.0 Unid. Goose 1 0.0 4 0.0
Red-throated Loon 73 1.9 82 0.1 Tundra Swan 14 04 35 0.0
Unid. Loon 12 0.3 14 0.0 ANl Waterfowl 1,158 308 87918 61.8
At Loons 135 EX) 153 0.1 Lesser Sandhifl Crane 8 0.2 21 0.0
Parasitic Jaeger 37 1.0 41 0.0 Red Phatarope 4 0.1 4 0.0
Long-tailed Jaeger 21 (X ] 22 0.0 Unid. Phalarope 29 0.8 191 0.1
Unid. Jaeger 1 0.0 1 0.0 Dunlin 4 0.1 22 0.0
Black-legged Kittiwake 108 28 1482 1.0 Bar-tailed Godwit 1 0.0 2 0.0
Glaucous Gull 1,449 385 64938 4.6 Black-bellied Plover 1 03 35 0.0
Sabine’s Gull 27 0.7 125 0.1 Lesser Golden Plover 4 0.1 39 0.0
Arctic Tern 305 8.1 7210 5.1 Unid. Plover 7 0.2 11 0.0
All Seabirde 1,046 51.7 15379 10.8 Unid. Small Shorebird 348 9.2 37,198 282
Red-breasted Merganser 13 03 588 04 Unid. Large Shorebird 53 14 817 086
Green-winged Tea! 8 0.2 31 0.0 AN Shorebirds 450 122 38,317 209
Noxtthern Pintail 202 54 2609 19 Rough-legged Hawk 1 0.0 1 0.0
Oldsquaw 249 68 17,005 120 Golden Eagle ] 0.2 ] 0.0
Stetter's Eider 3 0.1 30 0.0 Gyrfaicon 2 0.1 2 0.0
Common Eider 267 7.1 2903 21 Short-eared Owl 2 0.1 2 0.0
King Eider [ 0.2 32 0.0 AN Raptors 14 04 1 0.0
Surf Scoter 5 0.1 140 0.1 Common Raven 5 0.1 1 0.0
Unid. Diving Duck 3 0.1 1,010 0.7 Snow Bunting 1 0.0 3 0.0
Lesser Snow Goose 13 03 238 0.2 Unid. Passerine 38 1.0 381 0.3
Greater White-fronted Goose 97 26 6499 4.8 AN Passorines a4 1.2 405 0.3
Canada Goose 3 0.1 48 0.0
AN Birds 3764 142207

lagoon systems, the most abundant species of bird recorded in Kasegaluk Lagoon, the black
brant, has not been a key bird species in similar barrier island-lagoon systems studied in the
Alaskan Arctic, with the possible exception of Peard Bay.

Both the richneee and diversity of bird species using Kasegaluk Lagoon were greater than
we anticipated at the outset of this study (Table 4). The species diversity indices computed
for Kasegaluk Lagoon (0.844 and 0.7496 in 1990 and 1991, respectively), and the Peard Bay-
Franklin Spit area (0.772 in 1983) were over 100% greater than those computed for similar
Beaufort Sea lagoon systems. In the Beaufort Sea, one species, the oldsquaw duck, has made
up, on average, over 90% of all bird sightings during 11-years of systematic surveys. The
overwhelming dominance by a single species in Beaufort Sea lagoon systems is reflected in the
low species diversity for this area — 0.1744 and 0.2462 for 1990 and 1991, respectively, in
Central Beaufort Sea lagoons, and 0.342 for 11 ANWR lagoons in 1983. All of these lagoon
systems were sampled using similar aerial survey sampling procedures.

Information from the literature and from three years of aerial surveys is consistent with the
premise presented at the outset of this study: "Kasegaluk Lagoon supports special habitat uses
by vertebrates, uses that are not duplicated in lagoon habltats elsewhere in the Alaskan
Arctic.” Compared to other lagoons elsewhere in Arctic Alaska, Kasegaluk Lagoon does support
special habitat uses by vertebrates. The large number of brant that use the study area makes
it distinct from other Arctic Alaska lagoon systems. The large numbers of spotted seals and
belugas present in the study area, as discussed by Frost and Lowry (1992), further exemplify the
distinct nature of the Kasegaluk Lagoon area.
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Table 4. Comparisons of various characteristics of barrier Island-lagoon systems in the Beaufort Sea
and Chukchi Sea, Alaska.

Central Alaska Central Alaska 11 ANWR
Beaufort Lagoons Beaufort Lagoons Lagoons
Characteristics 1960 (a) 1961 (a) 1983 (b)
Species Richness (d) 28 29 24
(No. of species seen)
Shannon-Weiner 'H’ (e) 0.1744 0.2482 0.3417
- (P)(log p)
Relative Abundance (%) of 1 Oldsquaw 90.20 | Oldsquaw 88.88 | Oldsquaw 78.87
Top Five Ranking Species 2 Common Eider 3.00 { Common Eider 442 | Sm. Shorebird 13.92
or Species Groups 3 Glaucous Gull 1.70 | Glaucous Gull 1.59 | Black Brant 2.18
4 Biack Brant 0.70 | Surf Scoter 1.47 | Glaucous Gull 2.04
§ Surt Scoter 0.63 | G.W.-f Goose 1.11 ] Arctic Tern 1.25
Peard Kasegaluk Kasegaluk
Bay Lagoon Lagoon
1883 {c) 1960 (a) 1991 (a)
Species Richness (d) 37 48 37
(No. of spocive seen)
Shannon-Weiner 'H’ (e) 0.7723 0.8442 0.7496
- {p)(log p)
Relative Abundance (%) of 1 B-1. Kittiwake 27.63 | Biack Brant 39.51 | Black Brant 40.18
Top Five Ranking Species 2 Oldequaw 27.13 | Oildsquaw 16.76 | Sm. Shorebird 26.45
or Species Groups 3 Arctic Tern 18.13 | Sm. Shorebird 14.51 | Oldsquaw 12.18
4 Glaucous Guil 12.50 | Glaucous Gull 7.38 | Arctic Tern 5.13
5 Black Brant 4.97 | Arctic Tern 5.38 | Glaucous Gull 4.62
a Central Beaufort Lagoons and Kasegaluk Lagoon data are from fixed-wing aircraft aerial surveys during
27 July - 10 September 1980, and 18 July - 26 August 1991 (this study).
b Arctic National Wildlife Refuge (ANWR) data are from fixed-wing aircraft aerial surveys during 4 August -
8 September 1983 (Brackney et al. 1985: Append.).
¢ Peard Bay data are from helicopter aerial surveys of shorelines and open lagoon habitats during 15 July ~
25 August 1983 (Gill et al. 1985).
d " Species Richness” is the total number of species recorded during the aerial surveys. Unid. small and large
shorebirds were the only 'species groups’ included in this measure.
e Shannon-Waeiner Diversity Index, H = - (p)(log p} . See Pislou (1974:290).
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Table 4. Comparisons of various characteristics of barrier Island-lagoon systems in the Beaufort Sea
and Chukchi Sea, Alaska.

Central Alaska Central Alaska 11 ANWR
Beaufort Lagoons Beaufort Lagoons Lagoons
Characteristice 1960 (a) 19061 (a) 1983 (b)
Species Richness (d) 29 29 24
(No. of species seen)
Shannon-Weiner 'H’ (e) 0.1744 0.2482 0.3417
- (p)(log p)
Relative Abundance (96) of 1 Oldsquaw 90.20 | Oldsquaw 88.88 | Oldsquaw 78.87
Top Five Ranking Species 2 Common Eider 3.00 | Common Eider 442 | Sm. Shorebird 13.92
or Species Groups 3 Glaucous Gull 1.70 | Glaucous Gull 1.59 | Black Brant 2.18
4 Black Brant 0.70 | Surf Scoter 1.47 } Glaucous Gull 2.04
5§ Surf Scoter 0.63 | G.W.-f. Goose 1.11 ] Arctic Tern 1.25
Peard Kasegaluk Kasegaluk
Bay Lagoon Lagoon
1983 (c) 1990 (a) 1991 (a)
Spacies Richness (d) 37 48 37
(No. of species seen)
Shannon-Weiner ‘H' (e) 0.7723 0.8442 0.7496
= (p)(log p)
Rolative Abundance (%) of 1 B-1. Kittiwake 27.63 | Black Brant 39.51 Black Bramt 40.16
Top Five Ranking Species 2 Oldsquaw 27.13 | Oldsquaw 16.76 | Sm. Shorebird 26.45
or Species Groups 3 Arctic Tern 19.13 | Sm. Shorebird 14.51 | Oldsquaw 12.16
4 Glaucous Gull 12.59 | Glaucous Gull 7.38 | Arctic Tern 513
5 Black Brant 4.97 | Arctic Tern 538 | Glaucous Gull 4.62
a Central Beaufort Lagoons and Kasegaluk Lagoon data are from fixed-wing aircraft aerial surveys during
27 July - 10 September 1990, and 18 July - 28 August 1991 (this study).
b Arctic National Wildlife Refuge (ANWR) data are from fixed-wing aircraft aerial surveys during 4 August -
8 Soptember 1983 (Brackney et al. 1985: Append.).
¢ Peard Bay data are from helicopter aerial surveys of shorelines and open lagoon habitats during 15 July -
25 August 1983 (Gill et al. 1985).
a ~Species Richness” is the total number of species recorded during the aerial surveys. Unid. small and large
shorebirds were the only 'species groups’ included in this measure.
e Shannon-Weiner Diversity Index, H = - (p)(log p) . Sea Pielou (1974:290).
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QUESTIONS AND DISCUSSION

TOM NEWBURY: On your slide about the diversity index, | am wondering where Simpson Lagoon
would fall on that and whether, in fact, Kasegaluk is outstanding or whether that is a
characteristic of lagoons in the Chukchi side? In other words, does the Chukchi coastline
support a higher diversity than the Beaufort coastline?

STEVE JOHNSON: Yes, it does. That is my main point, that the Chukchi Sea lagoons, such as
Peard Bay and Kasegaluk Lagoon have a much higher species diversity than Beaufort Sea
lagoons, probably because of a variety of weather and oceanographic factors, including the
fact that several large rivers run into the Kasegaluk Lagoon system.

TOM NEWBURY: Then you would expect Simpson (Lagoon) to fall right in with the ANWR (Arctic
National Wildlife Refuge) lagoons?

STEVE JOHNSON: The two histogram bars on the far right of my slide included Simpson

Lagoon. Those histogram bars represented the two study areas that we sampled as part of
the Beaufort Monitoring Program; they included Gwydyr Bay and the Leffingwell Lagoon area.
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ecology and behavior. Dr. Johnson received his B.S. at Humboldt State College, his M.S. at Kansas
State University, and his Ph.D. at the University of British Columbia. He also conducted postdoctoral
research at the University of Alaska, Fairbanks, and at the University of Auckland, New Zealand.

INTRODUCTION

In late September 1983, an MMS/NOAA-sponsored workshop (Dames and Moore 1984) was
held in Girdwood, Alacka, to develop a monitoring strategy for the Alaska Beaufort Sea. The

concept of monitoring Beaufort waterbirds is based on the following conclusions of the 1983
workshop:

* Marine birds are abundant and are a biologically and socially important component of the
nearshore Beaufort Sea ecosystem.

* Some species of Beaufort Sea marine birds, especially marine waterfowl such as the
oldsquaw duck (Clangula hyemalis), are ubiquitous, relatively easy to detect and count,
and have been well studied prior to industrial development; therefore they are appropriate
candidates for monitoring.

* A monitoring protocol should be designed to insure that industry-related influences on
marine birds are discernible from other natural influences, i.e., should involve a rigorous
design and statistical approach that includes both experimental (Industrial) and Control
areas and draws on all relevant historical information collected in the study area.

The 1983 workshop identified several potential waterbird species for initial monitoring. The
oldsquaw duck was selected over other species because it is the most abundant and widespread
local waterbird in the nearshore Beaufort Sea, the zone where virtually all exploration and
development have occurred in the Beaufort marine system. Data presented at the workshop
confirmed that during the summer open-water period oldsquaws represent most of the avian
biomass in the nearshore Beaufort environment. Most other species occur in smaller numbers
or are transients in the study area, so none of these species were thought to be suitable
candidates for a monitoring program. During July and August, when oldsquaws molt their
feathers, they are flightless and they are thought to be particularly vulnerable to water-borne
contaminants and disturbances.

A monitoring program that is designed to detect the influences of industry activities on nearby
birds must test specific hypotheses that relate to (1) the birds chosen to be monitored, and (2)
the types of industry activities in the study area. The following null hypotheses were constructed
with such factors in mind:
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H,1: There will be no detectable change In relative densities of moiting male oldsquaws
in selected Beaufort Sea index areas.

H,2: Changes in male oldsquaw distribution patterns are not related to OCS ol and gas
development activity.

Hypothesis (1) relates to the possibility of a rather large-scale and long-term change in relative
densities in Industrial vs. Control study areas. Hypothesis (2) concems relationships between
oldsquaw densities and short-term localized variations in human disturbance.

STUDY AREAS
The Jones-Return islands Industrial Area

The Minerals Management Service identified the Jones-Return island chain, west of Prudhoe
Bay, Alaska, as the Industrial study area for this study (Figure 1). These islands have remained
relatively undeveloped over the past two decades although there has been significant oil and gas
exploration and development on the adjacent mainiand tundra.

{ BEAUFORT SEA

Figure 1. Central Alaska Beaufort Sea with Industrial and Control study areas.

The Stockton-Maguire-Flaxman Isiands Control Area

The Stockton-Maguire-Flaxman islands area (Figure 1), located about 50 km east of the
Industrial area, was selected as the Contro! area for the study. The area is similar in structure
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and size to the Industrial area, it is used extensively by oldsquaws and other waterbirds, and
there was a base of historical aerial survey data for use in statistical analyses and comparisons.

The Control area is situated along a part of the Beaufort Sea coast where very littie coastal
or nearshore industrial activity has occurred. Although several oil wells have been drilled during
winter on or adjacent to a few of the islands in the Control area (e.g.. Challenge Island), and on
the adjacent mainland tundra (e.g., Pt. Thompson), the area is relatively pristine and undisturbed
compared to the Industrial study area.

METHODS
Schedule of Surveys

Based on the results of earlier studies and on the results of the preliminary regression
analyses, the appropriate period for surveys of marine birds in both Beaufort study areas
(Industrial and Control) was from mid-July until late August, i.e., during the oldsquaw molt
period.

Surveys should be conducted as quickly as reasonable, and should not be conducted during
periods or in areas of high winds (>20 kts) and heavy ice (>30% cover). Since we
recommended that surveys start on 15 July, after ice break-up has usually occurred in the
marine system, heavy ice-cover would be less of a problem in the future than during some
previous years when some surveys began before ice breakup. During some years, ice and
associated fog persist in nearshore and offshore marine regions of the Beaufort Sea throughout
the summer. in such years we recommended that only barrier island and lagoon transects be
surveyed, so that at least those data would be comparable from one year to the next.

Data Recording

Recording of aerial survey data was standardized according to procedures established during
a set of structured surveys conducted in early August 1989. During those surveys we adopted
30-sec time-period intervals for recording the numbers of birds on- and off-transect and for
recording an array of information about the survey conditions and prevailing environmental
conditions. For each 30-sec interval, factors recorded included amount of ice on- and off-
transect, wave height, glare on the water surface, wind speed and direction, proximity to barrier
island or other structure, apparent type and level of human activity on- and off-transect during
the time period, and changes in any particular variable noted during that 30-sec interval. The 30-
sec periods have been used in most waterbird surveys in the study area since 1980; compared
to 1- or 2- min intervals, they provide better documentation of locations where birds concentrate
and where habitats change along transects. Consequently data collected at 30-sec intervals are
more useful than data collected by longer intervals, especially if they might be mapped or
included at a later date in a database or in a Geographic Information System (GIS). It was
recommended that information be collected for all species of birds and mammals observed on
and off the transects.

Surveys are flown with two prime observers at an altitude of 45 m and at a ground speed of
180 km/hr. Transect width is 400 m, 200 m on each side of the aircraft; clinometers are used to
calibrate distances from the aircraft. Observers are trained to count large numbers of birds in
dense concentrations through a series of training sessions (Johnson and Gazey 1992).

During aerial surveys, tape recorders are used to record information about the birds, their
habitats and environmental conditions during the survey. Data are later transcribed and coded
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The relevant predictor variables (independent variables) selected for use in these preliminary
multiple regression analyses of oldsquaw density (dependent variable = DENSTRAN) on
transects in the study areas were as follows:

1. Year of study (YEAR).

2. Time of the year (day of the season) that sampling occurred (DAY and DAYTRAN).
3. Time of day that sampling occurred (TIME).

4. Water depth in the sampling area (DEPTH and DEPTRAN).

5. Location of transect along an east-west axis (WESTEAST and WESTRAN).

6. Proximity of transect to a barrier island (DIST, DISTRAN, and HABITAT).

7. Wind speed and direction in the sampling area during the sampling period (WDIR, WSPD,
ORDWND, NECOMWND, NCOMWND).

8. Percent ice-cover on-transect in the study area during the sampling period (ICE and
ICETRAN).

9. Wave height on-transect during the sampling period (WAVE and WAVETRAN).
10. Study Area (AREA), i.e., Industrial vs. Control.

Earlier analyses, and analysis of residuals from this multiple regression analysis, indicated
that some variables should be transformed to satisfy various assumptions of the parametric
general linear modeling (glm) statistical procedures used in this study.

Two multiple regression analyses of oldsquaw densities were conducted: (1) for oldsquaws
on transects surveyed during the open-water season (5 June to 23 September), and (2) for
those on transects surveyed during the peak period of molt by male oldsquaws (15 July to 25
August). Results of analyses of the 9 years of historical data (1977-1984 and 1989) indicated
that several variables and combinations of variables (interaction terms) were highly significant
in predicting oldsquaw density on transects in the study area (Table 1). In particular DAY,
WAVETRAN, HABITAT, YEAR x AREA, TIME x HABITAT, HABITAT x ICETRAN and WDIR x WSPD
were statistically significant predictors of oldsquaw density in one or the other of the two
analyses. HABITAT was a particularly important predictor variable, especially in combination with
TIME and ICETRAN, and this factor was selected to represent the proximity of the transect to the
barrier islands in the study area.

The results of the multiple regression analyses helped in the design and implementation of
the full season sampling programs in 1990 and 1991, and in the formulation of a specific analysis
of covariance (ANCOVA) model suitable to analyze 1990, 1991, and any subsequent comparable
data collected in the Industrial and Control study areas.

Sampling was conducted in such a way as to obtain oldsquaw density data and associated
environmental data for the following spatial and temporal categories:

* Two study areas (Industrial and Control).
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Table 1. Summary of results of multiple regression analyses of historical oldsquaw density data
collected in the Jones-Return islands area, Beaufort Sea, Alaska, during 1977-1984 and 1989. *

5 June 10 23 September 8 June to 23 September
(Squared Multipie R = 0.574, n = 474) {Squared Muitipie Al = 0.08%, n = 275)
independent Degreas of Coefficients F~Ratios Nominal P Coefficients F-Ratiocs Nominal P
Vasiaht Freed Values Values
CONSTANT NA -2.179  N/A NA -1.260 NA N/A
YEAR 1 -0.038 1.30 0.256 -0.078 3.30 0.070
DAY 1 0.097 19.62 <0.001°° 0.099 0.17 0.678
DAYTRAN 1 -0.001 0.18 0.702 ~0.001 0.08 0.774
TIME 1 0.001 1.02 0.314 0.001 1.34 0.248
WESTEAST 1 -0.054 0.52 0.474 -0.128 1.89 0.170
WSPD + 0.003 0.00 0.965 -0.025 0.7 0.680
WOIR t ~0.003 0.83 0.382 -0.007 288 0.082
WODIR"WSPD 1 0.000 1.68 0.198 0.000 744 0007°°
ICETRAN t -0.047 0.11 0.745 0.374 1.5 0.220
WAVETRAN 1 -0.376 681 0.009°° -0.457 6683 0011°°
HABITATI1-85)** 4 -0.229; 3.911; —4.105; 1.51 422 0002 -1.645; 3.244; 2.415; 3.258 1.58 0.180
AREA 1 -0.010 0.00 0.089 -1.12¢ 1.38 0.241
YEAR“AREA 1 0.016 0.12 0.732 0.153 738 0007°°
HASITAT(1-5)*DAYTRAN 4 -0.000; 6.000; 0.000; 0.000 238 0.051 0.000; 0.000; -0.000; -0.00 1.20 0.310
HABITAT{1-5) " TIME 4 0.002; -0.003; 0.002; -0.00 1362 <0.001°* 0.002; ~0.003; 0.00%; -0.00 7.34 <0001°*
HABITAT(1-5)* WSPD 4 0.004; -0.008; 0.062; -0.04 2.01 0.083 0.003; 0.004; 0.034; -0.077 144 0.221
HABITAT(1-5)*WDIR 4 0.001; 0.000; —0.002; 0.004 o9t 0.457 0.003; 0.003; -0.002; 0.000 0.67 0.618
HABITAT(1-5)* WAVETRA 4 0.227; 0.329; -0.754. 0.080 238 0.082 0.359; 0.198; -1.030, 0.210 1.18 0.320
HABITAT[1-5)*ICETRAN 4 -0.357; 0.001; -0.051; 0.11 232 0.057 ~0.322; 1.181; 0.195; -0.89 368 0007°°
* See Appendices 2 and 3 for a complate listing of the regression models and analysis of variance tables.
** Nominal P values < 0.050 wore considerad to be statisticaily significant.
** Habitate are as follows: 1 = S of barrier istands, 2 = mid-fagoon, 3 = mainland shoreline, 4 = nearshose marine, and § = offshore marine.
Habitat 1 is omitted b itisthe ° dard’ against which others were compared in this analysis.

* Atleast three habitat strata: (1) barrier island habitat, (2) mid-lagoon habitat, (3) mainland
shoreline habitat.

* Four transects within each habitat stratum per area.

* One 4- to 5-week sampling period during the peak of the oldsquaw
moit period (mid-July to late August).

« Six to eight relatively evenly spaced survey dates within the single 4- to 5-week sampling
period.

For every transect surveyed, we determined the number and density of oldsquaw present,
presence of human disturbance, wave height, ice cover and wind.

This sampling approach provides the replicated and structured data necessary to isolate the
effects of the variables known to affect oldsquaw densities. The experimental design is
compatible with the powerful ANOVA and ANCOVA statistical procedures that we have used to
separate the effects of factors and covariates.

In order to test the two null hypotheses presented at the start of this exercise, i.e., to test
whether there have been regionat or local changes in densities of molting male oldsquaws that
may be attributable to industrial activities, we recommend continued use of the analysis of
covariance statistical approach. The 5 factors are year (Y), area (A), habitat (H), transect (T}, and
disturbance level (D; see Table 2), and the five covariates considered were wind speed (WSPD),
wind direction (WDIR), northern component of wind (NCOMWND), wave height (WAVE) on
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Table 2. Ordinal scale for recording types of industry activities and disturbance levels that may affect
oldsquaw densities in the Jones-Return Islands, Beaufort Sea, Alaska. Values are assigned separately
for each transect during each survey date.

Activity  Disturbance

Index Level Type of Industry Activity
1 Nii NO human activity or disturbance in area of interest.
2 Low Infrequent* low-level aircraft overflights, boat traffic or human activity

on land or in the water during the survey period in the area of interest.

3 Moderate Regular* * low-level aircraft overflights, boat traffic or human activity
on land or in the water during the survey period in the area of interest.

4 High Frequent*** low-leve!l aircraft overflights, boat traffic or human activity,
and/or spillage of low levels of toxic materials (oil, fuel) and associated
clean-up activities on land or in the water during the survey period in the
area of interest, and/or semi-permanent structures established in the area
with frequent presence of humans and associated activity.

5 Extreme  Major spill of toxic materials (oil, fuel) and associated clean-up
activities on land or in the water during the survey period affecting a large
area, including the area of interest, and/or permanent structures established
in the area with near-continuous presence of humans and associated
activity.

* Less than five known occurrences during the 24-hr survey period. Low-leve! overflight <500" altitude.
** Five to nine known occurrences during the 24-hr survey period.
*** Ten or more known occurrences during the 24-hr survey period.

transect, and percent ice cover (ICETRAN) on transect; wave height (WAVE) was the single
covariate remaining after completion of further analyses. The replicates are the six to eight days
of surveys within the single 4- to 5-week sampling period.

The ANCOVA model most appropriate and best suited to test for significant differences in
oldsquaw densities over space and time is as follows:

Density=Mean+WAVE +D+A+Y+AY+H(A) 4+ YH(A) + T(AH) + YT(AHA) +error

Parentheses indicate that some factors are nested within others, e.g., H(A) is interpreted as
habitat nested within area. The ANCOVA model is nested (habitat within study area, transect
within habitat) and factor effects are mixed, i.e., some are fixed and some are random. Year,
area, and disturbance are fixed effects, but habitat and transect are considered random effects.
Wave height is the single covariate included in this final model.

Because of the nested design and mixed (random and fixed) effects, tests of significance of
the various terms and interactions in the analysis model involve error terms that are specific to
the particular test, i.e., terms other than residual error are sometimes used as the denominator
of the F-ratio. We have followed the appropriate analysis of covariance (ANCOVA) procedures,
as suggested by Bliss (1970), Huitema (1980), and others. The ANCOVA identifies how much of
the variation in densities of oldsquaws is attributable to each factor, i.e., year, study area,
disturbance, habitat, transect, and to the single covariate, wave height.
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The main objective of this study was to devise field and analytical methodology suitable for
long-term monitoring of the numbers of molting oldsquaws in relation to potential regional effects
(Ho1) and local effects (H.2) of industrial activity. After an initial season of field tests (1989), two
seasons of systematic field data were collected (1990-1991). However, it is premature to try to
evaluate the correctness of the null hypotheses, and particularly H,1, after only two years of
systematic surveys. Thus, interpretations of hypotheses given here are included primarily as an
illustration of how such interpretations can be made after more data are collected, not as
definitive tests of the hypotheses.

H,1 concemns the possibility of a long-term, i.e., year-to-year, change in oldsquaw densities
in the Industrial area that is not paralieled by a corresponding change in the Contro! area. In
our analyses of variance and covariance, the year x area interaction term, ay, provides a test
of H,1 after allowance for other factors such as habitat, specific transect, local disturbance,
various interaction terms, and (in ANCOVA) covariates such as wind speed or wave height.
Based on two years of systematic sampling there is no statistically significant evidence of such
a change; the ay term was non-significant in all ANOVA and ANCOVA models. If systematic
surveys are continued in subsequent years when industrial activities in nearshore areas are
consistently greater (or less) than in 1990-1991, a corresponding statistical test of the ay term
can be used to evaluate whether there is a comresponding long-term change in oldsquaw
densities. ’

Hy2 concerns the possibility that human activities in particular parts of the Industrial (or
Control) study areas may have localized influences on oldsquaw densities. In our analyses of
variance and covariance, the disturbance term, D, provides a test of H 2 after allowance for
other factors such as area, year, habitat, specific transect, various interaction terms, and (in
ANCOVA) covariates such as wind speed or wave height. Based on two years of systematic
sampling, there is no statistically significant evidence of such a change; the D term was non-
significant in all ANOVA and ANCOVA models (Table 3).

The test of H2 is potentially more meaningful than is the test of H,1 when only a few years
of systematic data are available, given the much larger number of error degrees of freedom for
the present test. Nonetheless, great caution is necessary in interpreting the results. There were
relatively few transect/data combinations with known huma disturbance in 1990, and virtually
none in 1991. In this situation, the test hae littie power to detect a biologically significant
disturbance effect even if a strong effect exists.

As mentioned earlier, an important issue in a monitoring program of this type is the degree
to which the sampling and analytical procedures are able to test critical hypotheses. In this
study we considered the degree to which the current model can be improved, i.e., made more
powerful, in order to detect smaller percentage changes in the adjusted mean density of
oldsquaws for the two terms in the model (disturbance and year x area interaction) that relate
to the two hypotheses being tested. We assumed that current conditions would prevail in future
years, i.e., only three levels of disturbance at the same relative frequencies would continue to be
recorded, and residual error within each cell (year, area, habitat and transect combination) would
remain the same.

It is clear that for localized disturbance effects, the current annua! level of sampling (seven or
eight surveys/season) is adequate to detect, over a 2-year or longer period, a 7-8% change (at
a 95% confidence level) in adjusted mean oldsquaw density on disturbed vs. undisturbed
transects (Figure 3).
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presented: Case A = no covariates; Case B
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covariate, wave height (wave).

1991 oldsquaw density data. Three cases are
= one covarlate, wind speed (wspd); Case C = one

df

Term SSQ SSQ(test) dfi(test) MS MS(test) F p
Case A: No Covariates, R squared = 0.797
d 2.824 244.964 2 310 1.412 0.790 1.787 0.169
a 78.087 586.592 1 4 78.087 146.648 0.532 0.506
y 28.662 53.180 1 4 28.662 13.295 2.156 0.216
ay 28.587 53.180 1 4 28.587 13.295 2.150 0.216
ha) * 586.592 185.968 4 18 146.648 10.332 14.194 0.000
yifa) 53.180 14.951 4 18 13.285 0.831 16.007 0.000
ah) 185.968 244.964 18 310 10.332 0.790 13.074 0.000
yt(ah) 14.951 244.964 18 310 0.831 0.790 1.051 0.402
Case B: Covariate = WSPD, R squared = 0.807
wspd 10.553 232.366 1 308 10.553 0.754 13.988 0.000
a‘wspd 3.278 232.366 1 308 3.278 0.754 4.345 0.038
d 2.212 232.366 2 308 1.106 0.754 1.466 0.232
a 36.553 571.781 1 4 36.553 142,945 0.256 0.640
y 16.094 56.291 1 4 16.094 14.073 1.144 0.345
ay 15.338 56.291 1 4 15.338 14.073 1.09 0.355
a) 571.781 181.09 4 18 142945 10.061 14.208 0.000
via) 56.291 15.061 4 18 14.073 0.837 16.819 0.000
Hah) 181.09 232.366 18 308 10.061 0.754 13.335 0.000
yt(ah) 15.061 232.366 18 308 0.837 0.754 1.109 0.342
Case C: Covariate = WAVE, R squared = 0.804
wave 9.151 235.813 1 309 9.151 0.763 11.991 0.001
d 2.798 235.813 2 309 1.399 0.763 1.833 0.162
a 78.659 538.830 1 4 78.659 134.708 0.584 0.487
y 34.520 54.179 1 4 34.520 13.545 2.549 0.186
ay 27.544 54.179 1 4 27.544 13.545 2.034 0.227
Na) 538.830 182.133 4 18 134.708 10.119 13.313 0.000
yia) 54.179 14.552 4 18 13.545 0.808 16.754 0.000
Hah) 182.133 235.813 18 309 10.119 0.763 13.259 0.000
yt(ah) 14.552 235.813 18 309 0.808 0.763 1.059 0.393
Underlined terms in boldface italics are statistically significant (p <0.05).

For the year x area interaction term, however, the current level of
to detect a 130-140% change in the adjusted mean density of oldsq

sampling is sufficient only
uaws over a 2-year period.

Although the performance of the model is not appreciably improved by increasing the number
of samples within a year, it is markedly improved if the number of years of sampling is increased
beyond two years. With three years of sampling one could detect a 50% change in adjusted
mean density. The current analysis indicates that a 12% difference could be detected only after
about 11 or 12 years of surveys.

We are confident that the monitoring plan presented here is the most appropriate and
statistically defensible approach given the present state of information. However, as mentioned
in our previous report (Johnson 1990), it is inevitable that, after several years of data collection
and subsequent analyses, it will be necessary to further modify some aspects of the field
procedures or some of the analyses to further improve the study.
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QUESTIONS AND DISCUSSION

BOB DAY: | guess | have more of a comment than anything. As | understand it there is still
quite a bit of controversy in many environmental monitoring groups in terms of is there such
a thing as an indicator species. The importance of one, the adequacy of one, not just in the
bird world but with a lot of people who have been doing long term ecological monitoring. |
guess | wanted to throw that out first and then make a second point. | guess that | am a little
haunted by the fact that you are taking a species that is extremely wide-spread and forms an
average of 93% of all the birds out there. That doesn't seem, from my limited experience, to
really respond to a whole lot of disturbance in general anyway, and then you pick that as the
species that you are monitoring. Were there some other species that you would have perhaps
preferred that were not abundant enough?

STEVE JOHNSON: We actually did a series of studies back in the early 1980s looking at the
effects of disturbance on oldsquaws. We found that in fact they were quite responsive to man-
made disturbances. So we thought, and we still think, that they are a good species for this
kind of monitoring program. We did some fairly detailed behavioral studies at Thetis Island
in 1980 where we looked at oldsquaw behavior 24 hours-a-day for several weeks during an
undisturbed period and then during a disturbed period. This study showed remarkable
changes in their behavior and distribution in relation to disturbance. We actually feel fairly
good about using oldsquaws as an indicator species here. There are a number of other
species that one could use in a monitoring program, but one would design a different kind
of monitoring program for those species. One could use phalaropes, glaucous gulls, or
eiders, but the numbers are small, and the timing of the program would change, as well as
the sampling approach. Oidsquaws, we think, are the best species for monitoring, because
of their overwhelming abundance, because we know that they are sensitive to disturbances,
because of their presence in both industrial and control areas, and because there is an
extensive historical base of data. Some have argued that geese may be a better species for
monitoring, but geese are more terrestrially oriented, and this program was specifically
designed to look at the nearshore Beaufort Sea’s marine environment, rather than the
terrestrial environment. Most of the other species, including other seaducks, just aren’t
abundant enough.

CALEB PUNGOWIYI: Just to follow up on what he said, from my personal observation,
oldsquaws are less apt to take flight when approached by man compared to other birds such
as pintails, geese, eider ducks. Also they are more productive, they lay more eggs than any
of the other birds. They lay 8 to 12 eggs in one setting. | have some concerns about why they
were selected as the target species to be monitored. The other thing was that there has been
a sharp decline in Steller eiders and spectacled eiders. In your studies, what have you seen
in comparison to these other birds in these barrier islands?

STEVE JOHNSON: To my knowledge, we have never seen those species in our study area
during the period when we were actually conducting the sampling. Occasionally we see them
during spring migration, but they are virtually non-existent in these particular Beaufort Sea
barrier island lagoon habitats. In the Kasegaluk Lagoon area we did see small numbers of
Steller’s eiders — small flocks. But probably no more than a dozen or so during the three
years of study there. We did see one or two small groups of spectacled eiders offshore from
Kasegaluk Lagoon on one set of surveys that we conducted there. We could see that there
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were quite a few eiders offshore from our study area, so we spent one day sampling there.
They were mostly king eiders and common eiders, but we also may have seen a few small
flocks of spectacled eiders out there. We saw no Steller’s eiders offshore Kasegaluk Lagoon.
Again, getting back to this point of why we chose oldsquaws for the Beaufort monitoring
program — for other species there just isn't enough data for the rigorous statistical analyses
that are required for this type of study. Common eider and king eider are isolated to one or
two little shoals in the Cross Island area, and there are a few common eider nesting on the
barrier islands. | don’t think one could design a monitoring program of this type — for the
nearshore Beaufort Sea — around any other species.

CRAIG ELY: Regarding the suitability of oldsquaw, | think that Steve mentioned that these are
birds during the flightless period. Waterfow! when they are flightless are much more wary than
when they are flighted. That is pretty much common knowledge. So the time of year is really
important too in assessing the adequacy of an indicator species.
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ON LITTLE DIOMEDE ISLAND
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Ada Fowler received her BA. in 1983 from Eartham College, Richmond, Indiana. She recaived her
M.S. degree in wildlife biology in 1990 at Colorado State University, Fort Collins, Colorado; her thesis
research focused on the effect of avian predation on grasshopper population in North Dakota
grasslands. Since May 1990, she has been employed by the U.S. Fish and Wildlife Service as a
Wildlife Biologist. She was Project Leader for the seabird project on Little Diomede Istand for the
summers of 1991 and 1992.

Seabird populations and productivity were monitored on Little Diomede Island in 1991 and
1992 (Fowler 1992, _F_O\_Nler ir_1 prep.)._ Little Diomede Island was chosen as a monitoring site

contamination if oil was spilled in the northern Bering or southern Chukchi Sea. The island
supports large least and crested auklet colonies {Aethia pusilla and A. cristatella). Auklets nest
underground in rock crevices and feed on zooplankton (copepods and euphausiids). Little
Diomede is the largest auklet colony in the northern Bering Sea (Sowls et al. 1978). Other than
auklets, the most abundant breeding species are black-legged kittiwakes (Rissa tridactyla) and

common and thick-billed murres (Uria aalge and U. Jomvia). Both kittiwakes and murres generally
feed on fish and nest on cliffs.

The objectives of the monitoring program on Little Diomede Island was to establish permanent
study plots and to monitor populations and productivity of auklets, kittiwakes and murres, using
standardized U. S. Fish and Wildlife techniques.

Little Diomede Island is characterized by steep talus slopes and a flat bouider strewn top 425
m above sea level. The major talus slope areas with high densities of nesting auklets are on the
west side of the island above the village and on the east side of the island in a major drainage
basin. The northern and southem ends are dominated by cliffs rising to approximately 50m
above sea level with dense kittiwake and murre colonies. Seabird populations on Little Diomede
Island were first surveyed by Kenyon and Brooks (1960) and again by Biderman and Drury
(1978) during the Outer Continental Shelf Environmental Assessment Program.

The study plots for murres and kittiwakes were established in early June before most birds
had begun laying. Replicate Population counts of cliff nesters were obtained during late
incubation to mid chick-rearing when numbers of adults on the cliffs varied the least. Numbers

While it is relatively easy to count clift-nesting birds, it is much more difficult to obtain good
counts of birds that nest underground. The method that has been most widely used to count
auklets is to count the number of birds that are roosting on the surface of rocks on a talus
slope. Study plots for auklets were randomly selected from an area above the village of Ignalook
on the western side of the island. A single observation point was used and the number of auklets
on the surface of each plot was counted using a high powered spotting scope. Auklets were
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counted on the surface of the study plots during their morning peak activity period. A sample of
least and crested auklet nests were followed in 1991 and 1992 to estimate productivity.

From 1991 to 1992, population counts of black-legged kittiwakes on our plots decreased, but
numbers of murres did not change. There were significantly fewer adult black-legged kittiwakes
and active kittiwake nests in 1992 (769 and 526, respectively) than in 1991 (922 and 594,
respectively). There were no significant differences in numbers of murres but both species had
higher mean counts in 1992 (372 and 433 for common murres, 482 and 487 for thick-billed
murres during 1991 and 1992, respectively).

There were no differences in productivity between 1991 and 1992 for kittiwakes or murres.
The number of kittiwake chicks per nest was 0.24 and 0.19 in 1991 and 1992. Hatching was
significantly earlier (Median test P=0.001) for black-legged kittiwakes in 1992 than in 1991
(median hatching dates were 25 July 1991 and 18 July 1992). The number of murre chicks per
site was 0.40 and 0.51 for common murres and 0.56 and 0.36 for thick-billed murres during 1991
and 1992, respectively. There were not sufficient data to calculate hatch date for murres in 1992,

Auklet surface counts can be presented in many different ways. Bedard (1969) suggested
using the second, third, and fourth highest counts per plot during the prelaying period to
estimate density. Using this method, there were significantly more auklets in 1992 than in 1991
(Table 1). Before the beginning of egg-laying, the number of least and crested auklets on the
surface (using Bedard’s method) was 17.4 and 3.0 per 100m® in 1991 and 21.1 and 5.1 per
100m? in 1992.

Table 1. Number of least and crested auklets per 100m? on the surface during the peak activity
period on Little Diomede island in 1991 and 1992 during prelaying, incubation and chick-rearing
periods. Bedard’s method uses the second, third, and fourth top counts per piot during prelaying.
Maximum-day method uses the maximum count per plot per day for each period. Differences between
years were tested with a paired comparison two-tailed t-test (n=30 plots).

Least auklets Crested aukiets
Method Period 1081 1992 P 1901 1962 P
Bedard 17.4 21.1 0.0001 3 ) 51 0.0001
Maximum-day Prelaying * 1504£3.57*"** 18343580 00001 3.1:+082 4.3+082 0.0005
Maximum-day Incubation ** 164 +3.74 188+1.10  0.0001 742145 84+261 0.04
Maximum-day Chick-rearing *** 9.243.02 10.0 4+ 3.90 0.03 47+192 65+241 0.0001

* Laying commenced approximately 30 June 1991 and 24 June 1902,

** Incubation lasted between 0t July — 03 August 1991 and 25 June - 24 July 1982,
*** First chick hatched after 03 August 1991 and 24 July 1902.

**** 95% confidence intervals.

The average of the maximum number of auklets counted on the surface on the plots per day
is another method of comparing surface counts. This method showed that counts varied
throughout the breeding stages, ie., prelaying, incubation, and chick-rearing, in both years
(Figure 1). Highest counts of least auklets occurred during prelaying and early incubation, while
counts of crested auklets peaked during mid- to late incubation. Counts for both species were
lowest during the chick-rearing period. Using the maximum daily surface counts for comparison
between years, both species of auklets had significantly higher densities for all breeding periods
in 1992 (Table 1).

In 1977, Biderman and Drury (1978) estimated the auklet colony size on Little Diomede Island
by taking the maximum number of auklets counted in an area and extrapolating to the whole
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Figure 1. Daily maximum number of aukiets per 100m? on Little Diomede Island during 1991 and
1992.
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colony. Using their estimate of talus slope area (1.5 miltion m%, and our maximum count per plot,
our estimates of least and crested auklets on the surface of the talus are 412,500 and 207,000
in 1991 and 391,500 and 219,000 in 1992, respectively. Our counts are not directly comparable
to Biderman and Drury (980,000 and 135,000 for least and crested auklets), because they
included estimates of auklets that were under the talus as well as on the surface.

The number of least auklet chicks per nest was significantly lower in 1991 (0.04) than in 1992
(0.54). Hatching was significantly earlier (Median test P=0.0001) for least auklets in 1892 (29
July) than in 1991 (06 August). There was no difference in the number of crested auklet chicks
per nest (0.62 and 0.53 for 1991 and 1992, respectively). Data were insufficient to calculate
median hatching dates for crested aukiets.

Boat surveys of all seabirds on Little Diomede Island were conducted in early July in 1977
by Biderman and Drury (1978) and in 1991 during this project. A comparison of the seabird
numbers is shown in Table 2. These numbers suggest that murres, puffins and pigeon guillemots
may have declined and black-legged kittiwakes may have increased on Little Diomede Island
since 1977. Murre populations on Little Diomede Island, for example, were estimated to be
between 50,000 and 200,000 by Kenyon and Brooks (1960) (these estimates were obtained from
land). Biderman and Drury (1987) estimated murre populations to be below Kenyon and Brooks'
(1960) minimum cstimate and the 1991 number was almost half Biderman and Drury’s (1978)
estimate. Our kittiwake estimate falls within the range of Kenyon and Brooks (1960). These
estimates, unfortunately, are point estimates. Without associated error estimates, confidence
interval calculations and other statistical comparisons are not possible.

Table 2. Comparison of 1977 and 1991 seabird surveys of Little Diomede Island. Data are number
of adults; the numbers in parentheses are number of nests.

Little Diomede Island
1977 * 1991 **

Black-legged Kittiwakes 17,390 35,911
(Rissa tridactyla) (32,277)
Murres 46,075 29,485
(Uria spp.)
Horned Puffins 8074 2393
(Fratercula corniculata)
Tufted Puffins 665 433
{Fratercula cirrhata)
Gilaucous Gulls 136 187
(Larus hyperboreus)
Pelagic Cormorants 159 103
(Phalacrocorax pelagicus) (63)
Pigeon Guillemots 275 95
(Cepphus columba)
* Census figures from 15 July boat count of Little Diomede Island, Biderman

and Drury (1978).
> ?3321;5 igures from 2 -~ § July boat count of Little Diomede Island, Fowler

1 .
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Little Diomede Island is the largest seabird colony in this part of the U. S. arctic, but there
are three other seabird colonies in this area. There are long-term data on murres and kittiwakes
from these colonies that can be compared to Little Diomede Island. Cape Lisburne and Cape
Thompson are north of Diomede and Biuff (in Norton Sound) is south of Diomede. From 1977
to 1992 murres have increased and kittiwakes have not changed at Cape Lisburme (Denlinger
et al. in prep.). Murres have declined and kittiwakes have not changed from 1960 to 1988 at
Cape Thompson; the decline in murres occurred between 1960 and the late 1970 (Fadely et al.
1989). At Biuff, from 1979 to 1989, there was no change in the murres and kittiwakes (Murphy
1991), but murres declined in the early 1970s (Murphy et al. 1986). In summary, murres declined
at two colonies (Cape Thompson and Bluff) prior to 1980. After 1980, murres declined at one
colony (Little Diomede Island). Kittiwakes may have increased at one colony (Little Diomede
Island) from 1977 to 1991 but did not change at the other three colonies. These long-term
changes contrast with those of the more southerly Pribilof Islands where generally murres have
not changed (Byrd 1989). Black-legged kittiwakes, on the other hand, declined prior to 1984 and
there has been no decline from 1984 to present (Byrd 1989, Dragoo et al. 1991). This disparity
in changes of seabird populations suggests that factors regulating seabird population vary
among these colonies.
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INTRODUCTION

The continental shelf of the northern Bering Sea and Chukchi Sea, encompassing the Bering
Strait, constitutes the largest shelf sea and has one of the most productive biological regimes
in the World Ocean (Coachman and Shigaev 1992). Northward advection of nutrient-rich Bering
Sea water by the Anadyr Current promotes high primary productivity (Springer and McRoy 1992),
and sustains a huge biomass of zooplankton (Springer et al. 1989), marine mammals (Frost and
Lowry 1981, Fay 1982), and seabirds (Springer et al. 1987). The feeding ecology of seabirds and
their distribution in relation to local oceanography has been well-described (Bedard 1969, Drury
et al. 1981, Springer et al. 1984, Springer and Roseneau 1985, Piatt et al. 1988, 1990a, 1991;
Harrison 1990, Hunt and Harrison 1990, Hunt et al. 1990, 1991; Haney 1991, Schauer 1991),
although most of these studies have been site-specific. In the first overview of seabird ecology
for the entire region, Springer et al. (1987) showed that there were two distinct environmental
settings in the northern Bering-Chukchi ecosystem that lead to characteristic pathways of energy
flow through pelagic food webs to avian consumers. The physical-and biological structure of
these environments are the subject of this paper.

OCEANOGRAPHY

Three distinct water masses, each with distant origins, move northward through the Bering
Strait (Coachman et al. 1975). Anadyr Water, a "river of cold, high-salinity (ca. 32.8-33.0 ppt),
nutrient-laden oceanic water that originates along the slope of the Bering Sea continental shelf,
flows northward through western Anadyr Strait and Bering Strait, and finally into the central
Chukchi Sea where it blends with Bering Shelf Water. As much as 72% of the water transported
through Bering Strait during summer may come through Anadyr Strait (Overland and Roach
1987). Alaska Coastal Water originates in the Gulf of Alaska. This warm, low salinity (ca. <32.0
Ppt) water hugs the Alaskan coast and retains its character throughout the Bering and Chukchi
seas. It is influenced seasonally by freshwater runoff from major rivers (Yukon, Kuskokwim).
Bering Shelf Water is the resident water mass of the central shelf region south of St. Lawrence
Island. Intermediate in character (ca. 32.0-32.8 Ppt) between Anadyr and Coastal waters, Bering
Shelf Water is advected northward around both sides of St. Lawrence Island, and then flows
through Bering Strait where it eventually blends with Anadyr Water.

BIOLOGICAL PRODUCTION
Nutrients and Primary Production
Primary production in the northern Bering and Chukchi Sea ecosystem is largely a function

of two factors: nutrient concentrations and water column stability. Three major production centers
are recognized (Springer and McRoy 1992, Coachman and Shigaev 1992). The first center is in
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the large gyre of Anadyr water in the Gulf of Anadyr. Production is initiated when nutrients from
deep waters rise into the euphotic zone as the Anadyr Current shoals off Cape Navarin.
Downstream of the upwelling, stratification develops in the upper water layers and primary
production at the center of the gyre attains 700 g C m® y"'. As the Anadyr current transits the
northern gulf, lateral mixing reduces stratification, thus diminishing production (Coachman and
Shigaev 1992).

Turbulent mixing in Anadyr Strait interrupts the developing bloom but "resets” the system,

allowing another center of high production (up to 770 g C m” y") to form downstream in
northern Chirikov Basin. Production is enhanced because freshwater runoff from Siberia, thermal

stratification, and layering all serve to increase stability of the water column just south of the
Bering Strait (Coachman and Shigaev 1992).

Passage through the Bering Strait "resets” the system again, and a major production center
develops in more stable water downstream in the central Chukchi Sea, corresponding in area
to the "pool* of Shelf/Anadyr water. Primary production in this center (up to 830 g C m*y") is
extremely high and rivals the highest levels observed anywhere else in the World Ocean
(Springer and McRoy 1992).

Average areal production in Anadyr waters of the Gulf of Anadyr (400 g C m? y), Chirikov
Basin (360 g C m*y"), and Chukchi Sea (420 g C m*y") far exceeds that of Bering Shelf Water
(160 g C m* y') and Alaska Coastal Water (50 g C m* y") as measured in the southeastern
Bering Sea. These high levels of production are typical of upwelling systems (Table 1, Springer
and McRoy 1992).

Table 1. Areal primary production and carbon flux to seabirds in the Bering Sea and other regions.

Primary Bird Carbon
Oceanic Area Production Biomass Flux
Region (km?) (gC/m?ly) (kg/km?) {mgC/m?*/d)
N. Bering-Chukchi 217000 324 15.5 0.65
SLI-Chirikov 99000 360 125 0.55
Bering Strait 85000 360 171 0.73
Chukchi 62000 420 18.8 0.73
S.E. Bering Shelf 133000 -— 18.6 0.49
Inner shelf 39000 80 16.3 0.41
Middle shelf 45000 166 21.2 0.41
Outer shelf 34000 162 36.1 0.68
Slope 14000 50 29.8 0.56
California 163000 130-300 0.20-0.40
Oregon 22000 300 -— 0.86
George’'s Bank 52000 265-455 — 0.47
Data from Wiens and Scott 1975, Schneider et al. 1986, 1987, and Briggs
and Chu 1987. (Southeast Bering Sea biomass and flux calculated from
1980 data in Schneider et al. 1986, 1987).
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Zooplankton

Zooplankton abundance and distribution in the Bering Strait region are closely related to
current and production regimes described above (English, 1966, Springer et al. 1989). Among
the copepods, the large, oceanic species Neocalanus cristatus, N. plumchrus, Eucalanus bungii,
and Metridia pacifica. predominate in Anadyr Water, routinely attaining average densities of 2-
4 g., m® They are replaced in Shelf waters largely by a single species, Calanus marshaflae, with
typical densities of 0.2-1.2 g,, m*. Nearshore in Alaska Coastal Water, C. marshallae is replaced
by a number of small species, particularly Acartia longiremis and Eurytemora spp. Biomass
densities in coastal water are typically less than 0.5 9y, M*. Some species are widely distributed
in all water types (e.g., Pseudocalanus spp., Oithona similis), but owing to their smaller sizes,
add little to the total standing biomass.

Alaska Coastal Water is remarkable for its overall low abundance of zooplankton. C.
marshallae is a good indicator of Bering Shelf waters, with highest densities found in Shelf Water
northeast of St. Lawrence Island, and east of the 32.4 ppt salinity isopleth in the central Chukchi
pool. Similarly, oceanic copepods are tightly associated with Anadyr Water below Bering Strait,
and are most abundant west of the 32.4 ppt salinity isopleth in the central Chukchi. Spatial
segregation of Anadyr and Shelf copepods in the pool area suggests that Anadyr and Shelf
waters retain their identity despite mixing in the Bering Strait.

Some of the primary production in the Bering-Chukchi system goes toward secondary
production, but most zooplankton biomass is produced in the south and advected northward
through the region. Reproduction and growth of most oceanic zooplankton occurs in April-May
on the Bering Sea shelf and slope. It takes about 6 weeks for currents to carry this biomass to
the northern shelf, producing a peak biomass there in early July.

Pelagic Fish

Compared to plankton, there has been little directed study of pelagic fishes in the region
(Alverson and Wilimovsky 1966, Wolotira et al. 1979), although much can be inferred from diet
studies of piscivorous marine birds and mammals (Frost and Lowry 1981, Lowry and Frost 1981,
Springer et al. 1984, 1987; Bradstreet et al. 1986, Piatt et al. 1988, 1991).

Alaska Coastal waters contain a greater diversity of pelagic fishes than Shelf waters. Common
forage species in Coastal Water include (in approximate order of abundance): sandlance
(Ammodytes hexapterus), saffron cod (Eleginus gracilis), Arctic cod (Boreogadus saida), herring
(Clupea harengus), and capelin (Mallotus villosus). Many demersal species occur there also,
including a variety of sculpins (Cottidae) and flatfishes (Pleuronectidae). Sandlance and saffron
cod are more common south of Bering Strait, whereas Arctic cod are more abundant in the
Chukchi Sea.

Although capelin and sandlance are found in open waters, the abundance of Arctic cod
exceeds that of all other fish combined by 1-2 orders of magnitude in the Chukchi Sea (Alverson
and Wilimovsky 1966). Limited studies indicate a similar trend for the Chirikov Basin and Bering
Strait (Frost and Lowry 1981, Springer et al. 1987). From St. Lawrence Island to the northeastern
Chukchi Sea (excluding inner Norton Sound where saffron cod predominate), Arctic cod are the -
overwhelmingly dominant prey of piscivorous seabirds. South of St. Lawrence Island, Arctic cod
are replaced by walleye pollock (Theragra chalcogramma), which rarely venture into the strait
region.
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Like zooplankton, there are strong associations between some fish species and water masses
(e.g., saffron cod and Coastal Water) whereas some fish are more cosmopolitan (e.g., Arctic
cod). Strong associations may be related to water temperature preferences (Methven and Piatt
1990), species-specific food requirements, or to substrate requirements (e.g., sandlance require
shallow, sandy substrates). In contrast to zooplankton, fish are more abundant in coastal waters
than in open shelf waters (Alverson and Wilimovsky 1966, Pialt et al. 1991). Stratification and
stability of the water column may play an important part in determining the relative abundance
and distribution of fishes in different water masses (Methven and Piatt 1990). Pelagic fish may
also seek out, or be entrained in, eddies and gyres where plankton are concentrated
(Schumacher and Kendali 1991).

SEABIRD COMMUNITIES
Piscivore Distributicn

Piscivorous seabirds, including common and thick-billed murres (Uria aalge and U. lomvia),
guillemots, homned puffins, kittiwakes, Larus gulls, and cormorants, are mostly coastal in
distribution. The largest breeding colonies are found on St. Lawrence Island, near Pt. Hope in
the northeast Chukchi Sea, and on the Diomede Islands in the Bering Strait. Small colonies dot
the entire Siberian coaslline. Because these seabirds are constrained to forage hear (+ 70 km)
their colonies during summer, colonies and major at-sea aggregations coincide spatially.
However, many birds are also found at great distances from colonies. Some of these are
probably post-breeding (September) or failed breeders from colonies, but many are probably
resident non-breeders. A large fraction (20-40%) of seabird populations in summer are comprised
of sexually immature birds (1-5 y of age) that are not constrained to forage around colonies
(Ainley et al. 1990, Briggs et al. 1987).

At the largest scale, the distribution of piscivorous seabirds is defined by where birds do not
occur, i.e., in areas of mixed water. Few seabirds are found in the Coastal-Shelf transition zone,
or in the stream of Anadyr and Anadyr-Shelf mixed waters. This is consistent with ohservations
that pelagic fish avoid mixed waters (Piatt et al. 1991). On a smaller scale, birds are most
abundant on the shelves around St. Lawrence and Diomede islands, around headlands in the
Alaska Coastal stream, and in a number of eddies in the Chukchi Sea. This is consistent with
observations that fish are more abundant in Alaska Coastal waters and that fish aggregate in
eddies. Whereas at-sea data are lacking (but see Schauer 1991), it appears that the Siberian
coast supports only small, dispersed colonies. it may be that populations on the Siberian Coast
are limited by foraging habitat.

Planktivore Distribution

Planktivorous seabirds, largely auklets and phalaropes, have a markedly different distribution
from piscivorous seabirds. Planktivores are conspicuously absent from Alaska coastal waters,
and Coastal-Shelf transitional waters. There are few colonies, but they are enormous and
positioned strategically in Anadyr and Bering straits. Least and crested auklets are extremely
abundant around the west end of St. Lawrence Island, and also north along the border of the
Anadyr Current. Few are found in the downstream plume of Anadyr Water, beyond about 100
km from colonies. in Bering Strait, least aukiets are most abundant to the south in Shelf Waters,
and crested auklets dominate to the west where they straddle the mixed zone of Anadyr-Shelf
waters. Again, planktivores are scarce in the plume downstream of Bering Strait, and most forage
within 100 km of the Diomede islands. Large concentrations of planktivores, almost entirely red
phalaropes (but also parakeset auklets), are found in the central Chukchi Sea. In contrast to
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piscivores, phalarope aggregations are extended along a southeast to northwest axis, and
appear to straddle mixed waters rather than avoid them,

Several factors contribute to this restricted distribution pattern. At the largest scale, auklets
are constrained by breeding activities (June-September; Piatt et al. 1990a) to forage within a
limited distance from colonies. As with piscivores. however, a large proportion (20-40%) of
auklets are potentially non-breeders (Jones 1992). One might expect non-breeding birds to
exploit more distant hotspots, if they were suitable. Some of the habitat within range of colonies
that contain few auklets corresponds to areas of high turbulence.

More so than abundance, prey density and accessibility appear to determine auklet
distribution. Auklets prefer to forage in stratified Shelf/Anadyr water where pycnoclines (and
zooplankton) rise toward the surface in response to topographic features or at the border of
upwelling and fronts (Hunt et al. 1990, Hunt and Harrison 1990, Hunt et al. 1992). Auklets may
also be found in abundance just on the other (mixed) side of the Anadyr-Shelf frontal zone
(Haney 1991) or along the border of upwelled waters on the west coast of St. Lawrence Island
(Bedard 1969, Springer and Roseneau 1985).

Phalaropes (mostly red phalaropes) replace auklets as the dominant planktivore in the
Chukchi Sea. They eat a wide variety of planktonic prey, including amphipads, copepods, mysids
and small euphausiids (Divoky 1984, Brown and Gaskin 1988). Away from the coast, where they
may forage in the littoral zone, concentrations of red phalaropes are almost always associated
with convergent fronts where plankton accumulate in surface slicks (Brown and Gaskin 1988).
The vast majority of phalaropes in the Chukchi Sea straddle the mixed water zones marking the
convergence of Anadyr Water from the south and Shelf/Anadyr/Coastal waters from the east.

Energetics and Carbon Flux

The rate of energy and carbon flux to seabird populations (Table 1) is calculated from the
numbers of each species present, and the metabolic requirements for individuals of each
species. From a population standpoint, planktivorous auklets are overwhelmingly dominant
south of the Bering Strait. Phalaropes replace aukiets as planktivores in the Chukchi Sea, and
our numbers are similar to the 1 million estimated by Divoky (1987). Murres (spp.) and kittiwakes
are the most abundant piscivores in all subregions, and are most abundant in the Chukehi Sea.

Taking into account the differences in body size between species and subregional areas, the
relative trophic importance of each species is dramatically different from their numerical
abundance. Carbon flux to piscivores rivals that of planktivores south of Bering Strait, and is an
order of magnitude greater in the Chukchi Sea. The Bering Strait and the Anadyr Strait support
a nearly equal density of auklets. Taking total areas into account, however, it is clear that Anadyr
Strait is the nucleus for auklet populations in the region. These estimates do not even account
for much (if any) of the huge populations of auklets on the Siberian Coast, which probably forage
in Anadyr Water before it enters Anadyr Strait. Some of the disparity between regional
populations may relate to breeding habitat, which is very limited in Bering Strait. Total seasonal
(122 d) food consumption is similar in all three subregions (29,000 mt; 21,100 mt; 21,900 mt; in
Saint Lawrence Island-Chirikov Basin, Bering Strait, and Chukchi Sea, respectively). Whereas half
of all food consumed below Bering Strait goes to planktivores (49% of 411 mt d"), most goes
to piscivores (88% of 179 mt d") in the Chukchi Sea.

The trophic importance of piscivores is mostly due to the large numbers of murres. In terms

of carbon flux, these large-bodied alcids dominate in all shelf seabird communities from central
California to the Chukchi Sea (Wiens and Scott 1975, Briggs and Chu 1987, Schneider et al.
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1987, this study). In contrast to more southern coastal areas, where Common Murres
predominate, and to the oceanic Aleutian islands where Thick-billed Murres predominate, Thick-
billed murres are about equally as abundant as common murres in the Bering Strait-Chukchi
region. As noted by Springer et al. (1987), this is a direct consequence of having two distinctly
different pelagic environments (oceanic vs. coastal) side-by-side in the region. Thick-billed murres
are adapted for oceanic conditions, and although they rely heavily on pelagic fish, they aiso
forage on a wide variety of oceanic prey including euphausiids, amphipods, and squid. Common
murres feed almost exclusively on pelagic schooling fish during summer.

With extremely productive Anadyr waters, a massive concentration of planktivores, and
proximity of coastal and oceanic environments that support both species of murres, the northemn
Bering-Chukchi system rivals or exceeds most other shelf and upwelling systems that have been
studied in terms of carbon flux to seabird populations (Table 1). With a high proportion of small-
bodied auklets, the standing biomass of seabirds is lower than in most other regions, but this
is compensated for by the higher mass-specific metabolic rates of small species.

DISCUSSION

At the largest scale (100’s km), the seabird community in the Bering Strait region is physically
and biologically structured in a north-south direction by advection and Upwelling of nutrients and
biomass from the south. At intermediate scales (10-100's km) in an east-west direction, seabird
distribution is well-defined by water masses, current flow, frontal zones, and water column
stability. In turn, these water properties are influenced by bottom topography (including istands
and headlands), tides, freshwater runoff, surface layering, and wind. Eddies driven by current
flow (barotropic) and density differences (baroclinic) also appear to be common and important
structural features in the region (Coachman et al. 1975).

At very fine scales (1-100’s m), corresponding to a patch of plankton or school of fish,
seabirds are often strongly correlated with prey schools below the surface (Piatt 1990, Hunt et
al. 1990). At small (1-10’s km) and intermediate scales, however, biological and physical
constraints modily the patterns we observe (Schneider and Piatt 1986, Hunt et al. 1991, 1992).
For example, zooplankton are abundant throughout their range in Anadyr/Shelf water, but
planktivores select foraging areas at intermediate scales on the basis of distance to colonies, and
at small to intermediate scales on the basis of prey availability and patch density. Auklets are
limited in their diving ability (< 10-25 m on average) and seek out dense plankton layers brought
near the surface by upwelling or raised pycnoclines (Hunt et al. 1990, 1992). Surface-feeding
phalaropes depend on the concentration of prey in convergent slicks (Brown and Gaskin 1988).
Given the generally poor resistance of zooplankton to currents, it appears that physical
structuring may be more important than biological factors in determining the distribution of
planktivores at intermediate scales.

Little is known about the overall distribution of fish in the Bering Strait region, but we can
assume that the presence of piscivores is a reliable indicator of fish concentrations (Hunt et al.
1991, 1992). However, piscivores require moderate to high density schools of fish for successful
foraging (Piatt 1990), so patterns of distribution should also reflect physical mechanisms for
concentrating prey of fishes. Furthermore, some deep-diving (>50 m) piscivores (murres,
cormorants) can exploit all of the shelf water column, whereas others (kittiwakes, gulls) must rely
on physical or biological mechanisms {e.g., fronts, diel migration) to bring fish to the surface. The
abundance of piscivores in stratified coastal waters and offshore eddies, and their conspicuous
absence from mixed and turbulent waters, suggests an important role for physical factors in
structuring piscivore communities.
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QUESTIONS AND DISCUSSION

CALEB PUNGOWIYI: Two quick questions. One is on these two currents that move north, what
is the typical depth of these currents?

JOHN PIATT: it is pretty well limited by the depth of the bottom there, they can’t be any deeper
than 50 m.

CALEB PUNGOWIYI: How far under the surface to they go?

JOHN PIATT: The Alaska Coastal Current is all one, sort of from top to bottom it is only 30 m.
So pretty much it is all uniformly Alaska Coastal Water. But the Anadyr Current, once it comes
into the centrat Chukchi, there is a large part that diverts off to the left, but a lot of the surface
water, perhaps the top 10 m, 20 m continues north, and sort of splits off from there.

CALEB PUNGOWIYIL: What was the timing of your nutrient studies, when was that done?

JOHN PIATT: | didn't do the nutrient studies. All of that work has been done by a lot of other
people over the last 10 to 15 years. That was just one picture. There are several others that
can be constructed. Typically, it takes weeks to months to map out that large of an area, the
Bering and Chukchi. So that particular data was collected in July and early August, | believe,
on a cruise. Typically, the months that this work is done is from May to August.
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Dr. Craig Ely is a project leader with the Alaska Fish and Wildlife Research Center in Anchorage
where he has worked for the past 5 years. His research interests include many aspects of the
behavioral ecology of migratory birds during all phases of their annual cycle. Dr. Ely received an
M.S. in wildlife biology and a Ph.D. in ecology from the University of California at Davis.

Lesser snow geese (Anser caerulescens caerulescens) breeding on Wrangel Island (71°N,
179°W), in the Chukchi Sea, are the only population of lesser snow geese breeding in the
Palearctic. This is one of the few waterfow populations of Palearctic origin which is harvested,
but does not breed on the North American continent. Management of lesser snow geese from
Wrangel island is additionally complicated, as the population winters in two disjunct regions of
the Pacific Flyway (Kozlik et al. 1959, Reinecker 1965, Syroechkovskiy and Litvin 1986, McKelvey
et al. 1989), the largest (California) component of which mixes with lesser snow and Ross’ Geese
(Anser rossi) breeding in northern Canada. Harvest regulations have largely been directed toward
this larger, Canadian segment of the "white goose* population in the Pacific Flyway, potentially
compromising the Wrangel Island population which has been declining since the early 1970s
(Bousfield and Syroechkovskiy 1985).

Attempts to monitor the Wrangel Island population have largely consisted of efforts to
determine annual production on the breeding grounds (Baranyuk 1990), and from age ratio
counts on the Yukon-Kuskokwim (Y-K) Delta, Alaska (Clark 1985; Wege 1987, 1988, 1989a,
1989b), and on the Fraser River Delta (Jeffrey and Kaiser 1979, McKelvey et al. 1989). Monitoring
efforts on the Y-K Delta have been sporadic, in part, because it was not known if all geese from
Wrangel Island used the Y-K Delta in autumn, and hence if age ratio counts obtained there are
representative of all Wrangel Island lesser snow geese.

We initiated the current investigation as part of a larger project documenting the autumn
migration of Wrangel Island lesser snow geese using satellite and conventional transmitters. The
tracking of individual animals has enabled us to estimate the proportion of geese using the Y-
K Delta in autumn, and address the adequacy of conducting adult-immature ratios on the Y-K
Delta. We also present information on annual variation in reproductive success for this
population, and provide the first detailed information on the distribution of lesser snow geese on
the Y-K Delta in autumn, and the length of time individual geese remain there. Age-ratio
comparisons with other autumn staging areas may provide insight into population distribution,
and factors contributing to juvenile survival during migration.

We monitored the distribution, abundance, and productivity of lesser snow geese on the
Yukon-Kuskokwim (Y-K) Delta, Alaska during September and October 1991, when the geese
were en route from their nesting grounds on Wrangel Island, Russia to wintering areas along the
Pacific Coast (Figure 1). Adult geese in brood flocks were captured on Wrangel Island and fitted
with either satellite (PTT) transmitters or conventional (VHF) radio transmitters. All geese with
active PTT transmitters and 43% of the geese with VHF transmitters still functioning used the Y-
K Delta. Geese marked with satellite and VHF transmitters were first detected on the Y-K Delta
on 19 and 25 September, respectively. Mean arrival time for PTT-marked geese was 2 October;
geese remained on the Delta an average of 12 days (range 1 to 25 days), and corroborated
similar information obtained from VHF radios. All PTT-marked geese were detected at least once
on the mid-Delta, while three used the north Delta and one used the south Delta. Geese with
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Figure 1. Distribution of Lesser Snow Goose flocks on the Yukon-Kuskokwim Delta, Alaska in autumn

1991.
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PTTs used the same areas as unmarked geese and geese with VHF radios, except for the south
Delta where only satellite data was obtained. Flocks averaged 1122 birds, and did not vary
significantly in size during the study. Approximately 28% of the geese censused in photographic
counts were immatures. Average productivity of the Wrangel Island population, as determined
from the proportion of young in flocks using the Y-K Delta has varied from 0.5 10 42.1%, with a
mean of 29% since 1975 (Figure 2). Age ratio estimates from the Y-K Delta were highly correlated
with those from autumn staging areas further south, and may indicate that mortality of immature
snow geese during the second half of their autumn migration to wintering areas is significant
relative to many species of arctic-nesting geese. Information from PTT-marked geese indicated
that the entire breeding component of the Wrangel Island population used the Y-K Delta.

50

PERCENT YOUNG
-]

10

75 76 77 78 79 80 81 62 83 84 85 86 87 88 89 90 99
YEAR

Figure 2. Proportion of immatures in flocks of Wrangel Island Lesser Snow Geese during autumn on
the Yukon-Kuskokwim Delta, Alaska.
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SOCIAL INDICATORS OF TRADITIONAL AND WESTERN CUSTOMS IN COASTAL ALASKA

Joseph G. Jorgensen
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Dr. Joseph Jorgensen, bom and reared in Utah, received the Ph.D. in anthropology at Indjana
University in 1964. He has held professorships at Antioch College, the University of Oregon, and
the University of Michigan. He currently is professor of anthropology, University of California, Irvine.
Dr. Jorgensen has conducted primary research among ten American Indian societies, 42 Alaskan
Eskimo, Aleut, and Canadian Inuit villages, and several non-native communities in the United States.
He has conducted comparative secondary research among 172 societies, languages, and
environments in western North America.

Dr. Jorgensen is a Guggenheim Fellow, the recipient of two book awards and two Pulitzer
nominations, and has delivered endowed lectures at the Universities of Kansas, Utah, South Dakota
State, Victoria (B.C.), and Sao Paulo (Ford lectures to the Brazilian Anthropological Association).
Since 1987 Jorgensen and his colleagues have been conducting a multi-method, multi-data, mufti-
variate, longitudinal analysis among about 1500 respondents in 40 Alaskan villages with the goal
of creating two indicator systems sensitive to economic and social change.

In early 1987 our research team embarked on an analysis of contemporary life in 31 Alaskan
villages located from Kaktovik on the coast of the Beaufort Sea (Arctic Ocean) to Kodiak City on
Kodiak Island south of the Alaskan Peninsula.’ We had been charged by the Minerals
Management Service (MMS), U.S. Department of Interior, to develop two sets of indicators from
several methodologies and several data sets which would be sensitive to social and economic
change and which could be used, from time to time, to monitor conditions among villagers
throughout coastal Alaska.

The rationale behind developing sets of social indicators is that small subsets of those
indicators can be used to monitor Alaskan villages and determine whether oil-related activities
are affecting them. it is frequently the case that multiple factors, rather than a single factor,
account for social change. In order to know whether oil-related factors are responsible for
changes wrought in villages, MMS requested that we pay special attention to distinguishing
differences, should they exist, between natives and non-natives, between villages which
possessed well-developed infrastructures and services and those that did not, and between
Outer Continental Shelf (OCS) oil-related activities and other activities that may affect village
organizations, village economies, village politics, and life within villages.

To determine whether differences at the level of the village obtained between natives and
non-natives, we created two subsamples from our total sample in which the populations of Native
villages are more than 75% natives, and those of Mixed villages are more than 25% non-natives.
For many issues it was necessary to refine Mixed:Native contrasts, and in those instances
contrasts between natives and non-natives were made.

We tested several other theoretical contrasts throughout the course of our research, dropping
some and retaining others. A contrast between subsamples which distinguished villages which

'The research design, including demographic information about the 31 villages and the seven regions
in which they are located, appears in Social Indicators Project Il. Research Methodology: Design, Sampling,
Reliability, and Validity (1992). Ethnographic and historical information about the study villages and regions
appear in Social Indicators Project I. Key Informant Summaries (1992).
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gained more than 60% of its total income from commercial fishing and villages which gained less
than 40% of its total income from commercial fishing proved to be important when the Exxon
Valdez foundered in March, 1989, spilling eleven million gallons of North Slope crude oil into
Prince William Sound. As the oil spread by wind and wave action, it moved around the Kenai
Peninsula and into the commercial fishing waters of Kodiak Island fishermen. The spill, of course,
also affected fishermen in Prince William Sound, the Alaska Peninsula, and Cook Inlet. We
expanded our study to include a sample of villages affected by the spill. The research conducted
among the villages affected by the spill will appear in the summer of 1993.

Here I focus on the research conducted between 1987 and 1990 among the samples and
panels drawn from the original 31 study villages. The division of these samples into Mixed:Native
contrasts is central to the following discussion. The Mixed:Native contrast is slightly more
powerful than all others we made. In addition, we are not losing much information by focusing
principally on this contrast because all Mixed villages are heterogeneous and have well
developed infrastructures, and because all Native villages are homogeneous and all but two have
weakly developed infrastructures.

Among all of the sets of hypotheses we tested while seeking to develop indicator systems,
two stand out: one which accounts for differences between traditional customs and Western
customs in village life, and one which accounts for differences between a dependency model of
economic development and a Western model of capitalist development. Time constraints require
that we focus our attention on only one of these: traditional customs and the factors which
account for their persistence and for changes from them.

SOCIAL INDICATORS OF 'TRADITIONAL' CUSTOMS

At the outset of the research, a central issue in the social indicators project was defining and
measuring ‘'traditional’ customs. The items measuring traditional activities which survived our
. tests represent two dominant features of life in the bush, particularly native life (Eskimo, Aleut,
Athapaskan): (1) communitarian acts and sentiments, examples of which are the sharing of
resources and meals with relatives, wider networks of kinspersons, and friends beyond one's
household, even one’s village, and the maintenance of active interests in community affairs, in
large part through participation in them; and (2) engaging in hunting, fishing, and other extractive
activities — some solo and some with relatives or friends.

The items employed in our multivariate analyses indicate traditional customs in village Alaska.
Some of the variables do not appear to be "traditional,” such as voting in city council and village
corporation elections, and attending public meetings. Yet we learned from our observations in
the villages that village corporations and city councils are regarded as community instruments
through which residents control local affairs and bring benefits to their communities. Attendance
at public meetings, as well, are thought of as communal acts, not merely personal ones.
Tradttional people are engaged in community life, so we sought to measure that involvement as
a persistence of a traditional practice, although in altered forms from before passage of the
Alaska Native Claims Settlement Act (ANCSA) and before statehood.

The several waves of research demonstrate that high scores on “traditional® variables
correlate with large, composite households, public sector employment, or with low incomes
derived from multiple sources, many of them public transfers of various kinds. Table 1 arranges
summary statistics by the total samples and by theoretical cuntrasts (Mixed:Native) for the pretest
and posttest research waves for most of the variables used in the analysis of traditional customs.
Differences between types of villages on more than half of the measures provided here are
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Table 1. Contrasts between Pretest and Posttest samples, and between Mixed-Native contrasts within
those samples, 32 AOSIS varlables measuring respondent characteristics and traditional customs,
1887-1988 and 1989-1990. :

PRE PRE PRE POST POST POST
1987-19688 MIXED NATIVE 1969-1900 MIXED NATIVE
{N=548) {N=264) (N=284) (N=308) (N=170) (N=138)
ETHNICITY
Native 79%* 589%* 95% 87% 48%"* 91%
Non-native 21% 41% 5% 33% 52% 955
AGE
Mean 415 39.9* 43 424 39.9* 455
SEX
Male 50.5% 44%" 57% 54% 45%* 84%
Female 49.5% 56% 43% 48% 55% 36%
EDUCATION COMPLETED
Some High School 42% 38%* 47% 48% 43%* 50%
Some College or Beyond 33% 48% 19% 30% 42% 16%
SOURCE OF EMPLOYMENT
Unemployed/Retired/Other 24% 19%" 29% 28% 25% 32%
Public Sector 37% 35% 39% 39% 42% 35%
Private Sactor 3006 46% 32% 33% 34% 2%
EMPLOYMENT
Md Months Employed 6 8" 3.7 8 9.9 28
Persons Employed > 4 Months 52% 73% 51% 60% 70% 48%
Persons Employed 2 10 Monthe 7% 44% 31% 44% 58% 28%
INCOME
Median $22,940 $34,185" $16.000 $27.,885 $38,172° $19.017
Mean $30,160° $37.900 $22,980 $33,920 $39.270 $27.030
Income 2 $50,000 18% 30% 7% 27% 38% 13%
HOUSEHOLD SIZE
Mean 284 2.64° 3.08 2.8 2.7 29
3 Persons or More 71% 62% 80% 88% 66% 72%
© Persons or Mure 23% 186% 30% 20% 13% 29%
HOUSEHOLD TYPE
Single-Conjugal-Nuclear 80%* 83% 78% 66% 73%" 57%
Stem-Joint-Denuded-Composite 20% 17% 22% 34% 27% 43%
LENGTH OF RESIDENCE
= Syears 17%" 24%"* 10% 18% 28%" 5%
> 10 years 69% 55% 83% 56% 38% 78%
LAND MAMMALS
% Hunters 34% 33% 35% 42% 37% 47%
Months Hunting 2.4 18 28 25 24 2.6
Days Hunting 20.5* 19.2* 214 115 126 105
SEA MAMMALS
% Hunters 32% 16%* 44% 28% 12%* 48%
Months Hunting 43 4.2 6.3 56 48° 6.3
Days Hunting 38° 35.5° aMs 347 37.4* 34.1
CAMPING
% Campers 49% 44%" 53% 42% 38% 47%
Months Camping 3 27 3.2 24 24 24
Days Camping 13 13.1 13.0 19.9 21.5° 18.2
FISHING
% Fishers 41%* 36%* 46% 80% 55%"* 69%
Months Fishing 4.3 5.1* 39 35 35 3.7
Days Fishing 20.9° 204 215 27.7 23.3* 32.4
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Table 1. (Cont.)

PRE PRE PRE POST POST POST
1967-1968 MIXED NATIVE 1989-1900 MIXED NATIVE
(N=548) (N=284) (N=284) (N=308) (N=170) (N=138)
SUBSISTENCE FOOD
YESTERDAY
Yes 64% 49%* 78% 58% 48%* 71%
SUBSISTENCE FOOD DAY
BEFORE YESTERDAY
Yeos 81% 51%"* 71% 57% 45%" 72%
EITHER DAY FOOD
FROM OTHER HH
Yes 37%* 49% 50% 36% 368%" 35%
MEALS WITH RELATIVES
OTHER HOUSEHOLD PAST
2DAYS
1 or More 50% 43%" 56% 43% 33%* 54%%
SUBSISTENCE MEAT AND
FISH IN ANNUAL DIET 2 50% 54% 40%° 7% 47% 34%" 64%%
SPEAK NATIVE LANGUAGE
AT HOME
Moet of Time or Always 47% 350" 55% 40% 3096 * 48%
THINK ABOUT GAME
AVAILABLE PAST 5 YEARS
Decreased 30% 22%* 41 35% 40% 28%
Increased 319% 40% 20% 20% 18% 22%
THINK ABOUT FISH
AVAILABLE PAST 5 YEARS
Decreased 46% 40% 54% 42% 58%° 26%
Increased 17% 22% 10% 16% 18% 10%%
DAYS VISIT FRIENDS
LAST WEEK
3 or More . 48% 44% 47% 43% 45% 41%
PUBLIC MEETINGS ATTENDED
LAST MONTH
1 or More 44% 41% 47% 48% 42% 54%
VOTE IN RECENT CITY
COUNCIL ELECTION
Yeos 69%6* 84%* 73% 57% 54% 609%
VOTE IN RECENT VILLAGE
CORP ELECTION
Yeos 68% 83%6* 724 84% 60% 67%
SOCIAL TIES WITH FERSONS
IN OTHER VILLAGES
No Satisfaction 6%" % 5% 10% 12% 7%
Complete Satisfaction 22% 20% 23% 57% 51% 65%
FEELINGS ABOUT INCOME
No Satisfaction 169" 6% 5% 25% 27% 22%
Complete Satisfaction 1% 13%* 10% 0% 29% 30%
(a) Asterisks (*) denote Pretest/Posttest and Mixed/Nati trasts signifi atP .05. Pretest/Posttest contrasts are
designated in the first column. Mixed/Native contrasts for the pretest sample appear in the second column and for the
postiest sampie appaar in the fifth column. Significance of differences for Mixed/Native contrasts of nominal dichotomous
varsiables are based on the test for the difference between proportions; the Kolmogorov-Smirnov two independent sample
test is used for ordinal variables; and the t-test is used for interval variables.
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significant. Of the 64 contrasts between Mixed and Native villages in the pretest and posttest
samples, 38 of the differences would occur fewer than five times in 100 by chance.

Below our initial interests will be in determining the structure of traditional customs in modern
villages in the pretest research wave and in the posttest wave. Next we account for the ways in
which the pretest and postiest samples differ. Differences are clues to change, and social
indicators should be sensitive to change, while also demonstrating stability and reliability.

Stationariness requires panel data. Whereas differences between pretest and posttest samples
may suggest whether and what kind of changes have occurred between 1987-1988 and 1989-
1990, because the posttest sample was drawn without replacement of the pretest sample,
conclusions about change based on comparisons of pretest and posttest samples suffer from
the threat of 'ecological fallacy’ (or specification error). We controlied for ecological fallacy by
embedding two panels in the research design. Panels are composed of subsamples of
respondents drawn from the pretest samples and re-interviewed in two subsequent waves after
their initial interviews. Space limitations do not allow us to present the panel analyses here,
aithough we will refer to those analyses.

NATIVE PRETEST AND POSTTEST COMPARISON

The structure of traditional customs in Native villages differed little among the several research
waves in any of our samples. The solution for the pretest Native sample (Figure 1) is
representative. Let us focus our attention on it. In the pretest configuration the TRADITIONAL
EXTRACTOR region forms two cylindrexes, one 'Sea Mammal Extraction’ and the other 'Intense
Extraction.’ The posttest configuration for Native villages (Figure 2) is similar, but not identical.
The difference between pretest and posttest solutions for respondents in Native villages is that
the traditional customs in the posttest, especially the consumption of naturally-occurring
resources and the communitarian behavior that accompanies consumption of those ‘subsistence
foods’ are separated from the measures of sea mammal extraction. Thus, we label the areas in
the TRADITIONAL EXTRACTOR region of Figure 2, 'Traditional Subsistence’ and 'Intense
Extraction.’

The HIGH INCOME regions of pretest and posttest configurations are similar in that they
include only two items, income and satisfaction with income (b, D2; |, E29). And they are similar
in that low income behaviors reflecting 'Traditional Recipients’ are separated from the measures
of high income and from the measures of 'Intense Extraction.’ The 'Traditional Recipient’ area
in Figure 1 includes non-nuclear households, the receipt of food from persons in households
other than the respondent's, and the attitudes that the availability of both game and fish have
increased in the past five years. The 'Recipient’ area in Figure 2 is almost identical to the pretest
except that it includes long-term residence in the community and excludes non-nuclear
households. This last is interesting and calls our attention to changes between pretest and
posttest.

Unemployment is greater in the posttest than the pretest Native subsample, although posttest
incomes are $3,000 higher ($2,000 in 1987-1988 dollars). The decrease in employment most
likely accounts for the fitting of non-nuclear households with large households and other
traditional features in the 'Traditional Subsistence’ area in the posttest solution (Figure 2).
Whatever the case may be, suffice it here to note that the differences between the pretest and
posttest Native configurations are modest.

We can understand the similarities between the pretest and posttest configurations if we look
closely at the sea mammal extraction variables within the ’Intense Extraction’ cylindrex (Figure
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Figure 1. Structure of AOSIS traditional customs, Guttman-Lingoes’ MDS configuration (3-D), 30
variables, N=285, native subsample of Pretest sample, 1987-1988.
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Figure 2. Structure of AOSIS traditional customs, Guttman-Lingoes’ MDS configuration (3-D), 35
variables, N=142, native subsample of Posttest samplo, 1989-1990.
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2). The ’Intense Extraction’ cylindrex incorporates sea mammal extraction and also some
community variables that are only indirectly related to extraction: voting in the most recent city
election (e, D19) and frequent visits with relatives in the past week (¢, D13). Visiting increases
with participation in extractive activities, but is negatively correlated with income. Increases in
voting in city elections and visiting with relatives are likely due to the traditional practices of
persons who engage in sea mammal hunting because if persons extract sea mammals, they
extract other naturally occurring resources heavily and also practice most of the traditional
customs we analyze here. The sea mammal extraction variables {E, CACT2; |, CMN2; M,
RDAY2) form a simplex from right-center to left-center in the 'Intense Extraction’ cylindrex. They
are pulled toward, but not into the 'Traditional Subsistence’ area. The differences from the pretest
solution (Figure 1) suggested to us that economic factors had intervened between the pretest
and posttest research waves. We will return to this topic.

Communitarian customs are the polarizing® facet if the 'Traditional Subsistence’ cylindrex in
Figure 2, and the directness of the relation between an item and communitarian customs is the
modulating facet. Not only are traditional customs separated from extractive activities, but an
inversion of modulating facets occurs between the pretest and posttest. Of the two radexes in
the 'Traditional Subsistence’ cylindrex, the higher one demonstrates the relationships between
extractive activities and the consumption of the items extracted. So although subsistence
consumption is fitted in the 'Traditional Subsistence’ area. the positive relations between
extraction (in the 'Intense Extraction’ area) and consumption of naturally occurring species is
obvious. But the separation of the two areas demonstrates that whether or not respondents are
actively engaged in several forms of extraction throughout the year, or are engaged in but a few
forms, or whether they do not engage in many extractive activities at all (the elderly, the infirm,
persons in women-headed households), subsistence foods constitute large portions of their diets
and communitarian customs are frequently practiced.

In turning our attention to the radex on the lower level of the 'Traditional Subsistence’
cylindrex in Figure 2, we see fitted together measures of household organization (B, RHHSI; C,
RHHTYPE), feelings about social ties with persons in distant communities (h, E12), and
participation in village affairs (f, D22; d, D16). It is also the case that persons in the larger,
frequently non-nuclear households who have resided in the village for the longest periods think
that there are more fish available in the present than five years earlier (U, A26B), whereas
persons most actively engaged in subsistence fishing and other extractive activities, think that
fish are less available in the present than five years earlier.

One surprising difference between pretest and posttest solutions for the Native subsamples,
is that length of residence correlales positively with household size and with household type in
the pretest, but negatively with household size and positively with household type in the posttest.
Table 1 demonstrates that the Native posttest sample has significantly more non-nuclear
households than does the Native pretest sample and either of the Mixed subsamples. The
households are also much larger than either of the Mixed subsamples, but smaller than the

*A Cylindrex in "muitidimensional similarity structure analysis® is a structure determined through
non-metric, multidimensional structure analysis that looks like a roll of towels standing upright. Cylindrexes
have three organizing characteristics: “(a) a polarizing facet that establishes in which direction a point lies
from an origin; (b) a modulating facet that corresponds to the distance of the point from the origin; and
(c) an axis along which these radexes are stacked" (see ingwer Borg and James Lingoes Muiltidimensional
Similarity Structure Analysis, 1987, New York: Springer-Verlag, p. 101). A Radex has a center which is
central in terms of content (but not some mathematical property), a facet which defines different directions
in space (its polarizing feature); and a facet that organizes the points into regions with different distances
from the center (its modulating feature). Radexes may occur on a single plane or, as in the cylindrex,
radexes may be stacked on two or more planes.
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pre-test Native sample. There are, then, more small, non-nuclear households among long-term
residents Yvhoge incomes are low (the correlation between length of residence and income is
also negative) in the posttest than in the pretest Native sample. Composite, stem, joint, remnant,
and other non-nuclear households are indicators of changing household organizations and
pooling of resources in response to economic exigencies. Thus, it appears that between the
pretest and posttest, declining income influenced single persons living alone, conjugal pairs, and
nuclear families to relocate, while causing the formation of several non-nuclear households.
Nevertheless, average household size decreased from about 3.1 persons to 2.9.

The 'Traditional Subsistence’ area in Figure 3 demonstrates that older persons, and persons
in large and composite households have low incomes and are less actively engaged in
subsistence extraction than younger persons, but are not less aclively engaged in the
consumption of naturally-occurring resources.

The loose simplex’ in the left-center of Figure 2, labeled 'Recipients,’ represents some special
characteristics of the older native population. It comprises the receipt of food in the past two
days harvested by others (X, A31, this item is pulled toward Q, CREL2, the variable measuring
relatives with whom R hunts sea mammals), length of residence in the village (g, D25), and the
attitude that the amount of game available has increased during the past five years (T, A2€6A).
That attitude, of course, correlates with persons who hunt land mammals, but do not engage in
many other subsistence activities, and also correlates with native persons — elders and the like
— who receive products from the chase, but do not engage in the chase.

MIXED PRETEST AND POSTTEST COMPARISONS

The configuration for the Mixed posttest sample (Figure 4) reveals a few marked differences
from the configuration for the pretest Mixed sample (Figure 3) and some interesting similarities
with the configuration for the posttest Native configuration (Figure 2). Most obvious in the
comparison of pretest with posttest respondents in Mixed villages is that the posttest has a
definite HIGH INCOME region, whereas the "high income’ variables in the pretest are fitted as
outliers to a single, large cylindrex. The cylindrex in the pretest is, to be sure, influenced by
income as a modulating facet, pushing high income-related items to the right of the center, and
low income-related items to the left. The posttest configuration (Figure 4) produces a HIGH
INCOME region in which are fitted income (b, D2), satisfaction with that income (i, E29), voting
in the most recent city council election (e, D19), frequently attending public meetings (d, D16),
and the cognitive attitude that game are more plentiful in the present than five years earlier (T,

A26A).

A greater proportion of high-earners in the posttest sample are employed in the public sector
than is the caso for the pretest sample. In addition. high earners in the posttest sample have
resided longer in the villages in which they were interviewed, on average, than the higher earners
in the pretest sample. Public sector employees are more often year-round residents of villages,
more often participate in village affairs than do private sector employees, and are well
represented among higher income eamers in the posttest sample.

Table 1 supports the inference that private sector jobs were eliminated more quickly than
public sector jobs in the late 1980s. It is the case that high eamers in Mixed villages tend to have

3A Simplex is "a chain of elements in which the closeness of the elements decr@ases mbnotonically as
we move from any element towards either of the ends of the chain" (Borg and Lingoes. 1987. p. 91).
Simplexes take several geometric forms, but they must lie on a curve that does not bend back on itself.
In widely recognizable terms, a simplex is a simple, single dimensional Guttman Scale.
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Figure 3. Structure of AOSIS traditional customs, Guttman-Lingoes’ MDS configuration (3-D), 30
variables, N=265, mixed subsample of Pretest sample, 1987-1988.
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Figure 4. Structure of AOSIS traditional customs, Guttman-Lingoes’ MDS configuration (3-D), 35
variables, N=168, mixed subsample of Posttest sample, 1989-1990.
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smaller, nuclear, single person, or conjugal pair households. The large households, particularly
non-nuclear forms, more frequently correlate with respondents who are long term residents,
speak their native language at home, vote in village corporation elections, and observe the most
traditional customs in consuming and sharing resources. Nevertheless, as income increases,
household size also increases, suggesting that high income natives, in particular, have large
households. On the other hand, the best predictor of larger households is non-nuclear household
types, especially composite households. :

Indeed, it is the last mentioned traits which, for the most pant, define the ‘Traditional
Subsistence’ area of the TRADITIONAL SECTOR in the posttest Mixed solution. As in the pretest
sample, the evidence suggests that although some natives were high income eamers, many of
those persons observed customs we have classified. as ‘“traditional.” If overall rates of
employment dropped between pretest and posttest waves as our two samples suggest, the drop
may have prompted some persons to relocate. What seems most likely is that native households
with higher incomes in Mixed villages increased their extractive activities including, perhaps, more
concerted extraction of less preferred species,' while households of elderly natives, or
households headed by women benefitted from extraction through sharing. This accounts for the
separation of the two cylindrexes in the TRADITIONAL region, and for the appearance of a HIGH
INCOME region that comprises traits which are known to be characteristic of long-term
non-native residents.

This brings us to an assessment of the TRADITIONAL EXTRACTOR regions in the Mixed
village solutions. The ’Intense Extraction’ area in Figure 4 demonstrates a structure we have
observed in almost every solution we have obtained for every sample and every theoretical
contrast in our research, namely: if persons engage in hunting a wide variety of sea mammals,
or extracting a wide variety of fish, or establishing and residing in camps away from their
residences, then they are likely to engage in all of these activities, to do so during several
months of the year, and to allocate many days to these tasks. In addition, if they engage in these
tasks they also hunt many varieties of land mammals and do so frequently. In the pretest sample
for Mixed villages (Figure 3), we note that some persons hunt many species of land mammals,
but engage infrequently in the other tasks. We identify those persons as high earners. It is
evident that a large proportion of the land mammal hunters are non-natives,but we also note that
participation in fishing (all measures, particularly days allocated to fishing throughout the year)
increase with income and that the variables measuring those activities are fitted into a simplex
directly beneath the land mammal simplex. We aver that a greater proportion of non-natives
participated in land mammal hunting and fishing in the posttest than the pretest. The greater
participation in subsistence extraction suggests an economic exigency, but it can as well reflect
a more stable and older population in the posttest than the pretest Mixed subsample.

Land mammal extraction (D, CACT1; H, CMN1; L, RDAY1) is fitted on the left periphery of
the radex (whose center is the camping variables (F, CACT4; J, CMN4; N, RDAY4) and on
whose right periphery is fitted the sea mammal extraction variables (E, CACT2; |, CMN2; M,
RDAY2) (the fishing variables are fitted at the lower radex, close to the center). The significance
of the cylindrex is that all of the variables measuring sea mammal hunting, fishing, and camping
correlate highly and positively with the traditional subsistence variables (subsistence food in
recent meals, meat and fish in the annual diet, eating meals with relatives, speaking native
language at home). Among them, only sea mammal extraction correlates negatively with income

“See Table 1 re land mammals, sea mammals, camping, and fishing. Significantly greater proportions
of posttest respondents than pretest respondents participated in land mammal hunting and fishing. The
reverse is true for sea mammal hunting and for camping, suggesting that non-natives increased their
hunting and fishing activities.
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(fishing and camping correlations vary between .01 and .10 with income, but are positive). The
sea mammal set correlates most highly with the variables in the 'Traditional Subsistence’ area.
The variables measuring land mammal hunting correlate negatively (or near zero) with those
items in the traditional set, and positively with income.

Thus the fitting of items within the ‘Intensive Exlraction’ area distinguishes practices that are
more exclusively native from land mammal hunting in which non-natives and natives engage. The
separation of the 'Traditional Subsistence’ area from the ‘Intensive Extraction’ area identifies
customs observed by natives. even if they cannot or do not extract large varieties of
naturally-occurring species on a regular basis. Those who cannot or do not extract — because
of constraints caused by employment, physical impairment, age, or financial embarrassment —
are recipients of those resources from donors who extract them. For example, recently eating
a meal at a relative’s home (Y, A32) is the best predictor of whether a person has received food
extracted by someone in another household for a meal eaten by R in her/his own home
yesterday (X, A31).

The EXTRACTION WITH RELATIVES region is fitted between HIGH INCOME and 'Intensive
Extraction.’ If persons form task groups with relatives and friends, they tend to do so for many
activities. If they do not create regular task groups for one activity, they tend not to do so for a
second or third extractive activity. All of these variables correlate negatively with income.

THE PERSISTENCE OF TRADITIONAL CUSTOMS

The evidence that traditional customs continue to be practiced in large, complex, multi-ethnic
villages (Mixed) as well as small, simple, more homogeneous ones (Native) is considerable.
Furthermore, the predictive power of sea mammal extraction is obvious in every sample and
subsample we have analyzed. Whether some traditional practices wane among natives during
periods of high employment and wax during periods of economic distress is not determined, and
the effects exercised by age, ethnicity, education, and income have not yet been addressed.
Although not shown here, in our analyses of the panels embedded in our pretest-posttost design,
we determined that few differences and fewer significant differences occurred between the waves
of the panels and the initial samples with which they were compared. (Re-interview responses
were tested for significance of differences with initial responses obtained during the same
research wave: for example, re-interview responses from panel members in 1989 were tested
against initial responses from posttest sample respondents in 1989).

In the complete analysis, we addressed two types of validity issues in regard to the
persistence and change among traditional customs. In the first we asked whether the results
could be generalized to our total sample over time. in the second we addressed specification
error. (Because the posttest sample was drawn without replacement of the pretest sample, we
had to eliminate the threat of the ecological fallacy.) There is not sufficient time to explicate the
analysis of the three research waves among our combined panel. Suffice it to say that we
determined no artifacts of reactivity, history, or regression in our samples, and that panel results,
over time, are highly similar to the pretest-posttest results.

As our research design unfolded, it became evident that regardless of the power of the
theoretical contrasts between Mixed and Native, and Hub and Periphery villages, ethnicity (native
or non-native, age, education, income, and residence in either commercial fishing or
noncommercial fishing villages were especially important factors which had to be controlled if
we were to understand the persistence of traditional customs on the one hand, and the adoption
of Western, or non-traditional customs, on the other.
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ETHNIC/RACIAL DIFFERENCES AND INDICATORS OF TRADITIONAL CUSTOMS AND
ACTIVITIES

Native: Non-Native Contrasts

The most powerful contrast in the traditional customs and activities is not between village
types, such as Native v. Mixed, but between natives and non-natives. Knowledge that a person
is not a native is the best indicator that he or she does not engage in subsistence extraction
activities, that subsistence foods were not eaten in the previous two days; that subsistence foods
constitute small proportions of the annual diet, that few meals are eaten with relatives in other
households, and that ties with persons in other villages are satisfactory or less than satisfactory.

The power of race/ethnicity is further evinced when the respondent has a native spouse. In
those cases, the best prediction, still, is that no meals were eaten in relatives’ homes during the
preceding two days. Nevertheless, mixed racial couples are twice as likely as non-native couples
to have eaten meals in relatives’ homes and twice as likely as non-native couples to have
received subsistence foods from persons in other households. indeed, the best predictor of the
source of subsistence foods for some of the meals eaten in the previous two days by mixed
couples is someone other than the respondent (12% from someone in R's household, 53% from
someone in a different household). :

Tables 2 and 3 summarize several significant differences between native and non-native
persons. Table 2 compares natives and non-natives over a range of variables. It presents the
entire pretest-posttest sample of persons interviewed once and only once (initial interviews,
N=856) without stratifying by village type. Table 3, which focuses on income alone, compares
Mixed and Native villages while controlling for native and non-native respondents.

Table 2. Univariate comparisons of incomes, household sizes and types, and several measures of
traditional communitarian customs, native and non-native respondents for entire Pretest-Posttest
sample, N=856, 1987-1990.*

Meakn Vieile YEis
Subslstence Food in Meals with Frends! | (Tripa}
Harvest | Relatvee | Retatives | Owutol
Person Past Past Village
Totel Types of Day Betors Not Two Weetk Paat
ncome rousenont Type Sus acs amy E veys weys) vear
340K $40K] Singts Conpugal Nuclear Non-nuclear | Msan 6+ 0 3 Yes Yes You 1+ 3+ 3e
Native 0%
MN-819) 80% 20% 12% 2% % 8% 3 2% 2% 5% 74% 70% {of 72%) S8% 48% 4%
Mo _Mative 3TN
M=212) IR 1% 0% 3% 26% 15% 2 ™ W% 6% W% 34% (ot 32%) 14% 3% 3%
© Al gifterences between native and non-native distributions are significant at < .01,

Table 3. Gamma (y) cosfficients, educational attainment by months of annual employment, controlling
for income and ethnicity, Mixed/Native contrast for entire Pretest-Posttest sample, N=856, 1987-1990.

NATIVE INCOME NON-NATIVE INCOME
< $10k < $20k < 30K < $40K <$S0K < FO0K <IK < 320% <30k < 340k < $50k < 350k
MIXED 58 58 N .25 61 .38 .80 .53 01 34 -.19 -.05
NATIVE 60 A4 32 .42 32 55 a .25 b -25 c 18

ativ

b

(¢) Two

(a) No non-native respondent earned less than $20,000 snnually.
(b) One non-native respondent sarned $30,000 annually. That person had soms post-graduate education.
dents i $40,000 and $50,000 annually have high school educations.
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The factors of age, duration of residence in the village, and participation in resource
extraction activities, taken jointly, mitigate some of the generalizations above. The manner in
which these factors coalesce to alter the generalizations about non-natives are not obvious. If
non-natives are between the ages of 35 and 59, have lived in the village for more than ten years,
engage in hunting several species of land mammals and fishing for several species of fish and
establishing camps for several extraction acilivities each year, the likelihood is from 40% to 50%,
depending on the activity, that the respondent has eaten at a relative’s home, or received food
from a person in a household other than the respondent’s, or gained more than 50% of the meat
and fish in the annual diet from naturally occurring resources. Controlling for the factors just
mentioned, then, a small percentage (6%, or 5 of 87) of middle-aged non-native respondents
have acquired some of the subsistence and sharing customs of natives.

Income is another important factor in non-native participation in traditional subsistence
activities. Sixty-two percent of non-natives engage in at least one of the following activities —
hunting several species of land mammals, or harvesting several species of fish, or camping. In
general, as income increases beyond $20,000 annually, so does the proportion of persons who
extract resources. As income increases beyond $40,000 the proportions of persons engaged in
two or three activities increases. In no income category does the proportion of persons engaged
in two or more activities exceed 41% of non-native respondents.

Interestingly, the proportions of persons who engage in all three activities are greatest among
non-natives who earn less than $20,000 (28%) and next greatest among those who earn more
than $50,000 (21%) annually. Incomes greater than $50.000 annually, controlling for age (35 to
39) and duration of residence in the village (over ten years) is the best predictor or non-native
participation in subsistence activities,’ including receiving resources from others in the past two
days and eating in relatives’ homes. The prediction of participation in all three activities (41%)
increases from 36% to 47% if we control for residence in Comm Fish:Noncomm Fish villages and
source of employment (public or private sectors). Long-term, high earning, public
sector-employed residents of villages in which noncommercial fishing does not dominate the
local economy are more likely than long-term, high eaming, private sector employees and
employers of commercial fishing villages to engage in two or more subsistence activities (47%
to 36%).

Non-natives do not participate in traditional activities at rates comparable to natives, although
many of the factors that increase participation are now known, to wit: mixed marriages (native
and non-native), long-term residence in a village (more than ten years), middle-age (35-39), high
income (over $50.000) and employment in the public sector. Even if we exercise all of the
controls, the best prediction is that if a person is a non-native, he or she participates in one or
less subsistence activity, eats few subsistence foods, does not eat at the home of relatives, and
does not receive subsistence foods from others. The reasons for public sector differences from
private sector appear obvious, although non-trivial.

Regardless of whether natives reside in small, homogeneous village with well-developed
infrastructures, a variety of public services, and a relatively complex local economy of public and
private sectors,® participation in the hunting of several sea mammal species and doing so for

%69% in at least one activity, 41% in at least two activities, 21% in at least three activities.

°The homogeneous:heterogeneous contrast analyzed in this chapter is Native:Mixed. The other
homogeneous:heterogeneous contrast in the study is Periphery:Hub. The Comm Fish:Noncomm Fish does
not qualify as a contrast between heterogeneous and homogeneous. Even though all Comm Fish villages
are heterogeneous, some of the Noncomm Fish villages, such as Bethel, Nome, and Barrow are also large,
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45 days or more per year are consistent indicators of many traditional activities and customs,
including the frequent hunting of several species of land mammals, the extraction of several
species of fish, the establishment of several camps throughout the year to procure these
resources, and the maintenance of equipment which makes camping and extraction successful.
Non-natives do not harvest sea mammals, in part because most sea mammals are protected by
Federal law and in part because sea mammal commodity by-products, such as oil, skins, fur,
and ivory, are the only interests of non-natives in sea mammals. The commodity value is the only
reason for which sea mammals would be harvested by non-natives.”

Sea mammal hunting also is a good indicator that subsistence foods comprise more than
50% of all foods consumed in the annual diet and that they are therefore regularly eaten at
home. They are also frequently eaten at the homes of relatives and friends within the village.
Hunting sea mammals is also a powerful indicator that some of the subsistence resources eaten
recently by the respondent have been contributed by persons within the respondent’s household
and some by persons in other households (sharing).

Natives who are actively engaged in sea mammal hunting are also apt to speak their native
language at home most of the time, to visit friends frequently during the week, to vote in city
council and village corporation elections, and to feel that their social ties with persons in other
communities are satisfactory. :

Hunting a wide variety of sea mammals and land mammals on a frequent basis, fishing
regularly for several species of fish, and relocating to camps away from the village on a regular
basis are not necessary to predict with considerable accuracy that persons gain a large
percentage of their diets from naturally occurring resources, frequently dine and snack with
relatives in their relatives’ homes, visit friends and relatives frequently, speak native languages
at home most of the time, attend public meetings often, and exercise the political franchise
during city and village corporation elections. If you know a person is a native, unemployed,
unemployable or retired and earning less than $17,000 (household income) per year (in 1989-
90 dollars) you will be correct more than 75% of the time, whether or not the person participates
in subsistence extraction activities, predicting that the person practices all of the above.

There are definite differences between high and low income earners among natives. If the
native is a high earner, the household is likely to be nuclear and larger than four persons.
Households of low earners are likely to be any of several kinds of non-nuclear households
(denuded, fragments, single-parent, composite, stem). The low earners are more apt to be
receivers of resources (food, meals) than extractors and donors, particularly if the respondent
is elderly or if it is a female-headed household. Respondents in high earner households, unless
they are very elderly, are much more apt to engage in several subsistence activities, and much
more apt to be donors of resources than are low earners. Thus, income and age influence native
participation in subsistence extraction activities, but consumption and sharing of naturally
occurring resources occurs among almost all natives.

There are differences between natives in large, heterogeneous villages and those in small,
homogeneous ones. Age, sex, income, and length of residence influence native participation in
various traditional customs in the large, heterogeneous villages. In general, natives in the largest

complex, and heterogeneous.

"It is likely that commercial set-net fishermen kill seals and sea lions found eating fish trapped in the
nets. It is not known how many seals may be killed annually by non-native and native fishermen in these
situations.
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villages are better educated, employed for more months of the year, and eam greater incomes
than their counterparts in the small villages. They are less apt to have had subsistence food as
parts of their meals the preceding two days, less apt to gain 75% of their sustenance from
naturally occurring resources, less apt to dine and snack regularly with relatives, less apt to have
received subsistence food from persons in households other than their own, and less apt to
speak their native language at home most of the time than is the case for their congeners in the
small, homogeneous villages.

Statements to the contrary notwithstanding, the best prediction for traditional custom cited
above is thal each one is engaged in by natives residing in Mixed (and Hub and Comm Fish)
villages. Furthermore, natives in large villages are as likely to have attended public meetings,
voted in village corporation and city elections, and visited with friends and relatives in the past
week as are natives in small villages.

The differences between natives and non-natives in the large Mixed villages is much greater
than the differences between natives in Mixed and Native villages, or between natives in Comm
Fish and Noncomm Fish villages. Finally, as income increases, natives in complex villages
increase their participation in subsistence extraction activities and the consumption and sharing
activities that accompany them.

CHANGE AS INFERRED FROM PRETEST-POSTTEST COMPARISONS AND COMPARISONS
OF WAVES OF THE PANEL '

The postitest demonstrates a definite economic downturn from the pretest that is confirmed
by the first and third waves of the panel. In the total panel, as well as in the Mixed and Native
panel contrasts, there is an increase in the percentage of unemployed, unemployable and retired
persons in the posttest and third wave responses. The similarities with the pretest/posttest results
hold, even though the panel has (undoubtedly) selected for respondents with stable employment
over the past four years. There is a drop in private sector employment and a decrease in long-
term residence in both sets of comparisons, suggesting economically induced migration.

It is suggested that during a short period — two to three years in this instance — public
sector employment is more stable than private sector. In Alaskan villages following the first
research wave, the public sector provided a greater proportion of employment and accounted
for higher average incomes than the private sector.

The evidence is not solid, but it appears that declining income influenced single persons
(living alone), conjugal pairs, and nuclear families among non-natives and natives to relocate
following the pretest, while also causing formation of several non-nuclear households among
natives.

A cluster of strongly related traits occur in Mixed villages in the posttest, but not the pretest,
including high income, satisfaction with income, the attitude that game are more plentiful now
than five years earlier, voting in city council elections, and frequent attendance at public
meetings. This change appears to refiect the shift to dominance of high earners in the public
sector over high eamers in the private sector in the posttest sample. We surmise that more
public than private sector eamers participate in village affairs and also reside in villages year
around.

In Mixed villages as well, native households with high incomes increased their extraction rates

(activities and days given to them), and elders benefitted from the sharing of resources most
likely harvested by these high earers. These are probably indicators of the activation of native
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ethics in response to economic exigencies. Earning more to harvest more so as to give it away
is not a Western, Protestant ethic practice. The increase in participation in extraction activities and
income was sufficient to separate the several ‘traditional subsistence’ variables from the variables
comprising ‘intense extraction’ in configurations for the third wave of the panel (not shown), and
for the Mixed and Native subsamples (Figures 2-4 are provided) of the posttest.

A greater proportion of non-natives participated in land mammal and fish extraction in the
posttest than the pretest. This change may be a function of the loss of single persons and
conjugal pairs as the private sector continued to plunge on the one hand, and the persistence
of families employed in the public sector on the other. The larger, higher earing non-native
households whose respondents are employed in the public sector, and households with mixed
non-native-native marriages, were the most active extractors of naturally occurring resources
among non-natives in the posttest.
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Robert Gal
Northwest Alaska Areas
National Park Service
P.O. Box 1029
Kotzebue, Alaska 99752

Robert Gal, an eight-year resident of Kotzebue, is the archaeologist for three National Park Service
units in Northwestern Alaska: Cape Krusenstern National Monument, Kobuk Valley National Park and
Noatak National Preserve. Prior to his current employment, he taught anthropology at the Chukchi
Campus of the University of Alaska, Fairbanks and directed anthropological and archaeological
studies on the Arctic Slope for the Bureau of Land Management in the National Petroleum Reserve-
Alaska. Mr. Gal received his A.B. degree in anthropology from the University of Pennsylvania and
an M.A. in anthropology from Brown University.

A consideration of subsistence was one of the chapters of the Hope Basin Socioeconomic
Baseline study (Kevin Waring Associates 1992). The study focused on Kotzebue Sound
comprising essentially the NANA Region of the Northwest Arctic Borough.

Burch (1980) has cautioned against a static view of human ecological adjustment in
northwest Alaska:

*Most of us think in terms of a "traditional’ or a 'contact’ or an 'aboriginal’ state of affairs
as having been somehow immutable until massive European interference suddenly
changed everything. This is a tendency we must resist. Life seems always to have been
in a state of flux in Northwest Alaska, particularly at the individual society level.”

A basic source of variability in subsistence practice is the uneven geographic distribution
of subsistence resources. Many variables affect the location, timing and concentration of
subsistence resources. Periodic (short-term) regional and local surpluses and shortages must
be allowed for in a subsistence stratagem. Failure in the harvest of one or more resources can
occur and may be anticipated and compensated for by shifting emphasis to alternate, perhaps
less desirable, resources. Another compensating mechanism is exchange. For example, based
on the geographically widespread occurrence of obsidian (a volcanic glass used in the
manufacture of sharp-edged tools) in archaeological sites, trade networks may be inferred to
have been in place for over 8,000 years in northwest Alaska.

Dunbar (1968) suggested that arctic ecosystems are less mature than temperate or tropical
ecosystems and are characterized by high environmental oscillations in long-term cycles and few
species with large populations. Minc (1986), using tree-ring data to graph temperature and
moisture regimes in northwest Alaska, identified long-term climatic cycles of warmer, drier
conditions followed by colder and wetter conditions. She hypothesizes that these fluctuations
prompt shifts between coastal and interior subsistence orientations. Pielou (1991, Figure 1)
provides a useful backdrop for considerations of subsistence and graphs climatic variations
during the last 20,000 years, (a data set more familiar to geologists. palynologists and
archaeologists than to subsistence researchers). Pielou's figure helps illustrate the cyclic
(long-term) fluctuations of resources. Cyclic variations in the earth’s orbit have affected the
amount of solar radiation reaching the earth and were a major, if not primary, factor in controlling
the climate. Pielou’s speculative reconstruction of actual temperature variation (solid line) shows
comparatively warm intervals alternating with comparatively cold intervals, this alteration caused
by cyclical variations in the sun’s output. The warm hypsithermal interval, occurring roughly
between 8,500 and 5,000 years ago, was the culmination of a rapid warming period that ended
the last, or Wisconsin, glaciation. We are now in a neo-glacial period but the cooling trend has
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not been continuous. The timing of the Little
Climatic Optimum differs somewhat from
place to place but peaked at roughly 200
A.D. Following the Little Climatic Optimum, a
cooling trend culminated in the Little Ice Age
of 1350 to 1870 A.D. We are currently in a
warming trend. Climatic oscillations are
reflected in floral and faunal communities and
human subsistence stratagems must respond
accordingly. Two brief examples will show the
kinds of change provided by a historical view _
of environmental change and subsistence
resource availability.

PLEISTOCENE

3 «——HWOLOCENE

Figure 1. Climatic variations during the last 20,000

years. The dashed curve shows how solar
exp:«!\z JZS |an:t 43.0);‘;2:3 szr:c&:hZanga:ﬁz radiation reaching the earth at 65°N latitude varied

° . " because of cyclical variations in the earth’s orbit
Peninsula (upon which Kotzebue is located) (the Milankovitch cycle). The solid line is a
(Hopkins p.c.). However, two ‘forest horizons'  speculative reconstruction of actual temperature
are evidenced by plant macro-fossils in Vvariation. LCO = Little Climatic Optimum; LIA =
lacustrine sediments on the peninsula; the Little Ice Age (Plelou 1991).

younger horizon "contains wood of spruce,

birch, poplar, and alder that is commonly beaver-gnawed, has a radiocarbon age of 10-8.3 ka
(10,000 to 8,300 years ago) and is assigned to the early Holocene" (Hamilton and Brigham-Grette
1991). As recently as 9,000 years ago, then, the Baldwin Peninsula presented a very different
environment to subsistence foragers.

Such environmental changes do not necessarily require millennia. Residents of Noatak
village attest to the very recent appearance of moose and beaver in the Noatak valley. However,
at the site of Kangiguksuk, just downstream of the Noatak Canyon, the faunal elements
associated with a solitary winter house excavated by Hall include the remains of one adult
moose and three beaver (Hall 1971). Tree-ring dating indicates that the Kangiguksuk house was
constructed sometime around A.D. 1578. Hall's reconstruction suggests the site was occupied
just under four years and that sometime after the site was abandoned, probably due to
environmental conditions, moose and beaver were so unavailable in the Noatak valley as to
appear as recent migrants to residents and biologists today. The Kangiguksuk data suggest a
long cycle of variation of subsistence resources, a cycle whose period (interval between
successive events) is longer than the time depth of personal experience and far beyond written
biological records. Oral traditions, especially, and archaeology possibly may eventually provide
important information for resources whose oscillation period is longer than the lifetime of the
informants.

Subsistence users are very cognizant of the fluctuations in resource availability: “Those
subsistence people who were and are on the scene have just as dramatically adapted their use,
methods, and means of taking and preserving methods as...animals have risen in importance
or faded to insignificance® (Uhl and Uhl 1977).

The subsistence chapter in the Hope Basin Socioeconomic Baseline Study was limited to
existing sources; no new field data could be elicited. In this study subsistence users in northwest
Alaska were viewed as modern exemplars of the thousand-year-old Arctic Woodland subsistence
pattern. Organization of the data was developed on the premise that newer sociocultural
adaptations or adjustments are founded in preexisting sociocultural states and thus are amenable
to historical analysis. Contemporary subsistence was viewed as the culmination of cuitural and

174



Gal — Hope Basin Subsistence Overview

historical developments which were divided into six periods: the prehistoric period known from
archaeological sources only; the traditional period known primarily through ethnographic
reconstruction and ending in mid-nineteenth century; the transitional period initiated by protracted
contacts with Euroamericans and further subdivided into early (1850), intermediate (1890-1940s)
and recent (1940s-1970) transitional periods; and the post-ANCSA period.

Using the available literature, each period was characterized in terms of resource supply,
social organization, settiement and population, economic processes, and social integration. The

flexibility and adaptability of the subsistence food procurement system in the face of chronic
fluctuations of resource availability was emphasized.

For this discussion, | shall only touch upon the social and economic arrangements for
averaging out harvest failures over geographic areas for two of these periods: the traditional
and the post-ANCSA.

TRADITIONAL PERIOD

Traditional nineteenth century societies in northwest Alaska occupied well-defined territories
and these societies practiced distinct seasonal cycles and spoke a subdialect of Inupiaq. These
societioes were approximately 80 percent endogamous. Thirty-three kinship roles were named
during the Traditional period. The Traditional societies were segmental. The basic unit was the
domestic or nuclear family though the operative unit politically and economically was the ’local
family’ (Burch 1975). The local family was a lineal (related by direct descent). collaterally (related
by non-lineal descent, as cousins) and affinally (related by marriage) extended family. This
prototypical local family was composed of thirty individuals belonging to four domestic units
(Figure 2). Unit 1 is comprised of siblings of both sexes, spouses and offspring. Unit 3 is
comprised of male siblings, spouses and offspring, and is affinally linked to Unit 1. Unit 2 is
comprised of male siblings and a female cousin, with spouses and offspring, and is collaterally
linked to Unit 3 and affinally to Unit 1. Unit 4 is an extended family that is lineally linked to Unit
2, collaterally related to Unit 3, and affinally related to Unit 1. Each local family was linked to
numerous other such families by both consanguineal and affinal ties. During the Traditional
period, each society comprised a network in which the nodes were local (extended) families, and
the lines between the families were less active or temporarily inactive kinship ties of various
kinds. The societies were linked by bonds (of intermarriage, co-marriage and partnerships) which
over time extended to their domestic families. Such a system provides a safety-valve, allowing
for the radical reconstitution of face-to-face groups at multiple levels in case of social or
ecological crises. When resource surpluses or shortages occur, the constituent domestic families
would move and activate kin relations in another local family elsewhere within the societal
territory or even in the territory of another society (Burch 1980). Demographic trends (poputation
reduction and dislocation) stemming from Western contacts and the decline of the Western Arctic
Caribou herd between 1850 and 1860 contributed to the disintegration of the societies of the
Traditional period.

POST-ANCSA PERIOD

One of the most striking features of the social organization of the Northwest Arctic Borough,
or NANA region today is the all-pervasive orientation to kinship. Ironically, the geographic extent
of today’s kin relations stems from the dislocations that caused the demise of the Traditional
societies. Far-flung kinship relations are still cultivated, indicating their enduring relevance to
modem social interaction. "Formal kinship remains a central organizational principle that shapes
customary patterns of mutual aid and subjective sentiments. Kinship principles are still used to
discover, create, or allege social ties that, if present, justify affiliations between people.” {(McNabb
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Figure 2. Diagram of Nuatarmiut local family with residential units, ca. 1885.

1990). The physical occupation of Native allotments reflects, though palely, the local families of
the Traditional period. Partnerships defined and named traditionally also occur but remain

unstudied and are suppiemented by a proliferation of Western sodalities such as Church groups,
Lions, etc.

Although the villages now are permanent, social ties to other villages and distant subsistence
resource catchments are still important. Related domestic families, linked economically and
socially, are scattered throughout the settlements of the region and beyond. Anderson and
Anderson (1977) report that

“The relatively high number of marriages between Selawik and [sea] mammal hunting
coastal residents is socially and economically important. Socially they create kinship
bonds and opportunities for closer interaction which can lead to further marriage
alliances. Economically, they provide the families involved better opportunities to acquire
coastal products. Such marriages also provide social networks in the coastal villages to
facilitate moves to the coast, should they desire. Likewise, the marriages between

Selawik and Kobuk River residents afford the families in each area the possibilities to
exchange products not found in the other area.”

Numerous anecdotes in the literature describe the movement of subsistence goods along
far-flung social networks. Mail, modern travel and communications have largely replaced the
pattern of the Traditional period: physical relocation of domestic families to form alignments with
new local families in new territory. Uhl and Uhl (1979) report that for Noatak in 1978 it is
“Through the unique system of visiting and sharing at different seasons of the
subsistence-oriented year, any one of several thousand people who have relatives, friends or
casual acquaintances among Noatak River resource harvesters may share in the fruits of the
harvest."

Unfortunately, for the NANA Region and Northwest Arctic Borough, studies of the structure
and operation of this system at the village or regional ievel or of the amounts and kinds of
resources so distributed have not been completed. Measures of the economic and social
importance of transactions involving locally produced foods and their significance in the overall
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economy of the region need to be developed if we hope to assess the impacts of modern
activities on the long-established subsistence lifestyle of northwest Alaska.
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For the past 15 years, Stephen Braund has been principal of Stephen R. Braund & Associates, an
anthropological consulting firm specializing in socioeconomic and subsistence research in Alaska
and Japan.

This study had two objectives: First, to collect, analyze, and report generalizable subsistence
harvest data by species for Barrow and Wainwright; and second, to provide accurate mapped
harvest location information for these communities. The study was conducted for three years in
Barrow and two years in Wainwright, and an annual report for each community was written at
the end of each study year. This summary presents findings from Years One, Two and Three
of the study in Barrow (April 1, 1987 through March 31, 1990), and Years One and Two of the
study in Wainwright (April 1, 1988 through March 31, 1990).

The study team conducted periodic harvest discussions throughout all three years with 101
Barrow houscholds (a disproportionate stratified probability sample) to obtain the date, location,
and amount of each harvest by species. The data from this sample were weighted to represent
the entire community (based on a 1985 population of 3,017 residents in 937 households). The
data indicate that Barrow residents collectively harvested an average of approximately 702,660
pounds of usable resource product per year, equal to 750 pounds per household or 233 pounds
per capita.

Overlapping with the last two years of study in Barrow, the study team collected identical
subsistence harvest data for two years in Wainwright. Due to the relatively small population in
Wainwright, participation of every household in the community was sought. Ultimately, 100
households participated in the study for the full two years. The data show that Wainwright
residents collectively harvested an average of 304,047 pounds of usable resource product per
year, averaging 2,624 pounds per household or 638 pounds per capita.

SUMMARY OF FINDINGS

Study findings are presented in the annual reports in several ways. The species harvested
are organized by major resource category (e.g., marine mammals) and discussed both at that
level and at the level of individual species. Monthly totals are presented by species in both
pounds (of usable resource product) and number of animals harvested, along with pounds per
household and per capita. Percentage of households participating in the harvest of each species
and the percentage each species contributed to the total pounds harvested are included in the
annual reports along with an analysis of harvests and household characteristics by harvester
level. Dr. Sam Stoker provided an analysis of the harvest levels in terms of major species’
population status and sustainable yield. Harvest locations were entered in a Geographic
Information System and appear in the annual reports as maps showing where study participants
harvested resources. The following information summarizes only a portion of the data generated
from this study.
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BARROW HARVEST AMOUNTS

Barrow residents harvested at least 52 species of mammals, fish, birds, and other resources
during the three years of study. In terms of usable pounds harvested, bowhead whale and
caribou contributed the most subsistence food to local households. Barrow landed seven whales
in Year One, 11 whales in Year Two and 10 whales in Year Three, amounting to an estimated
average of 265,196 usable pounds per year of 38% of the average yearly harvest. During the
study, Barrow residents harvested an average of 1,595 caribou, or 186,575 usable pounds,
constituting 27% of the total harvest.

Walrus was the third most important resource by weight during this study, with an average
of 81 walrus yielding 63,285 usable pounds, 9% of the entire harvest. The fourth most heavily
harvested species by weight during the study were whitefish (spp.) averaging 61,149 pounds
or 8.7% of the overall Barrow harvest.

The above four species combined contributed an average of 83% by weight of the annual
Barrow subsistence harvest during the study. The remaining 17% consisted of {(in order of
importance by weight): bearded seal, moose, ringed seal, geese (spp.), polar bear, eiders (spp.)
and less than 1% each of Dall sheep, brown bear, porcupine, ground squirrel, and various other
fish and bird species. Barrow residents also harvested wolverine, red fox, and arctic fox for their
furs. (Because these species are not eaten, weights were not calculated for their harvests).

BARROW SEASONAL HARVEST PATTERNS

An average of 93% of the annual harvests by weight occurred during the seven month period
from April to October. Bowhead whale harvests dominated the months of April, May and June.
Whalers harvested occasional seals, birds, and polar bears from whaling camps while some
families went inland to spring camps to harvest geese, caribou and some fish. May yielded the
highest average harvest of spring bowheads by weight and the highest average annual bird
harvests. Bowhead whale harvests declined and fish harvests increased after May. Typically, July
was characterized by walrus and seal hunting, as weather and sea ice conditions were favorable
for hunting by boat. (However, in Year Two, ice conditions were unfavorable in July and most
walrus and bearded seal were harvested in August). July was also a